
Fuel Radionuclide Inventory Worksheet

IL Frtel and TenaD pk Irnaaon ,-, '
Fuel Name FRR MTR-S (U308-LEU) INDONESiA

SNF iD# 502
Fuel Units & Descr. 142 - ASSEMBLY
HeavyMetalMass. 0L=177.5kg EOL.15975kg
ROD Storage Sats- SRS

'Fuel decay start date 2010
Estimates as of 2030

Template ATR (tight Water. Alun, 60 to 100% U)

aTemptate Burnup(MWd) 3672
Template BOL Heavy Metal Ms" (Mi) 000116689

Ternplte DecayTlrne 20 years

Estinated
Canister usage

18'x10'
5 92

- ILatnmales .9 f m X. X, b y. Y. Gamma Sources

CiVMWd From
Radionuclide TemplateI
AC-227

~- Ar-241

Photon Total
Nominal Bounding Fuel Initsal Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Fuel Bumup (MWd)2 Bumup (MWd)2 (la) Inventones(CI) lnventorne4Cil) Group (bounding)

16,809 59 33.619 19 0 00E+00 1 l1E-05 2 23E-05 Avg MeV
16,80959 33,61919 000E+00 337E+01 674E+01 00150 3549E+15
16,809 59 33,619 19 0 00E+00 7 13E.03 1 43E02 00250 7,3808+14

6 6313E-10
2 0060E-C

Am-242m 4
Am-243
C-14

9 59 33.619 19 0 OOE+00 2 50E-02 5 01E-02 I 00375 6 437E+14
16.809 59 33,619 19 0 00E+00 9 60E-05 1 92E-04 I 00575 6894E+14
16.809 59 33.619 19 0 00E+00 2 21E-28

:-07 16.80959 33,61919 000E+00 27
E.05 16,80959 33,61919 0 00E+00 4

5 3186E-06 16,809 59 33,619 19
Cs-134 3 1563E-03 16,809 59 E+02 0 5750 2 552E+15

Cs-135
Cs- 37
' Eu-154

3 4477E-06 16E-01 0 8500 4 315E.13

2 0313E+00 3 41 E+04 83E+04 12500 2 464E,13
E+00

Eu-t 55 33.61919 0 00E+00
2

12E+02 24E+02
10E+01 62E+02 2.2500 9 921 E+07

2 7500 5 609E+07

1 7500 1 131E+12

16.80959 33,61919 000E+00 08E+00 17E+00

H-3 4 5697E-03 16,809 59

1-129 7 5300E-07 16,809 59

i, Kr-85 1 0850E-01 16,809 59
Np-237 95561E-06 16,80959

33,61919 000E+00 7
33,619 19

E+03 7000 1 620E+03
321 E-01 110000 1 816E+02

Pa-231 2 0359E-O 3 42E-05 6 84E-05

Ptb-210

I Prn-147Pu-238

4 0 OOE+00 8.36E-07 1 67E-06

4 119 0008+00 815E+02 1.638+03
6,80959 33,61919 0OOE+00 307E+02 614E+02

16.80959 33,61919 OOE+O 720E+00
E-04 16,809 9 33,619 19 0 OOE+0O 41

3 3415E-02 16,809 59 33,619 19 1

1.44E+01
8 19E+00
11.2E+03
1 22E-02
7.68E-06
418E-10

Pu-242 3 6329E-07 16.809 59
Ra-226 2 2854E-10
R-a-228
- R-1n06

2.09E-10
OOOE+00 1 07E-01 2 14E-01

16.809 9 33,61919 0 008+00 2 7E-01 4 35E-01
E-05 16.809 59 33,619 19 0 00E+00 I i

I
Sr-90
Tc-99
Th-229

1 9248E+00 16,809 59
42239E-04 16,80959
5 0953E-12 16,809 59

33,619 19 1

8 57E808 1 71E-07
7 04E-04 1 41E-03Th-230 4 1885E-08

Th-232 1t.9270E-14
TI-208 4 6024E-08
U-232 12582E-07
U-233 2.5825E-09
U-234 1.8450E-04
U-235 -2 7235E-06
U-236 1.5493E-05
U-238 -4 2851E-09
Y-90 1.9254E+00
Other Radionucb des

It. Tenplatt Seltectio Sumumary.Bur-ruap Sr
Terr, Selection Summary

I From SFD

0 08E+00 3 24E-10
00E+00 7 74E-04

6 48E-10
1.55E-03119

919 0 00E+00 2 ttE-03 4.23E-03 I Thermal Power

0 IOE+00 4 34E-Ob 8 68E-OS

33,619 19 00E+00 3 10E+00 620E+00
Nominal "eat Bourndin

Output Heat Output
1Wettel tWaitts)s- n nn 7 67E-02 3OF-02M 7.i7F-02RS :s

33,61919 OOE+00 260E-01 521E-01 4.01E+02 801E+02
i~~~~a A A j7CA 7 7 A T I TiAOI

16,80959 O D 477E:-02 477Et-Oz
16,809 59 33,619 19 0 OOE+00 3 24E+04

3 25E+04

4.77E-UZ I Dial 9 Uma

I 4

Reactor Moderator- UGHT WATER

Fuet Clidding ALUIM

90B EnB chment % 0U^
B u rnI S m m a y (2 0)

UGHT WATER

ALUM
U

60 b 100

Basis for Parameter Differences:
Thi Teredale was iedf br te lutolwig reasrs
Thes luel siaes AIR TeoTrle on It bUI one parameefererxhenO mateg AIR a reasonable

Bumnup Summary (M,'Wd)'

NomCahl
Bounding

|Checks

Rasis 1_r bumu_ usetd In *strmate
- -. -- - - - .. .---- -.- - -

i SFD Lst natoo
16,809 S9
3361919

Nl al burrV calcsated tom tihe heavy melal mass desbed
Basidg burnu assnWed b be 1wce nlolroal burup

Estimated dumupl
Given BumupBurnup Multiplier

03
Estimated EOL HM/GIven EOL HM

r ,,oilNominal II oudng 0 K_
Reactor shutdown, core renoval, storage, shipping oe other date confirming that irradiaton ceased for fuel

aTotal burfup tor da fuel associated with this workslieet must be divded by B0L heavy metal mass to get specific bumup values (MWd/MT)

-DOE/SNF'IREP-078

- Revison 0

March 2003
Page D-401 of D-585



Fuel Radionuclide Inventory Worksheet

L Fuel and Template Infro natioa,, j,1,_-,s,
Fuel Name: FRR MTR-S (U308-LEU) PERU

SNF 1D *: 504
Fuel Units & Descr: 23 - ASSEMBLY
Heavy Metal Mass: BOL.3Z.2kg. Ea_.28 9Bkg
ROD Storage S te. SRS

'Fuel decay stirt date: 2010
Estimates as of: 2030

Template: ATR (Light Water. Atum, 60 to 100%. U)
'Template Bumup(MWd): 3672

Template BOL Heavy Metal Mass (MT): 0 00116689
Template Decay TTme 20 years

Estimated
Cantster usage:

096

IJ
Estimates m- X. XI. b Y. Yb I Gamma Sources

Radionuclide
Ac-227
Am-241
Am-242m
Am-243

Photon Total

ClMWd From Nominal Bounding Fuel initial Activity Nominal Fuel Bounding Fuel Energy Photonstsec
Template Fuel Burnup (MWde

t 
Burnup (MWdf (Ci) Inventories(Co) tnventonrs(CI) Group (bounding)

6 6313E-10 3,049 40 6,09880 0 OOE+00 2 02E-06 4 04E-06 Avg MeV
20060E-03 3,04940 6,09880 OOOE+00 612E+00 1 22E+0 00150 6438E+14

I
4.2429E-07 3,049 40 6,098 E

4899E-06 3.049 40 6,098 i
C-14 7t35E-09 3,049 4 3 48E-05 o 00575

80OE-29 00850

1.251E+14
7 557E.13CI-36 3124E-32 E+O0 00E-29

-JCm-243
Cm-244

0 OOE+00 01E-04 1.OOE-03 o 01250 5114E+13
6.098 80 0 OOE+00 94E-02 1.79E-01 I 02250 6.521E,13

3,049 40 6.098 80 0 u0E+00 62E-02 3-24E-02 I 0 3750 2.839E.13
E-03 3,049 40 6,098 80

3 4477E-06 3,049 40 6,098 80
Cs-137 2 0313E+00 3,049 40 6,098 1

I
Eu-154 2 4513E-02 3,049 40 49E+02 1 7500 2.052E+11

Eu-155 4 8175E-03 3,049 4 2.94E+01 22500 1.800E+07

Fe-SO 1.2397E-( 378E-01 7 56E-01 | 27500 1.017E+07

H-3
1-129

4 0 OOE+00 1 39E+01 279E+01 3.5000 4 679E+04
6.098 80 0 OtE+00 2 30E-03 4 59E-03 5 0000 2 663E+03 ii3,04940 6,098 80 0 OOE+00 3 31 E+02 6 62E+02 7.0000 2.940E+02

11.0009 3296E+01E-06 3.049 40 6,098 80 0 OE+00 2 91E-02 5 e
2 0359E-09 3,049 40 6,098 80

Pb-210 4 9728E-11 3,049 40
Prn-147 4 8502E-02 0 00E+00 1 48E+02 2 96E+02

OOOE+00 5 57E+01 1 11E+02Pu-238 II
6.098 80 0 00E+OO 1 31E+00
6,098 80 0 00E+O 7 43E-01

2 61 E+00
5-04 3,049 40

3 3415E-02 3.049 40 6,098.80
Pu-242 3 6329E-07 3,049 40
Ra-226 2 2854E-10 3,049 4 6 97E-07 1 39E-06

Ra-228 1 : 3 79E-1 1 7 58E-11

Ru-i 06
Se-79

5.09880 0 00E+00 1 94E-02 3 88E-02
140 6.098-80 0 OOE+00 3 94E-02 7 89E-02

.4

3.049 40 6,098.80 0 OOE+00 3 3E-02
19248E+00 3.049 40 6,098 80 0 OOE+00
A z29E-04.f 'A nlAQ An
s -:-w {,w:> .

7 06E-02
1 17E+04
2 58E+00
3 11E08
2 55E-04
1 18E-10

Th-229 5 0953E-12 3,049 4
Th-230
Th-232
Th208
U-232
U-233
U-234
tJ-235
U-236
U-238
Y-90

Other Radionrucides

IIL Template Selection

I1H O O OOE+00 1.28E-04
0 OOE+00 5 88E-11

4 3.049140 6,098 80 0 00E+00 1.40E-04 2 81 E-04
140 6,098 80 0 00E+00 3 84E-04 7 67E-04 Thenmal Power
940 6,09880 000E+00 788-E06 1 58E-05 INominal Heod Boundring

IJ

3.049 40 6.098 80 0 00E+00 5 63E-01 1 13E+00 Outwput oet Output
E-06

1 545

3,049 40 0 00 1 14E-02 3 13E-03 1.14E-02 (Watts) (Watts) -

3,049 40 6,098 80 0 00E+00 4 72E-02 9 45E-02 727801 1 45E+02
3,049 40 0 00 9 04E-03 9 03E-03 9 048-03-1 Total Total

10 3,049 40 6,098 80 0 00E+00 5 87E+03 1.1 7E+04

ISanria".

5 90E+03 18E+04

BSrFi0 ]S aot s 0a o Parameter Dierence

SFD-B I Used E~asis for Parameter Drdetens
lTermnltate Selection Summary

[
From LiRector Moderator- UGHT WATER

Fuel Caddg ALUM _
8OL HU Constituents I U

UGHT WATER Nhs Triake Wa used ior rhe MtaSM eaIses.
rhi siel rraies ATRfTempLiale rn abA rne pararywW(ert leei) makligATR a easeiaie
rru

sA s7nc7on1

BOL cnrlcnmern ,s I ,O..co3,

Bourup Summary (MV~cla
Frrom SFD)

Nominal
Boundaig IBasis fbr bumup used in estimate,

_ . , _ ....... _ _ _ . . . .................. .

J!
Checks I

Eslimat ed Bumupt
!2n5.. J Given Bumup

0 301

Estimated EOL HMIiGven EOL HM
1 01Nominal

Bounding
'Reactor sjtxdown. core removal, storage, shipping or other date confirming a irradaton ceased tor tuel

'Total bumuwo for a1 ful assoaated with Fis worksheet must be divided by BOL heavy metal mass to get spedfic buirtip values (MWd/MT)

DOE/SNFIREP-078
Revisrin 0

March 2003
Page D-402 of D-585
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Fiel Rartinnucide Inventory Worksheet

i 1i Fuel am! Template Infornmtio sC .(z ,
Fuel Name FRR MTIR-S (U3512 LEU) CANADA

SNF ID #- 513
Fuel Units & Desec 35 - ASSEMBLY
Heavy Metal Mass OL-5 75kg EOL-45 675kg

ROD Storage Site SRS

'Fuel decay start date 2010
Estimates as of 2030

Template ATR (light Water. Aurm . 60 to 100%.. U)

'Template Bumup(MWd). 3672

Template 8OL Heavy Metal Mass (MTi) 000116689
Template Decay rime 20 years

Estirmated
Canister usage

i8rx11'
| 14A6

lt. F-sllat - i3. ',, o m x. X, b y. yY Gamma Sources
.11 stn .

I Photon Total

Ct1MWd From Nominal Bounding Fuel Initial Actrvity Nominal Fuel Bounding Fuel Ener

Radionuclide . Template Fuel Bumup (MWd9 Burnup (IMWd? (Cl) inventones(Ci) Inventones(CI) Grow

Ac-227 6 6313E-10 4,806.12 9,612.25 0 OOE+00 3 19E-06 6 37E-06 Avg I

Am-241 2 0060E-03 4,60612 9,6t2.25 OOE+00 964E+00 1 93E+01 a an

gy Photons/sec
wp . (bounding)

Am-242m
Am-243
C-14
CI-36

1 4,80612 9

I 4,806 12 9
94,8061t2 9___ _

5 0 OOE+OO 2 OAE-03
5 0 OE+00 716E-03

0 0 OOE+00 2 75E-05
5 OwE+00 6 31 E-29

4 out$=u 2116E+14
1 840E.14

o 0575 1 9711E+t14
0 0s50 1 1918E+14
01250 8060E+13

t3124E-32 4

1 6443E47 4,8061 2 9,61225 0OOE+OO 1.58E-03
2 82E-01 0 3750 1 028E+14

2 9.^30E45, 9,61225b u Wtou
-

53186E-06 4,80612 9,61225 OOE+00 2.56E-02 5118-02 0 3750

Cs-134 3 1563E4 9,61225 0OE+00 1 52E+01 30 i3E+U1 L 0 5750

Cs-135 3 4477 9,61225

Cs-137 4.806 12

I

i6E+03 2 95E+OA
66E802 331 E042

4474E+13
72s8E+14
1274E.13
7 045E.12
3.234E-1 1
Z836E+07Eu-154 4,806 12 O t8E+02

Eu-155
Fe-55

E403 4.806 12 0 OOE+00 2.32E+01

E-04 4,806 1L H-3 4.5697E-03
1-129 7.53wE-07

J Kr-85 1 0850E-01
Npi237 9 5561 E-06

A
9,612 25 0 8E+.00 5

9,612 25 0 OoE+00 2 2
9,612 25 0 8E+00 3 I
9,612 25 0 8E+00 5 2

275000 604E+07
50000 74974E+041

S oooo 4 tssE+03
1 04E+03 7 rrvi

9,61225 4.59E-02 9 19E-02 1 firm
. ------

9 79E-06 1 96E-05 I4 788-0
Pa-23t 4,806 12

Pb-2tO

I I Pmr-147
Pu-238
Pu-239
Pu-240

4E 4,80612 961225 0 O0E+00 239E-07

4,806 12
54E-02 4,806.12

225 0 OuE+00 2.33E+02
225 0 O0E+00 877E+01
225 0 OOE+00 2 06E+00
225 0 OOE+00 1 17E+00

4 78E407
4 66E+02
1 75E+02
4.12E+00
2.34E+00

. AU A A a. 1
,.h-14 4,o1

2.4368E-04
3.341SE-02 4,80612 9,612 25 0OOE+00 161E+02 321t+t02

3 6329E-07 4,80612 9,612 25 0 OOE+00 1 75E4-3 349E03

Ra-226 6 12 9,612 25 E-06 2 z20Ev6

Ra228
Ru-1 06
Se-79
Sn-126
Sr-90
Tc-99
Th-229
Th-230
Th-232
Tl-208

4,806 12
4,80612
4,86 12

597E-11 1.19E-10
0 0 OoE+00 3.06E-02

0 0 OvE+00 6.22E-02
0 00+00 5 56E-021 1574E-05

1.9248E+uO 4.806 12 9,61225 0 0OE+00 9.25E+u3 t5bt+04

42239E-04 4,80612 9 61225 0 OOE+00 2 03E+00 40 58+0

4,806.12
4.806 12

9 61225
a 6t2519

0 2 45E-08 4 sot-u#

2 O1E-04 4 03E-04

1 9270E-14 4,806112
4 6024E-08 4,806 12

E+00 9 26E-1 1 I 85E-10

U-232
U-233
U-234
U-235
U-236
U-238
Y-90

. t E-07 4,806 12
E 09 4,8061 2
E-04 4,806 12
-06 4,80612
_-05 4,80612
E-O9 4,806 12
E+OO 4,806.12

OOE+00 221E-04 442E4
O OE+00 6 05E-04 121 E-03

0 OOE+00 124E-05 2.48E-05
O OE+00 8 87E-01 1.77E+00

Thermal Power

Nominal Heat Bounding
Output Heat Output

(Watts) (Watts)
115E+u02 229,E+02

Total Total

)00 2 19E-02 8 84E-03

1225 0 OOE+00 7.45E-02

00 1 36E-02 1.36E-02
1225 0 O0E+OO 9 25E+03

9 30E+03

1 49rE41
1 A36E 02

1 85E+04
1 86E+04

p Sun ars. and Checks

aempsilate SCi-'Kl OUmmt

Reactor Modarator-

Fuel Cladding
SOL HU Constituents:

BOL Enrichment %-

- C.,,,,.^ IUAWdI)
2

Rnese ir Pntsmr IXtes
I usac I.- w

_ U4TWATER

_ ALUtM U
ihs Tnninse was wed torie leewNg rassmt
This W msidies ATR Tenrrateo tal bwe prameter (enldvrsn) nakiig ATIR amasitble

nsatd

i 60 t1o100 I

From SFD Eadsat Itasis Tor -umup useuan.

4acial biup rcdated taso te heavy telt sas destroed
i--dr,. h rnimaned b hJ t rn~ndu fenvi

Checks

_48061'

I
_ a -- j- ,

Cl t 1 lx 1luiw

Estmated Buinup/
Burnup Mutiplier Given Burnup Estimated EOL HM/Given EOL HM

11 01Nominal [
Bounding �����.1

'Reactor shutdown. core removal, storage. stapping or other date confirming that Irratkation ceased for fuel

'Total bumrup lor at tude assodated wih this worksheet must be ivided by 80 heavy metal mass to get speafic bumup values (MWdViT)

March 2003

DOE/SNF/REP-078
Reviston 0

March 2003
Page D-403 of D-585



Fuel Radionuclide Inventory Worksheet
L Fuel aniTeniplatenlfornationue_;

Fuel Name: FRR MTR-S (U3St2 LEU) GERMANY
SNF ID t: St9

Fuel Units 8 Dexr: 97 - ASSEMBLY
Heavy Metal Mess BSOL.1552kg EOL.131 804kg
ROD Storage Site: SRS

'Fuel decay start date 2010
Estimates as of, 2030

Template: TRIGA-At (LWlU-Zm. Alum_ 10 to 20%, U)
Ternplate Burnup(MWd): 6 65

TemplateoBOL Heavy Metal Mass (MT). 0.00018
Template Decay Time. 20 years

Estimated
Canister usage:

18-x10' -J
1 404

[1. Esmrnates - , ̂  m X xe b Y. Yb I Gamma Sources J
Ck/MWd From Nominal Bounding Fuel hIntial Activity Nominal Fuel Bounding Fuel

Templte ' Fuel Burnup (MWd) Bumup (MWd) (Ci) Inventores(CI) bnventories(Ci)

Photon Total
Energy . Photons/sec
Group (bounding)Radionuclide

Ac-227
Am-241

, _, _ . . _,

548E-05 I 10E-04 Avg MeV J
Arn-242m I 8617E-06
Am-243 2 3293E-07
C-14 4 3233E-05
C1-36 4 3023E-08

22.332.30 44.664 59 t

1 73E+02
8 32E-02
1 04E-02
I 93E+00
1 92E-03
8 51E-03

9 465E+14
° 0150 4 584E+1S

44.664 59 0 OtE+00
22,332.30 44,664 59 0 00E+00 9 61E-04
22,332.30 44.664 59 0 00E+00 4 25E-03

0 0375 9907E+14
0 0575 9 157E+14
0 0850 5.o75E+14
01250 6258E+14
0 2250 5.052E+14

Cm-243 1 9053E-07
44,664 59 0 00E+00 3 96E-02 7 93E-02

54 59 0 00E+00 9 64E+01 I 93E+02 0 3750 2.076E+14
0 5750 3.307E+15

Cs-135 3 1549E-05
Cs-137 I 9489E+00
Eu-154 4 0301E-01
Eu-155 5 4000E-02

22,332
4

0 8500 3.519E+14
12500 3791E+14

44.664 59 0 00E+00 9 00E+03
22,332 30 44.664 59 0 OOE+00 1.21 E+03 2.A

Fe-55 5955E-04 22,332.30 44,664 59 0 00E+00 3 56E+00 7.13E+00
6571E-03 22,33230 44,66459 0 00E+00 1.04E+02 2 08E+02 _ ;A_.

44,664 59 000E+00 1 65E-02 3.30E-02
3 5000 2 051 E+05
5 0000 2.520E.04

7 0000 2 845E+03
11 000 3 235-0 U

0 00E+00 2.14E+03 4.27E+03
6.53E-02 ww ocC

Pa-231 6 4782E-09 22.,
Pti21 0 6.31 58E-14 22.332 30
Pm-147 39564E-02 22.332 30 44,664 59 0 00E+00
Pu-238 t.2008E-03 22,332 30 44,664 59 0 OOE+00 68E+01 5 36E+01 I-i

44,664 59 0 OOE+00 1 27E+02 2 54E+02

Pu-241 6.1113E-02 22,332.30
Pu-242 3 0602E-07 22.33230 44.664 59 0

OOtE+OO 1
OOE+00 6

1 01E+02

Ra-226 2 6707E-13 22.33230 44,664 59 OOE+00 5 96E 09 7 t9E-08
2 2556E-10
3 1293E-06
1 2935E-05
1 2238E-05
1 8195E+00

22,332.30 44,664 59 0 00E+00 5 04E-06 1 01E-05
o 44,664 59 000E+00 6 99E-02 40E-01

0 OOE+00 2 89E-01 5 78E-01

Sr-90
Tc-99 4 4120E-04 22.332 30 44.f

5 47E-01
8 13E+04
1 97E+01
1 49E-05
2 08E-06

Th-229 3 3308E-10 22.332 30 44.664 59 0 OOE+00 7 44E-06
Th-230 4 6526E-11 22,332 30 44,66459 OOE+O 1 04E-06

2 3744E-10 22,332 30 44,664 59 0 OOE+00 5 30E-06 I 06E505
1 8195E-08
4 9098E-08
1 3140E.07
2.2571 E-07

-2 6159E-06

44,664 59 0 OOE+O0 4 06E-04 8 13E-04
44,664,59 0 OOE+00 1.10E-03 2Z19E-03 Thernmal Power

4 59 0 OOE+00 2 93E-03 5 87E-03 Nominal Heat Bounding
459 0OOE+00 504E-03 1 015-02 Output Heat Output
0 671E-02 866E-03 6.71E-02 (Watts) (Watts)U-235

U-236 12719E-05 22,3
U-238 -3 88576-08 22,3
Y-90 1 8211 E+00 22,3
Other Radionuclides
In]. Ternplate Selection Sunmry. Btrmp Sumanry. &

0 00E+00 284E-01 5 68E-01 5C80E+02 160E+3
4.09E-02 4.17E-02 Total Total

8 13E+04
9 35E+04

r
n Summary

From SFD I t-1 8;ssls q- Pnn D dh rff ces
Reactor Moderator- LW AND U ZRC HYDIDE

Fuel Cladding AU
BOL HM Constituents. U

JW N:Ityttoj -.-. .... - L
Bumnup Summary (MWd) Basa s ifor btumup used in estimate:

Fromt SFD I Estbuatnt
Nominal-' 22Z33Z30 N at biq codiaoed from te htavy rreut esa destre

Bounding, | 44 664.59 Bhdng btup assned ID be twe ranhial txmup.

Ctheckt

U
Estenated Burnup/

Gn. n urnurBurmn Mult-eir
Nominal

Estimated EOL HWGIven EOL HM

I 100 A

'Reactor stutdown. core removal, storage, shipping or otter date conflming 81a1 Irradaabon ceased for fuel

'Total bumup for all fue associated with ast worksheet must be dvtded by BOL heavy metal mass to get specific burmup values (MWdAMT)

_ I

DOE/SNFIREP.078
Revision 0

March 2003
Page D-404 of D-585

__.1



Fuel Radionuclide Inventory Worksheet

IL Fuel and Template Idfombon ' 4

Fuel Name FRR MtTR-S (U3S[2 LEU) GERMANY

SNF iD S: 1067

Fuel Units & Descr 7 - ASSEMBLY
HeavyMetaliMass OLt.14 7kg, EOLt2.936kg

ROD Storage Site SRS

'Fuel decay start date 2010

Estimates as of 2030
Template ATR (Ught Water, Alumn.60 to 100%. U)

'Template Bumup(MWd) 3672

Template BOL Heavy Metal Mass (MT) 000116689

Template Decay Time 20 years

Estimated
Canister usage

18,x10-
029

I., - I f II x. X. b Y .Y YD Gamma Sources
P h ot. .o t a
Photon Total

CilMWd From Nominal Bounding Fuel iniiial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWd2 Bumup (MWd)f (Ci) inventones(Ci) inventonies(CI) Group (bounding)

663t3E-tO 167054 3,341 08 OOOE+00 1 11E-06 222E-06 Avg MeV

2 0601- 1.67054 3.341 08 0 OOE+00 3 35E+00 6 70E+00 0 0150 3527E+14AC-227
AmI-Z41w

Am-242m 42429E-07

Am-243 14A899E-06
I C-14 5 7135E-09

Ct-36 1.3124E-32

).54 3,341 08
1.670 54 3,341 08
1.670 54

00E+00 7.09E4-0
O OOE+OO ~2-49E-0
0000E+O 9 54E-06
0 00E+00 2 19E-29
0 O0E+00 2 75E-04

o 0375 6 397Et13
00875 6851Et13

0 0350 76394.13

E-29 0 0850 4 t40E+t3
1,670 54

S 49E-04 0 1 250
Cm-243 t 64430-07

Cm-244 2 9330E-05

1,670 54
1,670 54 1.0 A OOEF+00f 9 80E-02 I

t 78E-02

Co-60 53i5 O : ,, w v I _5_- _

Cs-134 3 16300 1,670 54 3341 08 0000+00 5+27E+00 tO0+01

Cs-t6 3 4477E-06 t1,670.54 3.341 08 0.00+0 5 76E-03 1 15-E02 t

' Cs-137 2.0313E+000 1670 54 3,341 08 O.OE+0 3.39E+03 6 79E+03

Eu-154 24513E-02 1t67054 3,34108 0 000+0 4090+1 8 19E+011

Eu-t55 48175E-03 1,67064 334108 0 OOE+00 8050+0 1 61E+01

Fe-55 123970-04 1,67054 3,34108 0O00+O 2070-01 414E-01

* 5H-3 4 5697E-0 ,67054 3,341.08 '00O+OO 7630+00 1.530+01

* -t29 7 E3000-07 1,67054 3,341.08 0O0+OO 126E-03 252E-03

Kr-85 10850E-0 1,67064 3,34108 0000+00 81E+02 3 62E+02

ND-237 9556146 167064 3.3408 0 O0E+00 1600-02 319E0-02

Pa-231 2.0359E49 1.67064 3.341 0 O.OOE+OO 3 400-6 6 80E-6

I ' Pb-210 49728E-11 1.67054 3,341O8 00+00 831E-08 t66E4-7

Pm-147 4 E8502-02 ,67064 3.341 08 0 OE+00 8 10E+01 1.62E+02

Pu-238824 2 1670 64 3,341.08 0 000+00 3 050+01 6 10E+01

Pu-239 42810E44 1,67054 3,341.0 0000+00 7.1501 1 43E+00

Pu-240 4E-04 ,670 54 3341.08 0000+00 407-01 8 14E-01

-- 1OO ~ ~ 1370 5.0 3.3 1 00 0 + 0 85 5 0 + 0 1 12 0+02

1.555+,13
2s537E+14
4289E+128s00

t 7500 2 449E012
t 7500 t t24E+t1
2.2500
2.7500
3.5000

1 456E+03
1 603E+02
1 803E.01

'I 'ZA I nA 0 OOF+00 07E-04 7'tE43
Pu-242 3i 639 7- -/ 4v

. Ra-226 22854E-10 t.670.54 3,341 8 OOOE+O 3 82E-07

Ra-228 12426E-14 1.67064 3,34108 00+OO 2 08E-11

Ru-i 06 635890-46 1,670654 3,34108 000+00 106E-02
-9 I F. t

7t

Sef79 12933E0 t,6704 0.O.w uO - .t-_

Sn-126 1 157405 1,67054 3,341 08 00+00 1.930-2 387E002

Sr-90 t 92480+00 1,670 54 3,341.0 0 00E+0 3220+03 6 43E+03

Tc-99 42239E44 1.670 54 3,341.08 00+0 7.0600 1.A4E+00

Th-229 50953E-12 1,67054 3.34108 0000+0 85109 170E-08

Th-230 41885E-08 1670.54 3.341 8 0000+00 700E-05 140E-04

Th-232 1 9270E-14 1.67054 3341 08 0000+00 3220-11 644E-11

Ti-208 4 6024E-08 1.670 54 3,341 08 0 000+00 7 6900 1 54-44

U-232 E2582-07 1.67054 3,341.08 0000+00 2.100-4 4200E4

U-233 25825E-09 1,67054 3,341.08 000E+00 43100 863E6-0

U-234 1 840E-04 1.6705 4 3,341.08 0000+00 3080-0 616E-0

U-235 -2 72351-0 1,670 54 0.0 6.35E3 1 800-3 6 35E-03

U-236 1.5493E-05 1,67054 3,34108 OOE+00 259-2 580E-02

U-238 -428510-09 1,670 54 000 3 953 3 95E-03 395E-03

Y-90 1 92540+00 1,670.54 3.341 0 0000+00 3 220+W 6 43E+03

- Aher RaIenuiies 3 23+03 6 46E+03

. Thermal Power

INommnal Heat Bounding
- Output "OM output

(Watts) (Watts) '
_ _ _ _ -

3 9Eoal1 7.o6E+01
-Total Total

yamtChedts
l E

I ,

V

V

il
I
I- I

ry, ,n k -; z -

-

.m- Summarr SFD _ 1_ ZAt D, ...... t ndlar-n^_s-
d - o a is,3 1 ra17 ig u

I
Reactor Moderat^.- U iL1WATER I UHT WATB

Fuel Ctlddig ALUM ALUM

8.OL HNM Costhuents- U U

BOL Enrichment % 2^v 00000IZ 60 b t00

I

-_
-

- M... c- t.,.r .. aul Uetin estimate:
Burnup Summnary (MWd)'

,Frem SFD _

Nominal
Boundng- _

re m - -- -

1 670.5
1 67054
-. QAS

.

- 1

Estimated Bumupt

Bumupn Mulpbr Given Burnup Estimate EOL HM/Give. EOL NM

Nominal | - 0_,36 l

IBou.-dmi I | 72 1

rT 'Reactor shtedow. core refmoal. storage shippng of Other date confirming Mat IrractaOn ceased for 1uel

'Total bumip for all fuel associated with IS wo"tr el must be dvkied by S0L heavy metal mass to get specifo bumnup values (MWd/MT)

Marcit 2003
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j
Fuel Radionuclide Inventory Worksheet

L Fuel and Template Lsfo moeH ,,
Fuel Name: FRR MTR-S (V3S12 LELI) GREECE

SNF ID t 532
Fuel Units & Descr 67 -ASSEMBLY
Heavy Metal Mass: BOL.7437kg, EOLt_67 683kg
ROD Storage Site SRS

'Fuel decay stat date. 2010
Estimates as of: 2030

Template: ATR (Light Wafer. Atun.. 60 to 100,, U)
Temptte Bumup(MWd): 3672

Template BOL Hay Metal Mass (VT. 0 00116689
Template Decay Tfrw 20 ears

Estbtmated
Canister usage

18tx1i0'
1 279

iU. &fstimates m x X b -- Y. Yb [ Gamma Sources

Ci/MWd From
Template

Photon Total
Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Fuel Bumup (MWdp Bumup (MWd)O (Ci) Inventories(Ci) lnventories(Ci) Group (bounding)
- -- - ^ -- A 19 -~ AA^C.A A roA¢

Radionuclide
Ac-227
Am-241
Am-242m

IJ lZ,b64 W O OOE+00 420E-06t 8 40E-06 Av9 I1.27E+01 2 54E+01 0c
42, 2 69E-03 S 37E-03 0 0250

Am-243 4899E-06 1 89E-02 0 0375 2.425E+14
C-14 7135E-09 6,332 34 12.664 6 7 24E-05
CI-36 3124E-32 6,332 34 12.66468 C
Cm-243 6443E-07 6,332 34 12.664 68 0 OOE+00

0 0575 2.597E+14 I
0 0850 1 569E+14 t
01250 1 062E+14 ]
02250 1 354E+14
0.3750 S 5695E.13

Cm-244 9330E-05 6.332 34 12,664 68 0 00E+00
3186E-06 6,332 34 12,664 68 0 O0E+0O 3 37E-02

12,664 68 0 00E+00 2 00E+01 4 C
Cs-135 i4 68 0 OOE+00 2 1 BE-02 4.37E-02
Cs-137 2 0313E.00 6,332 34
Eu-154 24513E-02 6,332.34
Eu-155 4 8175E-03 6,332.34
Fe-55 1.2397E-04 6,332,34

129E+04 2 57E+04 12500 tI
t SSE+02 3 10E+02 1 7500 4260E6,11

6 10E+01 2.2500 3 737E+07
12.664 68 0 C

4 5697E-03 6,332.34 12,664 68 0 OOE+00
6,332.34 12,664 68 0 OOE+00

z27500 2 113E+07
35000 9 716E+04

4.77E-03 9 54E-C
Kr-85
Np 237 UI O OOE+00 687E+02 1 37E+03

6 05E-02 1 21E-01 11 0000
Pa-231 2 0359E-09 1 29E-05 2 58E-05
Pb-21 0 4 9728E-11
Pm-147 4 8502E-02 6.332 34

6 30E-07
6.14E+02

Pu-238 1 8254E-02 6,332 34 12.664 68 0 C I,
Pu-239 4 2810E-04 6,332 34 12,664 68 0 OE+00

12664 68 0 OOE+00pU-240 1 54E+00 3 09E+OO
Pu-241 0 OOE+00
Pu-242

2.12E+02 4 23E+02
2 30E-03 4 60E-03

Ra-226
Ra-228

22854E-10 6.332.34
12426E-14 6,332.34 12.664 68 8

89E-06

6 3589E-06 6,332 34 12.664 68 0 OOE+OO

Sn-I126
Sr-90
Tc-99
Th-229
Th-230
Th-22

4 2239E-04
5 0953E-12
4 1885E-08
I Q970-.1i

6,332 34
6,332 34
6,332 34
6.33Z34

12,664 68 0 OE+00 8.19E-02
12,664 68 0 OOE+00 7.33E-02
12,664 68 0 OE+00 1 22E+04
12,664 68 0 00E+00 2 67E+00
12,664 68 0 00E+OO 3 23E-08
12,66468 0 0OE+00 2 65E-04
10 A6IA 68 0 vCFln I 0OF 1-

1 64E-01

2 44E+04
5.35E+00 I

t147E-01

w~~ ------l
T1-208
U-232

4 6024E-08 6,332.34 12,664 68 0 OOE+00 2 91 E-04
1.2582E-07
2 5825E-09

6,332.34
6,332 34
A r.3,3 34

12,664 68 0 OOE+00
12,664 68 0 O0E+O0
19 26A 68 0 OOE+OD%

t 16
1 17CPiyi .5Arn

Thermal Power
Nominal Heat Bounding

Output Heat Output
(Wafts) (Watts)
1,91E+02 3 02E+02

Total Total

6.332 34 0 00 3 21 E-02 1I 49E-02 321 E-02
1 5493E-05

-

6.332 34
I,6r, 00 U OtWE+OO 9 81 E-02

Y-90
Other Radlonucildes
11. Tanplate &eledi

T7ernplate Se -ection

nry Burnsup Sun

O w0 2 OOE-02 2 OOE-02 2 OoE-02
12 664 68 0 WE+00 1 22E+04 2 44E+04

1 22E+04 2 45E+04

Basis for Parameter Ddiferences:I--Z

From SFD I Used
_ 

;

I

Reactor Modertor L ATER
Fue Cddng ALUM

BOL HM Constitents U
80L Enrichment % 1 20

LIGT WATER
ALUM

U
60 to 100

n[ Tefate was wed for t tbS reases
nis fol mattes ATR Tereplat n eal hA re pasneler (eakhoerd) makrag ATR a reasbb L

Burnup Summary (MWd)a Basis for burnup used In estimate:
From SFD Estimated

Nominal -6643323 NMr bkrmi caaaled brm fie heai met mass deM= pe
Bounding j 12 664 68 Bousg hanm assuied lo be WMc anmnl hanup

jChecks I

U
Estimated Bumup/

Gh. An, n,.R-Unu Multtflm

Nominal
Boundiong

Estmiated EOL HWtGiven EOL HM
1 01

'Reactor rhutclawn core removal. storage. shtpping or other date conmlmnng fit irradaton ceased tor fuel

'Total burmup for al fuel assodated with this wodsheet must be divided by BOL heavy metal mass to get specific burrap values (MWdU7)
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Fuel Radlonuclide Inventory Worksheet

;nL Fun tand Tnemdate lnfusatfion !j

Fuel Name FRR MTR-S (U3512 LEU) JAPAN
SNF ID# 506

Fuel Units & Descr 70. ASSEMBLY
Hevy Metal Mass 50L.73 5kg EOL170 413kg
ROD Storge Site SRS

'Fuel decay stait date 2010
Estimates as of 2030

Template ATR (Light Waler. Alumt 60 to 100f. U)

emplate Burnup(MWd) 3672
*eevy Metal Mass (MT) 000116689

- r0- ve1ars

Estibrated
Canister usage

18x10'
1 2 92

Bt
Template SOL I

SIl. E-sfirtes III mX. - X, b Y. Yb I Gamma Sources
II.Estmats I 'Dh,..-. Tital

Radionuclide
Ac-227

Cm/MWd From Nominal Bounding Fuel Initial Actbivty Nominal Fuel Bounding Fuel

Template - Fuel Bumup (MWd)O Burnup (MWd)f (Ci) , . Inventones(Ci) lnventories(Ci)

6 6313E-10 2,923 45 5,846 90 0 00E+00 1.94E-06 3 68E-06

2 0060E-03 2,92345 5,84690 0 00E+00 5 86E+00 I 1760+1

Energy Photonsesec
Group (bounding)

Avg UeV
0 0150 6172E+14
0 0250 1283E+14Am-241

5,846 90 0 00E+00 E-03 00375 1 119E+14
1 4899E-06
5 7135E-09 2,92345 5,r4690 0 C 3 34E-05 OWS57

1.31
1.64

3 45 5,846 90 84E-29 7.67E-29

Cm-243 2.923 45 4 81E-04 9 61 E-(

Cm-244 2.923 45 .+00 d 57E-02 1 71

CO-60 2,923 45 E+00 I 55E-02
02250 6252E+13
0 3750 7-721E+13
0 5750 4439E+14

Cs-134
Cs-135
Cs-137
Eu-1 54

2,923 45 3 - 00E+00 9 23E+00

4477E-06 2,923 4 3.90 0006.00 1 C 0 8500 78505E+12

3313E+00 5.846 90 0 OOE+00 E+04 12500 4285E+12

2 4513E-02 5.846 90 0 00E+00 E+02 17500 1-967E+1 I

4 8175E-03 2,92345 5,84690 0 00E+0 2 d2E+01 22500

1.2397E-04
H-3 4.5697i

1-129 71
Tr-IS 1
Np-237 9 1
Pa-231 - 2 C
P5-210 4 9

Pm-147 4 1
Pu-238 1 E

Pu-239 42
Pu-240 2 i
Pu-241 3.2
Pu-242 3 1
Ra-226 2_

2923 45 5,846 90
2923 45 5,846 90
2,92345 5,846 90
2,923 45 5,846 90
2,923 45 5,846 90

725E-01 2 7500

2 20E-03 4 4
3 3 17E+02

E+01 2.67E+01
D 2578E+03
0 2.848E+02
3 3 194E+010 00E+00 2 79E-02

0359E-09 2.923 45 5,846 VU
9728E-11 2,923 45 5846 90

8502E-02 2923 45 5,84690
254dE-02 2.923 45 5,846 90

2,923 45
2,923 45
2,923.45
2,923 45
2,923 45

5,84

000OE+00 S 95E-06 1 19E-05
0 00E+00 1.45E-07 2 91 E-07

0 00E+00 1 42E+02 2 84E+02
0 006+00 5.34E+01 1.07E+02

000E+00 1.25E+00 2.50E+00

0 00E+00 7 12E-01 1 42E+00

0 00E+00 9776+01 I 95E+02

000E+00 I 06E-03 2 12-03

0 00E+00 6 68E-07 1.346-06

1 2426E-14 846 90 0 00E+00

6 3589E-06 2.923 45 5,846.90 0A1

3 63E-1 1 7.27E-11t
1.86E-02 3 72E-02
378E-02 7.56E-02
3 38E-02 6 77E-02
5 63E+03 1 13E+04

1 2933E-05
1 1574E-05

2,923 45 5,846 J u %
2,923 45 5,846 90 0 C
2.923 45 5.846 90 - 0C

Sr-90
Tc-99
Tn-229
Th-23C

2,923 45
5 0953E-12
4 1885E-08

5,846 90 0 00E+00 123E+00
5,846 90 000E+00 1 49E-08

5,846 90 0 00E+00 1 22E-04
,84690 0 00E+00 5 63E-1 1

5,84690 000.+00 1.35E-04

S,846 90 0 006+00 3.68E-04

1 1970E-t4
_ _ . _ _

4 6024E-04
2582E-07

t1.3E-10 j
2.969-04 j__________
7.36E-04 Thermal Power

1.51E-05 Nominal Heat SoundingU-'
e nr^^ S

2 5825E-09 2.92345 5 .°.46 ̂ .0 u

t U-236

i U-238
Y-90

- Other R;

Ill JUTen

V emplal

I !

L.

1 8450E-04 2,92.
-2.7235E-06 2,92:
1.5493E-05 2,923

-4 2851 E-09 2,92
1 9254E+00 2,92

idnrtuclides
rinpte Saertwioe summary. Burnup bSiuu'ry,. an

te Selection Summary
From SFD Us

345 5,846 90 0 00E+00
145 0 00 38 t8-02

145 5.846 90 0 00E+00

345 000 1 98E-02
145 5,846 90 0 00E+00

I Chbcks^-- ' 3 -

t 08E+00
2.38E-02 3 18E-02 ((Wts) tfatts)

4 53E-02 9 06E-02 J .7601 1.39E+82

1 98E-02 I 98E-02 Total Total

5 63E+03 1 13E+04
5 65E+03 1.13E+04

Outpurt ibat output

tasis for Parameter i,.ferences:

bctor Moderator LiGin WATER LIGHT WATER ID

Fuel Cladding ALUM ALUM n

HM Constituents- U U

L Enrichment # 20 00003 e01b1l0oo

is ItW matches ont al pararreem excei enidd'lerit

-

Summary (MWdr
From SF 2stimated

2,923 45

Basis for bumup used in estimate

NomInal

Nominal F

:1l
.

Estimaled Bumtip
Burrup Mutt-tier Gien Bum

013

Estinmatd EOL HM/Given EOL HM
1 0

Bounding O.Z11 I
- . .. ---- -- ----- -- I -

'Reactor stxiidown. core removal, storage, shipping or otuer date confining tiat lriaation uearmo ror ,

-Totat burnup for at fuel associated wth this worksheet must be dvkied by SOL heavy metal mass to get specific burmup values (M d/l.T)

March 2003
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I
Fuel Radionuclide Inventory Worksheet

L Fud and Template Ior doetiosat,3
Fuel NaMe FRR MTR-S (U3S12 LELE JAPAN

SNF tD #- 508

Fuel Units b Descr 149 - ASSEMBLY
Heavy Metal Massa BOL=205 62kg; EOLt193283g
ROO Storage Site SRS

'Fuel decay start date. 2010
Estimates saof. 2030

Template: ATR (Ught Water, Alum. 60 to 100,. U)
Termplate Bumup(MWd): 3672

Template so0. Heavy Metal Mass (MT): 0 00116689
Template Decay Tume: 20 years

Estimated
Canister usage

1 8x1 0
621

I

II. Fstimaites -̂- m X. - b Y. Yb I GammaSources

CLVMWd From
Radionuclide Template
Ac-227 66313E-10
Am-241 2.0060E-03
Am-242m 4.2429E-07
Am-243 1 4899E-06

Photon Total
Nominal . Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Fuel Bumup (MWd)W Bumup (MWd)
t  

(Ci) Inventories(Ci) lnventones(CI) Group (bounding)
11,68357 23,36715 OOOE+00 7 75E-06 I 55E-05 Avg Mav
11,68357 23,36715 0OOE+00 234E+01 469E+01 00150 2467E+15

j
j

11,683 57

11.683.57 23.36715 0 OOE+00
00250 5129E+14

0 0375 4 474E+t4

0 0575 4 7g2E+t4C-14 5 7135E-09 11,683.57 23,367 15 0 OOE+00
CI-36 1.3124E-32 11,683.57 23,367.15 0OOE+00 53E-2
Cm-243
Cm-244
Co-60
Cs-1 34
Cs-1 35
Cs- 137

i 6443E-07 11,683.57 23,367.15 OOuE+00 92E-03 3 84E-03 I

2 9330E-05 11,683-57 23,367.15 0 OOE+00 3 43E-01 6.85E-01
11,683.57 23,367.15 000uE+00 621E-02 124E-41 0 3750 1.088E+14

3 69E+01 7 38E+01 - 0 5750 1 774E+15

-I 0 8500 2-999E+13
2 0313E+00 11.,

Eu-154 24513E-02 11,68357
Eu-155 4 8175E-03 11,683 57
Fe-55 1 2397E-04 11,683 57 2

12500 1 713E+13
17500 7.861E+11

f

I -_j
0 0 O^E+OO 5 63E+01

23,367 15 0 OOE+00 1 45E+00 2 90E+00
4 5697E-03 11,683 57 23,367 15 'O 00E+00 5.34E.01 1 07E+02 3,5000

715 0 OOE+00 8 80E-03 I 76E-02 5.0000 U1.27E+03 2 54E+03 70000 1 132E+03
E01 2 23E-01 I 110000 1269E+02

Pa-231
Pb-21 0 4 9728E-11 11.683 57
Pm-147 4 8502E-02 11,68357 23,367 15 OOE+00 i
Pu-238 1 8254E-02 11,683 57 23,36715 0 00E+00 2 13E+02 27E+02 IiPu-239 42810E-04 11,68357 23,36715 000E+00 500E+00 IOOE+01
Pu-240 2 4368E-04 11,68357 23,36715 00OE+00 2 85E+00 569E+00
Pu-241 33415E-02 11,683.57 23,367.15 000E+00 390E+02 781E+02
Pu-242 36329E-07 11t68357 23,36715 0006+00 424E-03 8 49E-03
Ra-226 2.2854E-10 1t,6B.57 23.367.15 000E+00 2 67E-06 5 34E406
Ra-228 1.2426E-14 11,683.57 23,367.15 000E+00 1 45E-10 2 90E-10

0 00E+00 7 43E-02 tA9E-01
1. I 1 51E-01 302E-01

Sn-126
Sr-90

2.706-01
9248E+00

Tc-99 42239E-04 1168357 23.,
Th-229 S 0953E-12 11.683 57 23.36715 0 00E+00
Th-230
Th-232
T1-208

4
41885E-i
9270E-1

4 6024E{
2582E-4

08 11,683 57 23,367 15 0 00E+00 4 89E-04 9 79E-04
14 11,68357 23,367.15 000E+00 225E-10 450E-10
48 11,683 57 23.367 15 0 00E+00 538E-04 1 08E-03
47 11t683 57 23.36715 O.00E+00 1.47E603 2 94E-03
49 11,68357 23,36715 OOE+00 302E605 603E-05
44 11,68357 23,36715 006E+00 216E+00 431E+00

U-232 Thermal Power
Y Nominal Heat Bounding

Output Heam Output
(Wat) (Wat)8 89E-02 5.70E-02 8 89E4-2AA~~~~- A A__

U-236
U-238

, . , _ _,
0 O0E+00 1.81 E-01 3 62E-01 2.79E02 5 57E+.02

Y-90

Other F
1 9254E+00 11.1

5 53E-02
4 50E+04
4 52E+04

Total Total

tim.Sem,.s. Im~a Rmam, ant (as-ts;~ ~ -,Ja
mr__7 A_
llel mpiame eon sumnary

r

m;

Fr.^ 8FD Ud iRat's tor DPa rneernd,.-5 -. - - --- . ..... LReactor Moder r UGHTWTER
Fuel Cladding ALj

BOL HM Co.sttuents
BOL EnrIchment % 1999957

. 1 .. _ ... ... ;
UGHT WATER

ALUM

This Teirmate was used br tie tdlawig Feasrc
ThIs ki naste ATRTermlate eant oall r b atore ariew (erdmert masig ATR a reasmable
rruiatU

60 to 100

BurupSummanf (MWdf ___Basis for bumup used in esimate:
From SFS 0 Estimated P

Nomil t 168 6'57 Nxbal himuip calodaled ncm Dv eavy metal mmwe Cestoyed
Boui mg I 23.367 1 ! mi3 bunmp asaffned ID te tece rnal lurW

IChecks

I

Estiated Bumupf
Given Bumup

'-j
Bumnup Multiplier

NominWa
Bounding

Estimaled EOL Ht/Glven EOL HM
I - 1oo00

'Reactor shtdown, core removal, storage, stippmig or Other date confirming ntat Irradiation ceased for fuel

'Total bumup lor ait fuel associated with tat woriksheet must be dvided by SOL heavy metal mass to get speafic bumrup values (MWdUMT)

DOE/SNFIREP-078
Revision 0

March 2003
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Fuel HadIOnUCIIOC inveniory wor�srseeo
Fuel Fiamonucimde Inventory wormSneel z'

LL Furel nnd Templte Information -. i 4 .>
Fuel Hame FRR MTR-S (U3SI2 LEU) NETHERLANDS

SNF ID# 510
Fuel Units & Descr 43 - ASSEMBLY

Heavy Metal Mass OL64.5kg EO1-56 76kg
ROO Storage Sde- SRS

'Fuel decay start date 2010
Estimates es of 2030

Template ATR (Light Water. Alumi .60 to 100%4, U)

aTemplate Bunup(MWd) 3672
Template OL Heavy Metal Mass (UT) 000116689

T-Wn..,6. elr v TIme 20 wears

Estimated
Canister usage

1 7x901

It. Estimates ` 2 m x X. b yY. Y Gmma Sources
a ba Tntal-

CIbMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel 8umup (MWd)' Burnup (MWdcl (CI) Inventories(Ci) Inventories(Ci)
Energy Photonslsec
Grouo (bounding)

I Fiadionuclilde L
6 6313E-10
2 0060E-03

i+OO 4 B6E-06 9 72E406 Avg UeV
E+OO 1 47E+01 2.94E+01 00150
E+O 3 11E*03 6.22E-03 I 002504 2429E-07 7 OOOE

1 4899E-06 0 00E+00 1 09E-02 2 I8E-02

C-i4 5 7135E-(
Ct-36 1.3124E-4
Cm-243 1 6443E-(
Cmn-244 2 933E-(
CO-60 5 3186E-(

14.659 86 0 00E+00 4 19E-05
14.659 86 0 OOE+00

3 006E.14
1.817E+14
1.229E.14

14.659 86 0 OOE+00

7.329 93 14.659 86 0 OOE+O ,-01 4 30E-01 02250 1.567E+14
E-02 7 80E-02 0 3750 6.823E.13
E+01 463E+01 I 05750 1113E+1S

7.329 93 14,659 86

E-03 7,329 93 14.6591
3 4477E-06 2.53E-02 5 05E-02 f

2 0313E+00 I 0 OOE+00 1 49E+04

2 4 0 OOE+00 1.80E+02

Eu-155
Fe-55 1

7,329 93 14.659 86 0 OOE+00 3.'
7.329 93 14,659 86 0 OOE+00 9
7,329 93 14,659 86 0 OOE+00 3^

7,329 93 14,659 8 00 0 OOE+00 5

2 98E+04
3 59E+02
7 06E+01
1.82E+00
6 70E+01
t IOE-02
tS59E+03

1 7500 4 932E+11
22500 4-326E.07
2 7500 2 446E.07

f H-3L- ~ 1-129
V Np-237

Pa-231

I I Pb-21 0

3.5000 1 124E+05
5 0000 6 390E+03

7.329 93 14,659 86 0 C 710000 7 056E+02

2
7329 93 12 1 40E-01 I110000 79s10E+01

0359E-09 7329 93 1 49E-05 2 98E-05

4 9728E-1 I 0)00+E00 3 65E-07 7 29E-07

4

1

8502E-02 6 0 00E+00 3 56E+02 7 11E+02
6 0 00E+00 1 34E+02

Pu-239
Pu-240
Pu-241
PU-242
Ra-226
Ra-22B
Ru-106
Se-79
Sn-i126
Sr-90
TC-99
Th-229
Th-230
Th-232
11-208

14.659 86 006E+00 314

7,329 93
7,329 933 6329E-07

22854E-10
1.2426E-14

14,659 86 0 00E+00 1 79E+00 3 57E+00
14,659 86 0 00E+00 2 45E602 4 90E+02
14,659 86 0 00E+00 2 66E-03 5.33E-03
14,659 86 0 00E+00 1.68E-06 3.35E-06
14,65986 000E+00 911E-11 1.82E-10
14.659 86 0 00E+00 4 66E-02 9 32E-02

93 14,659 86 00.E+00
) 93 14,659 86 0 00E+00

9 48E-(

7.329 93 14,659 86 0 C

5 0953E-12
4 1885E-08
1 9270E-14
4 6024E-08

7,329 93 14.659 86
7.329 93 14,659 86
7.329 93 14,659 86

0 00E+00 310E+00 6 19E+00
0 00E+00 3 73E-08 7A7E-08
0.00E+00 3 07E-04 6 14E-04
006E+00 141E-10 282E-10

U-232 12582E-07 7.299
U-233 2 5825E-09 7,3299
J-234 1 8450E404 7,3299
U-235 -2.7235E6-0 7,329.1

U-236 1 5493E-05 7,329 I

U-238 -4.251 E-09 7,3291
Y-90 1 9254E+00 7,3291
Other Radonucldes

l1.Ts n SelectiOn Surnmmry, Burnup Sumyry. am
Temoplate Selection Summary

From SFrD Used

6 0 00E+00 3 37E-04 6 75E-04
6 000E+00 922E-04 1 84E-3
6 000E+00 1 89E-05 3.79E-05
6 000E+00 1 35E+00 2 70E+0014.659 84

Thermal Power
Nominal Heat Bounding

Otdputt ' Heat Output
(Watts) (Watts)
I 75E+02 3 49E+02

Total Total

o oo 279E-02 7.91 E403
--.- _4_-

14.659 86 0 00E+00 t1.t4E-0t
0 00 1 73E-02 1.73E-02

14,65986 000E+00 1 41E+04
1A2E+604

ecks , . , , >

-I Baius for Parameter Difkerences'

E+04j

Reactor Moderator. UGHT WATER LIGHT WATER
Ful tCladding ALUM ALUM

OL HM Constiuents: U U
OL Enrichment % 2000000079 60 t 0100

[qumup Summarrry (MWd)

Ho.rbal eF
Bornding|

WD Etimae
4isrlbirue c jualed tom the heav reta mam destroyed4
~tou de9 asr p as toe bie W m n =e e bat t kiff= I 14 659.8f

Lrhecks

E tnetad BSrupm
Bumup Multler Given Bumup Estmated EOL HW/GIven EOL HM

1 01rHomrnhU _
nz2 _

-1-'Reactor shutdown core removal. storage. shapping or other date ccnflrming thalifradation ceased fr fuel

-7otai burnup for an lust associated with this worksheet must be dvied by SOL heavy metal mass to get specific burnup values (MWdMT)

March 2003
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Fuel Radionuclide Inventory Worksheet
L Fud and Template Information

Fuel Nwme FRR MTR-S (t3St2 LEU) TURKEY
SNF tD 11 528

Fuel Units & rescr 32 - ASSEMBLY
Heavy Metal Mass: BOL.672kg, EOL.59 136kg
ROD Storage Site. SRS

'Fuel decay strt date. 2010
Estimates as of: 2030

Template: ATR (Llght Water. Atumn 60 to 100%.. U)
'Template Bunup(MWd): 367 2

Template BOL Heavy Metal Mss (MT). 0 00116689
Temotate Decay TIme 20 years

Estimated
Canister usage

18'x10-
r 1.33

I

I
-j

- III. Estimates In X. * nx, II Y. y, Gamma Sources

Photon Total
CUMWd From Nominal Bounding Fuel fortia Achvity Nomintal Fuel Bounding Fuel Energy Phowtons/sec

Padlonucl'ide Template Fuel Bumnup (M[WW) Bumup (MWd)2 (Cl) Inventories(Ci) Inventoniea(Ci) Group (bounding)
Ac-227 66313E-10 7,63676 15,27353 OOE+O 5.06E-06 2.O1E-05 Avg0 teY
Am-241 2 0060E-03 7,63676 15,273.53 0 00E+00 t.53E+01 3 06E+01 00150 1 6b2E+15
Am-242m 4.242gE-07 7,63676 15S273 53 O OOE+OO 3.24E-03 648E-03 0 0250 a3 35E+14
Am-2U3 I 4899E406 7,636.76 15,273.53 0 OOE+OO 1.14E-02 2.28E-02 0 0375 2 924E+14
C-14 57135E-09 7,636.76 15,273.53 0 00E+00 4 36E-05 8.73E-05 0 0575 3732E+14
Cl-36 t.3124E-32 7.636.76 15,273.53 0 OOE+OO I OOE-28 2 OOE-28 00850 1 89_E+14
Cm-243 I16443E-07 7,63676 15,273-53 OODOE+OO 1.26E403 2 51E-03 01250 1281E+14
Cm-244 2 9330E-05 7,63676 15,273.53 O OOE+OO 2.24E-01 4 48E-01 02250 1633E+14
Co-60 5.3186E-06 7,636.76 152.'3.53 O OOE+OO 4 06E-02 8.12E1-02 0.3750 7 109E+13
Cs-134 31563E-03 7,636.76 15,273.53 0 OOE+00 2 41E+01 4 82E+01 0.5750 1 1e0E+15
Cs-135 3.4477E-06 7,636.76 15,273.53 0 0OE+00 2.63E-02 5.27E-02 08500 1 960E.13
Ce-137 2.0313E+00 7,636.76 15,273.53 0 D0+00 1 550E+04 3 1OE+04 12500 1 119E+13

j1

Eu-154 2 4501 3iEzZ 7,6.76oj u VIM+W .. olm�z I I IMJU bluut+li.

Eu-1 55
Fe-55

4 8175E-03 7,636.76 15,273.53 C 4 507E+07

+00 - 5.75E-03 1- 1S-02 I
1.0850E-01 7,636.76 15,273.53 0 00E+00 8.29E+02 1 66E+03 I

Np-237 95561E-06 7,636.76 15,273.53 00OE+00 7,30E-02 1A6E-01
-. - - ----- - - -- II
ra-.31 z U.,5ti-uu 1,tiomfo 10,zl's3 Di U Ut+WUU I.55 .1 1 CU0

3 5000 1 171E+05
5 0000 6658E.03
7 0000 7 351 E+02 U
11 0000 8 241E6.01

Ii
Pb.210 49728E-11 7,636.76 15,273.53 w0 006+0 3 80E-07 760E-07
Pm-r147 4 8502E-02 7,636.76 15,273.53 0 00E+00 3.70E+02 741E+02
Pu-238 1.8254E-02 7,636.76 15,273.53 0 00E+00 1.39E+02 Z79E+02
Pu-239 42810E404 7,636.76 15,273 53 0 0E+00 3.27E+00 6 54E+00
Pu-240 2 4368E-04 7,636.76 15,273 53 0 00E+00 1 86E+00 3 72E+00
Pu-241 3.3415t-02 7,636.76 15,27353 0 00E+00 2 55E+02 5 10E+02
Pu-242 3 6329E-07 7,636.76 15,273 53 0 WE+00 2.77E-03 555E-03
Ra-226 2.2854E-10 7,636.76 15,27353 000E+00 1.75E-06 3.49E-06
Ra-228 1.2426E-14 7,636.76 15,273 53 0 0DE+00 9 49E-11 1 90E-10
Ru-i06 6.3589E-06 7,636.76 15,27353 000E+00 4.86E-02 971t-02
Se-79 1t2933E405 7,636.76 15,273 53 0 00E+00 9 88E-02 1 96E-01
Sn-126 1.1574E-05 7,636.76 15.27353 0o0E+00 8 84E-02 1 77E-01
Sr-90 1.9248E+00 7,636.76
Tc-99

15,27353 0 O0E+00 1 47E+04 2 94E+04
15.273 53 0 OOE+00 3.23E+00 6 45E+00
15,273 53 0 OOE+00 3.89E-08 7.78E-08
15,273 53 0 DE+00 320E-04 6.40E-04
15,27353 000E+00 14A7E-10 2-94E-10

7,636.76 15.27353 0 OOE+00 3.51E-04 7 03E-04
15.27353 0 OOE+00 9.61E-04 1.92E-03
15,273 53 0 OOE+00 1.97E-05 3.94E-05
15,27353 0 OOE+00 1 41E+00 2 82E+00

Thermal Power
Nominal Heat Bounding
I Output Heat Output

(Watts) ^ (Wattsi
7,636.76

U-235 -27235E-06 7,636.76 0 00 2 90E402 824E-03 2.90E-02
U-236 1 5493E-05 7;636.76 15,27353 000E+00 1.18E-01 2.37E-01 I 8+02 384E+02
U-238 -42856E-09 7,636.76 00 1 81.E02 1.80E-02 1 81E-02 Total Total
Y-90 1 9254E+00 7,636.78 15,273 53 0 00E+00 1 47E+04 2 94E+04
Other Radionuclides 1 48E+04 2 95E+04

lU Te"a"' Selection Sr,, arBurnupSum nar nd Cbeds .* i5
Template Selection Summary

Frem SFD Used Basis for Parameter Dtferences:
Reactor Moderstor GHT WATER UGHT WATER Tbs Templae was weed r lbe Dvo reasome

Fuel Claddmig A LtUM ALUM ThWel mathe om at parareers e=t erndmnt
BOL HM Constituents U U

OL EnrIchment % 20 00000028 60 to 100

Bumup Summary (MWd) Basis for bumup used In estimate
From SFD Estimated

Normhal 7 636 761Nma is pcal caliAte hom li ievy metal ast dessy.
BoundIng 15 273 53 SowJ0v tiunmu assuned to be tem rnomrial tbrme

Checks

Estimated Bumup/
Bumnup Mutipher Given Bumup Estimated EOL HM/Glven EOL NM

Nomhial 0136 0

Bounding 072
'Reactor shutdown, core removal, storage. shppirg or coher date conriming thal inadiaton ceased ltor luW

"Total bumup for at luid associated with this worilsheet must be divded by BOL heavy metal mass to get speacif bumup values (MWdMT)

J
I

J
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Fuel Radionucilde Inventory Worksheet

1. Fuel maid Template Informa on . ¾

I- Fuel Name FRR UTR-S (UALX-H6EU) CANADA

I SNF ID 8. 720

Fuel Units & Descr 21 - MTR TYPE

I Heavy Metal Mass- BOL=4 427kg EOL =862g

i ROD Storage Site SRS

'Fuel decay astt date 2010

Estimates as of 2030
Template ATR (Lght Water Aium, 60to 100% U)

'Template Burnup(M[Wd) 3672

Template SOL Heavy Metal Mass (M1 0 0t0t 16689

Template Decay Time- 20 years

Esthmated
Canister usagye

1 0 88

-

I. , s , - x Xb - b Y. Y. Gamma Sources

� , -, Phot

Ci/MWd From Nominal , Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel , Ener

Template Fuel Bumup (MWd)4 Burup (MWd)
2  

- (Cl) Inventonrs(C) inventories(Ci) Groi

(1 ^t2 2.flm0 9-82E-07 1 96E-06 Avg I

otvn Toatal
gy Photonstsec
Wp (bounding)

Radionuclide
Ac-227
Am-241
Am-242mn

6 6;313E-1D - ------ v__

2 00
424

2,963.22 2 97E+00 5 9

1.481 61

Am-243 1.4899E-06
C-14 5'7135E-09

1.481 61

0 0OE+00 6.29E-04
0 00E+00 2 21 E-3
0 OOE+00 8 47E-06

00150 312sE+14
0 0250 6 504E+13
0.0375 5 673E+13

1,481 61

CI-36
Cm-243

1.481 61 2,963 22 0 OOE+00 1

1.69E405 I 0 0575 6 076E+13

3 89E-29 I 00850 3+672E+13
4 87E-44 o 0125 2.485E+13

8 69-02 I 02250 3168E+13
17 1,481.61
5 1,481.61
5 1,481 61

2 0 00E+00
2 0 o0E+00
2O 0 DDE+00

Cm-244
CO-00
Cs-134
Cs-135

1 58E402 0 3750

3 1563E-03 1.48161 2,963.22 ^ e 9 35E+00 05E
11E6-03 1 02E-02

3 4477E-06 Z.Vw9ir k7

20 1 61 2,96322 3 0t E+03 6

1.481 61 2,963 2 0 3 63E+01
0 7 14E+00

Eu-1 55
-

4
II Fe-55

__j 1-129
Kr-85
Np-237I ~ Pa-231

- Pu-238

4
1

12500 Z172E+12
17500 9968E+10
22500 8 744E+06
2 7500 4943E+06
3 5000 2271 E+041,481 61 2.96322 000E+00 1 84E-01

1.481 61

E-03 1,4811 2,963 22 0 006E00 1 7
2,963.22 0 ceE+Ce 1.1

E+01
2 23E-03 s 0000

7 ^.%InFA7 1 ,41

t28SOE-01 t481.61 ,96322 000E+00 161E+02 3 22E+02 7t1
- '" 9 A!qFJW I II I

9.5561 E-06 2,963.2 7
3 02E-06 6 03E-06 I2.963.22

1.481 61
1,481 61

O006E+00 7.37E-08

OOE+00 7 19E+01
0.00E+00 2 70E+011.481 61

Pu-23
9

Pu-240
Pu-241
Pu-242
Ra-226
Ra-228
Ru-1 06
Se-79
Sn-1 26
Sr-90

1,481 61 2,963 22 006E+00 6 34

1,48161 2,96322 000E+00 361

1,481.61 2,963.22 0 00E+00 4 9513415E-02

E4)1 722E-01
E+01 9 90E+01

-04 1.08E-03
E-07 6 77E-07363296-07 1.481 61 - 2,96322 t

22854E-10 2,Y63 97

1.481 61
1,481 61
1,481 61

2 006E+00 1 84E-11

2 0 OOE+00 9 42E-03

2 0006+00 1 92E-02

2 0.00E+00 1.71E-02

' 0 O0E+00 285E+03
3 43E-02
5 70E+03
1 25E+00E+00

4.2239-4 1,481 61 2,96322 -

5 0953E-1
4 1885E6-

I

Th-232
TS208

1,481.61
1,481 61
1,481 61
1.481 61

2,963 22 -
2.96322
2.96322
2.96322
2,Y6322

E+00 7.55E-09 1.51E-08

E+00 6.21E-05 1.24E-04

E+00 286E-11 571E-11

E+00 6 62E-05 1 36E-04

E+00 1 86E-04 3 73E-04

+00 3 83E-06 7 65E-06

c+00 2 73E-01 S 47E-01

4e

U-232 1 2

U-233 2 5

U-234 1 8

U-235 -2 7

U-236 1.5

U-238 -4 2

1.481 61
1,481 61

Thermal Power

Nomnal I-Heat Bounding
O t Heat Outpot
(Watts) (Wats)
3 53E01 7.06E.01

Total Total

3 1,481 61 000 8 90E-03 4 86E-03

1,481.61 2,963.22 0 00E+00 2.30E-02

I 1 ,481 .61

I

I-

Y-90
OtherI

_MT

3
0 00 I 04E^.^4 Y 78cz

2.96322 0 00E+00 2 8t7E+

I; -4 Ses .-2 8 -

5 71 E+03
5 736+03

a
rr

emptate Selection Summary
Fro

Reactor Moderatr UGHt

Fuel Cladding A
SOL HM Constituents

BOL Enrichment % 92.9

BuMuP Summary (MWd)
0

Fm
NomrniaL _

Bounding

. ._ __useo qoads iui in,

WAITWTER Un I

99 4 86 10 100 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-- -= laslsl for bumrup used In eattmae,-
-- f r n i n I

m 5FD I CMI NrI lWnp calcuated Ithm be heav rnetl mass orstd

BmodMt tomup Asesed ID be tame nmOr bmrup
I Z-b3

_________________________________ IChecks
Estnat d Burou2Pf

Bumiup tMulirAlier Ghven Burnu,^ Estimated EOL HMLGhven EOL NM

iNomnal 1 1 w
Bounding | 213

- ,-- 'Reactor si~ttdwn. core removal storage, shpping or otlwr date confirming MM Irradiaticn Ceased for tuet

iTotal btrnump for alt tuel associated wilt this woiksheet must be dvlded by 801 heavy metal mass to get specific bumriup values (Nrvd M)

Mac 20

DOE/SNF/IREP-078
Revision 0
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I
Fuel Radionuclide Inventory Worksheet

L Fuel and Template Informtidon,
Fuel Name FRR MTR-S (UALX-HEU) GERMANY

SNF 10 1. 582
Fuel Unts & Descr 1- MT-t TYPE
Heavy Metal Mass: BOLr0 176kg; EOLv0 126kg
ROD Storage Sdte: SRS

'Fuel decay stdt date: 2010
Estimates as ot: 2030

Template ATR (Ught Water. Aklnu 60 to 100%, U)
"Template Bumup(MWd): 367.2

Template BOL Heavy Metal Mass (UT), 0 00116689

Eshimated
Canister usage

1 Va1
I 004

J

Template Decay Titne 20 years

lEtinaites- m X,. Xb Y. I Gamma Sources

I Photon Totnt
I

Ct/MWd Fromn Nominal Bounding Fuel InMal Activty Nominal Fue
Template Fuel Bumup (MWd)' Bumup (MWd)

t (CO) Inventones(CRadionuclide
l Bounding Fuel I Energy Photons/sec
i) Inventones(Ci) Group (bounding)

6 386E0 S Avg 3tteV

t193E-Ot 00150 1 016E+13_

n nnc nn ^ enc ^oU wt+uu . ltU

Am-242r
Arn-243

4 2429E-07 481
t 4899E-06 48 11

00250 2112E+12
00375 1 842E+12

C-14 57135E-09 4811 96.22 OOE+00
CI-36 13124E-32 4811 96.22 OwE+00
Cm-243 1 6443E-07 48 11 96.22 0 OOE+00

1 973E+12

7 91E-06 I 58E-05
Cm-244
CO-60
CS-134
Cs-135
CS-137

2 9330E-05
5.31 86E-06
3.1563E-03
3 4477E-06
2.0313E+00

4811 9622 OOOE+00 t41E-03 2 82E-03 0 225
0 OOE+00 2 56E-04 5 12E-04 0 3750 4 478E+11

i 52E-01 3 04E-01 0.5750 7.305E+12_
. _ . _ . , _

E-04
4811

0 8500 1.235E.11
12500 7052E+10

1 7500 3.237E+09
I

Eu-154 24513E-02 4811 96 22
Eu-155 4 8175E-03 48 11 96 22 0 OOE+w0 2 32E-(
Fe-55 1.2397E-04 48 11 96 22 0 00+00 5 96E-03 1
H-3 4 5697E-03 4811 96.22 0D00+00 2-20E-01

11 t 96.22 0 wE+00 3 62E-05 7.25E-05 5.000O U0 00E+00 5.22E+00 1 04E+Ot 7000 _ _ 4 602E+.0
91t19E-04 110 0 00 58E-01

1 96E-07 IPa-231 2 0359E-09
Pb-210 4 9728E-1 1 481
Pm-147 4 8502E-02 48.11 96.22 0 OOE+00
Pu-23a 1 8254E-02 4811 96 22 0 00E+00 8 78E-(

96 22

Pu-241 3 3415E-02 481

0 00E+00
0 OOE+00
0 OE0800
0 OOE00
0 OOE+00

2

Pu-242 3 6329E-07

06E-02 4 12E802

4811 96 22
I

2 34E-02
3.22E+00
3 SOE-05
220E-08
1.20E-12

Ij

-J

Ra-226 2.2854E-10 48 11 96 22
Ra-228 1.2426E-14 48 11 96 22 0 OOE+00 5 98E-13
Ru-106 6 3589E-06 4811 96.22 00OE+00 306E-04 6 12E-04
Se-79 1.2933E-05 4811 9622 000E+00 622E-04 124E-03
Sn-126 11574E805 4811 96.22 OOE+00 557E-04 1.11E-03
Sr-90 1 9248E+00 4811 96.22 000E+00 9.26E+01 1 85E+02
Tc-99 4 2239E-04 48 11 96.22 0 OE+00 2.03E-02 4.06E-02
Th-229 50953E-12 4811 96.22 OOE+00 245E-10 490E-10
Th-230 4 1885E-08 4811 96.22 OOE+00 2.02E-06 403E-06
Th-232 I 9270E-14 48.11 96.22 0008+00 927E-13 1 85E-12
Th-208 4 6024E-08 4811 96.22 0 OOEO.O0 221 F-M A A43E4-R
U-232 t2582E407 48.11 9622 0OOE+00 605E-06 121E-05 Thermal Power
U-233 2 5825E-09 4811 96 22 0 OOE+00 1.24E-07 2 48E-07 Nomnmal Heat Bounding
U-234 1 8450E-04 4P.11 9622 0OOE+00 888E-00 i 78E-02 JOutput Heat Out
U-235 -2 7235E-06 48.11 000 354E-04 2 23E-04 354E-04 (Watts) (Watts)
U-236 1.5493E-05 48.11 9622 OOE+00 745E-04 1 49E-03 1.15+00 2.29E+00
U-238 -42851E-09 48.11 000 415E-06 394E-06 415E-06 Total Total
YO90 r 9254E+00 48 1i 96 22 0 OOE+OO 9 26E+01 1 8E+02
Other RadJonuckhes 9 30E+Ot I 86E+02 I
lL TeutplateSelectionSuinwitry. Bumuop Sutnmry, and Checks

Template Selection Summary _ _ _

From SFD Used Basis for Parameter Differences:
Reactor Moderator UGHTWAlE LIGHT WATER

Fuel Caddng [ ALUM
SOL MM Consttuents U U

BOL Enrichment % 9Z999992 60 to 100 _

Burnup Summary (MWd)z Basis t0r bumup used in estimate:
From SFD Estimated

Nomn 48 |4-11 Nonal brsmaled km the Weavy meMi MnM destsye.
Boundir__ 9622 8undg bunup assured to bece Wmnmal buarrg

jChecka

L
U

Estimated Burmup/
Glv sn RumiBumup Multiplier

Noinl
Estimated EOL HNM/Given EOL HM

t102

'Reactor shutdown, core removal, storage, shipping or other date conhrming thal Irradation ceased for fuel

'Total bumugp for at fuel assodated wth this worilsheet must be dvided by BOL heavy metal mass to get spedlic burrup values (MWdiMT)

DOD/SNFIREP-078
Revision 0

March 2003
Page D-412 of D-585



- I Fuel Radionuclide Inventory Worksheet

,L FDtt an TeMplAte Informatior
Fuel Name FRR MTR-S (UALX-HEU) GERMANY

SNF ID4 584
Fuel Units & Descr 44 - MTR TYPE
Heavy Metal Uass BOL80 136kg EOL=5 944kg
ROD Storage Site SRS

'Fuel decay stat date 2010

Estamates as ot: 2030

Template- ATR (Ltight Water. Atum .E60 to 100%b. U)

'Template Burnup(MWd) 3672

Temptate SOL Heavy Metal Mass (MT)- 000116689
Temtbte Deca r- 20 years

Estimated
Canister usage:

t8x10
18t3 i

tI.Estaktes , .n Xb X. b Y. y | I Gamma Sources

- I IPhoto Total

Radionuclde
Ac-227

CUIMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel En

Template I Fuel Bumup (MWd) 'Bumup (Wd)' (Ci) Inventorles(Ci) Inventones(CI) Gr

66313E-10 2,07511 4,15022 OOOE+00 t.38E-06 275E-06 Avg

20060E-03 2,07511 4,15022 OOE+00 416E+00 833E+00 oo

42429E-07 2,07511 4,15022 0OOE+00 880E-04 1 76E-03 00

urgy Photons/sec
ioup, (bounding)
g eV

0150 4M3e1E+14

0250 9 110E+13

0375 794tEi+13

0575 8 510E+13
Arn-243 1 4899E-06
C-14 57135E-09
CI-36 1.3124E-32
Cm-243 1 6443E-07
CM-244 2 9330E-05
Co-60 5 3186E-06

4,15022 0 OOE+00 3 09E-03
4,150 22 0 OE+00 1 19E-05
4.150.22 0 OOE+0 0 2 72E-29

00
00C

4,150 0 OOE+0O 3 4
4.150 22 OOE+00

6

00850 5143E+13
0 1250 3 480E+13

22E-01 0 2250 4 438E+13

04

2.075 11 4,150.22 21 E-02 1 03750 1.932E+13
31E+01 05750 3151E.14

Cs-134
Cs-135
Cs-t37

2,075 11 4,t15022

3 4477E-06 2.075 11
2 0313E+00 2,075 11
24513E-02 2,075 11

4 3 1.43E-02
1 2E+0 S 43E+03n

E+00 509E+01 1 028+02 I

4 8175E-03 0 OE+00 OOE+01

0 8500 5327E+12

1t2500 3.042E.12

1 7500 1396E+11

22500 1.225E+07

27500 6924E+06

3.5000 3181E+04

50000 1 798E+03

1-2397E-04 2,07511 4,15022 08OE+00

j H-3
*11-129

tt Kr-85
Np-237
Pa-231

45 4.150 22 0 0OE+00 S
4,150 22 0 00E+002.075 11

.57E-01
48E+00
.56E-03
125E+02
98eE-02

2.075 11 4,150 22 4.50E+02 7 0000 I 985E1+02

E-06 2,075 11 3 97E-02 I 110000 2 225E+01

22E-06 8 45E-06 I2 03594-09 2,075 11
A 07s -.11 20f75 1 E+OO 03E-07 2 06E-07

_ 
_ _ _ .

4 8502E-02 2,075 1 0 OE0+0D 01E+02 2 01E+02

1 8254E-02
P. ._z.^q A 9

11 4,15022 O0E+OO 3796E+01
11 4,15022 0OOE+00 s8s4-01
11 4.15022 OOE+OO 506E-01I u-co

7 ssE+01
1 78E+00
1 01E+00
1 39E+02
1.51 E-03

Pu-240 24
Pu-241 '1 4.15022 0o

Pu-242 2.07511 4,15022 0 e
2,075 11 E-07 9 44E-07

1-2426E-14
6.3589E-06

2,075 1 2.58E-11 5 16E-11

se-799
Sn-I 26
Sr-90

__ Tc-99
Th-229
Th1-230_

S 11 4.15022 OOE+00 1.32E-02
311 4.15022 0 06E+00 2s68E-02
3.11 4.15022 008E+00 2.40E-02

2 64E-02

00 2,075.11
34 2.075.11

4,150.22 0 C
4.15022 o e

3 99E+03 7 99E+03
8 76E-01 1 75E+00

o 1 6E-08 2 11 E-08
o 8 69E-05 1 74E-04

12 2.075 11
4 18a5E-08
1 071W.1 A

2.07511
9 fl7S 1 1 E+DO 4 OE-11 8 OOE-1 1

. yov%- -2.0751
4 6024E-08
1.2582E-07

2.075 11
2,075 1 1U-232

2 a25sE-09
1 a450E-04

-2.7235E-06
1.5493E-05

-4.2851E-09

.OO0E+OO 955E-05 1S91-04

0 008E+00 2 61E-04 522E-04
0 O08E+0O 536E-06 1 07E-05

2 0 OOE+OO 3 63E-01 7 66E-01
1.64E-02 1 07E-02 1 64E-02

2 0 0OE+O0 321 E-02 6 43E-02
1918-E04 1.83E-04 1 91E04

Thermal Power
Nomunal Heat Bounding

Outt , Heat Output
(watts) (Wfatts)
4^9E.01 9.89E+01

Total Total

000

Y~f-90
Other RtachonucbcdeS

4150.22 OOOE+OO 4 01E+03
4 01 E+03

1 et, -t -,W;1 A ! E+03

iU.-emspiurte sserton 1 , osmp .--

emplate Selection Summuatr

Reactor Moderator UGHTWAFER SF GHTWATER
Fuel Cladding ALUM ALUM

OL HM Constituents U U
SOL EnrIchment % 93 00001838 60 to 100

Basis for Parameter Differences,

Bumup Summary (MW__
Fromn SFO

Nomkial
Bounding =;L

Checks

= Basis for bumup used in estimate,

natet
2.075 11
4 150.22

Neial tbm rcalcuated hlme re heavy metal mass destroyed
Bawxrrg btrniv as e b be tWoe onatl btrrusp

Estanated Bumup/
Bumup Multiplier Given Bumup Estmated dEOL HM/Given EOL HM

1 021Nominal
Bounding I 081tfi2 - I

'Reactor shutstdow core removal, storage. shopping or other date confirming thlat rraiaton ceased lortuel

'Total burup for at fuel assodated wrth hS worksheet must be dvkled by OL heavy metal mass to gt spedfic bumup values (MWd8UIT)

Mac 20

DOEISNF/RtEP-078
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__j

Fuel Radionuclide Inventory Worksheet
L Farl and Temnplate Informatio el -

Fuel Name: FRR iUTR-S (UALX-HEU) GERMANY
SNF 1D a: 585

Fuel Units 3 D ecr 50 - MTR TYPE
Heavy Metal Mass: BOLI9 675kgt EOLt4 635kg
ROD Storage Sdte: SRS

'Fuel decay start date: 2010
Estimates " of. 2030

Template, TRIGA-Al (LW&J-Zx. Akan. 10 to 20%., U)
'Template Bumup(MWd): 6 65

Template BOL Heavy Metal Mass (MT). 0 00018
Temotate Decay rxne 20 Wars

Estimated
Canister usage:

18'xtO'
j 208 i

1. Estimates- -. ' m X.i Xb. b Y. Y |. Gamma Sources

Photon Total
CiMWd From Nominal Bounding Fuel initial Activity Nominal Fuel Bounding Fueli Energy Photonsisec

Template - Fuel Bumup (MWd)O Burnup (MWd)' (Ci) Inventones(Ci) Inventones(Ci) Growi (boundina)Radionuclide
Ac-227 2 4556E-09 4,81077 9.23497 O.OOE+00 I 118E-05 2.27E-0 _
Am-241 38752E-03 4,81077 9,23497 0OOE+00 1 86E+01 358E+01 oa
Am-242m 1 861 7E-06 4,810 77 9,234 97 0 OOE+00 8 96E-03 1.72E-02 0.0250

>9234 97 0 OOFaO I 119F-M 9 tSE-f0 D n-7 I . .....
- - - - -- - .-- - . --- I-
9,234 97 0 OOE+00 2 08E-01 3.99E-01 0 0575 1893E+14

3 97E-04 0 0850
Cm-243
Cm-244
Co-60

4

3

01250
17744E-06 4

3188E-03 4
7188E-04 4
1549E-05 4

153E+14
1294E+14 j
045E+14

4,810.77 9,234 97 0 00E+00 2 08E+01
Cs-134 ,81077 9,234 97 0 00E+00 323E+00 6 20E+00

4.810.77 9,234 97 000E+00 1 52E-01 2 91E-01 0 8500 7.276E+13
9489E+00 4,810 77 9,234 97 0 OOE+00 9 38E+03 1 80E+04 I 1 25oo 7.837E+13

1 97 0 OE+00 1 94E+03 3 72E+03 I 17500 234BE+12
4 99E+02 2.2500 3 722E+07

Fe-55
H13

o 2.7500 6 194E+06
3 s000 4.237E+04

1-129 7 3805E-07 4.810 77 9.234 9 UKr-85 9 5684E-02 4.810 77 9,234 97 0 00E+00 4 60E+02
Np-237 1 4618E-06 4,810 77 9,234 97 0 00E+00 7 03E-03 1 35E-02

6 4782E-09 4,810 77 9.234 97 0 00E+00 3.12E-05 5 98E-05
197 0 00E+00 3 04E-10 5 83E-10

Pu-238 t2008E43
Pu-239 5 6917E-03

+02 3 65E+02
+00 1.118E+01
+01 5 26E+01
.+01 2.09E+01

4.81077 9.234 97 0 COE+00
E-03 4,810 77 9.234 97 0 00E+00 1 09E

Ii

__a

E-02 4,t10 77 9234.97 0 00E+00 2 94E+02 5 64E+02

Ra-226
Ra-228

0 i
i

47E-03 2 83E-03
2.47E-09
2 08E-06
2 89E-02
1.19E-1
1.13E-01

Ru-1 06 3a1293E-06 4.810.i I4
Se-79 1 2935E-05 4,810.77 9.234 97 0 00E+00 6 22E-C
Sn-126 12238E-05 4,810.77 9,234 97 0 00E+00 5 89E-02

4,810.77 9,234 97 0 00E+00 8 75E+03 1 68E+04
077 9,234 97 0 00E+00 2 12E+00

321

2.'
Th-230 6526E-11
Th-232 3744E-10 4.810 77
Tt-208 1 8195E-08 4,810 77 9,234 97 0 00E+00 8 75E-05 I I
U-232 4 9098E-08 4,810 77 9,234 97 0 00E+00 2 36E-04 4 E
U-233 i3140E-07 4,81077 9,23497 000E+00 632E-04 I
U-234 22571E-07 4,81077 9.23497 000E+00 109E-03 21

07E+00
3188-06
30E-07
19E-06
68E-04
53E-04
21 E-03
08E-03

al Power

U-235 -2 6159E-06 4.810 77 000 1.94E-02 6 86E-03 1 94E-02
U-236 12719E-05 4,81077 923497 000E+00 612E-02 1.17E-01
U-238 -3 8857E-08 4,810 77 0 00 228E-04 4 07E-05 2 28E-04
Y-90 1 8211E+00 4,81077 9234 97 000E+00 876E+03 1 68E+04
Other Racionuctkles 1 01 E+04 1 93E+04
IIL Ten Selecion Siminmry, Burnup Sum ry, and Cbecks' ' , -2

Template Selection Summary
From SFD Usad Basis for Parameter Diflerences

Reactor Moderator LW AND U ZIC HYDRIDE LW AND U ZIRC HYDRIDE The Teoate was beet sed tir ton e reasorse
Fude Cladding ALM ALUM Thsue ta matdces r at parameters except ennchmers.

BOL Htt Constdtuents U U
BOL Enrichment % 92 9999938 10 30 201t

Bumup Summary (MWd) Basis for bumup used In eshmate:
From SFD Estimated

Nomtntl |4 81 7i7 Nwrat l bum calcaraled trkom the heavy mreta mass destroyel.
Boun in I9234 97 Bun trn caluated asaneg at 80L heavy metal tied

Checks

Estimated Burnup!
Burnup ! lt r Given Burnup Estimated EOL HM/GIven EOL HM

Nominal 1 102
Boundng 2S 84

Nominal Heat Bounding
I Output Heat Output

(Watts) (Watts)
125E+02 Z40E.02

Total Total

LU
LU

'Reactor shutldown, core removal, storage. shipping or other date confirmrig thal irradiaton ceased tor fuel
t
Total burnup for at huel associated with th8s woresheet must be dyvided by 80L heavy metal mass to get speafic bumup vafues (MWdlMT)

DOMESNF/REP-78
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Fuel Radionuclide Inventory Worksheet

I 'L Fuel and Template l1fnornoatitM
Fuel Name FRR MTR-S (UALX-HEU) GERMANY

SNF ID t. 588
Fuel Units & De0cr 2 - MTR TYPE

Heavy Metal Mass B0l.-O 404kg. EOLt0273kg
ROD Slorage Site SRS

'Fuel dcay start date. 2010

Estimates as of 2030
Templale ATR (Ught Water, AJLIrr, 60 to 1 00% U)

3
Templale Bumup(MWd) 3672

Temptate BO. Heavy Metal Mass (MT)' 0 00116689
TenDate Decay Tume 20 years

Estraled
Canister usage:

t18,x110'
008

, , _ __ .

lt.Es h .-tes r m S xX b Y. Ye I Gamma Sources
-I Phmhi Intal

CiLMWd From
- - TemplateRadionucride

Ac-227

Nominal Bounding Fuel initial Activity, Nominal Fuel Bounding Fuel

Fuel Bunnup (MWd)
2 

Burnup (MWd)2 (Co) Inventoiek-S) Inventones(Ci)

12406 24812 000E+00 823E-08 1 65E-07

124 06 24812 0 00E+00 2 49E41 4 98E-t

Energty ' Photonsisec
Group (bounding)

Avg MeV
0 0150 2619E+13
0 0250 5 446E+12

E-10

Arn-241
Arn-242mn
Atn-243
C-14
CI-36
Cmn-243

E-03
4 2429E-07
1 4899E-06
5 7135E-09

0 WOE+00 1 05E-04

248 12 0 I
248 12 00C

3 70E-04
E-07 1 42E-(

6 24812 000E+00 1 63E-30123124
124 06 248 1 E+0 2 04E-05

EW 3 6E0

3.26E-30
4 08E-05
7 28E-03
1 32E-03
7 83E-01

3 075E+12
2081E.12

0.2250 2653E+12
C,-244 1240D6

124 06 0 OOE+00 6 03750 1 155E+12

wvvtJ E43 124 I 0 00E+w0 3 9 0 5750 t 384E+13

Cs-135 34477E-06 24812 0 WOE+wO 8 SSE040 038500 3t85E+11

2 0313E+00 24812 OOOE.00 S 04E+02 t25c^

.__ E-1;54 24513E42 12406 248 12 0 DOE+( +00 6.08E+00

^nnc 20E+w0_ . _ 4 8175E-03 24812 u Z +vw
24812 3 OBE-02

1-1129
Kr-85
Np-237
Pa-231

4
7.

124 06
124 06
124 06

2481 2 00E+0 5 67E-01

24812 0 00E+00 9 34E-0

248.112 0 OOE+00 1 35E+01

1tI

1 7500 B.347E+09
22500 7-322E+05
2 7500 4 139E+08
3 5000 1 902E+03
50000 1 075E+02
7 OO 1 187E+01
11 0000 1330E+00248 12 000E+00 1

24812 0 OOE+00 2

24812 0 00E+00 6

24812 0 OOE+00 6
4 9728E-1 I
4 8502E-02
I 8254E-02
4.2810E6-04

E-09 1.23E-08
E+00 1.20E+01

243812 2296E+OO 4 53E+CO

Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ra-228
Ru-1 06
Se-79
Sn--126
Sr-90
Tc-99
Th-229
Th-230
Th-232
TP-208
1--232

U-233
U-234
U-235
U-236

124 06 24812 000 +0O 531E-02

24368E-04 124 06 24812
33415E-02 12406 24812
36329E-07 124 06 24812
22854E-1O 124 06 24812
12426E-14 12406 24812
63589E-06 124.06 248 12

O OOE+COU 3 UZt-z

0 OOE+00 4 15E+00
0 OOE+00 4.51E-05

OOE+00 2 84E-08 S 67E-08

0OOE+OO 154E-12 308E-12

12933E-C
1 1574E-C

D 248 12
|6 248 12

1
M 89E4 1 58E403
606E-03 3 21E-03
44E-03 2 87E-03

19248E+00 124 06

4 2239E-04 124 06
5 0953E-12 124 06
41885E-08 124 06
1 9270E-14 124 06

244 2.39E+02
24812 0 OOE+00 5.2

24812 0 00E+O0 6 3

248.12 0 00E+00 52

248 12 0 00E+00 2.
248 12 0 OOE+00 5 7

24812 OOE+00 1f

04E4-5
.78E-12E-12

4 6024E-08 124 Ub
12582E-07 124 06
2.5825E-09 - 124 06
1 845fE44 12406

1 14E4-5
3 12E6- Thermal Power

64_0 _- Noia He. .oun_ n
24812 00
24812 00
000 71
0 DO 74 n

E-07 6 41E407

-2 7235E-06
1 5493E-05
-42851 E-09

1 9254E+00

124 06

2 29E-02 4.58E4-2
4 49E-04 7.87E-04
1 92E403 3 4E-03
1.31E-05 12366-05 I

2.39E+02 4 78E+02
2 40E+02 4 80E+02

Nontput Heat Bou-ea up
output * Hea Output
2W9+tts) (wafts)
2ti6E+oo 591E4oo

Total T otal

Other Radionucides

24812

I- ~"

From SFD

Reactor Moderator GHrWAER tI

Fuel Claddeig ALUMb _
BOL HM Consituents U

BOL-Enrkchmenrt% # S0OzK190

Basis tor Parameter Ditferencesl

to 100

raeie t llrn-rn ut n eshmate:
Burnup Summary (MwOF) --- . i05b *f f~..

_s

Fro SFD I Lstlnted

B omZZ
124.1
248 12 arn unt-~

Estimated BumuPt
Bumup Multipler Given Burnmup
I ~ 0.97i

_ . _

Boundat I I - I -~ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'Reactor shutidown, core reroval, storage,. shpping or other date cordlinnng thatl radatton ceased tor tueL

'Total burnup lor a1uel assodated wffi this worksheet must be divlded by EOL heavy netatl mass to get spedfic bunup values (MWd891)



-

Fuel Radionuclide Inventory Worksheet
L Fuel and Template ljlnfr ,ui ,

Fuel Name FRR NtTR-S (UALX-HEU) JAPAN
SNF tC 1- 602

Fuel Units & Decbr: 40 MITR TYPE
Heavy Metal Mass: BOL7 74kg EOL=6 012kg
ROD Strage Sitel SRS

'Fuel decay start date. 2010
Estimates as of. 2030

Templatir ATR (light Water. Ahm, 60 to 100t% U)
'Template Bumup(MAWd): 367 2

Temptate BOL Heavy Metal Mass (UT): 000116689
Template Decay Teme: 20 years

Estimated
Canister usage

18'xsO,
1 67

11. EEstiDates ', m Ox. X, b Y. Yb [ Gamma Sources
i

Radionsuclide
Ac-227
Am-241
Arn-242rn

Photon Total
Ci/MWd From Nominal Bounding Fuel initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fue-l Bumup (MWd) Bumup (MWd) ' (Cl) Inventones(CO) Inventortes(Ci) Group (bounding)
6 6313E-10 1,636.45 3,272^90 0 OOE+00 1 09E-06 2.17E-06 Ag MeV
2wD60E-03 1,63645 3,272.90 000E+O0 328E+00 657E+00 00150 3455E+14
4 z4zi.t3-iJ 1,biO 4:i ;S,7zz 9U U.UUL+tt0 t 7184&t+13
1 4899E-06 1,636 45 3,272.90 OgOOE+00 2 44E-03
5 7135E-09 1,636 45 3,272 90 0 00E+00 9 35E-06 1 87E-05

1,636 45 3,27290 00wE+00 215E-29 4.30E-29

I
0006E+00 2 69E-04 5 38E-04 01

Cn-244
Co-60

4 80E-02 9 60E42 02250 3499E,13
1 74E-02 03750 1 523+13

Cs-134 31 563E-03 1.636 45
Cs-135 3 4477E-06 1,636 45
Cs-137 2.0313E+00 1,636 45 3,272 90 0 0E+00 33Z

1 03E+01
1 13E-02
6 65E+03
8 02E+01
1 58E+01

0 5750 2 4856E14
0 8500 4.201E+12

1 2500 2 399E+12 t
E-02 1,636 45 3,272 90 0 wOE+00 4 01 E+01

3,272 90 0 0wE+00 7 88E+00
00u-E+00 2 03E-01 4 06E-01 2 7500

H-3 1.50E+01 3.5000 2.508E+04
1-129 7 53wE4-07 16
Kr-85 1 0850E-01 1.63645

2 46E-03 5 0000 1 418E+03
3.55E+02 70000 1.566E+02
3 13E402 I 11 0000 1 765E+0ONp-237 9 5561 E-06 1.636 45 3,272.90 O

Pa-231 2 0359E-09 1,636 45 3,272.90 OOOE+00
U

I )
49728E.11 1,636 45 3272 90 000oE+00

1,636 45 3,272 90 0 OOE+00 7 94E+01 1 59E+02
o 0 ODE+00 2 99E+01 5 97E+01

Pu-239
PU-240 24

3,272 90 0 OOE+00 7 01 E-01 1 40E+00
3,272 90 0 OE+00 ass99E- 7 98E-01
3,272 90 0 OOE+00 5 47E+01 1 09E+02Pu-241 3 3415E-02 1.636 45

3 6329E-07 1,63645 3.272 90 000E+00 5 95E-04
1,63645 3,272 90 000E+00 3 74E-07 7 48E-07

Ra-228
Ru-106

2 03E-11
1 04E-02
2 12E-02

2
07E-11
08E-02

Se-79 1t 1,636.45 3,272 9
Sn-t26 1574E-05 1.63645 3,272.90

9248E+00 1,636 45 3,272.90 0 COE+00

4 23E-02
3 79E-02
6-.3E+03
13sE+00
1 67E-08

04 1,636 45 3,272 90 O.OOE+00 6 91 E-01
12 1,63645 3,27290 0OOE+00 8.34E-09

Th-232 t 12706-14
ri-208 4 6024E-08
U-232 1.2582E-07
U-233 2 5825E-09
U-234 1 450E-04

2 90 0 0OE+00 685E-05 I 37E-04
290 O0E+00 3.15E-11 631E-11
90 0 ODE+00 7 53E-05 151 E-04

000oE+00 2 06E-04 4.12E-04 Thermal Power
. _ 

I

1.636 45
a 8.45E-06

6 04E-01
1 56E-02

Nomin Hea Bounding
Output Hest Outpt
((wat) (Wats)-

U-235 -2 72356E06 1.636 45 0 00
U-236 1 5493E-05 1.636.45 3,272 90 0 00E+00

_ . -

_ ___ _ : _ _ _ F

U-.dfo -4.Z8blE09 1.563645 0O00 1 82E-04
2 54E-02 5 07E-02
1 75E-04 1 82E-04
315E+03 6 30E+03
3 16E+03 6 33E+03

3 90E801 7 80E+01

Total Total
1 9254E+00 1,636.45 3,272 90 0 00E+00

Template Selection Summary
From SF0

Reactor Moderaor LIGr7 WA7ER
Fuel Cladding ALUM

SOL HM Constituents U

BOL Enmchmeart #
5  

9299999931

18umup Sununary (MsWdf

Used IBasis for Parameter Drfferences:

_ ALUM I --
1Basis for bumuo used in estimate:

From SF0 Estimatsed
minal 1 636 45 Nord hnup caialed fiom tie heaq iret sass desrv

Bounding 3272 solwx bun assured to be tAe mstead trnu

Checks

Estimated Bumup/
Bumu Mutiplier Given Burnup Estmated EOL NM/Given EOL HM

Nominal 067 _ _ _ _ _ _Boundi1g 12
B o u n d in g 1 3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ - _ _ _ _ - _ _ _ - _ _ _ _ -

RHeactor shutstown core removal, storage, shpilng or otier date onrfirming Visal Irradation ceased tor fuel

"Total bumup for all fuel assodated with this worksheet must be dvided by BOL heavy metal mass to get speofic burnuo values (MWd&UT)

OOE/SNF/REP.078
Revision 0

March 2003
Page D-416 of D-585



Fuel Radionuclide Inventory Worksheet

- Furel and Template infurtornn> -11,
tFuel Name FRR MTR-S (UALX-HEU) NETHERLANDS

w SNF ID 607
Fuel Units & Descr 19 - MTR TYPE

Heavy Metal Mass BL=2.042kg, EOL1 093kg

ROD Storage Site SRS

'Fuel decay start date 2010
Estimates as of 2030

Temptate ATR (Ught Water, Aium, 60 to 100°. U)

aTemptate Bumup(MWd): 3672

Template BOL Heavy Metal Mass (MT) 0 00116689
Template Decay rime 20 years

Estimated
Canister usage

18-x10
I 079

ll. flmns ouce
D rX - -w . _ ... _._ _

ii. Fstimtates -( -b- m - ^ Photon Total
Enrg P otons/sec_

Radionuclide

CiJMWd From ' Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWd) Bumup (MWd)c (Ci) Inventones(Cl) Inventories(CI)
AV.. r. . O 597E-7 1 19E-06

Energy Photons/sec

Group (bounding)

I Avg tteV
Ac-227 6W:3t,:-1u
Am-241 2 0060E-C3
Am-542m 4.2429E-07

1.799 34 0 0E+00
1J99 34 0 00E+00

I 361E+00 00150 t899E+14

76 E44 00250 36950Et3i4

1 4899E-06 1,799 3 0 00E+00 1.34E-03 2 68E-03

1,799 34

CA-36
- Cm-243

1
I
15
1-

899 67

E--W I 03t4)

1,799 34 18E-29

899 67 2 48E-04

o 0375 36445E+13

o 0575 3 690E+13

0 0650 2230E+13

01250 1 509E+13

02250 1 924E+13

0.3750 8 375E+12

0.5750 1 366fE14

Cm-244 899 67 0 00E+00 '64E402

Co-60
Cs-134

899 67
11563E-03

1,79934 0 00E+00 4.79E-C

1.79934 - 0 00E+00 284E+I
1,799.34 00OE+00 310E-

1,799.34 000E+00 1 83E4t

E+00
6 20E-03

3 4477E-06
2.0313E+00
2 4513E-02

3 66E+03

t J99 34 E+01 4 41E+01

01500 Z.310E+12

12500 1.319E+12

1 7500 6053E+10

2 500 5310E+06

2 7soo 3 002E+06Eu-155 4 899 67 4.3E+o0 8 e
89967 1,799.34 0 00E+00 1 12E-01

F-55I W3

i 1-129
Kr-85

I pd_,>T

899 67 0 00E+00 4 17 E+00
0 600iE+00 ~677E44

tA.379E+04

-07 899 67
:Et 89967 1,79934 - OOOE+00 976E+O

t 35E3 5.0 7 796E+02
1 9E+02 7.OOM 8 606E.01
1 72E02 1 1 ODO. 9 645E+0
3 66E6--06

2 0359E-09
4 9728E-11

167 1,79934 0 OOE+00 86

9 67 1,799 34 0 OOE+00 U

9 67 1,799 34 0 0OE+00 4 4

S 67 1.799 34 0 OOE+00 42
-8 95E-48

E+01 8 73E+01
4 8502E-f
1.8254E-f 9 67 1,799.34 1 64E+01 3.28E+Ol

Pu-239 j

Pu-240 i
Pu-241
Pu-242
R^a-226
Ra-228
Ru-106 i
Se-79
S.^-126
Sr-90

E-04 899 67
E-04 899 67
E-02 899 67

4 00OOE+00 3 85E-01
4 0 OOE+00 219E-01
1 0 OE+00 3 01E+01
1 0006E+00 327E-043 6329E-07

2.2854E-10
1 2426E-14

6 54E-04
4 11E-07899 67 - 1,799 34 e

899 67 1,799 34 0
899 67 1,799 34 C
899 67 1,799 34 C

I .12E-11 224-11i

I 5.72E-03 1 14E-02
I 1.16E-02 233E-02

1
E456 899 67
E+OO 899 67

9.34 OOE+00 1 04E-02
134 0 OOE+00 1.73E+03
9,34 OOE+00 3 60E-01
9 34 0 OOE+00 458E-09__ Tc-99

Th-229
Th-230
Th-232
TI-208

i U-232
U-G2-33

U-234
U-235

U-238

wi" Other F

7 60E-01
9 17E-09
7 54E-05

4

I.

1885E-08
9270E-14
6024E-08
2582E-07

1,799 34 0 C

,799 34 0 0
1.79934 0C

t 799 34 O C
t ,799 ~34 0 C
1,799 34 0 C

000 41

1 73E-11 3 47E-1 1
4 14E-05 8.28E-05
1.13E-04 2.26E-04

Z, E (- U 4 oa A -u
2.32E46 4 OOL-~

899 67
8A9 67

89_6.
899 67 t1,799.34

.0 166E-011 3.32

E-03 1 65E-03 410
+0O 1.39E-02 2 79

4-05 4 42E-05 4 81

E+00 1 73E+03 3 46

Themial Power

Nominal Neat Bounding
Output Heat Output
(Watts) (Watts)
2,14E+01 429E+01

Total Total
899 67
899 67 t,

1 74E+03 E+03

I ,

__j

Im.

Ten

ate Selection Sunimusa. Bur-p

4efction Suntmmary
From SFD

n
=IBasis for Parametr Dihferences,

R__Reactor Moderator UGHTWTER _

Fuel Cladding [ ,LUM _
OL NM Constituents
BCOI Enrlchnent % 92 99998697 _ 60 to 100

Bumup Surmrnary (MWd)e Basis for bumup used In estimate:
From 5FD Estimated

Nominal 699 67 ual bump cauasit ban the heav arts ffrk 6esvy

Bounding 1,799 Ewng bus assused ID be twie rnial Mt

Checks
Estimated Bumupt

Bumup Mulbp4e Given Bumup Estimated EOL NM/GIven EOL NM

Nominal 1.40u 10

Bounding 2.80

'Reactor shutdownl. core removal, storage, shepping or otber date corfirmlig that inadabon ceased tor tuel

2
Total bumup for all uel assodated wth this woricsheet must be dlvided by 80L heavy metal mass to get speafic bumup values (MWWdAT)

Mati20

^ iDOEhSNFIREP-078
Revision 0

March 20-3
Page^ D-417 of D}585



I
Fuel Radionuclide Inventory Worksheet

L Fuel and Template Inhormaona..'j
Fuel Name FRR MTR-S (UALX-HEU) NETHERLANDS

SNF D I 608
Fuel Units A Denr. 681- MTR TYPE
Heavy Meal Mass BO112 462kg. EOL.6 667kg
ROD Storage Site. SRS

'Fuel decay stat dats: 2010
Estimates as of: 2030

Template. ATR (Ught Water, Alim , 60 to 100%. U)
'Temptate Bumup(MWd): 3672

Template BOL Heavy Metal Ma (IT): 0.00116689
Ternmtae Decay rime: 20 wears

Estimated
Canister usage I4

1.s10HH -

254

U. Estimates-m X. Xb b Y.b yy Gamma Sources
Photon Total

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel. Bounding Fuel Energy Photons/sec
Radionuclide Template Fuel Burnup (MWd) BuMup (MVWd)t  

- (C) Inventones(Cl) lnventores(Ci) Group (bounding)
Ac-227 6 6313E-10 5,487 98 10.975 95 0 00E+00 3 64E-06 7 2BE-06 Avg. MeV
Am-241 20060E-03 5,48798 10,97595 000E+00 1 10E+01 220E+01 00150 1159E+15
Am-242m 4.2429E-07 5,487 98 10,975 95 0 OOE+00 2-33E-03 4 66E-03 00250 2.40gE+14
Am-243 I 4899E-06 5,487 98 10,975.95 0 00E+00 &18E-03 1 64E-02 0 0375 2 101E+14
C-14 57135E-09 5,48798 10.97595 00OE+00 3.14E-05 627E-05 00575 2251E+14
CF-36 1 3124E-32 5,48798 10,975.95 0 00E+00 720E-29 1 44E-28 00850 1360E+14
Cm-243 6443E-07 5,487 98 10,975.95 0 00E+00 9 02E-04 1 80E-03 01250 92c4E+13
Cr-244 29330E-05 5,487.98 10,975.95 000E+00 1561E-01 3122E-01 02250 1174E+14
Co-60 5 3186E-06 5,487.98 10,975 95 000E+00 292E-02 584E-02 013750 5109E+t3
Cs-134 3 1563E-03 5,487 98 10,975 95 000E+00 1 73E+01 346E+01 05750 833aE+4
Cs-135 34 77E-0- 5,487.98 10.97595 000E+00 2 89E-02 3 78E-02 085co 140sE+t3
Cs-137 2 0313E+00 5,487 98 10,975 95 000E+00 2 11E+04 2 23E+04 1250 8044E+t2
Eu-154 2 4513E-02 5,48798 10,97595 000E+00 1 35E+02 2.69E+02 17500 36s2E+tt
Eu-t55 4 8175E-03 5,487 98 10,975 95 0 00E+00 2 64E+01 5429E+01 2250 3239E+07
F8-55 I2397E-04 5,487 98 10,975 95 0 00E+00 6 80-01 1.36E+00 27500 1831E+07
H-3 4 5697E-03 5,487 98 10,975 95 0 00E+00 2 51 E+01 5 02E+01 2 soc 8 41 1 E+04
I.129 7 5390E-07 5,487 98 10,975 95 000E+00 4 13E-03 826E-03 Suoo 4755E+03
Kr-85 2 0850E-01 5,487 98 10,975 95 000E+00 5 95E+02 1.19E+03 70000 5250E+02

a-29 5612200 5,487t98 10,975195 00+00 8 824 5E-01 I 5884E+01
Pa-231 200359E-09 5,487 98 10,97595 000E+00 3 12E-05 223E-05
P-210 49728E-101 5,487 98 10,975 95 000E+00 2773E-07 5 46E-07
Pm-147 4 1540E-02 5,487 98 10,975 95 0 00E+00 2 66E+02 5 32E+02
Pu-238 1 8254E-02 5,487 98 10,975.95 0 00E+00 1.00E+02 2 11E+02
Pu-239 4 281 OE-04 5,487 98 10,975 95 0 00E+00 2 35E+00 4 70E+00
Pu-240 2 4303E-04 5,487 98 10,975 95 0 00E+00 2 34E+00 2 67E+00
Pu-241 3 3415E-02 5,487 98 10,975 95 0 00E+00 2 83E+02 3 67E+02
Pu-242 3 6329E-07 5,487 98 10,975 95 000E+00 1 99E-03 3 99E-03
Pa-226 22854E-10 5,487.98 10,975.95 000E+00 1253E-04 2551E-04
Ra-228 1.2426E-14 5,487.98 10,975 95 0 00E+00 6 82E0-1 1.36E-10
Ru-108 6 3589E-06 5,487 98 10,975 95 0 00E+00 3 49E-02 6 98E-02

e-379 12845E-05 5,487.98 10,97595 000E+00 7.10E+02 1 42E-01
Sn-126 - 1574E-05 5,487.98 10,97595 0.0001E+. 61E-02 127E-01
Sr-90 19246E+00 5,487 98 10,975.95 000OE+00 1.06E+04 2 1tE+04
Tc-99 4 2239E404 5,487 98 10,975 95 0 00E+00 2.32E+00 4 64E+00
Th-229 50953E-12 5,487 98 10,975.95 000E+00 2850E-08 5 59E-08
Th-230 4 185E-08 5,487.98 00,975 95 0 29E+00 2.30E-04 4 60E-04
Th-232 1 9270E-14 5,487.98 10,975.95 000E+00 1 06E-10 212E-10
Ti-208 4 6024E-08 5,487.98 10,975.95 0 00E+00 2M5E 04 5 05E-04
U-232 t.2582E-07 5,487.98 10,975 95 0 00E+00 6 90E 04 1 38E-03 Thermal Power
U-233 2.58°5E-09 5,487.98 10,975 95 000OE+00 1.42E-05 2 a3E-05 Nominsal el Bounding
U-234 I18450E-04 5,487.98 10,975 95 000OE+00 1.01 E+00 2 03E+00 Output Heat Ouput
U-235 -2 7235E-06 5,487.98 0 00 2.50E-02 1.01 E-02 2 50E-02 (watts) (Wattli)
U-236 1-5493E-05 5,487 98 10,975 95 0 00E+00 8.50E-02 1 70E-01 t.3tE+C2 z-62E+02
U-238 -4 2851tE409 5,487 98 0 00 2 93E404 2.70E-04 2 93E-04 Total Total
Y-90 It9254E+00 5,487 98 10,975 95 000OE+00 I106E+04 2 11E+04
Other Radionuctkdes 1 06E+04 212E+04
if`. Template Seleron Sinninry, Burmup Somume, and Clhecks- ,
Template Selection Summary

From SFD Used Basis for Parameter Differences:
Reactor Moderator UGHT WATER

Fuel Claddng ALUM ALUM
SOL HM Constituents U U

BOL Enrichment % 92.99998578 60 to 100

Bumup Summary (MWd)a Basis for bumup used in estimatet
From SF | Estimated

Nominal 5,487 98 NcrWi butnup cabtad hoi me toeay metal muss desteyedl
Boundaig 10 975 965 BandM barsu assmerd t be tWtm minal hunup.

Checks

Estimated Burnupf
Bumup Multiplier Given Bumup Estimated EOL HWGven EOL HU

Nomind f 40 s

BoundngI 21.
'Reactor shutdawn. core removal, sorage. shipping ofother rdate conirmmg diai Inradiaton ceased for fei

'Total bunrp ftor al fuel associated with Sie worksheet must be divided by 801 heavy metal mass to get speakic burmup values (MWtDMT)

II

3-i

Li

-j

U-

ii
Li

I

DOEtSNF/REP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet

L Fuel and Template Information
Fuel Name FRR MTR-S (UALX-HEU) PORTUGAL

SNF ID 4 632
Fuel Units & Descr 22- MTR TYPE
Heavy Metal Mass OL=62469g E01L=3 923kg
ROD Storage Site SRS

T11 mi ^ . - m x

Fuel decay start date 2010

Estimates as of 2030
Template ATR (Ught Water. Aman .60 10 100%. U)

"TemptsteBumup(MWd): 3672
Template SO. teavy Metal Mass (MT) 000116689

TeaI.he fecav Time: 20 Years
i

Xb b Y. Y. Gamma Sources
Pht1 oa.... t _

Radionuciide
Ac-227
An-241
Am-242m
Am-243
C-14

CUVMWd Froi
Template
6 6313E-10
2 0060E-03
4 2429E-07
1 4899E-06
i .7vs3Eti

m Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Fuel Bumup (MWd)O Burnup (MWd)
2  

(Ci) Inventones(Cf) Inventones(Ci)

2.200-12 4,40023 0 00E+00 1 46E-06 2.92E-06

2,20012 4.4002 0 OOE+OO 4 410E+00 83E+00
n,,.,.i nrsi-..m Q 0.04 1 87E_03

I Photon Total
Energy Photonslsec

Group (bounding)

Avg Mev
00o10 4t45E+14
0 0250 9 ti59E+13
0 0375 8425E+13*,4W- - -------

4.40023 0 OOE+00 6 i56E-03
2 51 E-05 _
S 77E-294.40023 0 I1.3124E-32

1 6443E04 4,4w023 E-04 7,24E-04

3 12 4,40023 66A5E-02

Co-60 2.200 12 4 I 17E-02

Cs-134 31 2,20w.12 4 E+00 6 94E+00

2
1.

B

.29E-01
'34E-02
39E+01
.52E-02
94E+03
08E+02

4705E.13
2048E+13
3 341E+14

Cs-135 2,20012 +.00 7 59E-03 .8250D 5.64^E+12

Cs-1 37
Eu-1 54

E+00 00E+00 4 47E t2!iOO 3225E+12

E-02 0 23 000E+00 1 7500 1 480E+11

-

12E+01

I t Fe-55
H-3
1-l129
K7r-95

V Np-237
Pa-231

- P m- 1 T

12397E-4 112 4,4
112 4,4
0 12 4,4

40w23 C 2.73E-01
1 01E+01
1 66E-03

;45E-01
1298E+07
7 341 E+06
3372E+04

7f 2.20C
5 001 I 906E+03
72000 2 106E+02
II OD00 2.359E+012.200 12 4,40023 0 00E+00 2.39E+02

4,40023 0 00E+00 2 10E-02

4,400 23 0 00E+00 4 48E-06

4,400 23 0 00E+00 1 07E+02
4,400 23 0 00E+00 4 02E+01
4 400 23 0.00E+00 9 42E-01

2,200 1
4 8502E-02
1.8254E-02

2 19E-07
2 13E+02
8 03E+01
1.88E+00

24
Pu-241
Pu-242
Ra-226
Ra-228
Ru-1 06
Se-79
Sn-i 26
Sr-90
Tc-99
Th-229
Th-230
Th-232
TF-208
U-232
U-233

2,200 12 4,40023
2,200 12 4,40023
2,20012 4,40023

0 00E+00 5 360-1 1.07E+00

0 00E+00 7.35E+01 1A7E+02

0 00E+00 7 99E404 1 60-E03

2 2 04E-1O
1.2426E-14
6 3589E-06
12933E-05
1.1574E-05

1 t2 4,40023 0 00E+00

2.12 4.400 23 0 00E+00
2.12 4.40023 0000+00

2 12 4,400 23 0 00E+00
212 4,400 23 0 00E+00

2 73E-1 1 5 47E-1 1
1 401.02 2 80E-02
2 85E-02 5.69E-02
2.55E-02 5 09E-02

2200 12
2.20012
2,200 12

E.+00 423E+03 8A7E+03
+00 9 29E-01 1.86E+00

4
1885E-08
9270E-14

4,40023 0 00E+00
4,40023 0 00E+00
4,40023 0 0E0+00
4.40023 0 00E+00

9

-i

i12E408

8460-11 ____________

4 6024E-08
1t2582E-07

- - - - -

C54EAr:A Therm.al Power
2,200.12 4,400 23 0 00E+00 2.77

4,400 23 0 00E+00 5 68
A 40023 0010+.00 4 06

1> 14-0 I~mia Hea oudn
I1t4E-05 I Nominaut Heat Bounung

I Outputtt Hbat Output

.2 7235E-06
1.54934-05

-4285 E-09
1 9254E+00

000 126E-
4.40023 0 COEO

000 1 47E
4,40023 0 00E-

b~ecks .r,.~9e

6.56E-03 126E-02 (Watts) (Watts)

341E-02 682E-02 524E801 10E.02

1 38E-04 1 47E-04 Total Total

4 24E+03 847E+03_
4 26E+03 8 51E+03Y-90

Other Radlonuctvdes
E;

er Basis for Parameter OtfferetceSS

I

Reactor Moderator
Fuel Cladding

in SFD I Used

rwATER 1 UGKrW

LUM ALUM

8OL HM Constituents L . { ..
BOL Enrickhmnt % 592<99955 =

Bumrup Summary (MWc)I

Nomiat

Bounding|

I a,.; o .. in ectimate
! 45* P- In,. .

From Si I Ftimae -iuw�"rl wl--. s__|__ � __ o..._ ._..__ __. .. _r

Checks

Nomnal.[
Bounding |

r

Esthmated SBumupl
nup Multipiera I Giren BumupBnum

___________________________I
- -



J

Fuel Radionuclide Inventory Worksheet
L. Fuel and Templtc Ifrrnsbonn

Fuel Name. FRR MTR-S (UALX-HEU) SWiIZERLAND
SNF ID * 658

Fuel Unit & Descr 55- WTTYPE
Heavy MetallMass BO-16 676kg: EOk5 973kg
ROD Storage Site: SRS

'Fuel decay start date. 2010
Estimates s o. 2030

Temptaec ATR (Light Water. Ajumn_ 60 to 100I , U)

'Template Bumup(MWd) 367.2
Template BO. Heavy Metal Mass (MT): 0 00116689

Terstnate DecayTimen 20 years

Estimated
Caneter usage:

1 8x1 Or
1 229 1

-

j
II. Estnmates E. m X b Y.y y. Gamma Sources

I _ - F.

Ci/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel' Bounding Fuel
Template Fuel Bumup (MWd) Bumup (MWd) (CA) InventonoeaCi, tnventor!WCi)Radionuclide

Ac-227
Arn-241
Arn-242m
Arn-243
C-14

Photon Total
Energy Photons/sec
Group (bounding)

Avg MeV I
00150 1 667E+15

, _ , _ + _ - . . .

E-tO 10,13595 15,79250 OOOE+OO 672E-06 1 UbL-US I
5 95 15,792 50 0 OOE+00 2 03E+01 3 17E+01

3 0 O0E+00 4 30E-03 6 70E-03 0 0250 3 467E+14
2 35E-02 0 0375 3 024E+14

5 7135E-09 E-05 00575 3238E+14
Ci-36 1 3124E-32 10.135 95 I 957E+14

I

I
__j

Cm-243 1 6443E-07 10,135 95 15.792 50 O OOE+00 1
Cm-244 2 9330E-05 10,135 95 15.792 50 0 OOE+00 2.97E-01

10,135 95 15,792 50 000E+00 5.39E-02 840E-02 0:
10 135 95 15.792 50 0 OOE+00 3 20E+01 4 98E+01 O 0

0 OOE+O0 3 49E-02 S 44E-02 0 8500 2027E+13
Cs-137
Eu-1 54

2 06E+04 3 21 E+04 I 12500 1 157E+13

Eu-1 55 4 8175E-03
Fe-55 1.2397E-04 10.135 95 4

48E+02 3 87E+02
88E+01 7 61E+01
26E+00 1 96E+00
63E+01 7 22E+01

763E-03 1 19E-02
H-3 4-5697E-03 10.135 95 15,792-50 0C

7500 5.313E+1
Z2500 4 660E+07

2.7500 2 635E+07

3 5000 1 210E+05

5 0000 6842E+03
7 00OO 7 553+02
11 0000 8 465E+01

1-129 7 5300E-07 10.135 95 15.792 50 0 OOE+00 UE01 10,135 95 15,79250 OOE+00 1.10E+03 1 71E+03
15,792 50 0 OOE+00 969E-02 151E-01

Pa-231
Pb-210

3 OOE+00 2 06E-05 3 22E-05
7 85E-07

Pm-147 4 8502E-02 10.135 95
Pu-238 1 8254E602 10.135 95 15.79250 0 C
Pu-239 4 2810E-04 10.135 95 15.79250 0 O0E+0O 4.34E+00 6 76E+00
Pu-240 15,79250 0 O0E+00 2 47E+00 3 85E+00
Pu-241
Pu-242 Ii0 O0OE+00 3 39E+02 528E+02

Ra-226 2.2854E-1
5 74E-03
3 61 E-06

Ra-228 1 2426E-14
Ru-106 6 3589E-06 10.135 95 15.792 50 0 06E+00 6 45E-C

1.2933E-05 10,135.95 15,792.50 0 OE+00 1 31E-01 2 04E-01
10,135 95 15,792.50 0OOE+OO 1.176-01 1 83E-01

I 000E+00 1 95E+04 3 04E+04
Tc-99 6 67E+OD
Th-229 5 0953E-12
Th-230 4 1885E-08

1 9270E-14
10,135 95 15,792.50 0OOE+00
10,13595 15.79250 OOE+O

4
95E-10

U-232
46024E-08 10.13595 15.79250 00ooE+O 466E-04 727E6-04
12582E-07 10,13595 15,79250 OOE+0 1.286-03 1 99E-03
2 5825E-09 10,135 95 15,79250 0 O6E+00 2 62E-05 4 08E-05
1 8450E-04 10,135 95 15,79250 0 O6E+00 1.87E+00 2 91E+00
-2.7235E-06 10,13595 000 335E-02 591E-03 335E402

Thermal Power
Nominal Ieat Bounding

Output Heat Output
(Watts) (Watts)
2.42E+02 3 76E.02

Total Total

U-235
U-236 1 5493-05 10.135 95 15,792 50 000E+00 1.57E-01 245E-01
i-238 -42851E609 10,13595 000 392E-04 349E-04 392E-04
Y-90 1 9254E+00 10,135 95 15,792 50 00DE+OO 1 95E+04 304E+04
Other Radionucldes 1 96E+04 305E+04
1ILTemte Sdeloe Sumary. urnup Sum . and Caecks a .'-
Template Selection Summary

From SFD Used Basis for Pameter ferences:
Reactor Moderator UGUHTWA1ER

Fuel Cladding A M ALUM
BOL HM Constituents U U

BOI Enrichment % B9300000816 60 to 1Do

jBumup Summary (MWd)e Basis for bumup used In estimate: JJFrom 

oFD Ltimtene
Nominal tO 103595

Bound"ng 15 792.5

Checks

I , , , _ _ . , _ _

Bumup Mubitip
Nominal 93

Bounding 3 01

Estimated Bumupf
Given Bumup Estimated EOL HMlGbven EOL HM

1 10

'Reactor shutdown, core removal, stOrage, shipping or other date cortnsiring that irradation ceased ir fuel

`Total burrsW for a1 ibu associated wit th-s worlsheet must be dvided by 60S heavy metal mass to get specific bumi*p values (MWdlMT)

I

DOE.'SNF/REP-078
Revision 0

March 2003
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Fuel Radionuclide Inventory Worksheet

LL Fuel and Template laforimtrnis -__ Fuel NWae FRR MTR-S (UALX-HEU) TURKEY
- SNF ID# 644

Fuel Units & Descr. 18 - MTR TYPE

Heavy Metal Mass: BOL-5 42kg EOL.2.9kg
ROD Storage Site SRS

'Fuel decay start date 2010
Estinates as of. 2030

Template- ATR (Ught Water, Arkn .60 to 100%. U)

'Template Bumup(MWd) 3672
Template BOL Heavy Metal Mass (MT) 0 00116689

Template Decay Time 20 years

Estirmled
Canister usage.

18-x10'
r075

IL1.AtmatrS *' Xe b V. Yb Gamma Sources
.

CiMWd Fromn
Template

Nominal Boundcng Fuel Initial Activity Nominal Fuel Bounding Fuel

Fuel Bumup (MWd)' Burnup (MWd)' (CD) InventoriekCi) Inventones(Ci)

Photon Total
Energy Photonstsec
Group ' (bounding)

Radconuclide
Ac-227 2.386 49 4

3 2,386 49 4
)1 58E-C6 3 17f-M a.._ I

o 4 79E+00
Am-241
Am-2421

-- ^ ^^ ^ ^^- A . n.
2.38649 4,772.98 0 OE+00 1 U1E-W

3 2,386 4
5 7135E-09

4,772 98 0O8E+00 3 56E-(
4,772 98 0.00E+00 1 36E-(
4.772 98 0 O0E+00 3 13E-2

_ 0.0250 1 048E414
I o 0375 9 133E413

I 0 0575 9 787Ew13
E-29 0 4000 S91SE+13

CS-36 1 3124E-C
Crn-243 I 6443E-C
Crm-244 2___9330E-(
80-60 5 3186E-(
Cs-134 3 1563E-(

3 4.772 98 0 00E+00 3 92E-04 - 7 85E-04 0 1250 4 002E+13

649 4,772 98 I 40E-01 022S0

2.386 49 4,772 98 127E-02 2.54E-02 4

2.386 49 A4 7 53E+OD I 51E+01

Cs-t35
Cs-137
Eu-154

2.38649 3 8.23E-03

.+00 2,38649 E+00 4 85E+03

E-02 2,386 49
4 8175E-03
1.2397E-04

4,772 98 0 O0E+00 5 85E+01
4,772 98 0 00E+O0 1.15E+01
4,772.98 0 O0E+00 2 96E-01
4,772 98 0 00E+0O 1 09E+01
4.77298 0 00E+OO 1 80E-03

2 7500 7 963E+-06

3498E+12
I 606.E1 1
1.408E+07

H-3

11129

V NN-237
4 5697E-03
7 5300E-07

2
3
A5

E01
59E-03 S 0000 2 06O8E+03

3 5000 a0685E+04

I0 4,772 98 1$E+02 | 700D0 2283E+02

9 )F02.386 49 4,772 98 5l 6E 02 I 11 oooo -ZSi9E+01
c.c^csc __ _ _ _ _ __ _ _

868-06 9728-06
Pa-231

4
E-s 2,386 49
E-11 2,386 49

4 t86E-06 9 72E4.6

4 8502E-02
4,T72 98 0 00+.00
4,772 98 o 00E+O0
4,77298 OE+00
4.772 98 0 00E+00

1t

i 8254E-02
8 71 E.01-
2.04E.00

Pu-239 4.2
Pu-240 2.4
Pu-241 3.3

810E-04
4,772 98 O 0E+OO 5 82E-01 16E+00

Pu-242
Pa-226

4,77 9

4.772 98
4,772 98 -

7.97E+01 lSYr+UZ

8 67E-04 1 73E-03
5 45E-07 1 09E-0622854E-10 - 2.386 49

12426E-14 2,38649
6 3589E-06 2,386 49
12933E-05 2,386 49
1 1574E-05 2,386 49

4,772 98 00OOE-0 2 97E-11
4,772.98 O O0E+00 1 52E-02
4,772.98 0 O0E+00 3 09E-02

4,772.98 0 OOE+00 2 76E-02
4.772 98 0 00E+00 4 59E+03

5.52E-02
9 19E+03

Sr-gO
Tc-99
Th-229
Th-230
Th-232
Tl--208
U-232 _

549 4,772 98 1 01E+00 2 02E+00
122E-08 2 43E-02,386 49

2,386 49
2,386 49
2,386 49
2,386.49
2,38649 _

1 8450E-04
-2 7235E-06
1 S493E-05

2,38649
2.38649
2.386 49

4,772 98 0.O0E+00 1.OOE-04
4,772 98 0 OOE+00 4 60E-11
4.772 98 0 00OE+00 1.10E-04

4,772 98 0 O0E+00 3.OOE-04
4,772 98 0 O0E+00 6 16E-06
4.772 98 0 00E+00 440E-01

000 1 09E-02 4.39E-03
4772.98 0 00E+00 3 70E-02

000 128E-04 1 17E-04
4,772.98 0 O0E+00 4 59E+03

4 62E+03

Thermal Power
Nominal Heart Bounding

_ Output Heat Output

-(Wafts) (waTt)
_ _9E+01 tJ4E+02

_ Total Total-4211±. 1-1.61;9428548.0s
1 s2s4E+oo

Z,;Wb 4

923E+03

Y, IR

r

11 -5e - -r ff~ ee Dtrele__ PCA ~I ..
o
__ PCAm Ow I. � �. - �.

Reactor Moderator UGHTWAER
Fuel Caddng LUM

BOL HM Constituents U

OL Enrichment % 9 9 )99998782

__UGHTWATER
ALUM I

U

1 6010 100 L

Bumup Summary (Mwd)
5

_

From SFD [ Estnadted

Nominal j 2,386 4'

Boundgr 4 - 4772.91

VBasis for bumnup used In eatimate

4 tupnt, w aff abi tom bhe heavy reil mass destroyre

98 Ba6rM uWM tA ID be twie rownoal tirma

Che - i

Estimated Bumtupf
Given Bumup

Nominal | r

Bounding|

Estimated EOL HM/Glven EOL HM

I 1 0

'Reactor shutdown, core removal, storage. shipping or other date conhrrnnrg lhIt Irradation ceased for tuel

7Totat bumup tor an tuet associated wMh 89s worksheet must be divided by OL heavy metal mass to get specific busup values (MWd/M)

March 2003

DOEtSNF/REP-078
Remision 0

March 2003
Page D-421 of D-S58



J
Fuel Radionuclide Inventory Worksheet

L FDet and Templatenfornsmlii
Fuel Name FRR tR-S (UAX-LEU) JAPAN

SNF D- n 553
Fuel Units 8 Descn 476 - ASSEMBtLY
Heavy Metal Mass: BOLi714kg. EOL=632.461kg
ROD Storage Site: SRS

'Fuel decay start datb 2010
Estimates as of. 2030

Template. HFBR (Heavy Water, Altin t 0 o 20%, U)
'Tenplate Burnup(MWd) 15

Template SOL Heavy Metal Mas (MT): 0 00034251
Template Decay Tme. 20 years

Estimated
Canister usage

18-x10'
1983

LEstim~ates ~m X. Xi b Y.- yb I Gamma Sources J
CVMWd From I Nominal Bounding Fuel iitttal Activity Nomnal Fuel - Bounding Fuel

Template Fuel Bumup (MWd)t Bumup (MWd)t (Ci) Inventones(Ci) Inventones(Ci)

Photon Total
Energy Photons/sec

I Group' (bounding)Radionucride
Ac-227 8 5333E-10 77,499 I
AM-241 2.2753E-02 77,499 7
Am-242m 8 9133E-06 77,499 I
Am-243 6 4007E-06 77.49917

1.Z32E-04 I Avg MaV
3 53E+03 00150 1.571E*16

36E+00
76 t154A

0 0250 3.263E+15
0.0375 2.866E+15
0.0575 3037E+15C-14 2 9620E-08 77.499 76 154.99952 00O0E+C

CI-36 S 9513E-35 77.499 76 154.999 52 0 OOE+00
Cn-243 2.2087E-06 77.499 76 154,999 52 0 OOE+00 71E-01 -ICm-244 I 1007E.04 77,499 76 154,999 52 0 O0E+00 53E+00 171 E+

9 76 154,999 52 0 O0E+00 27E+0O 2 53E+00 0.3750
2 0 0E+C0 165Ei02 3.31 E+02 0.5750 1 169E+16

E41f 7 53E-01 0 8500 1 787E+14
Cs-137 2 0227E+00
Eu-154 2 0887E402 77,49976 1t54.,
Eu-155 4 0867E403 77.499 76 154,999.52 0 00E+00 3.17E+C

3 14E+05
3.24E+03
6.33E+02
2.20E+02
7.23E+02

Fe-55 1 4167E-03 77.49976 154.99952 0 OE+00 1.10E+02

12500 1 007E+14
1 7500 4 753E+12 L-.j
2.2500 4 457E+08
2.7500 5.274E+07
3 5000 2 137E+06
5 000 3246E+05
7 0000 3 672E+04
t. t Lzo I 7E

4 6653E-03 77,499.76 154,99952 0 00E+00 3 62E402
_ . _ _ _ _ _ _ _ H= _ _ _ __ _

154,999 52 0 00E+00 5 55E-02 1.11E-01 I
) 52 0 00E+00 7 94E+03 1 59E+04

W237
Pa-231
Pb-210

2.89E-01 5.77E-0t ,, s .,

2 6727E-09
4 3313E-14 77.49976

Pm-147 4 6307E-02 77,499 76 154.999 52 0 OOE+C

4.t4E-04
6.71 E 09
7 18E+03
8 57E+02
1 60E+03

PU-238 5 5273E-03 77,499 76 154.999 52 0 OOE+00 II1
Pu-239 I 0313E-02 77,499 76 154,999 52 0 OOE+00 7 99E+02
Pu-240 4 20E+02 8 40E+02
PU-241
PU-242 77.4
Ra-226
Ra-228
Rlu-I06
Se-79
Sn-126
Sr-90

2.3807E-13
I 0607E-14
8.4800E-06
t.2533E-05
I 1393E-05
1 8400E+00

77,499 76 154,999 52 0 OOE+00 1 85E-08
77,49976 154,999.52 0 06E+00 8 22E-1O

5 82E+04
4 76E-01
3 69E-08
I 64E-09

t 31E+0054.999.52 0 OOE+00 6 57E-01
0 O0E+00 9 71E-01 I 94E+OO

8 83E-01 I 77E+OO
77.4 2 85E+05

Tc-99 43533E-04 77.49976
Th-229 5 8947E-13 77.499 76 154.999 52 0 OoE44
Th-230

t
9500E-1 i 77,499.76 154.99952 O0E+000 4 61E-06

Th-232
11-208

77,49976 154,999 52 0 0OE+00 1.27E-09 2 54E-09
77,499.76 154,999 52 0 OOE+O0 5.89E-04 1.18E-03
77.49976 154,999 52 0 OOE+00 1.61 E-03 3-22E-03U-232 2 0747E-08 Thermal Power

154,999 52 o OOE+OO 3.41 E-05 6 82E-05
154,999 52 0 OE+00 3 60E-02 7.21E-02

000 3 09E-01 1.12E-01 3-09E-01

Nominal Hea Bounding
Output Heat Outpu
(Watts) (watts)U-235 E-C

U-236 t 3000E-05
U-238 -1 4207E-08
Y-90 1 8400E+00
Other Radconuckldes

_ .
_ , . , _ .

0 00E+00 t 01 E+00 201E6OO I 1.85E503 371 E+03

77.499 76 ti
L

I 92E-01 Total Total

U.,Temiulafr selection smnasv. Baernam S amnrv -I.A

TempLate Selection Summary _______

From SFD Used Basis for Parameter Differences:
Reactor Moderator HEA[ WATER HEAVY WATER

Fuel Cladding ALUM ALUM
BOL HNM Constituents U U

BOL Enrichment % 20 10to, 20

Bumup Summary (MWd)a Basis for burnup used in estimate:
From SFD Estimated

Norinal. 77.4997 turp calcuated tisn Ie metal mass 4esly
154,9952 inStap nsared be te Ws rinal tmV

jChleCkS1

U
Ij
IjEstimaJed Burnupl

Glv.n. .umu.

Nominal
- Bounding

Bumup Muttilier

Z.48

496

Estimated EOL HMtGiven EOL HM
1 031

'Reactor shuldown. core removal, storage. shipping or other date confirming VW irradation ceased fe fuel

'Total buritiup for all tuel associated Win tfis woksheet must be divided by i0Lt heavy metal mass to get specific brtinup values (MWd/MT)

DOE/SNF/REP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet

IL Ful sand Tempfate lefOr "-t s as
Fuel Name FRR MTR-S (UALX-LEU) PORTUGAL

SNF ID s 542

Fuel Units & Descr. 6 - ASSEMBLY
Heavy Metal Mass. SOL=5 4kg EOL=5 152kg

ROD Storage Site- SRS

'Fuel decay start date 2010

Estimates as of 20
Template ATR (Lgkti Water, Alimi .60 to 100%. U)

2
Template Surnup(MWd)' 3872

TemplateBOL Heavy Metal Mass (MT) 0 00116689

Tempate Decay Time 20 years__ _

Estimated
Canister usage

18'x10'
0.25

-

*. , m xn Xb b Yn Y. Gamma Sources

CUMWd Fram

Radionuclide - - Template
,, b sl.itn

Nominal Bounding Fuel Initial Activity , Nomiinal Fuel Bounding Fuel Energy Photonslsec

Fuel Bumup (MWd) Bumup (MWd)O-- (Ci) Inventories(Co) Invertories(Ci) Group (bounding)

,.24 4 - 'A 195i.t7 IA.. ev

Ac-227 0606313-03
2 o06DE-03

E.24 470`48
5.24 470 48

5.24 470 48

.auc-vt v lLo-vs

0 ooE+00 4 72E-01 9 4
I 9D8E-05 :

Am-242m 4 24

Am-243 48

C-14 5 71

23 +00 3 50E-04

0 0150 i 493E.13
0 0350 908E1 3
o 0375 9008E+12
0 0575 9 68E+t2
0.250 58340E+12

01250 39t5E.12

23524 47048 0 00E+00 1 34E-06

CI-36 1 31 24E-32

Cm-243 1 6443E-07

Cm-244 2 9330E-05

235 24 0 00E+00 3 09E4
235 24 470 48 0 00E+00

235 24 0 00E+00 E-02 02250 S 030E+12

Co-60 E-0_ i235.24 348 0_0O+00 2.50E-03 0 3750

Cs-134
Cs-135
Cs-137
Eu-1 54

31563E-03
3 4477E-06
2 0313E+00

47048 0 C I 48E+00 0 5750

47048 0C E-04 1.62E-03

470 48 4 8:= .5E0 3448t8E+t -

t.S83E+I0470 4

Eu-155 235 24
0 00E+00 577E+00
0 00E+00 1 13E+00
0 00E+00 2 92E-02
0 OOE+00 1 07E+00

22500 1-388E+06
27500 7 849E+05

t Fe- 5512397E'4
H-3 4 5697E-03

| 1-129 7 5300E-07
Kr-85 1 0850-E01

Np-237 9 5561 E-06
Pa-231 2 0359E-09

235 24
E+00 3 5000

235 24
0.48 0 00E+CO 3.54E-04 S wuv0

47048 e
470 48 e
47048 e
470 48 e
470 48

2.55E+01 5 10E+01
225E-03 4 SOE-03 -1 111 E+o0

4 79E-07 9 8E4-07
1 17E408 2 34E8

Pb-210 4 i""--
Pm,,-147 4 6502E-02

Pu-238 1 8254E02

Pu-239 4 281OE-04

Pu-240 2 4368-04

23524
235 24
235 24
235 24

E+00 4 94E+01
0 +00 429E+00

0 48 - - 00E+00 I 01 E4

)48 0 00E+00 5 73E-u

)48 0 00+00 7 86E+4

2.01 E-01
1__150-01

t.57E+01
1 71E-04Pu-241

Pu-242
Rta-226

- Fla-229

3_6329E-07
22854E-10

470 48 0 0
47048 0 0 S5 38E408 1 O08E47

470 4

Ru-106 6.3589E-46

Se-79 1t2933E-05

23524
235 24
235 24

0 00E+00 2.92E-12
0 00E+00 1.500-03
000E+00 3 04E-3
000E+00 2 72E-3 E4_3

Sn-1 26
Sr-90
Tc-99
Th-229

+00 0 00E+00 4 53E+02 9 06E+02
I O 0a0 9 94E-02 1 99E-01

A
0953E-12 23524 470 48 0 00E+00 1 20E4J

23524 470 48 0 00E+00 9 85E-06
2 40E-09
I 97E4S5

Th-230 4 1t885tw
Th-232 1 9270E-14

TI-208 4 6024E-08

U-232 12582E-07

U-233 . 2 5825E-09
U-234 1 8450E-04

U-235 -2.7235E-06

U-236 1.5493E-05

1-238 -42851E-09

470 48
E+00 1.08E-0523524

23524
235 24
235 24
255 24

470 48
470 48
470 48

OOwE+w0 2.96E405
0 00E+00 6 08E-07
00wE+00 4 34E-02
2 33E-03 I 69E-03

Si Thermal Power

Nominal Heat Bounding
Output Heat Output
(Wats) (Watts)

561E00 112E801
23S24 947004 OwE+00 3 0+020-03

__ T�l Tel

i ow ioW

^^= OA

Y-90
Other

1254E+wU 9 1 OE4-02 I

remplSatelecton Summwv
From SFD

Reactor Moderator LIGHr WATER

Fuel Claddg ALUM
SOL NM Constituents U

SOIA Enrichment % 2000OW0132

Usa Basis for Parameter Differences:

ALUM
U

the Wel maiches on Jl parameters except enricihrent

t0sts ruu I

le--- - --- I _£ _. - .. _ .. _ I-;A

I
'

Bumup Summary (MWd) sasis vor bumup, us*01.

From SFD I I mated

235: 47041
Nomaral bWise caljaed kma Se hey mietlmaists destroyel

Besling txeW asuifned to betMice romnal Osriap)

-I
EstImated Bumup|

Bumup Multiplier Given Bumug

nomI.a' |II 0141_
028l

asounotng I w i.
Reactor Stdown. Core removal, St-age. shspping or other date confir eng at Irradabon ceased for hfel

"Total burnup, for atl fuel associated with this weoikaheet must be divlded by S01. heavy metal mass to get specific bulrnu values (IxW~d`MT)

DOEISNF/REP-078March2003RevisionF/RE-0Page 
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-J
Fuel Radionuclide Inventory Worksheet

L Furl anw Temlplate lnfomratioo i,;,, p
Fuel Name: FRR MTR-S (UALX-MEU) GERMANY

SNF ID t# 1068
Fuel Unlts & Descr 28 MTR TYPE
Heavy Metal Mass: BOX12.88kg- EOL=9 17kg
ROD Storage Site: SRS

'Fuel decay *tml date 2010
Estimates as af 2030

Temptate: ATR (Light Water, Alum_ 60 to 100%,. U)
'Temiptete Bumup(MWd)4 367.2

Template OL Heavy Metal Mass (MT) 000116689
Temnvtet Decay Tiec' 20 veers

It. Estnimtes -. m,; -II Xe 
5

b -Y.Yb

Estilrated i
Canister usaqe

I 1 17

Gamma Sources

hoton Total
nergy Photons/sec
,roup (bounding) i
9. teV I
D0150 7418E+t4
D 0250 1.542E+14

Radbonucltide
Ac-227
Am-241
Am-242m
Arn-243

CiVMWd From Nominal Bounding Fuel Initial Activity Nomnal Fuel Bounding Fuel
Template Fuel Bumup (MWd Bumup (MWd (Co) tnventories(Ci) tnventories(Ci)

6 6313E-10 3,51344 7,026 88 0 OOE.00 2 33E-06 4 66E-06

E
C.

As

C2 0060E-03
4 2429E-07
I 4899E-06
5 7135E-09
1.3124E-32
I 6443E-07

3,513 44 7,026 88 0.OOE+00 7 05E+00
7,026 68 0 00E+00 1 49E-03
7,026 68 0 00E+00 5 23E-03 1 05E-02

C-14 P 2 01 E-05 4 01 E-05 o0c
Ct-36 3.513 44 4 61 E-29 9 22E-29 00850 8707E+13
Cm-243 3.513 44 I1 16E-03

9 QfMR-M q 11-4 AA 7,026 RB

5.3186E-06 3,513.44 7.026 88 0 0OE+-
3,513.44 7,026 88 0 00E+00

Cs-1 35
Cs-1 37
Eu-154

01250 5 892Et13
0.2250 7513E+13
0 3750 3.271E+13
05750 5 335E+14
0 8500 9019E+12
1.2500 5 150E+12
1 7500 2364E+11
2.2500 2.074E+07

3,513 44 7,02688 000E+00 t21E-02 24
144 7,026 88 0 00E+00 7.14E+03 14

-J0 000E+00 8 61E+01 1.72E+02
Eu-1 55 4 8175E-( OOOE+00 1 69E+01 3.39E+01
Fe-55 1 2397E-04 E-41 871E-41 27500 1 172E+07
H-3 4 5697E-03 3.513 44

7 5300E-07 3,513 44
1 0850E-0I 3,51344 7.026 88 0 00E+00

3 21 E+01
5.29E-03
7 62E+O02
6.71 E-02
I 43E-05

5.0000 3.049E+03
3.500 5-3E+04

U3.37E+02

Pa-231
P6-210 4 9728E-1

3,513 44
3,513 44
3,513.44
3,513.44
3,513 44

7,026.68 0 O0E+00 3 36E-02
7,026.88 0 OOE+00 7 ISE-06

0 3.773E+01

Pm-147 4 8502E-02
0 OOE+00 1 7SE-07 3 49E-07
0OO0E+00 70E+02 341E+02
00OE+00 641E+01 1 28E+02Pu-238 I 8254E-02

1i4.281 OE-04 3.513 44
3 44 7,026 88 0 OOE+00

Pu-241
Pu-242

344 7,026 88 0 008+O0 I 17E+02 2.35E+02
OOOE+00 1.28E-03 255E-03

Ra-226 2 2854E-10 O OOE+00 8 03E-07 1 61E-06
Ra-228 I 2426E-14

6 3589E-06 3.513 44 2
37E-t1 8 73E-1I

I.2933E-05 3,513 44 7.026 83 0C
1 44 7.026 88 0 OE+00

Sr-90
Tc-99
Th-229

7.026 88 0 OOE+00 6.76E+03 I 35E+04
I 1 48E+00 2 97E+00

5 0953E-12
4.1 685E-08
1 q270F-4A

3513 44
3,513 44
Ai 4i A

1.79E-08
7,026 88
7 026 65 I

wf V- _ VV AV _ { ,UAu uv s

4 6024E-08
t12582E-07

3,513 44
3.513 44

7,026 68 0 OOE+00
7,026 68 0 OOE+00 I

3 58E-08
2 94E-04
t 35E-10
3.23E-04
8 64E-04
I 81E-OS2 5825E-09 3.513 44 7.026 68 0 OOE+00 9 07E4

1 8450E-04 3,513 44 7,026 8R 0 OOE+00 6 48E4
-2.7235E-06 3,51344 000 1 25E-02 2 98E4

Thermal Power

Noriunal Heat Bounding
Output Heat Output
(Watts) (Watts)
TotEa01 I o8t.02
Total Total

t-z2u 1 5493E-05
U-238 4 2851E-09
Y-90 t 9254E+00
Other Radionuclides
IT.1Terptate Sdecdion sunanry. Bons
Template Selection Summary

From SFv
Reactor I UGModer

Fuel Ca g ALUM
BOL HM Constituents

BSOL Enrichment % 4507

3,513.44 7.026 88 0 OOE+00 5 44
^. e r ^. AA A AA ^ ^^= ^^ ^.
3,50VJA44 U UU 2 38E-03 226

44 7,026 88 0 00E+OO 6.76E+03 I 35E+04
6 80E+03 I 36E+04

dCheks*-i% 1 , . -

Used Basis for Parameter DIfferences:
-t -

UGHTWATER
ALUM

U

6010 100

Thist Tempkie~ ewa used tar tie foloeleg reasoris
rhs ldrtmaltces AiTR TwO*il oniil btid se paeorreier (e&imet ffadg AlTR a reasawtibe

Bumup Summary (MWd)_
From SFt [ Estmnated

Nominal 1 3.51344
Bounding 7 C26 81

lChec" I

Burn Wtnlo Est imaed Bumupl

Basis for burmup used in estimate:

j

j

__j

J. . . .

Estimated EOL Hit/Given EOL HU
1 *021Nominal

Bounding
OVI
1 731

I1
'Reactor 51utDwn, Core reMoval. storage, shipping or Other date conlfirming ta Irradiaton ceased for Iuel

botal bumup for at tel aesocted wdh this worksheet must be divided by 80L heavy metal mass to get specific bxiip vaetes (MwddMT)
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Fuel Radionuclide Inventory Worksheet

jf. Fuel and Template Iforrtion- - ,,
Fuel Name- FRR PIN CLUSTER U352-LEU CANADA

SNF ID t 660
Fuel Units & Descr: 1527- MULTI-PIN CLUSTER

Heavy Metal Mass BOL=3796 275kg EOL3226 398kg
ROD Storge Shte SRS

'Fuel decay start date 2010
Estimates es of 2030

Temiplate HFBR (Heavy Water. Alum , 101o 20% . U)

'Template Burnup(Mwd) Is
Template BOL Heavy Metal Mass (MT) 0 00034251

T-i.i flt-t v Time 20 years

Estinated
Canister usage

18'x15'
127.25

11. Fatbnutea , m b D Gamma Sources
Z. F-0mtes Energy Phob Y.nb Iec

I Radionuclide

Ac-227
Am-241

CIMWd From Nominal Bounding Fuel Inital Actlvty Nominal Fuel Bounding Fuel

Template Fuel Burnup (MWd)
2 

Burnup (MWd)
2  

(Ci) lnventones(C) nventoies(Ci)

8 5333E-10 541,64753 1,083,295.06 000E.00 4 62E-04 9-24E-04

2 2753E-02 541,647 53 1,08329506 0u0E+00 t 23E+04 246E+04

Ener~gy Pthotons/sec
Group (bounding)

Avg MeV

0 0150 1 09^E+17
0 0250 c2_0E+16

6 4007E-06

3 1,083295 06 0000E+00 4 83E+00

1 1,083,295 06 0 00E+00 3 47E+00
1 1,083,295 06 0 0uE+00 1 60E-02

1 1.083,295 06 0 00E+00 3.22E-29

0,075 2.003E+16
3 21E-02 00575 Z.158E+16

2.9620E-08
6 45E-29 0 03Su^ 1 2_4E+16

C-36 5 9513E-35
Cni-243
Cm-244

1 1,083,29506 OOE+O00 1.20E+00 239E+00 01250 8 648E+15
.4.01- 1 1- IU __o

Co-60 2
541.647.53 1,083,295 06
541,647 53 1,083,295 06
541.647 53 1,083,295 06

E+01 It t9E+02

8 r5E+00 1 77E+01
o ^s

I 16E+03 2731Ei0Cs-134
Cs-135
Cs-137

E-06 541.647 53 1 E+0u 2 63E+00 S 27E+1

E+00 541,647 53
2 0887E-02 54

e 0 00E+00 1 10E+06
a 0 00E+00 1 13E+04

0 00E+00 2 21E+03
1 0 00E+00 7 67E+02

2 1
0 8500 1.249E.15
1 2500 7038E+14
1 7500 3.322E+13
22500 3 115E+09
27500 3.686E+08

4 0867E-03 54
1 4167E-03

Lt H-3
1-129

Kr-85
Np-23a

3 1,3,2.95 06
3 11.083,29506

S 05E+03 350t 1 493E+07
7 76E-01 S OXO0

541,647.53 1;083,295 06 0 00E+-u 56 5E+04

E-06 541,647.53
2 6727E-09

1083,295 06 0 00E+00 2.02E+00
1t083,295 06 0 00E+00 1 45E-03
1.083,295 06 0 00E+00 2.35E-08
1,083,29506 000E+00 2.51E+04

i

2S20E+04
1

4 3313E-14
4 6307E-02

Pu-238 5 5273E-03
Pu-239 1 0313E-02
Pu-240
Pu-2

4
1

Pu-242
Ka-226
Rat-228
Flu-106
Se-79
Sn-126
Sr-9O
Tc-99
Th-229

541 ,647 53 - 1.083,295 06 0 00E+00

541.647 53 1,083,295 06 0 00E+00
541,647 53 1,083295 06 0 00E+00
541,647 53 1,083,295 06 0 00E+00
541,647 53 1,083,295 06 0 00E+00

22
2

5.87E+03

S 99E+03
1.12E+04

04E+05 4 07E+05
66E+00 3 33E+00

2.3807E-13 541,647 53
t.0607E-14 541,647.53
8 4300E-06 541,647.53

506 000E+00 129E-07
5 06 0 00E+00 5.75E-09
5 06 0000E+0 4 59E+00

1t2533E-05 541,647.53 1,083,295 06 0 00E+00 6.79E+00
641,647.53 1,083,295 06 0000+00 6 17E+00

541.64753 1,083,29506 0000+00 997E+05

1 36E+01
1.23E+01
1 99E+06

541.647 53 1 2.368+02 4 72E+02

Ti-208

5 9500E-1 1
1 6360E-14
7 6000E-09
2 0747E-08
4 4013E-10
4 6500E-07
-2 5335E-06
1.3000E-05

-1 4207E-08
1 8400E+00

541,647.53
541,647 53
541,647 53
541,647 53
541,647 53

1,083.295 06 0 00E+00 3 19E-07
1,083,295 06 0 00E+00 3 22E-05
1.083,29 06 0 00E+00 8 86E-09
1,083,295 06 0 00E+00 4 12E-03

1,083,29506 000E+00 1.12E-02
1,083,29506 000E+00 2.38E-04
1.08.295 06 0 00E+00 25204-01

0 00 1 62E+00 2.48E-01

541,64
541.64
641,64
541,64

2 250-02 j Thermal Power

4 77E04 iNominal Heat Bounding
5 04E-01 J Output Heat Output
1 62E+00 (Watts) (Watts)
1A14E+01 1.30E+04 2.59E+04
1.02E+00 Total Total

U-235
U-236
U-238
Y-907

3 - 1,083256 06 0 00E+00

S 0 00 1 02E+00
S 1,083,295 06 0 00E+00 I

Other Radionuclides
-- J.n..elti

6 2.99E+06
-6 2 08E+05:j

Template Selecbon Summary
From SFD Used

Reactor Moderator HEAVY WATER HEAVY WATER

Fuel Cilading ALUM ALUM

BOL HM Constituents U U
BOL Enrichment %- 19 75s00043 - 101o20 -

Basis for Parameter Differences:

Bumup Summary (1M1Wd)'

- From SFD I

Basis for bumup used In estimate:

sumated
541 647.53 N bmuna p calcaaed borm fe tiwavy wetal mass desroyae.

1,083O295.06 Simg lanup assuned Io be tice sonnt oussp
_,

Estimated Burnup/
Biumuu Muttplier Given Burnup

326

Estimated EOL HMIGlven EOL HM
1 08

Nominal
Bounding-

'Reactor shutdown core removal, storage, scspPfng or other date coniirming that Irradraton ceased for iUel

2Total bumup tor ail uel associated with this worksheet must be dvided by 00- heavy metal mass to get specIfic bumrup values (MWrMT)

March 2003
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I

.j
Fuel Radionuclide Inventory Worksheet

L Fuel taie Template I.-nioq k
Fuel Namre FRR PIN CLUSTER U3St2-LEU SO KOREA

SNF ID t. 293
Fuel Units & Descr. 48- MULTI-PIN CLUSTER
Heavy Metal Mass: BOL=59 52kg EOL.52 138h9
ROD Storage Silo SRS

'Fuel decay start date. 2010
Estamates es of: 2030

Tenpbate ATR 144 Water Alum. 60 to 100%. U)
'Template Burnup(MWd): 3672

Template BOL Heavy Metal Mass (MT): 000116689
Template Decay Timer 20 years

Estknated
Cantsler usage

1 8'x1 5 -J
400

H. Estimautes r , R , m X. Xb b y yb Gamma Sources I
CtiMWd From Nominal Bounding Fuel Iniial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWd)2 Burnup (MWd)2 (Ci) Invenlones(Cil inventories(CirRadionuclide
Ac-227 6 6313E-10 6
Arm-241 2 0060E-03
Am-242m 4.2429E-07

Photon Total
I Energy Photons/eac
I Group (bounding)

Avg MeV
00150 1 476E+15

n ^^ < ^<r. .
0

6.991.28 13,A
Am-243 I 4899E-06 6,99128 13.982 55 0 00E+00 1 04E-C 2

+14

- - - - - - - - - - - - - - -
U-14 5 a1JOL- 6.,99128t 13,982 SS U 1tUL+U 10 3 99tE5 99E-05
CI-36 1.3124E-32 6,991i28 13,982 55 0 OE+00 9 18E-29 1 84E-28 0 0850
Cm-243 1 6443E-07 6,991.28 13,982 55 0 00E+00 1.15E-03 2 30E-03 01250 1 172E+14

0 00E+00 2.05E-01 4.10E-01 02250 1 495E+14
E402 7 44E402 0 3750 6.5080,13

0 5750 1 062E+15
0 8500 1 795E+13Cs-135 34477E-06 6.991.28 13.982 55 0 00E+00

Cs-137 20313E+00 6.99128 13982 55 0 00E+00 1 4
IJEu-154 24513E-02 6.99128 13,98255 000E+00 171E+02 343E+02 17500 4704E+1

Eu-155 4 8175E403 6,99128 13,982 55 0 00E+00 3 37E+01 6 74E+01 22500 4126E+07
Fe-55 12397E-04 6,991t28 13,98255 000E+00 867E-01 1 73E+00 27500 2333E+07
H-3 6,991t28 13,982 55 0 00E+00 3 19E+01 6 39E+01

5 26E-03 1 05E-C2
1 52E+03

9 5561 E-06 6,99t128
2 0359E-09 6.991 28Pa-231 13.982 55 0 00E44

3 5000 1 072E+05
sO00 6 094E+03
7000 6729E+02
110 00 7 543E+01 _

Fi
Pf-21 0 4 9728E-11 6.991 28 13.982 55 0 00E+00
Pm-147 4 8502E-02 6,991 28 13,982.55 000E+00 3 39E+02 678E+02
Pu-238 1 8254E-02 6.991 28 13.982.55 000E+00 1 28E+02 2 55E+02
Pu-239 42810E-04 6,991 28 1398255 000E+00 2 99E+00 5 99E+00
Pu-240 2 4368E-04 6,991 28 13,982.55 008E+00 1.70E+00 341E+00
Pu-241 3 3415E-02 6,991 28 13,982.55 000E+00 2.34E+02 4 67E+02
Pu-242 3 6329E-07 6,991 28 13,982.55 0 00E+00 2 54E-03 5 08E-03
Ra-226 2 2854E-10 6,991 28 13,982 55 0 00E+00 1 60E-06 3 20E-06
Ra-228 1 2426E-14 6,991 28 13,98255 000E+00 869E-1i 1 74E-10
Ru-106 6 3589E-06 6,991 28 13,982 55 0 00E+00 4 45E-02 8 89E-02
Se-79 1 2933E-05 6,99128 13,982 55 000E+00 904E-02 1 81E-01
Sn-126 I 1574E-05 6,991.28 13.982 55 0 OE+00 8 09E-02 1 62E-01
Sr-90 1 9248E+00 6,99128 13,982 55 0 00E+00 1 35E+04 2.69E+04
Tc-99 4.2239-04 6.991.28 13,98255 000+00 295E+00 5 91 E+00
Th-229 50953E-12 6,99128 13,98255 I) 00E+00 3.560-08 7.12E-08
Th-230 4 1885E-08 6.99128 13,982 55 0 00E+00 2.93E-04 , 5 86E-04

00E+00 t.35E-10 2 69E-10
5 0 O0E+00 322E-04 6 44E-04

8 80E-04 1.76E-03 Thermal Power

U-234 I 8450E-04 6,99128
U-235 -27235E-06 6.99128
U-236 1.5493E405 6,99128
U-238 *42851 E-09 6,99128
Y-90 19254E+00 6.991t28
Other Radionucltdes
IIL Tenplate S dtecoia Swnmmsry. Buirup Swnnery. aM Cb

000 2 57E-02
E+00
E-02

Nominal Heat Bounding
, Output Heat Output

(Wafts) (watts)
0BE-Ot 2.17E-01 1.67E+02 3.33E+02

1 60E-02 Total Total

J4

ITemplate Selection Summlary

[ Frm, SFD UsedI Bastb fn- P._-m.Fm Dlser.encs
.-.. _. - I . ....... ---

Reactor LoUGHT WATER

Fud Cldi ALUM
BOL HU Conbtuents I U

I . .UGhFT WATER

ALUM
The Template was used tcr the tosr9 easors:
rhe tel matches ATR Template on alt but ae parameter (ervcrhent) malr9 ATR a reasonabie
nuld.U

]

]
.e co an bt sr.nI u Lnnnme - I s - m I U 01

Bumup Summary (MWd) Basis for bumup used in estimate:
From SFD Estimated

Nombnal 8 699 s2 tpanivcakulcaWt from tse heavy mretal mass destoyed
Boundin | 13 982.55 benim assume! It be twe nfotrat banup

lChecks

Esthmated BurrIupi
B8umup MuftPller Given Burnuv

_it

.. . .

Estmated EOL H/Gwven EOL HM
I 1 01

'Reactor shtutdown. core removal, storage. shipping or oher date confimng that irradaflon ceased for fuel

aTotal bumrup for all fuei associated with hisa woresheet must be elvided by 60tL heavy metal mass to get specific burnup values (MW/MUT)
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Fuel Radionuclide Inventory Worksheet

,LFurlandrlernlatelirnfmion f ..
Fuel Name FRR PIN CLUSTER U352-LEU SO KOREA

SNF D *. 659
Fuel Units & Dscr' 158 - MULTI-PIN CLUSTER
Heavy Metal Mass: BOL.343 65kg EOL=298 286kg
ROD Storage Site- SRS

'Fuel decay start date 2010
Estimates as of 2030

Template ATR (Ught Water, AlO .8 60 to 10w.. U)

aTemplate Bumup(MWd) 3672
Template SOL Heavy Metal Mass lT) 00011668

Tembl.t. Derv Tlrne- 20 years

Estemated

Canister usage
18,x15'

13 17

U. Estimates i n -- m Xn 4Y b Y Y. Gamma Sources

CilMWd From
Radionuclide - Template

Nominal Bounding Fuel Initial Actvity Nominal Fuel Bounding Fuel

Fuel Bumup (MWd)W Bumup (MWd)2 (Ci) nventones(Ci) hnventones(CI)
Energy' Photonsisec
Group (bounding)

e _nxsexa A4 eo cn 000E +00 2 85E-05 5 70E-05 I Avg MeV6 6313E.-tu 42,sst0 Du

2 0060E-03 42,958 5 0 0OE+00 8 62E+01

4 2429E-07
Am-243 14

85,917.00 0 00E+00 1.82E-02
85,917.00 0 00E+00 640E-02
85.91700 000E+00 245E-04C-14

Ct36 85.917 00 00E+00 S f
0 0575 1 762E+15
00850 1.065E+15
01250 7204E+14
02250 9186E+14

Cm-243 85,917 00

Cm-244
Co-60
Cs-1 34

42,958 50 85,917 00
42.958 50 85,917 00
42.958 50 85,917 00
42,958 50 85,917 00

2 52E+00
4 57E-01 0 3750 3999E.14

1.36E+02 2 71EE+02 0 5750 6 113E814
1 48E-01 2 96E-01

2.0313E+00 4 0080E+00 8 73E+04 1 75E+05

2 4513E-02 4

Eu-155

85,917 00 000E+00 1 05E+03
85,917 00 008E+00 2 07E+02
85.917 00 0 00E+00 5 33E+00

2 1t

0 6500 I1103E+14
1t2500 6.297E+13
17500 2 890E+12
22500 2 5358+08
2 7500 1 433E+08

Fe-55
H-3
I-I 29

V I Kr-85

Pa-231
P5-210

I I P-

85.917 00 0 C 3 5000 6 589E+0S

42.958 50 85,917.00 E-02 6.47E-02 5 DODo 3 743E+rA

42,958 50 e 4 66E+03 932E+03 1 7000 4133E+03

9 5561 E8-06 42,958 50 4 1E-01 8,21 E01 I1 vODD 4 633E+02

2 0359E-09 42,958.50 E+00 8 75E-05 4.75E-04

4 9728E-1 1 4 O 0 00E+00 2 14E-06
0 00E+00 2.08E+034 8502E-C

1 8254E-C
Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ra-228
Ru-106
Se-79
Sn-1 26
Sr-90
Tc-99
Th-229
Th-230

42,958 50 85,917 00 0 00E+00
42,958 50 85,917 00 0 00E+00
42,958 50 85,917 00 0 00E+00
42.95850 85,91700 0 00E+00

1
i

3 6329E407 42,958 50 85,917
2-2854E-10 42,95850 85,917
12426E-14 42,958 50 85.917

000E+00 1 56E-02
0E+00 9 824-06

I 0.008+00 S 34E-10
I O00E+00 2.73E-01

4 27E406
4 17E+03
1.57E+03
3 68E+01
2 09E+01
2 87E+03
312E-02
1.96E-05
1.07E-09
SA6E-01
1.11 E+00
9 94E-01
1 65E+05

E-05 42,958 50 85,917.00 C

E-05 42.958 50 85,917.00
.+00 42,958 50 85,917.00

E-04 42,958.50 85,917.00
.-12 42.958.50 85,917 00

1.81 E+01 3 63E+01
219E4-7 4 38E-07

i
4

i885E-08
9270E-14
6024E-08

4 7 00 0 00E+00 1 80E-03
7 00 0 00E+00 8 28E-10
r 00 0 00E+00 1 98E-03

3 60E403
1 668E-09
3 95E-03TI-208 i _ _ _ _ _ _ _ j A A A A

U-232 1.2582E-07
U-233 25825E-09
U-234 1.8450A-04
U-235 -2 7235E-06
U-236 1,5493E-05
U-238 -4 2851E-09
Y-90 1 92548+00
Other Radionucides
111. Terte Selection u Burnup Sunauir

Template Selection Summary
From SF

Reactor Moderator UGHTWATER U

Fuel Cladding ALUM
B0aL NM Constituents U

0OL Enrlchment % 20A00D0055

42,958 50 85.91700 000E+00 540E-03

85,91700 000E+00 1.11E-04
85,917 00 008E+00 7 93E+00

0 00 1 49E-01 315E-02
85,917 00 0 00E+00 6 66E-01

0 00 924E-02 9.22E-02
85.917 00 0008+00 8.27E+04

1 .08E-02 Thermal Power

Nominal Heat Bounding
Gutut . Heat Output
(WMatt) I W atts)
1,02E.03 2,0E8.03

Total Total

Basis for Parameter Dfflerences:

+04 1 66E+05 I

Used

IGHTWATER
ALUM

fhls Template was used or the A log measons
ras j ma n&tt pwametan; exept eeriaseit

--- .-- ..- .-

I
- I

Bjurnup Summiaray (MWd)f
From

Nominal
BoundCnh e|

Check~s

- , - - .J.a.is icr uii-u -u -

Estiamted
42,958 9C
85 917 D0

Estimated Burnupl
Gnven Burnup

1I'ImiWa linoimp caldilated froe re he"' metal wess destieyed

3oundint bivisi assumed to be Mice nominal biunp

R u m ,, Mu ftioilie Estimated EOL HlIGtven EO. HM
I 011NomInal

Bounding
_ _ __4 0_

'Reactor shutdown, core removal storage. shlpping or other date contirming that Irradation ceased for fud

'Total bumup Ifor an kuW ssociated with this welsfteet must be dvIded by 60L heavy metal mats st get spedtic burnuv values (MWdMT)

Mac20
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J
Fuel Radionuclide Inventory Worksheet

L Fuel ani Tenrllte Inan n
Fuel Name FRR PIN CLUSTER UALX HEU CANADA

SNF IO t 661
Fuel Units & Descr: 225 MULTI-PIN CLUSTER
Heavy Metal Mass- DOW= 1aS97kgg EOLV34.627Ag
ROD Storvge Sete SRS

'Fuel deca start date: 2010
Estimates " aof 203

Template. ATR (Ugit Water, Alurn, 60 to 100.%, U)
Template Bumup(MWd) 3672

Template BOL Heavy Metal Mass (It: 0 00116689
Template Decay Time: 20 vears

Estrnated
Canister usage

1875

11. Fstimatts I- m x,. xb b Y.. Yb Gamma Sources I
Photoon Total

Ci/MWdFrom Nonunal Bounding Fuel Intial Actvity Nominal Fuel Bounding Fuel Energy Photonatsec
Template Fuel Bumup (MWd)O Bumup (MWd) I (Ci) Inventornes4C1l Inventories(Ci) Groupi (boundmnolRadionuclide

Ac-227 6 6313E-10 79.521 22
Am-241 2 0060E-03 79,521 22
Am-242m 4 2429E-07 79.521 22

1 0

1 0
1 0
1 0

I

Am-243 1 4899E-06 79,521 22 1 00E+00 i 118E-1 I 67E-01 00
U-14 79,5Z1 zz 11 2,14.13 U IJt-+L+ 4 54E404 6 42E-04 00575 2 303E+15

1 22 112,314.13 OOOE+00 1 04E-27 I 47E-27
If 122 112,314.13 000E+00 1 31 E-02 1 85E-02

00850 oE1.39 15I
01250 9418E+14 I
n2z5 I 2e1 I

Co-60
Cs-134
Cs-135

5.228E+14

3 4477E-06 79,521.22 112.314 1 -3 87E-01
Cs-137 2 0313E+00 79,521.22 112.314 13 0.00E+00 1 62E+05 2.28E+05

IJEu-154 2 4513E-02 79,521.22 112.31413 000E+00 1 95E+03 2.75E+03 I

Eu-155 4 8175E-03 79,521.22 112,31413 00OE+00 383E+02 541E+02 2.250 3.34E+08
Fe-55 1 2397E-04 79,521.22 112,31413 000E+00 986E+00 1.39E+01 2.7500 18.74E+08

413 0 00E+00 363E.02 513E+02 3 5000 8 607E+05
5 99E-02 8 46E-02 5.O0vO 4.866E+04

5.372E+.3
6.020E.02 UNp-237

Pa-231
E-06 79.5212.

2 0359E-09 79,521.22
Pb-21 0 49728E-11 79,521.22 112.31413 OOE+00 395E-06 5.59E-06
Pm-147 48502E-02 79.52122 112,31413 OOE+00 3386E+03 545E+03
Pu-238 18254E-02 79,521.22 112,314 13 OOE+00 145E+03 205E+03
Pu-239 42810E-04 79,52122 112,31413 0OOE+00 340E+01 481E+01
Pu-240 24368E-04 79,521.22 112,31413 000+.00 1 94E+01 274E+01
Pu-241 33415E-02 79,52122 112,31413 000E+0O 266E+03 375E+03
Pu-242 3 6329E-07 79,52122 112,31413 0OOE+00 2 89E-02 408E-02
Ra-226 2.2854E-10 79,52122 112,314 13 OOE+00 t82E-05 257E-05
Ra-228 12426E-14 79.521 22 112,314 13 0 0OE+00 9 88E-10 1 40E-09
Ru-tO6 6 3589E-06 79,521 22 112.31413 0 OOE+OO 5 06E-01 7.14E-01
Se-79 12933E-05 79,521 22 112,314.13 0 06E+00 1 03E+00 1 45E+00
Sn-126 1 1574E-05 79,521 22 112,31413 0 OE+00 920E-01 1 30E+00
Sr-90 I 9248E+00 79,521 22 112,314.13 O OOE+OO I 53E+OS 2 16E+OS
Tc-99 452239E-04 79,52122 112.314.13 0 OE+00 3 36E+0t 4 74E+01
Th-229 50D953E-12 79,521 22 t12.314.t3 O OOE+OO 4 05E-07 5 72E-07
Th-230 4t8851E-04 79,52122 1.31423 O OOE+0O 33E-03 4 70E-03
Th-232 1 9270E-14 79,52122 112,314 13 0OOE+00 1 53E409 2.16E6+9
The208 4 6024E48 79.52122 tZ3d4 13 O.OOE+OO 3 66E03 2 17E-03
U-232 1.25P2E-07 79.521.22 tt1Z3t4.t3 O OOE+OO I OOE-02 I 41E-02
U-Z'i3 ZS5825E409 79,521.22 112.31413 O OOE+OO 2-05E404 2 90E-04
U-Z'i4 1.8450E-04 79,521.22 112.314.13 O OOE+OO 1A7E+01 2 07E+01
U-235 -2Z7235E406 79.521.22 0 00 2.39E-Ot 2.22E402 2 39E-01
U-236 t.5493E-OS 79.521.22 11tZ314t13 OOOE+OO t.23E+OO It74E+OO
U-238 *4.2851E409 79,521t22 0 00 2 73E403 2 39E403 2 73E43
Y-90 I 9ZS4E+00 79,521t22 112,314 13 0OOOE+OO I 53E+OS Z-16E+OS
Other Radionuclides 1 54E+OS 2 t7E+OS
IIL TemPlate Seection Surnary. Buroup S , anit ChecksM >.
Template Selection Sumnmay I

From SFD Uaed Basis for Parameter Drifferences:
Reactor Moderator UGHTWATER UGHTWATER

Fuel Cladding ALUM AEUM
SOL HM ConstItuents U U

BO. Enrichment 9314999858 60 to 100

Bumup Summary (MWd)a Basis for bunnup used in estimate:
From SFD Eat mated

Nomnal 79,52122 N>mw.a bum cactiaed from the hav mela mass destLyed.
Sounding] 112.314 13 Seedng pgledaeat t9 heavy mel et.

Checkes

Estimated Bumupl
suu M lt Ipi Given Bumup Estimated EOL HMIGtven EOL Hht

Nommal- 2 13 114
Soundting 3 G1. H.

I-i

ia Power
Nomnuntl Heart- Eounding

Output Heart Output
(Walts) - (Watts)

1 90E.03 2 68E+03
Total Total

]
I1

I1

'Reactor shutrdown, core removal, storage. slhpping or other date conrhtm*g tVal Irradabon ceased for lueL.
2
Toal buinup for alt fel associated with his worksheet must be divided by 80L heavy metal mass to get speabc bumup values (MWdvT).

DOE/SNF/REP-078
Rleviskon 0

March 2003
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Fuel Radlonuclide Inventory Worksheet

. Fueland Template JnforumiionL

- Fuel Name FRR PIN CLUSTER UALX HEU CANADA

W SNF ID# 662
Fuel Units & Descr 741 - MULTI-PIN CWSTER
Heavy Metal Mass OL-=395 694kg EOL97.59kg
ROD Storage Site SRS

'Fuel decay slar date 2010

Estaaltes as of 2030
Template HFBR (Heavy Water, Alu. 40 to 100. U)

"Temptate Bumup(MWd) 164 6
Template BOL Heavy Metal Mass (LIT) OD000377

Teamglte Decay Tans 20 years _

Estimated
Canister usage

18-x15'
61 75

. ., . , , _ _

'11. Estinriates- m I x b Yn Yb Gamma SourcesPhotonXTota

CLiMWd From Nominal Bounding Fuel initial Activity Nominal Fuel Bounding Fuel

Radionuclide Template Fuel Burnup (MWd)
t 

Bumup (MWd)
2  

00E0 brventories(Cl) lnventones(CI)
.....--. , 1. - . -.'. 00 a ,s~.df A61F.05 ¶ 14E-04

I Photon Total
Energy Photons/tec
Group (bounding) -

AC-227 .3 13sst-1 -.- "t :I v - -- --

Arn-241
Arn-242m
Arn-243

364,474 92 0.A
364,474 92 0 C

2 92E+03
_ Avg MeV

00150 3853E.16
4 99E-01 I 00250 7 942E+15

274,584 76 364,474 92
274,564 76 364,474 92

02E+01 135E+0t
7.27E-03 9 65E-03

C-14
Ck36
Cm-243
Cm-244
Co-60
Cs-t 34

274,534 76 364;474 92 0 0 1^22E-25 I 62E-2

0 0375 7057E.15
0 0575 7.471E+15
o 0850 4-526E+15
0 1250 3203E+15
0.2250 3.893E+15
03750 1 6-5E+15

5 7029E-06 274,584 76
4 6555E-03 274,584 364,474 92 0 00E+00 1.2870+W

364,474 92 0 00E+00 1.34E+01
364.474 92 0 00E+00 2 92E+03

4 8663E-05
3 86E+03 0-S750 2789E+t6

1 0638E-C
Cs-135 *A 76 364,474.92 1 3 1 55E+00 I 08500 7.303E+14

Cs-137 2 035E+6600 274,584 76

Eu-S14 5 1956E-02 274,584 76

Eu-155 tA4295E-02 274,584 76

Fe-55 1.3560E603 274,584 76

H-3 4 6258E-03 274,584 76

1-129 6 6403E-07 274,584 76

Kr-85 1 0806E-01 274-34 76

Np-237 3 1537E-05 274,584.76

364,474.92 5 59E+05 7 42E+05 12500

364,474 1 43E+04 t89E+04 I1 75u0

364,474 92 0 00E+00 3 93E+03
364 474 92 0 WE+00 3 72E+02

r i9t
4.

364,474 92 0 00E+00 I 27E+03
364,474 92 0 00E+00 1 82E-01
364,474 92 0 0E+00 2 97E+04
364,474 92 0 00E+00 8 66E+00

3.5000 2.852E+07
5 1000 I 0w7E+07
70000 1t259E+v06

E+0t t1001 442E+Os

Pa-231 9 7 '4,584 76 364,474 92 0 u0E+00 2 66E-04 3 54E-04

P5-210 274.54 76 364,474 92 16 - 4 28E-06
3 8 89E+03

1 _ mi-14-7
- PU-238

274,58476 364,474 6 70E+O

E-Ot 274,584 76
6 9502E-04 274,584 7
3.7631 E-04

364,474 92 0 OOE+O 4,22E+04
364,474.92 0 00E+OO 1 91E+02
364,474.92 OOE+00 1 03E+02
364,474 92 0 OOE+00 3 69.+04
364.474 92 0 00E+00 8 49E-01

S 60E+04
2 53E+02
1.37E+02
4 90E+04

I Pu-241 1-3433E01
1 .13E+OO

Pu-242
Ra-226 364,47492 0006E00 1.51E-05 2 01E-05

Fla-228
Ru-106

_ 274,584 76 364,474 92
274,584 76 364,474 92
274,584 76 364,474 92

a 66E-09 4 ObL-W

2 02E+00 2.67E+00
O - 3 39E+00

1 0194E-05
1 9064E+00
3 8056E-04

274,584.76

- Tc-99
Th-229
Th-230
Th-232
TI-208
U-232
U-233
U-234
U-235
U-236
U-238
Y-90
Other RU
T1. Teir

364,474 92 0 OE+00 2.80E+00
364,474 92 0OE+00 5.23E+05
364,474 92 OOE+00 1 04E+02
364.474 92 006E+.0 1 35E-06
364,474 92 0 OOE+00 2 90E03

4 50E+OO
3 72E+00
6 95E+05
1 39E+02
1 79E-06
3 84E-03

274,584 76 364,474S o 5 69E-09 7-55E-09
1 34E-02 1 78E-02274.584 76 364,474A

17 274.584 76 364,474
274,584 76 364.474

92 0 OOE+00 3 68E-02
92 OOE+00 1 03E-03
92 0 OOE+00 1 43E+01

4 89E-02

52047E-05 274,584 76 364A474
-2 8661E-06 274,584 76 0 00

1 6701E-05 274,584 76 364.474
-9 4194E49 -

7 95E-01 824E-03
0 OOE+00 4.59E+00

t.37E403
1.90E+01
7 95E.01
6 09E+00
9 31 E-03

Thermal Power
Normanl leet Boundring

output, Heat Output
(watts) (Wafts)

7 946.03 1,08E+04
Total TotalE403 6 ,'2E403

1 9070E+00
Z74,584 76 u
274,584 76 364,474 92 O0E+00 524E+05 6 95E+05

5 35E+05 710E+05

.. i. 41r ParnMeter DferencesI I*A-

I
isipsae oeiein.ni :oumuuia

Reactor Moderator
Fuel ChAd '_

BOL Hmu Crnstm- ^

-1 HFAVYWATENER R

ALUM

U-BOL E ; 929999565 1 40 to tCC I

Rtor bumus.ns used~4 in esttmate:- ..... 7iBumup oummary ti_ I- n ,
.--F I Esmted

Nominal
Bounding

Checks

274584 76
_364,47492

Neat buimp catbiaed trom tie heavy rnlet rass deS s

Boadng bunrxi palalated assrnrig alt SUiheavy mS buared. - I

i
Estimated Bumnup/

Burnup Multiplier Given Bumup Estimated EOL HM/Given EOL HM
I 1 061

Nominal _

'Reador shutdown cr reeoval storage shipping morlier date cnfirmisng hata Irradaton ceased eor fuel

5
Totai btrnup br all tuel assodated with is workisheet must be dvided by BOL heavy metal mass to get speafic bumnup values (MWd/MT)

DOE/SNF/REP-078
Revislon 0

March 2003
Page D-429 o D-55



Fuel Radionuclide Inventory Worksheet
L Fuel and Template lnfforution_ - o,

Fuel Name FRR PIN CWSTER UALX HEU CANADA
SNF ID t 663

Fuel Units & Descr- 131- MULI1-PIN CWSTER
Heavy Metal Mass BOL-76 648kg, EOL.32383kg
ROO Storage Site- SRS

'Fuel decay srt date- 2010
Estimates as o1 2030

Template HF8R (Heavy Water. Alumn. 40 to 100-. U)
'Template Bumup(MWd): 154 6

Template 0OL Heavy Metal Mass (SIT): 0 000377
Template Decay Tber 20 years

Estimated
Canister usage

18'x15'
[ 1092

.=r

[1. Estirites. xY xb b Y. Yb Gamma Sources

Photon Total
CirMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide Template Fuel Bumup (MWdp Bumup (MWd) (CO1 lventores(Ci) Inventlnes(Ci) Group (bounding)
Ac-227 31355E-10 40,772 53 70,60079 0 00E+00 1 28E-05 2.21 E-05 Avg MeV
Arn-241 8 0194E-03 40,77253 70.60079 0 00E+00 3 27E+02 5 66E802 0 0150 7A64E+15
Amr-242m 1 3694E-06 40.m7253 70.60079 0 00E+00 558E-02 967E-02 00250 1538E+15
Am-243 3 7096E-05 40,772 53 70,600 79 0 00E+00 1 51 E+00 2 62E800 0 0375 1367E+15
C-14 26464E-08 40,77253 70,60079 000E+00 1 08E03 187E-03 00575 1447E415
CI-36 44441E-31 40.772 53 70,60079 000E+00 1 81E-26 3.14E-26 00850 87606E14
Cm-243 5 7029E-06 40,772 53 70,600 79 0 008+00 2 33E-01 4 03E-01 01250 6.2048,14
Cm-244 4 6555E-03 40,772 53 70,60079 000E+00 1_90E+02 3 29E+02 02250 7.540E414
Co-60 4 8663E-05 40.772 53 70600 79 0 00E+00 I 98E+00 3 44E+00 0.3750 3.263E.14
Cs-134 1 0638E-02 40.77253 70.60079 0.00E+00 4.34E+02 7 51 E+02 0.5750 5.402E+15
Cs-135 4 2564E-06 40.77253 70,60079 0.00E+00 1 74E-01 301E-01 08500 1 415E+14
Cs-137 20358E+00 40,772.53 70,60079 000E+00 8.30E+04 1 44E+05 12500 9069E+13
Eu-1 54 5 1956E-02 40,77253 70,60079 OOE+00 2.12E+03 3 67E+03 1 7500 3495E+12
Eu-1 55 1 4295E402 40,77253 70,60079 0 00E+00 5 83E+02 1 01E+03 22500 2235E+08
Fe-55 1 3560E-03 40,772.53 70,600 79 0 00E+00 5.53E+01 9 57E+01 2-7500 1 308E.08
H-3 4 6258E-03 40.77253 70,600 79 0 00E+00 1 89E+02 3 27E+02 3.5000 5 525E+06 .
1-129 6 6403E-07 40,77253 70,600.79 0 00E+00 2Z71 E-02 4 69E802 5.0000 2.124E806

7.ooo0 2.438E05 j
110000 2 794E+04

Ii
Pb-210 1 1731E-11I 40,772.53 70.600.79 0 00E+00 4 78E-C
Pm-i 47 2 4405E402 40.772 53 70Q600.79 0 00E+00 9 95E+02 1 72E+03
Pu-238 1 5358E801 40m77253 70,60079 0 00E+00 6268E+03 1 08E+04
Pu-239 6 9502E804 40,772m53 70,60079 0 00E+00 283E+01 4 91E+01
Pu-240 37631E-04 40,772.53 70,60079 000E+00 1 53E+01 2 66E+01
Pu-241 1.3433E-01 40,772 53 70,600 79 0 00E+00 5 48E+03 9 48E+03
Pu-242 30911E406 40.77253 70,60079 0Q00+00 126E801 218E801
Ra-226 5 5079E.11 40.772 53 70.600 79 0 00E+00 2,25E606 3 89E-06
Ra-228 1-3335E-14 40,77253 70,60079 000E+00 544E-10 941E-10
Ru-106 7.3390E-06 40.72 53 70,600 79 0 00E+00 2 99E801 518.E01
Se-79 12339E-05 40,772 53 70,600 79 0 00E+00 5 03E-01 871E801
Sn-126 1 0194E-05 40.77253 70,60079 000E+00 416E-01 7208E01
Sr-90 1 9064E+00 40,772 53 70,600 79 0 00E+00 7 77E+04 1.35E+05
Tc-99 3 8056E-04 40.772 53 70,60079 000E+00 1 55E+01 269E+01
Th-229 49198E-12 40,77253 70,60079 000E+00 201E-07 347E807
Th-230 1 0547E-08 40,772 53 70,600 79 0 ooE+00 4 30E-04 7 45E-04
Th-232 2 0705E-14 40,772 53 70,60079 000E+00 844.E10 146E-09
Tn-208 48827E-08 40,772.53 70,600 79 0 00E+00 1 99E-03 3 45E-03
U-232 1.3414E-07 40,772.53 70,600 79 0 00E+00 5 47E-03 9 47E-03 Thermal Power
U-233
U-234
U-235

40,772.53 70,60079 0008+00 1 54E804 2 66E-04 INominal Heat Bounding
40,772.53 70,60079 000E+00 212E+00 367E+00 j, Output HeatOutput
417.53 000 1.54E-01 3 74E-02 1.54E-01 (wat) (Watts)2 866

U-236 1 6701E-05 40,T77.53 70.60079 0 00E+00 6 81E-01 1.1 8E+00 1 1SE.03 2.04E+03
Total Total

Other Radlonuclides 7.94E+C

5. . t - -a-. oa s, r. ouq .-nary. ans. .. r~ 5 - .>

Templat, Selection Summay
From SFD Used Bass for Parameter Dlfferences:

Reactor Mdo r HEAW TER HEAVY WATER
Fuel Cldding A ALUM

80L HU Constituents U
6OL Enrlchment % 93 15000S1 40 tO 100

Bumup Summary (MWdf Basis for bumup used in estimate:
From SFD Estniated

Nominal 40.772.5. Nal bisip catliaed trom the heavy metal mass deoye4ti
Bounde, | 70 600 7s br p t c akbaled aisomns r 01 heavy mfetal aimed.

jChecks |

J
...

Estimated Bumupf
GhI. nRumu

Nomrinal
Bounding

Bumup Mulitrriee
122
211

Estimated EOL HWMGIven EOL HM
i 103

'Reactor shutrDown, core removal, storage. stipping or otber date confilmi*g that WIradation ceased tor tuel

'Total bumup for al fuel assoctated wIU this worisheet must be divided by 80L heavy metal mass to get specfic bumfW values (MWdUmT)

DOEISNF/REP4078
RevisIon 0

March 2003
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Fuel Radionuclide Inventory Worksheet

jL Fuel and Template Infr-bn- a -ls r
Fuel Name- FRR SLOWPOKE (HEU) CANADA

SNF IO t 6865

Fuel Units & Descr. 2 -297 ROD ARRAY

Heavy Metal Mass BOL1 7721g EOiL.1 742kg

ROD Storage Site SRS

'Fuel decay start date 2010

Estimates as of 2030

Template ATR (Light Water. Aiumi,0 to 100% U)
5

Template Bumup(MWd)- 3672

Template BOL Heavy Metal Mass (M1 000116689

Estimated

Canister usagte
18,x10'

r 008

I an~pIe Gamma Source--

11. Fstimates <- - I m x. X. b Y. Yb oGamma Sourles

PI Eng TotonTotal

CiJMWd From Nominal Bounding Fuel Initial Activrty Nominal Fuel Bounding Fuel

Template Fuel Burnup (M1Wd)' Bumup (MWd) (Ci) Inventories(Cl) lnventorles(Ci)

A A248 0 OOE+00 1.87E08 3 75E D8

Energy Pbotonsisen
.Group (bounding)

Radionuclide
Ac-227

A01 M28

Am-241 28.24 56 48 0 ODE+00

28.24 56 48 0 OOE+00
SE( 0 0150 S962E+12

2 40E-05 0 0250
Am-242m 4 2429E-07

Am-243 I 4899E-_ 2824

C-14 28 24
5648 0 OOE+00
56 48 000E+00
56 48 0 00E+00
56 48 0 00E+00

3 23E-7
8 42E-05 I

7 41E 31
CI-36 E-06 929E-06_28 0 1 g6 -
Cm-243 t443E407

56 48 8.28E-04 1 66E-C

0 0850 6 999E81 1
01250 4 736E+11
02250 6040E+11
o 3750 2.629E+11
0 5750 4288E.12

Cm-244 __ __

Co-60 5 3186E-06 224

Cs-1 34 3 1563E-03 28.24

Cs-t 35 3 4477E-06 28.24

56 48 0 00EAA 0 1.SoE-D4

I5648 8s VI E-zZ
E+00 9 74E805 _ o s:: 7250E+10

i 12500 4 1401+100 00E+0O 5 74E+01
Pc.1 .7 2824

Eu-154
Eu-t1SS
Fe-SS

i 1-129
KrS8

[J 3237
Pa-231
P8-210
Pro-147

-~ Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Rfa-228
Ru-t 06
Se-79
Sn-126
Sr-90
Tc-9t

i
24513E-02
4 8175E-03

A AA4Z

28.24 5648 O OE r00 E+00 t 7500

2 72E-01
28 24 0 00Er+W

48 7200E43
E.44

56 48 2

3A 9 422E+04
AV 4.32E+02
0 2461E+t1
0 2 717E8007 530^E-07 28.24 8 848 008+00 2 13E-05

.,oa 8 000E.00 3 068.00
4

1 ubour;

9 5561 E-
2 0359E8-
4 9728E-1
4 8502E-6

1-1
.24 56 4

28.24 56 48 U0 O
28 24 56 48 0 00E

E+00 2 70E-04

E+00 S 7 08-0

24
I 15E-07
2 8t E-09I
A -s- AA

I 1.OvDvu 3 G45E-01

2824 5648 00DOE80 I 378+00 2 14L+UU
28 24 566E4-8 0 0 O O6E4O1 1.03E4-0

z42EVZ~

42810E-04 2824 5648 OOE+00 I21 t-UZ

2 43688-04 28.24 88 48 000OE8+00 6 88E-03

33415E-02 28.24 s648 0OOE+OO 944E-0

36 aqZ9FE47 2824 5648 0 1 03E45

1 38E-02

1 89E+00
2 05E-05
1.29E-08
7.02E-13
3 59E-04

28.24 E+Ou 6 4sE-v

2824 5648 0 00E+00

28 24 56 48 000U8t00

28 24 56 48 0 008+OO
2824 56 48 0 OUE+00

E-04 7 30E-04
E-04 6 54E-04

1 9248E+00 2824 5848 0008.00 5488.01 1 f

42239E-C

Th-229 s O

Th-230 4 1

Th-232 119
Tl-208 - 4 6

U-232 112

U-233 2 5

2824
0 w.00 1 44E-10

0 00E00 11 8IE-06

2824 58A4.8 00 0.00

28 24 WO O Wct+ W
2 60E-06 I _ .
r 11 E-0Th r al Po e
11P" Thermail Power

28 24 56 48 0 00100 3.75.-06 ,480 . mia Hea Boun_..ing_

U-234
U-235
U-236
U-238
Y -9 0 _ __ _

E.09 28 24
Ev04 28.24
E-06 28.24

-05 28 24

56 48 0 WEU+WU
56 48 0 .E+00
0 00 3.57E-3

56 48 0 0E+00

0 00 4 10E-05
56 48 0 8E+00

I -t o- W.:; -w,-

I 46E407
1.04E-02
3 s7Fv3

Noumnat HeHa e Eountug
Output Heat Output

f^V.stt5 - Watts

j 10i-1

1 9254E+00
5 44E+01
s A46E+01 i

09E+02
nIO9.+02

Ilowa v

-a 1 P rdnwtr ie
Froin S--v 1 use I ,AAsrAA b- I

Reactor Moderator: uGI

Fuel Cladding
80OL NM Constltuents

BOL Enrichment % 93

I R. wA Z umm vtW,41

AI LIGGHT W cR

FALU MS _O tI ___
Basis for burnup used in estimate-

-r~ SF-1 t

Nominal

B ounding . ib 48 AiP arfaii I5e blc nio l be ar bumn p

Checks _

Estated BuMup/
Bumup Multipler Given Burup

Nomlial 05

Boundrhg i .010
- . - - -- - -- - - .

Estimated EOL HMIGlven EOL NM
100oo

; I . -abo f-se f-r ue
Reactor shtidown. core removal, storage. ohppng or ouPer oar ajiie cnmg u v w

2Total bumrup fr all W assodated wi th Ns worksheet must be drlded by SOL heavy metl mass to get spedfic bumnup values (MWdyMT)
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Fuel Radionuclide Inventory Worksheet
LFueland TenmlateInformoi -a

Fuel Name FRR SLOWPOKE (HEU) CANADA
SNF t *- 666

Fuel Units & Descr 2 297 ROD ARRAY
Heavy Metal Mass 801.1 772kg; EOL1 742kg
ROD Storage Site: SRS

Fuel decay start date- 2010
Estimates as ot 2030

Template: ATR (ight Water, Atimn 60 to 100%. U)5
Temptlte eumup(MWd): 3672

Template OL Heavy Metal Mass (MT): 000116689
Template Decay Tme: 20 years

Estimated
Canmster usage

18'x1O'
008

11. Estmattes ^m x x b yI Gamma Sources J
Ct/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Boundir

Radionuclide Template FuelBumup(MWd)' Bumup(MWd)' (Ci)
Ac-227 6 6313E-10 2824 5648 000O.00
Am-241 2 0060E-03 28.24 56 48 0 OOE+00
Am-242m 4 2429E-07 28-24 56 48 0 00E+D0

Inventoeies(Ci) Inventoo

Photon Total
ng Fuel Energy Photons/sec
,ies(Ci) Group (bounding)
E-08 Avg MeV
E-t o 0o0150 5962E+12

Ct-36
Cm-243
Cm-244

I 4899E-06
5 7135E-09
1 3124E-32
I 6443E-07
2 9330E-05

28 24
28 24 56 48 0 OOE+00 1 61 E-07

5648 OOOE+00 4.21E-05

5648 000E+00 371E-3I 741E-31

Co-60 5 3186E-06 28 24 56 48
Cs-134 31563E-03 2824 5648
Cs-t35 3 4477E-06 28 24 56 48

0 D0E+00
0 00E+00
0 OOE+00
0 00E+00
0 00E+00

4
8 I 66E-03

64E-06 929E-06

00250 1240E+12
0.0375 1 081E+12
00575 1 158E+12
o 0850 6999E+1 1
01250 4 736E+t11
0 2250 8040E+11
0 3750 2 829E.1 1
05750 4288Et12
0 8500 7250E+10
1 2500 4 140E+1028 24 56 48 0 00E+00 f

3 00E-04
1 78E-01
1 95E-04
1 15E+02
1 38E+00
2 72E-01
7 00E-03

28.24 56 48 0 00E+00 6 92E-01

Fe-55
H-3

4 8175E-03
1.2397E-04
4 5697E-03
7 5300E-07

2824 5648 000E+00 1 36E-01
1 900E.09
1 B67E.05

S48 0 00E+00 3 50E-3
)0 0E+00 1.29E-01 58E-01

1-129 25E-05 5 0000
Kr-85 i 0850E-01 2824 U13E+00 7 000o 2 717E+00
NP-237 2824 D4 t 1.t0 o 3045E 01

2824 56 48 0 00E+00
28 24 5648 0 00E+00 1 40E-09

0 00E+00 1 37E+00 2.74E+00
Pu-238 000E+00 5 16E-01 1 03E+00 I l
Pu-239
PU-240
PU-241
Pu-242
Ra-226
Ra-228

4 281OE-04 242E-02
2 4368E-04 28 24
3.3415E-02 28 24 56 48 0 OOE+00

56 48 0 OOE+00 03E-05
56 48 0 OOE+00 6 45E-09 1 29E4-8

0 OOE+00 511E-13 7 02E-13
Ru-1 06 6 3589E-06 80E-04 3 59E-04
Se-79 2933E-05 2&24 7 30E-04
Sn-126
Sr-90
Tc-99
Th-229
Th-230
Ttt-232

1574E4-5
9248E+00

2824 564
2824 56 48 0 OOE+00
2824 56 48 0 OOE+00

56 48 0 OOE+00

9270E-14 282

t 44E-10 2 88E-10
t 18E-06 2.37E-06
5 44E-13 10 9E-12
1 30E-06 2 60E-06
3 55E-06 7.1 1 E-06

Tl-208 4 6024E-08 28 24
U-232 1.2582E-07 28 24
U-233 2 5825E-09 2824

564

Thermal Power
_ _ _ _ .

U-234 1 8450E-04 28 24 56 48
U-235 -2 7235E-06 2824 0 00
U-236 1 5493E-05 2824 5648
U-238 -42851E-09 224 000

1.46E-07
1 04E-02
3 57E-03

Nominal Heat Bounding
output, Heat Output
(Watts) (Watts)3.57E-03

1 9254E+00 2824 56 48 0 OOE+00

8

4

F

75E-04 573E-t1 135E+00
E-05 Total Total

5
* ttrhi 7ntnpmmrv ad ChcksQ. __?,,s'

Template Selection Summary
Fromn SFD

Reactor Moderato Ur n A1Vl I
FudN Claddg AL.
COL HM Constituents U

BOLEnrcthmentI 9311512415

Basis for Parameter Diffrences:
IWATER J

Bumup Summary (MWdi) Basis for burnup used in estimate:
Frorr SFD sme

NoIhl Fa 28.24 Nonal bxunup calcdaled iom tbe heavy meWa mass desroped.
Boundingr 56 48 Bourng bunW assumed lo be bce noial bxamp

Checks

Es
t
rmated Bumnup1

Bumnup Multviiler Giei Burnup Estrmbted EOL HWGteri EOL HU
Nombnal 0 05 1ol

'Reactor shutdown. core removal, storage, shipping or other date confirming VW 1tInadabon rceased fo/r fuel

2TotLs bumup for a1l luel associated wfit "s workdhe must be divided by BOL heavy metal mass to get specific bumuip values (MWdUIT)

I I

I

DCE/SNF/REP-078
RevIsbon 0 March 2003
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Fuel Radionuclide Inventory Worksheet

J. Fuel and Templiate Infurnalon
Fuel Name- FRR SLOW POKE QiEU) CANADA

V SNF ID #- 668
Fuel Units & Deser 2- 297 ROO ARRAY

Heavy Metal Mass 80L-A1 772k9 EOL 1 74211g

RO Storage Site SRS

'Fuel decay start date 2010

Estimates as of 2030
Template ATR (ULght Water. Alun , 610 l00°.. U)

'Tempbate Durmup(MWd): 367.2

Template BOL. Heavy Metal Mass (MT) 0 00116689
Tre-ntate Decay Te. 20 yearsn

Estrrated
Canister usage-

18 x1W
008

I Gamma Sources

Lt. aEstiates .. - - m Aw 
XD b Yn Yb L Gamma SourcesI Wkotnn Total

CiIMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

R tadionuclide - Template - Fuel Burniup (MtWd) Burnup (itWd)o (Ci) lnventones(CI) Inventornes(Ci)

Ac227 6-63t3E-10 2824 56 48 0 00E+00 1.87E-08 3 75E-08

A-22741 2 0060E-03 28.4 5648 0 0DE+0v 5 66E-02 I 13E-01
Ae-24i2 ____ __1.20E-05 

2 40E-05

E nergy p hotonls/sec:
Group (bounding)

Avg MeV
0 0150 5962E+12
0 0250 1.240E+12

Am-242m
Arn-243
C-14
0-36

ovso vs

4899E-06 28.24 56 48 E-05 8 42E-05 C

^ A,
57t35E-09 2824 5648 000E+00 I b6t1-U0 3

13124E-32 2824 5648 000E+00 371E-3t 74

16443E-7 2824 5648 000E+00 4 64E-06 9.2

93 0E-05 28 24 5648 0 00E+00 828E-04 1.6

23E-07I 1 158E+12
6 999E+1 1
4 736E1 1
6 0406.11

C4-60 011.-
Cs-134 3 tS63E-03
Cs-t35 34477E-06

28 24
28.24

8 0 00E+00 tSO0E-04
8 000E+00 8g91E-02

0 00E+00 974E-05

0 3750 2 629E+12
0 5750 4288E+12t=

95E-04 0 85^00
.

648 t6E+02 1I

Cs-t37 2 0313Et+OO

72-50E+10
4 140E+10
1 00E+09
1 667E+05

ee c r
Eu-154 2 4815t-C
Eu t55 4 8t75E-C

-2 28.24 56 48
111 28 24 56 48

t: 3 92E6011 138E+00
1 36E-01 2.72E-

324 56.48 D 3 50ED03
Fe-55
H-3

12397t <
4 28 24 564 E+00 1.29E-01

E+00 2.136-05

2 7500 9 422E+04
3 50Do 4 322E+02
S0000 2461E+01
7 0000 2 717E+007 28.24

1-1
28.24 56 48 006+00

Kr-85
28.24 56 48 0 00E+00 11 C000 3.045E401

Np-237 9 5561 E-06

Pa-231 2 03596-09 28.24 0OOwE+OO 1.t5E-07
2.81 E-09648 00

Pb-210 4 9728Et-1 I

Pm-147
Pu-238

4 8502E-02
1 8254E-02

5648 0o 2 74E+OO

56 48
55648
56 48

5 16E-01 1.03E+00

Pu-241
Pu-242
Ra-226
lla-228
Ru-106

28 24
28 24
28.24

OwE+00 121E-02
006E+00 6 88E-03
0 00E+00 9 44E-01
0 00E+00 1 03E-05

2 42E402
1 38E-02
1 89E+00
2.05E-05
1 29E-08228546-10 2824 56 48

1 2A426E1A 2824 5648 E-13 7.02E-13

6 3589E-06 2824 5648 000E00 1 80-E04
5 0050 - n~v'cn AsRP.iAA

3059E-04
7.30E044

1 2933E-O
1 1574E-C

' 56 40 + 327c0
28 24
28 24

56 4 E+00 325 E-4 4
E+OO 5 44E+01

Tc-99 42239E-04
Th-229 5 0953E-12

28 24 56 48 0 OOE+00

28 24 56 48 0 00E+00

28924 56 48 000O+OD
Th-230
Tb-232
Ti-208
U-232
U-233
U-234

i
4

2 88E-10
2.37E-06
1 09E-12
2 60E-067 _ _F~1' Tema or

flnE-iA 2824 56 48 a
6024E-08 2824 5648 000OE00 1.30E-06

7 r ttE4 Ttemal Power
1 2582E-07 28.24 5648 O0E+
-- -- .. ^OA AQ 4 8 OOF.

46-0 Noia Heat Bounding. _

2.5825E1 09z 'A AA
tit46E-07
tn04-02ol Ei-03

1 8450E-04
o' ,c.,ec-i.q

U-235
1-236
I 1238

_Z fz;Xsq

1.5493E-06
-42851 E-09

000 w 3 5764

5648 0 00E+O
0 00 4 10E-0

13 349603 3.57E-03

0 4A38E-04 8.75E-04
6 4 09E-06 4 1OE-056
0 5 44E+01 1.09E+02

Noumtpu Heat BouHeatO
Output "OM output
(Wat7 ) -' (Watts)

6 7E01 1toE.0

I T otal T otal

y-90 1 9254E+wO

Other Radionucldes

I - I-Il.Ternplate Selection Sumim-T. Brnup Stu
<C 5- iet.it_.i9

5 46E+01 I 09L+Lrz I

YFrom SFD I Basis for Parameter Differences:

I
I

Ractror Moderator UGT WATER UIGT WATER

Fuel ClaWding AUM ALUM

SOL HM Constituents O U

BOL Enrichment % 9311512415 60 to 100

-~~ In-hmu ue in snae
Bumup Summary (MWd)

__

From SFD I EsLtniit
Nominal

Bounding Ft

Checks

2B 28 L4Na buii caluatred 9ro lie heavy melal us- s
* 56 48ENg bup assiaed bo be tlce nmwd btumup

I

DI

Nominal

R-ndin. F-

EEstimaed Bumup/
urnup Mtit niphe Given Bumu Estimated EOL HMIGlvsei EOL HM

005- .0

Reactor sliudawn.`cre removal, storage. thippOng or other date confimring that IradadOn ceased Or huel
2
Total bumup for at fuel assodated with his wolksheet must be diided by 60OL heavy metal mass tb get Spedfic bimuP values (MWdiMI)

March 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel and Ternplate Wnformatio-!

Fuel Name, FRR SLOWPOKE (HEU) CANADA
SeNF ID ah 669

Fuel Unts & Descr 2 297 ROD ARRAY
Heavy Metal Mass: BOL1 772kg. EOL.1 742kg
RlOD Storage Site SRS

'Fuel decay start date: 2010
Estinates as of. 2030

Template ATR (Ught Water, Aiun. 60 to 100%., U)
"Template Bumup(MWd). 3672

Template 80 Heavy Metal Mass (MT). 000116689
Template Decay Teme 20 years

Esttiated
Canister usagee

1R xlO
008 o-5

IL Estimates , m X. ,b b Y. Y. Gamma Sources

Photon Total
CVMWd From Nominal Bounding Fuel initial Actvity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide Template Fuel Bumup (MWd? Bumup (MWd9t (Ci) Inventones(Ci) Inventones(Ci) Group (bounding)
Ac- 97 -tn-w 1^O 0R:A n.A A <on oRA . ..

I

-1-1 U UUt+uU 1 8i-08O 23 74E-v8 Avo MeV
AM-241 O S66E-02 1 13E-01 0 0150
Am-242m 42429E-07 t120E-05 2 39E-05
Arn-243 1 4899E-06 2822
C-14 5 7135E-09 28 22 56 44 0 00E+00

0 0250 1239E.12
0 0375 1 081,E12
0 0575 1157E+12
0 0850 6 994E+1 1
0 1250 4 733E+11

28 22 56 44 0 00E+00
28 22 5644 000E+00 4 64E-06

Cm-244
Co-60

9
-i
3

i
56.44 0 00E+00 8.28E-04 66E-03

44 000E+00 1 50E-04 300E-04
Cs-134 31 0 OOE+00 8 91 E-02 1 78E-01 n s7sn
Cs-135 3 4477E-06 9 73E-05 I 95E-04
rCs1 3q7 0 M-c-
S s w sow | vu 1 15E+02

I 3R8Ef+

I o 8500 7245E+10
2 12500 4137E410

1 7500 1.899E+09 i
Eu-1 54 2 4513E-02 28.22 564

4 8175E-03 2822 56 44
12397E-04 28.22 56 44 0 OOE+00

1-I
-i

1 666E.05
D 9416E+04
D 4.329E+0228.22 5644 0 OOE+00

1-129
Kr aS

5644 0 OOE+00 2.t3E-05 4 25E-( U,0 OOE+00 3 06E+00 612E+00 7 C
Np-237 9 5561 E-06 04 5 39E-04 110000 3 043E-01
Pa-231 2 ril9oE9 98 99

_ _
I 15E-07

4 9728E-1 1 2822 56 44
4 8502E-02
I 8254E-02

28 22 56.44 0 00E+00
2822 56.44 0 OOE+00 51 i-i56 44 0 OOE+00 121 E-02 2 42E-02

Pu-240 +00 6 88E-03 1 38E-02
Pu-241 3 3415E-02 9 43E-01
PU-242 3 6329E-07 2822

2 2854E-10 2822 56 44

1 89E+00
2 05E-05
129E-08
7 01E-13
3 59E-04

2822 56 44 0 OOE+00 3 51 E-13
56 44 0 OOE+00 1 79E-04

Se-79
Sn-126
Si-90
Tc-99
Th-229
Th-230
Th-232
TI-208
U-232
U-233
1.-234

I 1574E-05
1 9248E+00
42239E-04

56 44 0 OOE+00 3 65E-04
56 44 0 00E+00 3.27E-04
56 44 0 OOE+00 5-43E+01
56 44 0 OOE+00 t191-02

7 30E-04
6 53E-04
1 09E+022822

2822
28 22 56 44 0 OOE+00
2822 56.44 0 OOE+00 1.18E-06 2 36E6
2822 5644 OOOE+O00 544E-13 1 09E-12
2822 56 44 0 OOE+00 1.30E-06 2 60E-06
2822 56 44 0 OOE+00 3 SSE-06 7 tOE-06
2822 56 44 0 OE+00 7 29E-08 1 46E-07
28.22 56 44 0 00+00 5 21 E-03 1 04E-02
28.22 0 00 3 57E-03 3 49E-03 3 57E-03

Thermal Power
Noinatl Heat Bounding

Output Heat Output
(Waftal fWatestU-235 -2 723

13-236 1 549
U-238 -4 281
Y-90 1.925.
Other Radionuclides
111. Templatte Selection Surnuimry.

'3E-06
t - - -

44 U Lt+I S 7tr-U4 0,14L-I4 I 5.73E-01 1.35E+00
# g l,, -

u 410E-05 4 09E-05 410E-05
0 06E+00 543E+01 1 09E+02

5 46E+01 1 09E+02

A Total Total

d Chz
IIemplate selection Su

From SFD

8OL HM Constituents U
BO. Enrichment% 93.11512415

Used Basis for Parameter DWfferences:
UGHT WATER

ALUM
U

_60 to 100

|Basis for bumup used in estimate:IBumnup Summary (MWd)l

Nominal [
Boundmn F

jmated
2822
5 44I

Nenwa bxteuP calculated from ft. heavy rreta amws des"so
Ictiurvit butaup maimed to be lvace norrinal beta

Checks

Estimated BumqVp
Bu ultiplier Ghien Bumupl Estimated EOL HWGlven EOL HM

Nominal- o _os_ 100
Bounding 01D

'Reactor shutdown, core removal. slorage shipping or other date confiming that irradiation ceased for uel

"Total bumup for all ueW associated with 8s woksheet must be dvkded by BOL heavy metal mass to get specific bumup values (MWdMT)

l=

DOE/SNF/REP-078
Revision 0

March 2003
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Fuel Radionuclide Inventory Worksheet

;LrFue andfemplate Inforution_,
Fuel Name FRR SLOWPOKE (HEU) MONTREAL

SNF ID S: 667
Fuel Units & Desecr. 2- 297 ROD ARRAY

Heavy Metal Mass 9OL=1 772kg EOL=1 742kg
ROD Storage Site SRS

'Fuel decay start date 2010
Estimates as of. 2030

Template ATR (Lght Water. Aalnl .60 tO 100°, U)

Temptate Bumup(UWd) 3672
Template BOL Heavy Metal Mass (Mt) 000116689

Tm.nt. nevy Time 20 years

Estimated
Canister usage

18x1t0
0 08

_ 
.

- rv. I Gamma Sources
fly Vhmetml -m '-in----.- Phtn oa

Ci1MWd From a Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Radiontuclide Template' Fuel Bumup (MWd)
2 

Bumup (MWd)' (Ci) Inventormes(Ci) lnventones(Ci)

Ac-227 6 6313E-10 2824 56 48 0 OOE+00 1.87E-08 3 75E-08

Am-241 2 0060E-03 28.24 56 48 DOOE+00 566E-02 ^ 13E-01

Photon Total
Energy Photonstsec

I Group (bounding)

5.962E.12
_

0 0250 1 240E+12
Am-242nl
Arn-243

I C-14
i CI-36

Cm-243

E-07 28 24 0 00E+00 412U-t
0 00E+00 4.21 E-C E-05 0 0375 1.081E.12

1 4899E-06
S7135E-09 5648 000E+00 1 6btE-07 323E-07

1.3124E4 56 48 7At E-31

t. 3 24 56 48 929E-u6

000 675 1158E+12
012S0 36999E+11
01250 4 736E+11
02250 6 040E+1 1
0.3750 2629E+11Cm-244 28 24 56 48 8 28E-04

C;-60 28 24 56 48 0 t1.50E-04

Cs-134 2824 564 8 91 E-02 7 42_3E+12

Cs-135 34

1 Cs-13720
kT Eu-154 2 4

Eu-155 4 1
Fe-SS 1 .

, H4 44f

i 1-129 7 f
r Kr-85 i t

Np-237 9f

Pa-231 2 1
Pb-210 4 '

I Pm-147 4 t
_ Pu-238 1 t

n ^,^qA I

E-06 2824
E+00 28.24

0 OOE+00 9 74E-05
0 D0E+00 5 74E+01
0 00E+00 6 92E-01

08500 7250E+10
12500 4140E+10
1 7500 1 900E+09

-02
i175E-03
2397E-04
tRQ7F-(t3

6 48 0 00E+00 Z27500 667E+05

56 48 0 00E+00 7 00E-3
%S 42fi26,02

56 48 2 58E-01

56 48
56 48

4 25E405 1

28 24
28 24
28.24

0OOE+00 3 06E+00 6 1

0 006+00 2.70E-4 5 i

0 OE+00 5-75E-08 1 1
0 OOE+00 1 40E-09 21

'4 3 045E-01

E49
9728E-1 1
8502E-02
8254E-02

5648 0003+00 2 74E+00
1.03E+00

24

5648 00
5648 00
5648 oa
56 48 0a

121E-02 242E-02
6 88E-03 1 38E-02
9 44E-01 1 89E+00

P-241
Pu-242
Rta-226

- Rla-228

Ru-106
Se-79

* Sn-126
Sr-90

- Tc-99
Th-229
Th-230

3.3415E02 2824

36329-E47 28 24
22854E-10 28 24
1.2426E-14 28 24
6 3589E-06 2824
1 2933E-05 28 24
1 1574E-05 28.24

56 4 0006+00 1 036-05

0 OOE+00 6 45E-09
OOE+00 3.51E-13

0 00E+00 11.80E-44

2 05E405

56 48 0 00E+00
56 48 0 OOE+00

3.59E-04
7.30E-04
6 54E-04

824 564 544E+01 1 09E+02

E44 2824 5648 0 OOE+00 1 19E-02

E-12 2824 5648 OOE+00 1 44E-10
28.0006.00S1

4 1885E-08
1.9270E-14

28.24
2824

8 0 OOE+00 1
8 0 OOE+00 S

Ti-208 4 6024E-08 2 28 24 56 48
1 Z----L --

U-232
2 5825E-09 28 24

O OOE+CO 1.30E{C
0 OOE+00 3 55E-
0 00E+00 729E-C

OOE+00 5 21 E-C

2.60E-0 6E Thernal Power

7 Noninal Heat Bounding

U-~236~
U-238

- Y-90
- bte ~Radwouctides

1 8450E-04
-2.7235E60
1.5493E-05
-42851E409
1.9254E+0 _

2824 56 48 1 04E-02
3 57E.43

7

0 00 3 57E-03
56.48 0 OE+00
000 410E-05
56 48 0 OOE+00

4I,, - .. nra, P mt terefles

IrwisS fwalts' -

87E0 73E-01 12356400
I- ,- ,- ota vi,

09E+02
09E+02

T OtU 1 VW.

5 46E+01

Template Selection Su
From SFD U0

Rector Modertor LHTWATER UGHTWATER

Fuel Cladding AUM ALUM

BOLHM Constiuents U U

BOLEnrkchment% 931 1512415 fiot 1C

1-1. - . --.- ---

Rasis for brmun used In estimate-M--rna, 5ummarYv IUWd)'
From SFD Eatenaled

Estimaded
28 24
56 48

N.,"ia barsW caktilated tam I lbe " metal mass dn"est d

8cur~ig nsi; imaswwr'ed to e talce wioralt buzis

Chec,
| Est=ated Bumup!

Bumup Multipier j Gnn Bunup
o0t5Nominal -

Boundng _ o22u ____

'Reactor shutdown, core removal, storage. shipping or other date conimLing that Iinadabon ceased for luel

"Total casup for all fuel assodated with this worsheet must be divided by BOL heavy metal mass to get spedifc burtJ4a values (MWWdMI)

^^ WE/SiNF/REP478 
March 2003

I T RevisNin O 
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Fuel Radionuclide Inventory Worksheet
L Fud anlTemplate lunformati _

Fuel Name. FRR TARGET ARGENTINA
SNF ID S 297

Fuel Units & Descr. 48 - PARTICULATE
Heavy Metal Mass BOL-3 97kgt EOL-3 97tcg
RODStorageSlte SRS

'Fuel decay stad de. 2010
Estimaues es of: 2030

Template: Pathfinder (1kh Water. SST. 60bt 1009 U)
'Temnptate Bumup(MWd): 6 01

Template BOL Heavy Metal Mass (MT): 000012982
Temolatt Decay Tine 20 -ears

Estimated
Cantster usage-

18310

11. Eatuatriks i am b Y. Yb - 1 Gamma Sources

Photon Total
Nomial Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel I Energy Photons/secCtAtWd From

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)' (Cl) Inventores(Ci) Inventories(CI)
Ac-227 8 0233E-09 75 00 149 99 000E+00 6 02E-07 1.20E-06
Arn-241 88502E-05 75 00 149 99 0 00E+00 6 64E-03 1 33E-02
Arn-242m 9 1098E-09 75 00 149 99 0 00E+00 6 83E-07 1 374-06

I Group (bounding)

a
An-243 9 8652E-10 75 00 149 99 0 00E+00 7 40E-08 1 48E-07 0 0375
C-14 2 3062E-04 75 00 149 99 0OE+00 1 73E-02 3 46E-02 0 0575 3120E+12

I 9 20E-05 I 84E-04
2 69E-08 5 37E-08

0 0850 1 889E+12
01250 1.227E+12 J
02250 1 615E+12

Co-60 E-41 7500 14 iO 7064E+11
Cs-134 4 6705E-04 75 00 14999
Cs-135 30316E-05 7500 14999 000E+00 227E-03 455E-03
Cs- 37 2 0516E+00 75 00 149 99 0 00E+00 1.54E+02 3 08E+02 1.2

14999 0 00E+00 1 68E-01 3 36E-01 1 7500 3 139E+09
0 00E+00 426E-01 8 52E-01 2.2500 3.036E+07

t 00E+01 2.7500 2.310E,05

1-129 7 3195E-07
Kr-85 1 0880E-01

75 00
75 00

a
0
0

0

3 5000 8733E+02
350E+00

5.98tE-01 _149 99
Np-237 1 1481E-06 75 00 149 99 00E+00 8 61 E-05 1 72E-04
Pa-23t 2 3844E-08 75 00 149 99 0 00E+00 179E-4 3 58E-06
P-210 9 6339E-14 7500 14999 0 00E+00 7923-12 1 45E-13
Pm-147 6114E3-02 75 00 14999 0 00E+00 4 59E+04 9 17E+D0
Pu-238 3108E104 75 00 149 99 0 00E+00 2 49E02 4 98E02
Pu-239 6 6805E-04 75 00 14999 0 00E+00 350E-02 00E-01
Pu-240 8 6972E05 75 00 149 99 0 O0E+00 6 52E-03 130E-02
Pu-241 8 4714E-3 7500 149 99 000E+00 1 IoE-09 226E-0
Pu-242 189717E-9 7500 14999 006E+00 1648-07 296E-07
Ra-226 4 4093E-13 7500 14999 000E+00 3318E-61 6361E11
Ra-228 7 8419E-12 75 00 149 99 0 00E+00 5 88E-10 1 10E-09
Ru-106 535175E6-0 75 00 149 99 0 00E+00 414E-04 8428E-04
Se-79 1 3226E-05 7500 14999 000E+00 992E-04 1 98E-03
Sn-126 1 1493E-05 75 00 149 99 0 00E+00 8 62E-04 72E4-03
Sr-90 19501E+00 7500 14999 000E+00 146E+02 293E+02
TCe99 4 6656ERe4 75 00 149 99 0 00E+00 3 50E2 7 0E802
Tt-229 7 2080E.12 75 00 149 99 000DE+00 5A41E-1 0 106E4-9
Tm230 8 124SE1e 75 0 t m49e99 0 E+00 609Ef9 t22E8
Tb-232 8 316IE-12 7500O 149 99 000OE+00 6-24E-10 125E409
Tt-205 2 5008E408 75 00 149 99 0 00E+00 1.88E406 3 75E406
tJ'232 6 T754E408 75 00 149 99 0 00E+00 5 08E406 1 02E405
U-233 3 0582E409 75 00 149 99 0 00E+00 2.29E407 4 59E407
U-234 3 6722E407 75 00 149 99 000OE+00 2.75E405 5 51E-05
U-235 -2 7761E406 75 00 0 00 4.15E403 3 94E403 4 15E403
U-236 It6190E405 7500D 149 99 000OE+00 1.21E403 2 43E403
U-238 -2 8547E-49 75 00 0 00 6 89E404 6 89E404 6 89E 44
Y-90 1t9501 E+00 75 00 149 99 000OE+O0 It46E+02 2 93E+02
Other Radionuckides I 69E2+02 3-38E+02

HTepaeSelcton Sumsnnxrv, Burnup 9u.nry and Checs ^-.- R s
Tompl teSelecton Su""""

From SF) Used lBasis for Parameter Oderences:
Reactor oerator UGHT WATER UGHTWATER IThi lelate was used bor tie bog reasaus,

Fuel Cladding NONE SST aT nSaldatct Patfinvr Tenuat exet enictrrient ard daciig (but sbisttling Stitiess
8OL HMM Constituents U U Slee s agood wnserialve azmrption)

8OL Enrichment % 4s 34531901 60b tO01

Bumup Summary (MWd) |Basis for bumup used In estimate:
From SFD Estimated

Nombn*IaI75 o 75 i al tuuip assauied to be 2-% doSl. I0 eaynebl ass.

Boundhig 149 99 Bouncing burrip anssed tD be tWi nomiral btmig

Checks

Estimated Bumupl
surnup multifk Gven Burnup Estimated ECOL HWGlven EOL HMU

Nominel|e 40 096
Bound~gi 08 .g__

al Power

Nominal Heat Bounding
Output Heat Output
(Watts) (Watts)
2.35E+00 4 696+00

Total Total

j

]i

'Reactor shutiown, core removal, storage. shaping or other date conitrming that irralation ceased for fuel.
0
Total bumrnp for atl fuel assodated with Ohis worisheet must be civided by 801 heavy metal mass to get specific bumup values (MWd'MT) _4
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Fuel Radionuclide Inventory Worksheet

*L Fuel and Template Infom-xtpon
Fuel Name FRR TARGET CANADA

SNF ID# 671
Fuel Units & Deset 5952- PART1CULATE
Heavy Metal Mass 80L49223kg- EOL49223kg
ROD Storage Site- SRS

'Fuel decay start date- 2010
Estimates as of 2030

Template PatwKL-r (Liht Water SST 60 to 1 Ou1 U)

aTemplate Bumup(MWd) 6 01
Template BOL Heavy Metal Mass (MT): 000012882

Tembate Decay Tihe 20 wears

Estimated
Canister usage

1 8x1 0'
| 165.33

I - T
y xb b Yn Yb . ..... o- -¢

- il. . shmates A. .- ... - - 4II.EsumaPhoto Totalon^ vz w |

CUMWd From
Template

Phoo Total
Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonstsec

Fuel Bumup (MWd)
2

Bumup (MWde (CO) - Inventornes(C) Inventones( ) Group (bounding)
FRadionuclide
A-2297 8 0233E-09 9,299 68 O o~uE+OO 7 40t-M I q

I - Aml241 8 8502E-05
Amn242m 9 1098E-09

18.599 37 0 OOE+00 8 23E-01
18,599 37 0 OOE+00 8 47E-05
18 599 37 0 00E+00 917E-06
18,599 37 0 OOE+00 2 14E+00

0 0150 2 t03E+15
0 0250 4 162E+14
0 0375 3.587E+14
0.0575 3.868E+14

9 8652E-1
+00

C-14
C1-36 9.299 68 18,599 37 0 C 14E-02 2.28E-02 050 242E+14

Cm-243
-- 2.9AA

9,299 68 18,599 3 33E-06 6 66E-06 O 1250

9,299 68 18,599 3 83E-05 7 65E405 C
Co-60 9,299 68 18,599 37 0 00E+00 4 73E+03 9 46E+03

_ Cs-134
! Cs-t35
Cs-t37

151 Eu-154

4 6705E-04 9,299 68 3 00E+00 4 34E+00 5 649

3 0316E-05 9,299 68 0 OOE+00 2 82E-01 S 641

2 0516E+00 7 0 OOOE+OO

2.2413E-03 18,599 37 0 OOE+00
18.599 37 0 OOE+00

1 91E+04
2 08E+01
5 28E+01
6 23E+02

08500 1.530E.13
1.2500 7 06OE414
1 7500 3 892.+11

E02 226500 3 765E+07
Eu-1t55
Fe-55 9 68 1 8.599 37 125E+03 Z750D 2.864E+07

1 -1 29
-J Kr-85

I ,on

S68 18,59937 1 1.08E+02 3 3 o5000 t C83E+05

9299 68 3 81 E-03 1.36E-02 S oooo

9,299 68
1 1481E-06
2 3844E-08
9 6339E-14
6 1148E-02

0
0
0

t1.01 E+03
ODE+00 1 07E-02
00E+00 2 22E-04

2 02E+m03

Pb-210

I Pmn-147-
Pu-238

-1 Pu-239
Pu-240
Pu-241

Pu-242__

9,299 68 18,599 37 0 OE+00
9,299 68 18,599 37 0 OE+00
9,299 68 18,59937 0 ODE+00

66

I 79E-09
14E+03

t i18E+OO

9,299 68
a 2900 6

18,599.37
18.59SQ 37

+00 1.24E+01
8 09E-01 1 62E+00
1.37E+01 2.74E+01

Ru-i 06
Se-79

1 4714E-03 9299 68
1 9717E-09 9,299 68
4 4093E-13 9299 68
7.8419E-12 9299 68
5.5175E406 9.299 68
13226E-05 9.299 68
1 1493E-05 9,299 68
1 9501E+00 9,299 68
4 6656E604 9,299 68
7 2080E-12 9,299 68
8 1248E-11 9,29968
R8 16I1 -12 9299 68

18,599 37 0 OOE+00 1.83E-05
18,599 37 0 OOE+00 4 1OE609
18,599 37 0 OOE+00 729E-08
18.599 37 0 00E+00 5 13E-02
18,599 37 0 00E+00 123E-01

3 67E405
I

Sn-t
Sr-9

_Tc-9

126 18,599 37 107E-01 2 14E-01
81 E+04 3 63E+04

18,599 37 0 OOE+00 4 34E+00
18,599 37 0 ODE+00 6 70E-08
18,599 37 0 ODE+00 7.56E-07

18,599.37 00.E+00 773E-08
ThO-L

il, I TI-208
v .9 . ,-.6

25008E-08 929968 18,59937 000E+00

1.55E-07
4 65E-04 j
126E-03 I Thermal Power
5 69E-05 Nommna Heat BoundingU-232 6 7754E-08

U-233 3 0582E-09
U-234 3 67226-07
U-235 -2 7761E-06
1.1-236 I 1 6190E-05
U-238 -2 8547E-09

1859937 000E+O0 t
18,599 37 0.00E+00 2
18,599 37 000E+00

0 00 514E-01
6 83E-03
5 t4E-01

Output - Heat OUtpUt
I (watts) (Wafts)

2 ,51E.02 5,82E+02i 18,599 37 00u+Ou 1 516E01 301E-01

8 0 00 8 55E-02 8 54E602 8.55E-02
1 18,599 37 0 00E+00 1 81E+04 3 63E+04

Total Total

Y-90
7z7Af .

,and Chckds - -
2 I Ut+04 4.1!jt+u4 I

remplate Selection Summary
From SFD I

Reactor Modeor LGHr WATER

Fue Cladding tYONE
OL HM Constituents U
80L Enrinchment % 48 34531901

_ Basis tor Parameter Dfterences
_ Terspiate was uied forbe itleon reas.

_ Ths tuei mntdes Patfrdr Templals except aerirdet and daddeig (t sibstti Staciess
_Se Is a good crservatbe assunipti)

to 100

Basis for bumup used In estimate: -Bumup Summary (MWd)'
From SFD

NSaonmi l [ _________

Checks

_ Estimated

I 119,29968
1 8,599.37

w-�ws ws

Estimated Bumupf
Gien Bumup Estmated EOL HIdGiven EOL HM

0U86
Bumup Muftimtler

Nminal t1F 0 40

Bounding o 81

'Reactor shutdown, core removal, storage. slapping or other date conflimng Mmt itradation ceased for fuel

rTotal burmup or all ste associatedrvith this woritsheet must be dlvided by 80L heavy metal mass to get specific bumup values (MWdM) '

- DOE/SNF/REP-078
Revision 0

March 2003
Page D-437 of1>-585



Fuel Radionuclide Inventory Worksheet
L Fuel andTemplate nfonormatio + His2,-a

Fuel Name FRR TARGET INDONESIA
SNF IDr 672

Fuel Units & Detcr: 48 - PARTICULATE
Heavy Metal Mass: BO.3 97kg, EOL=3 97kg
ROD Storage Site: SRS

'Fuel decay start date 2010
Estimates as of: 2030

Tempialt Pathfinder (Ugi Water. SST, 60 to 100%, U)
'Template Bunmup(MWd): 6 01

Template BOL Heavy Metal Mas (MT): 0 00012882
Template Decay Time: 20 years

Estimated
Canister usage I

l8-xlO' j
1 33

U. Estimates I . - m X. Xb b Y. Yb [ Gamma Sources

CIMWd From Nominal Bounding Fuel initial Activity Nominal Fuel Bounda
Template Fuel Bumup (MWd)O Bumup (MWdO (Ci) inventorlie(Ci) InventRadionuclide

Ac-227
An-241
Am-242m
An-243
C-14

Photon Total
ig Fuel Energy Photons/sec
rnes(CI) Group (bounding)
E-06 Avg Maey
E-02 00150 1 615E+13 4
E-06 0 0250 3.357E+12

t

T

2.3062E-04 75_00 149 99 0 OOE+00
Ct-36 12261E-06 75 00 149 99 0 OOE+00 920E-05 1 84E-04
Cm-243 3 5824E-10 75.00 149 99 0 D0E+00 2 69E-08 5 37E-08 01250 1.227E612

-c-Cm-244 41131E-09 7500 14999 OOE+00 308E-07 617E-07 0.2250 1615E+12
Co-60 5 0882E-01 7500 14999 0 OOE+00 3.82E+01 7 63E+01 03750 7064E+611
Cs-l34 46705E-04 7500 14999 6OOE+00 350E02 701E-02 05750 1 147E613
Cs-135 30316E-O5 7500 14999 OOE+OO 227E-03 455E-03 08500 1234E+,1
Cs-137 20516E+00 7500 14999 0OOE+00 1.54E+02 308E+02 12500 5694E+12
Eu-IS4 2 2413E-03 7500 14999 OOOE+OO t68E-0 336-01 17500 3139E+09
Eu-i55 5 6772E-03 75 00 14999 0 OOE+00 426E-01 8 52E-01 22500 3036E.07
Fe-55 66988E-02 7500 14999 0 -OOE+-O 502E+00 10OE+01 27500 2.310E+05
Hl-3 58303E-03 7500 14999 OOOE+00 437E-01 8 75E-01 3SDDD 8733E+02
1-129 73195E-07 7500 14999 OOOE+00 549E-05 1 1OE-04 5D0D0 5350E+00
Kr-85 I 0880E-01 7500 14999 000E+OO 816E+00 1.63E+01 700000 5981E-01
NP-237 1 1481E-06 7500 14999 00OE+00 8 61E-05 1 72E-04 1lo0oo 671E402
Pa-231 23844E1-8 7500 14999 0OOE+00 179E-06 3158E6-0
PR-21O 9 6339E-14 75 00 14999 0 OOE00 7.23E-12 I145E-11
Pr-147 61142E-02 75 00 149 99 0 OE+00 4 59E+00 9.17E+0O
Pu-238 3 3224E4-0 75 00 149999 00O+00 2E-042 4 98E2-0
Pu-239 616801E4 7500 14999 0OOE+00 1S4tE402 9OOE601
Pu-240 8 6972E-05 75 00 149 99 0 OOE+00 6 52E-03 30E-02
Pu-241 1 4714E-03 7500 14999 0OOE+00 1 OE-01 221E-01
Pu-242 1 9717E49 7500 14999 OOE+00 1 48E-07 2996E-07
Ra-226 4 4093E-13 75 00 149 99 O ODE+OO 3 31E-11 6 61 E-11I
Ra-228 7 8419E-12 75 00 149 99 0 00E+OO S 88E-10 1.lE-09
Ru-206 517E0-06 75 00 149 99 0 6DE+00 4.14E-04 8328E-04
S-79 I 3226E-05 75 00 149 99 0 OE+00 9 92E-04 1 98E-03
Sn326 I 1493E-05 75 00 149 99 0 OE+00 8 62E-04 4 72E3-0
Sr-90 1 9501 E+00 75 00 149 99 0OOOE+OO It46E+02 2 93E+02
Tc-99 4 6656E-04 75 00 149 99 0 O6E+00 3 5O-0E2 7 OOEOu2
Th-229 7.2060E-12 75 00 149 99 0OODE+OO 5 41E-10 I 08E409
Th-230 &1248E-11 7500 04999 4OO0E+O 6 -09E39 1522E-08
Th-232 &3161E-12 75 00 149 99 0OODE+OO 6 24E-10 I 25E409
TU-208 2 5008E-08 75.00 149 99 0 OE+0O 1168E-06 3 75E6-0
U-232 6.7754E408 75 00 149 99 0 OOE+OO S 08E406 I 02E405 Therimal Power
U-233 3 0582E-09 75.00 149 99 0 ODE+OO 2 29E407 4 59E407 Ftorrmna Hleat Boundingt
U-234 36722E407 75 00 149 99 OOO0E+OO 2.75E405 S.tE405 ' utu Heatotpu
U-235 -2 7761 E-06 75 00 0 00 4tSE403 3 94E403 4 15E-03 (wafts) (Watts)
U-236 I 6190E405 75 00 149 99 OOOE+OO 1.21E403 2 43E403 2-5Eoo 4 6sE+oD
U-238 -2 8547E-09 75 00 0 00 6 89E-04 6 89E-04 6 89E-04 Total Total
Y-90 1 9501E+00 7500 14999 0006E+0 1.46E+02 293E+02
Other Radionuclides 1 69E+02 3 38E+02
IIL Template Seletion Summairy* BIUDu &UIe. ann CYhecks -
Template Selection Summary |

From SFD Used Basis for Parameter Differences:
Reactor Moderator UGHT WATER UGHlTWATER Teewlate teews mm te lthotwing reasns:

Fuel Cladding E SST [hs titcefs Patiler Te exr ertticrent and claddn(irhut satuttute Stainless
BOL NM Constituents U U Stee iis a goodraavative asttiln

BOL Enrkchment % 48.34531901 60 to 100

Burnup Summary (MWdf Basis for bumup used in estimate:
From SFD Estimated

Nominal | 75 0 0 Nil br.up smed b be 2% d OM be" metal mass
Boundmg 149 99 Bjsstrg btsw asst lobe tc neamul bNp

Checks
Estimated Burnupt

Bumup titunipiler Given Bumup Estimated EOL HMIGen EOL HU
Nominal 40 058

Bounding 08
'Reactor tshtdown, core rermoval, storage. shipping or other date confirmeng Vtia Irradation ceased for luel

'Total bum.up for at fuei associated with this worksheet must be div ded by SOL heavy metal mass to get specific bumup values (MWd/MT)

~L

I

l

U
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Fuel Radionuclide Inventory Worksheet

L'Fuel andTtenpltteIrfiWmhOnl
Fuel Name FRR TUBES (U3St2 LEU) DENMARK

SNF ID 298
Fuel Units & Deser. 1684 -ASSEMBLY

Heavy MetalMass BOL=1656kg EOL=142.618kg
ROD Storage She SRS

'Fuel decay start date: 2010
Estimates as of 2030

Template HFBR (Heavy Water. Aln .10 to 20% U)

'Template Bumup(MWd) 15

Template SOL Heavy Metal Mass (UT): 0 00034251
Termoate Decay T ie 20 years

Estimated

Canister usage
18'x10'
511

'H. stsimates -m X. X. , b Y. Yb Gamma Sources

CUMWd From Nominal Bounding Fuel Inital Ativity tNommal Fuel Bounding Fuel

Template FuelBumup(M[Wd Bumup (MWd)' B (Cl) lnventories(CI) lnventories(C)
.36611 U~A

Energy Pbotons/sec
Group (bounding)

I 4427UeVFRadLinuclhle
o anenc 

SA 43,686 40 O WEut+W
:::::g ��+z � r1a.1-50- 44Z7E+15

2.2753E-02 43.68640 0 (

O1 43,68640 0 00E+00 1 95E-01 3 89E-011 0020

Am-243 6 A 21.843 20 43,686 40 1AOEL-01 2 8wnE I

C-14 21.84320 43,686 40 6 47E-04 1.29E-03

21i843.20 43;68640 00OOE+00 1.30E-30

8 702E+14
s 180Ei14
3488E+14
4 464E+14Cm-243 E-06 21,84320 43,68640 0 00E+00 4 82E-02

E-04 21,84320 43,686 40 0 OOE+00 2 40E+00
i

Cm-244
Co-60
Cs-134
Cs-135

E-05 - 21,843 2
1353E-03

6 40 0 W0E+WO 3 57E-01
6 40 0 00E+00 4 66E+01
640 0 W0E+0W 1 06E-01

0 5750 3 290E.1 5
0 3750 1 943E.14

2 12E-01 1 8500 5 037E*13
4 8607E-06
20227E+00 43.66640 0 00E+00 4 42E+0A 8 84E+04

43,686 40 0 00E+00 4 56E+02 9 12E+02
- 4 1 1---+i--

1 2500 Z8318E+1 3
175wv

'

Eu-1 55 1.843 20 43,686 40 E+01 190+W

1, Fe-55
H-3

*l129
I'trr85

Np-237
Pa-2311

., I P0-210

I PM-147

21.843 20 3 09E+01

21,84320 O - 000E+W 11 02E+02
, 0.00E+00 1 56E-02

0 00E+00 2,24E+03

6 , 9E+o

3-5000 6022E+05

5 0000 9146E004
70000 1 035E.04

1 0240E-01
3727E-06 21.84320 43,68640 0 00E.00 8 1 1.63E-01 11 0000 I 178E+03

2 6727E-09 43,68V6 40 a I1t7E044

4.3313E-14 43,686 40 0 000+00 9 46E-10 1 89E-09

43.686 40 0 OOE+00 1 01E+03 2 02E+03

Pu-238 s 21.843 20 43,686 40 121iE+02 2 41 E+02

Pu-239
Pu-240

I Pu-241
Pu-242__

21,843 20 43,686 4 O 225E+02 4 51E+02

5 4180E-3 21,843 20
3 7573E-01 21,843.20

3 0713E-06 21,84320
2 3807E-13 21,84320

3,6t6 40 0OOE+00 1.18E+02

3,686 40 OOE+00 821E+03
3,686 40 0 OOE+00 6 71E-02
3.686 40 0 00E+OO 5 20E409

134E-01
1 O4E-0t8

1 0607E-1 O 43.686 40 0 OO0.00 2.32E-10 4 63E-10

Ru-1126~
Se-79
Sn-126
Sr-90 _ _ _ _ _ _ _

21.843.20 43,68540 0000+OO 1 85b-Ui
21,84320 43.686 40 0 00+00 2.74E-0

3 70E-01
S 46E-01

1393E-05 21,84320
1400E+00 21,843 20

I 4 3533E-04
5 8947E-13
5 9500E-1 1
I 6360E-14

43.686 40 0 OOE+00 2.49E-01
43,68640 0 OOE+00 4 02E+04

43,68640 0 OOE+00 9 51 E+00
43,686 40 0 OOE+00 129E-08

43,686 40 OOE+00 1 30E-06

43,686 40 0 OOE+00 3 57E-10

1 90E+01
2.58E-08
2 60E-06
7 15tE-10

3 3E-C4M
TI-208 7 6000E-C

U-232 2.0747E{-

U-233 4 4013E-i

U-234 4 6500E4
U-235 -2 5335E-

U-236 1 30000-

U-238 -1 4207E-

1,843.20 43,68640 01

3.20 43.686 40 0 OOE+O

320 43,686 40 0 ooE+e
3 20 43,686 40 0 OOE+O

S 9 06E-04 Thermal Power

1 92E-0S

21.84 1 02E-02 2 03E402

21,84320 0 00

21.843 20 43,686.40

Nominal H Hea Boundti
output Heat output
,Wa.ts0 (Wa10ts.

522tE+02 toE+03
1 62E-02 7.16E-02

0 2 84E-01 5.68E-01
21,43 O 1. AU N ',
21,843 2u ooL

Y-90 -+DO 21,84320

E-02 4 42E402
E+00 4 02E+04

4 20E04

4 45E-02 Total Iostal

T ad_au - .--

Reactor Modetor HEAVY WATER
Fuel Claddaig AWM

SOL HM Constituents
BOL Enrichment % 20

HEAWY WATER
ALUM

U
101020

.

I
R ...- e u sdin.tmt

Bumup Summary (MWd)'

Nomhital
Bounding-

I
-- -- P-r -

nSFD) i Etuamnau I

- -__ _ _ _ _ _ _ _e__ _ ye
I

=== .Checks
Estimated BuIup/ |

Bumup 4uftiplier Given Bumup |

Nomntl 301 _
602o

Estimated EOL HNMGiven EOL HM
1041

I -. -

BReactor shutdown, core removal. storage, slhippig or other date conimling that Irradation ceased for tuel

'Total burnup for all fAel associated with ttis weiktsheet must be dvided by BOL heavy metal mass to get spedfic bumrup values (MWdrMT)

March 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Infoer on -h -

Fuel Name FRR TUBES (U3SI2 LEO) GERMANY
SNFID t.673

Fuel Unts & Descr 135 -ASSEMBLY
Heavy Metal Mass: BOL=121 5kg EOL-109 35kg
ROD Storage Site: SRS

'Fueldecaystan datec 2010
Estimates as dt: 2030

Template HFBR (Heavy Water, Alum. 10 to 20%. U)
'Template Bumup(MWd): is

Template BOL Heavy Metal Mas (MT) 0 00034251
Template Decav Time 20 vears

Estimated
Canister usage

18s0xt
375

1I. Estimates' m Xn Xb b Y. Yb Gamma Sources
Photon Total

CUMWd From Nominal Bounding Fuel Intial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
Radionuclkde Template - Fuel Bumup (MWd)O Bumnup (MWd)

2  
(Ci) Inventones(CI) Inventones(Ci) Group (bounding)

Ac-227 8 5333E-10 11.548 15 23,09629 0OOE+00 9 85E-06 I 97E-05 Avg MeV
Am-241 22753E-02 11.54815 23,09629 tOOOE+O0O 263E+02 5.26E+02 00150 2 340E+15
Arm-242m 8 9133E-06 11.548 15 23,09629 OOOE+00 1 03E-01 2 06E-01 00250 4862E+14
Am-243 6 4007E-06 11.54815 23,09629 0OOE+00 7 39E-02 1 48E-01 00375 42702+14
C-14 2 9620E-08 11.54815 23,09629 0OOE+00 3 42E-04 6 84E-04 0.0575 4601E+14
Cl-36 59513E-35 11.54815 23,09629 0 0E+00 687E-31 I 37E-30 00850 2738E+14
Cm-243 22087E-06 11,54815 23,09629 0 OOE+00 255E-02 5 1OE-02 01250 1s84E+14
Cm-244 1.1007E-04 11.548 15 23,096.29 0 OOE+00 1.27E+00 2.54E+00 02250 2.360E,14
Co-60 1 6340E-05 11,54815 23,096.29 OOOE+00 I89E-01 377E-01 03750 1027E+14
Cs-134 2.1353E-03 11,54815 23,09629 OOOE+00 247E+01 493E+01 05750 1742E,1t
Cs-135 48607E-06 11,54815 23,096.29 0OOE+00 561E-02 t.12E-01 08500 2663E+13
Cs-137 20227E+00 11,54815 23096.29 0OOE+00 2 34E+04 467E+04 12500 1.501E+13
Eu-154 2.0887E-02 11,54815 23,09629 OOOE+0O 241E+02 4 82E+02 17500 7082E+11
Eu-155 4 0867E-03 11,548 15 23,09629 0 OOE+00 4 72E+01 9 44E+01 22500 6 642E+07
Fe-55 1A167E-03 11,548 15 23,09629 0OOE+00 1 64E+01 327E+01 2.7500 7.859E+06
H-3 4 6653E-03 11,548 15 23,096.29 OOE+00 539E+01 1 08E+02 35000 3 184E+05
1-129 71600E-07 11,54815 23,096.29 OOOE+00 8 27E-03 t 65E-02 5scoo 4837E+04
Kr-85 2 0240E-01 11,548 15 23,09629 0 OOE+00 2.8E+50 5 37E+0 70 5473E+03
Np-237 32727E-06 11,54815 23,09629 OOE+00 430E-04 460E-02 It erm0 62P E+oi2
Pa-231 26727E-09 11.54815 23,09629 000E2+00 3509E-05 617E-05
Pb-210 43313E-14 11,54815 23.09629 000E+00 53O7E-10 1 OOE-09
Pm-147 4 6307E-02 11.548.15 23,09009 5O25+02 2-.35E+02 1t07E+03
Pu-238 5 5273E-03 11.548 15 23,096S29 0 OE+0O 6.38E+01 1 28E+02
Pu-239 1 0313E-02 11,548.15 23,096029 3 OOE+02 2.19E+02 3238E+02
Pu-240 5 4180E03 11,54815 23.09629 0002E+00 26E+01 125E+02
Pu-241 3 7573E-01 1cd 248 2+ 23 096 29 0 OOE+4 4434E+ 8 68E+04
Pu-242 3 0713E406 11.548tS5 23,096 29 OOODE+OO 3 55E-02 7 09E-02
Ra-226 2 3807E-13 11,S48tS 23,096.29 O OOE+OO 2 75E409 SSOE409
Rta-228 1 0607E-14 11.548tS5 23,096 29 O OOE+OO t.22E-10 2 45E-10
Ru-106 8 4800E-06 11.548.15 23,096 29 O OOE+OO 9 79E-02 I 96E-01
Se-79 I12533E-05 11,548.15 23,096 29 0OOOE+OO 1.45E2-01 2 89E-01
Sn-1Z6 I 1393E-05 11,548.15 23,096 29 OOODE+OO 1.32E-0t 2 63E-01
Sr-90 1m8400E+OO S 1548a15 23e09629 OODOE+OO _12E+04 4_25E+04
Tc-99 4 3533E-04 11,548.15 23,096 29 OOO0E+OO 5 03E+00 I 01E+01
Th-229 5 8947E-13 11,548.15 23,096 29 O OOE+OO 6.81E-09 I 36E408
Th-230 S 9500E-1 1 11,548.15 23,096 29 OOODE+OO 6 87E407 I 37E-06
Th-23Z 1 6360E-14 11t548a15 23,096 29 e OOE+OO I 89E-10 3 78E-10
Tl-208 7 6000E409 11,54,15 23.096 29 OOOE1+OO 8.78E405 I 76E044
U-232 2 0747E-08 11,S48,15 23,096Z29 OOODE+OO 240E404 4 79E404 ThernallPowver
U-233 4 4013E-10 11,548 15 23,096 29 OOO0E+OO 5 08E406 I102E405 NominalHeat Boundmng
U-Z34 4 6500E407 11,S48.15 23,096Z29 O OOE+OO 5 37E403 I 07E402 Output, Heat Output
U-235 -2 5335E406 11,S48 15 000 5.25E4Z2 2 33E402 5 25E402 (Watts) ( watts)
U-236 I130D00E45 1 1,548 15 23,096 29 OOO0E+OO I150E-01 300EE-0 Z76E.02 ss52E+02
U-238 -t 4207E-08 11,548 15 0 00 3.27E402 3.25E402 3 27E402 Total Total
Y-90 t8400E+CO 11,548 15 23.096Z29 O OOE+OO 2i12E+04 4 25E+04_
Other Radionucides 2 Z2E+04 4 44E+04
11. Template Sedecffon 9turmiry, Burnup Sunrunr~v, eni Checks s31 1^^-^

Template Selection Summary
From SFD Used Basis for Parameter Dtfferences:

Reactor Moderator HEAVY WATER HEAVY WATER
Fuel Claddig ALUM ALUM

BOL HM Constituents U U
sOL Enrichment % 20 101020

Bumup Summary (MWd)' Basis for bumup used in estimate:
From SFD Estmaed

Nominal 1 1!8 I 5 Nonlar buanp cabialed from We bteavy metl ma destri
Boundng 23.09629 IBiAnV bunup assrbed be l i hl

Checks F

Estimated Bumupd
Bumun Muilplier Given Burnup Estimated EOL HM/Given EOL HM

Nominal 217 102
Bound.eg 43

'Reactor shutdown, core removal, storage. shipping or omter date conttsnig mat irradation ceased for ftue

7Toer bump for atl bue associated wth INis worksheet must be dvided by 0OL heavy metal mass to get specific burnup values (MWdMT)

Ii

tl

ii
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Fuel Radionuclide Inventory Worksheet

,L Fuel and Template 1nfononLo.'
Fuel Name FRR TUBES (U3SI2 LEU) GERMANY

SNF 1D * 674
Fuel Unts & rcr 18 - ASSEMBLY
HeavyliMtal Mass. BOL=18kg EOLv162kg
ROD Storage Site: SRS

'Fuel decay start date- 2010
Estimates as of 2030

Template HFBR (Heavy Water Aln ,10 to 20%., U)
2

Template Bumup(MWd) 15
Template BOL Heavy Metal Mass (MT): 000034251

- Temniate Decay Tme- 20 years

Estimated
Canister usage

18'x1O'
050

Rai. Esontitesd

Ftadionuclide

I
D K yb uarnana ;>uurr;esPhto Tota

CU/MWd From Normnal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWd) Bumup (MWd) - (Ci) .nventones2Ci) nventones(Cli)

I Photon Total
Energy Photons/sec
Group (bounding)

8.53S3E-1 0
2.2753E-02

3,42t 67 0 OOEut0 11.40t:-

3,421 67 0 00E+00 3.89E+Ot
,421 67 0006E+00 152E-028 9133E-06

3.421 67 0 OOE+00

C-14
Ct-36

-~ Cm-243

1.710 84 3.421 67 0 C
1.710 84 3,421.67 0 0 1

779E+01 00150 3467E+14

3 05E-02 0 0250 7202E.13
2.19E-02 0 0375 6327E+13
1.O1EEA04 00575 6 816E+13

2.04E-31 0 0850 4 057E.13
7.56E-03 0 1250 2 732E+131.710 84 3,421.67 E-03

Cm-244 1,710 84 E-01 3 77E-01 0 2250 3 497E+13
0

Co 60
Cs-134

I Cs-135
Cs-137
Eu-154
Eu-155

1,710 84 2 8oE-02 5 59E-02 0 3750

1,71084 3,42167 OOOE+00 365E+00

4 8607E-06
20227E+00

0 I00E+0 8 32E-C
3,421 67 0 OOE+00 3 4
3.421 67 0 OOE+00 3 5

12500 2223E+12
17500 1 049E+lI

1.710 84 3,421 67 0 OOE+00 6 99E+00 1 40E+01 22500 91840E+O6

i Fe-55

H-3
[-J 1-129

Pa-231

IPu-238

Pu-240
Pu-241

11Pu-242
Ra-226
Ra-228
Ru-106

1.710 84 3,421 67 10 4 85E+00 2 7500 t 164E+OS

1.710 E4 E+OO 1 60E+01 3.5000 4 717E+04

1,710 84 1.22E-03 2 45E-03 S 0300

E-01 1,710 84 E+00 1.75E+02

3 7227E-06 0 OE+00 6 37E-03
7 0 OOE+00 4 57E-062 6727E-09

3 50E+02
1.27E-02
9 14E-06
1 48E-10
1 58E+02

Ij

4
A

3313E-1 3,4211 67 0 00E+00
3,421.67 0 OOE+00 7

E-02 1,710 84
E-03 1,710 84

3,421.67 E+01

1
3 7573E-01
3.0713E-06
2.3807E-13
1 0607E-14

1,7101
3.421 67 0 OOE+00 9 27E+00
3,421 67 0 O0E+O0 6 43E+02
3,421 67 0 OOE+00 5 25E-03
3,421 67 0 00E+O0 4 07E-10
3.42167 0OOE+00 I 81E-11

89E+01
53E+01
85E+01
29E+03
.0E-02
15E-10

3 63E-1 1

1.710 84

Se-79
Sr-126
Sr-90

12533E-05 1,710 84
1 1393E-05 1,710 84
18400600 1,i710 84
4 3533E-04 1,710 84
S 8947E-13 1.710 84
5 9500E-11 1J710 84
1 6360E-14 1,710 84
7 6000E-09 1.710 84
20747E-08 1.710 84
4 4013E-10 1,710 84
4 6500E-07 1,710 84

FoSEr" 1710 Rd

3,421 67 0
3,421 67 C

1 45E-02 2 90E-02
2 14E-02 429E-02
1 95E-02 3 90E-02
315E+03 6.30E+03

3,421 67 0 OOE+00 7 45E-01
3.421 67 006E+00 1 01E-09
3,421 67 OOE+00 1 02E-07
3.421 67 0 OE+00 2 80E-11

1 49E+O0

Tt-208
U-232
U-233
U-234
U-235
U-236
U-238

E5-O Thermal Power
_ _

3,421 67 C
000 2

, ., . . v v_

I 1.710 84 3,421 67 0 OOE+

B 1.71084 000

345E-03 7.78E403 (tatts) (Watts)

2,22E-02 4 45E-02 4 O9E+01 S.1 E+01

4 82E-3 4 84E-03 Total Total

315E+03 6 30E+03
3.29E+03 6 57E+03

E+OO 1.71084 3,421 1

11. Terilate Selection su iarys-a St

Tempatelt Selection Summar
From SF0

Reactor Moderator HEAVY WATER

Fuel Cladding ALUM
BOL MtM Constituents U

BOL Enricment % 20

IBumrnup Summary (WIWd)l

cksli.,

Used Basis for Parameter Diferences:

HEAW WATER
ALUM

U
t0 to 20

I -.; ..r tom- 9.I siae
.

Fro S- --
From SFD I

Nomnal

Bounding I

Checks

Burur up tinlier

e.l_^At sImgieo
1,710.84
3.42167

44rnrala humiu cauloated isros te heavy metal mmat iesoeyMd

teurde biuer assarned bt be twice rirsal htamp

Estimated BumuE h O
Given Bumiup Estimated EOL HiW~Given EOL Ht4

Nominal 2171 1021

i Bounding | 4 341

Reactor shutdown. core removal, storage shipping or other date confimling that Irradation ceased for tuie

iTotal bumup lor at fuel associated with this worisheet must be dvided by BOL heavy metal mass to get specific bmsup values (MWdMT)
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Fuel Radlonuclile Inventory Worksheet
L Fuel end Template lnfonirmsti oa- >;

Fuel Nonie: FRR TUBES (U3St2 LEU) GERMANY
SNF ID 11: 675

Fuel Units & Desw. 135 - ASSEMBLY
Heavy Metal Mass: BOL=151 875kg EOL1=36 688kg
ROD Storage Site: SRS

'Fuel decay stad dale: 2010
Estenates as of. 2030

Template HFBR (Heavy Water, Alum.. 10 to 20%. U)
'Template Bumup(UWd): 15

Template BOL Heavy Metal Mass (U ) 00034251
Template Decay rime 20 years

Estimated i
Canister usage: i

18'x10`
3.75

1I. Fstimates ^ / m X. xb b Y. Yb | Gamma Sources
I

Radionuclide

Photon Total
CIJMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/t

Template - Fuel Bumup (MWd) Bumup (MWd)O (Ci) Invenrones(Ci) Inventones(CI) Group (bounding)
85333E-10 14,43518 28,870.37 000E+00 1.23E-05 246E-05 Avg.MeV
2-2753E-02 14,43518 28,87037 0000E+0 328E+02 6.57E+02 00150 2925E+15
891 qIA A1 .4 I58 A 2.7037 n nidO., I 9Et 9 Z7OtI nIn

- �Z>-
Am-747m

Are2U4 64007E-06 14,435 18 28.87037 OOE+00 9024E402 1 85E-01 2200375 583038E4
C-14 219620E-08 14,43518 28,87037 OOE+0O 4628E04 855E-04 0075 5751E1.14
Ct-36 5 9513E-35 14,435 18 28,870 37 0 OOE+00 859E-31 1.72E-30 030850 3423E+14
C-243 271087E-06 14,435 18 28,87037 0 OOE+DO 3.19E-02 6.38E-02 01250 2305E7.4
Cr-244 t.1007E-04 14,435 18 28,87037 OODE+OO I S9E+03 298+00 07050 28950E+14
Cr-60 I 6340E-05 14,435 18 28,87037 0 OE+00 2.36E-01 4072E-0 03750 1 284E.14
Cs-134 2.1353E-03 14,43518 28,87037 ODE+00 308E+01 6716E+01 05750 2178E+1
Cs-135 48607E-06 14,43518 28,87037 ODE+00 702E-02 t40E-Ot 00850 3329E+13
Cs-137 4230227E+0 14,43518 28,87037 OOE+00 2692E+04 5 84E+04 3 2500 t876Et3
Eu-t54 25 587E-02 14,435 18 28,87037 OOE+00 3 02E+02 6 03E+02 t7500 8853E-tt
Eu-155 4 0867E-0 14,435 18 28,87037 000E+00 1 90E+0 I 18E+02 22500 8303E+07
Fe-55 5 4167E-03 14,435 18 28,87037 OOE+00 2 04E+01 4 09E+01 27500 9824E+0
H-3 436653E-03 14,435 18 28,87037 000E+00 6 73E+01 1 35E+02 34500 3s8OE+o
I-t29 716 .E-07 14,435 18 28,87037 000E+00 103E-02 2 07E-02 SooDo 6047E+04
Kr-85 I10240E-01 14,435 18 28,870 37 0 OE+00 1348E+03 296E+03 7000 684E+03
Np-237 107227E-06 14,435 18 28,870 37 0 0OE+00 537E-02 3.07E-O1 0ooD 7785E+02
Pa-231 2 6727E-09 14,43518 28,87037 000E+00 3 86E-05 7.72E-05
PS-210 4 3313E-14 14,43518 28.87037 0ODE+00 612E-10 t25E-09
Prn-147 4 6307E-02 14,435 18 28,870 37 0 ODE+OO 6 68E+02 I 34E+03
Pu-238 5 5273E-03 14,43518 28.870 37 0 OOE+00 7 98E+01 1 60E+02
Pui-239 I 0313E-02 14,435 18 2,737 0OEO 149+02 2 98E+02
Pu-240 1 414OE-03 14,43518 28,870 37 0 ODE+00 7 82E+01 I 56E+02

4u13757336-04 14,435 18 28.870 37 0 ODE+00 5 286+03 1 266+01

Pu-242 3 0713E-06 14,435 18 28,870 37 0 ODE+OO 4 43E-02 8 87E-02
Ra-226 2 3807E-13 14,43518 28,870 37 0 0E+00 3 44E-09 6 87E-09
Ra-228 I 0607E-14 14,435 18 28,870 37 0 OOE+00 1 53E-10 3 06E-10
Ru-106 84800E406 14,435 18 28,870 37 0 OOE+0 1 22E-01 2 45E-01
Se-79 1 2533E-05 14,43518S 283870 37 0 OOE+OO 1 81E-01 3 62JE-01
Sn-t26 I1t393E-05 14,435 18 28,870 37 0ODOE+00 1 64E-01 3-29E-01
Sr-90 t 8400E+00 14,435 18 28,870 37 0 OOE+OO 2 66E+04 5 31E+04
Tc-99 4 3533E-04 14,435 18 28,870 37 0 OOE+00 6 28E+00 I 26E+01
Th-229 5 8947E-13 14,435 18 283870.37 OOODE+OO 8 51E409 1 70E-08
Tli-230 S 95COE-1 1 14.435.18 28,870 37 0OOE+00 8 59E407 1 72E406
Th-232 1 6360E-14 14,435.18 28,870.37 OwE+00 236E-10 4 72E-10
TP-208 7 6000E409 14,435.18 28,870.37 0 OOE+OO 1.10E4-4 2-19E044
U-232 2 0747E408 14,435i18 28,870.37 O OOE+OO 2 99E404 S 99E404 TherrnalPower
U-233 4 4013E-I10 14,435.18 28,870.37 0OOwE+DO 6 35E406 1.27E-05 NominaltHeat Eloundmag
U-234 4 65OE407 14,435.18 28,870.37 0OOE+00 6 71E403 1 34E402 Output Neat Output
U-235 -Z-5335E406 14,435.18 0 0 6.56E-02 2 91E402 6 56E4-2 {Watts) (Watts)
U-236 I 3000E405 14.435.18 28.870.37 OOO0E+OO I 88E-01 3 75E:6t 3.4sE+52 tL50E+02
U-238 -t 4207E438 14,4351 000 40E00E-02 4 08E-02 Total Total
Y-90 18400E+00 14,435 18 28,87037 O OOE+OO 2 66E+04 5 31 E+04
Other Radbonuctides 2 77E+04 5 SSE+04
I. Template Selecon Sunary. Burnp Sun9na, and ChecL -- __-_, _x .

Template Selection Summary
From SFD Used Basis for Parameter Dsfferences:

Reactor Moderaor HEAVY WATER HEAVY WATER
Fuel Claddmig ALUM ALUM

BOL HU Constituents U U
SOL Enrirhment % 20 10t020

Bumup Summary (MWd) Basis for bumup used In estimate:
From SFD Estimated

Nominal 14,435 18 Noinal b actlakt km ft* heavy netal rass destayett
Bounding 28,870.37 Bamng burrn assure to be twoe nomal bumnu

Checks

Estimated Bumupf
Bumup Muni ir Given Bumup Estimated EOL HNMGiven EOL HU

Nominal [Z17 _____ _ 1 02|
Bounding 4 34

Reactor shutdown core removal, storage, shipping or other date conflrming that Irradiaon ceased for fuel
2
Total burnup for aD fuel associated with tis worksheet must be divided by 80L heavy metal mass to get specific bumrup values (MWSdUMT)

I

Li
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Fuel Radionuclide Inventory Worksheet

I. Fuel and Template lnfnastin 3

Fuel Name: FRR TUBES (UALX LEU) AUSTRAUA
SNF ID 11: 299

Fuel Units & Descr 289- ASSEMBLY

Heavy MetallMass SOL=289kg EOL=60 Ittg
ROD Storage Site SRS

'Fuel decay start date 2010
Estimates as of 2030

Template HF8R (Heavy Water. Alsm . 10 to 20c., U)

'Template Bumup(MWd) 15

Template BOIL Heavy Metal Mass (MT) 0 00034251
T.m.t. ne v TDime 20 years

Esbrmated
Canister usage:

18,x10'
803

-1. sr'mwes ' a. m x X.b .b Y. Yb Gamma Sources
-----------

I Radiionucrilde
Ac-227

rAm-241

Photon Total

CdMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Burnup (MWdf Bumup (MWd)f (Ci) Inventcries(Ci) lnventore(Ci) Group (bounding)

85333E-10 27,468 45 54,93690 0 00E+00 2 34E-05 4 69E-05 Avg MeV

2 2753E-02 27.468 45 54,936.90 0 00E+00 625E+02 1 25E+03 0 0150 5566E+15

89133E-06 27,46845 54,936.90 000E+00 245E401 490E-01 0 0250 1 1566+15

6 4007E-06 4,936 ~90 U000E+W

C-14 2 9620E-08 54.936 90

C-36 54.936 90
0
0

00E+00
DO0E+00 327E-30

1.63E-03 00575 1 094E+15
0 0850 6 St4E+14_;__ S AQcrtA

CM-243 145 54,936 90 t2t E-Ot 0 2250 43^v+14

Cm-244 t I 7,68 45 54.936 90 0 00E+00 3 02E+00 6 05E+00 O 2250

Co-60 27,468 45 4A9E-011 8 98E-01

Cs-134 2 t1353SE4
Cs-135 4 8607E-06

_ Cs-137 2 0227E+00

5 Eu-154 2 0887E-02
Eu-155 4 0867E-03
Fe-55 1 4167E-03

4 6653E-03
1-1297.16006-07

Kr-85 1 0240E-01
NF237 3 7227E-06

Pa-231 2 6727E-09
I P210 4 3313E-14

Pm-147 4 6307E-02
Pu-238 5 5273E-03

27,46845 5 87E+01 I 17E+C

27,468 45 O OOE+00 1,34E-01
O OOWE+00 S 56E+04
O 0 OOE+00 5 74E+02
O OOOE+00 1 12E+02

2 67E-4

03750 2444E+14
05750 4 144E+15
0500 6.335E+13

12500 3.569E.13
1 7500 1.685E+12
22500 1 .690E70

845 54.936 90 1 7.78E+01 237000 t 69E+07

7468 45 54 936 90 23S6E+02 3 5v00

27.468 45 1 97E-02 3 93E602
: . _

27.468 45
27,468 45
27,468 45 .,

54,936 90 0 OE+00 2 81 E+03 5 6 3E+03
.04
.03

E+OO 11.02E401

27,468 4
54,936 90 0 OOE+00 7.34E-05
54,93690 0OOE+00 I 19E409
54,936 90 0 O0E+OO 127E+03
54.936 90 0 OOOE.00 1.52E+02 E+02

Pu-239 1t 54,936 90 C 2 5 67E+02

Pu-240 7.468 45 54,93690 OOE+00 1 49E+02 2.98E+02

Pu-241 27.468 45 54 t E+O 1 2.C6E+C4

Pu-242 E-06 27.468 45 54
1-t3 27.468 45 54 E+OO 2

44E-02

i54E-09

Ra-228 1 0607E-14
Ru-106 848006
Se-79 12533E-05

27.468 45 54.936 90 0 00E+00
27.468 45 54.93690 0 006.00
27,468 45 54,936 90 0 OOE+00
27,468 45 54,936 90 0 OOE+00
27,468 45 54,936 90 0 OOE+00

t 69E-01
1.31 E-08
5 83E-10
4 66E-01
6 89E-01
6.26E-01

Sn-I26
Sr-90
Tc-99
Th-229

11
+04 1 01E+05

4 3533E-04 27,468A5
5 8947E-13 27,468 45
5 9500E-1 1 27,468 45
1 6360E-14 27,468 45
7 6000E-09 27,468 45

i 1D20+01 2 39Ee01

54,936 90 0OOE+00 1 62E-08
54,936 90 0 OOE+600 63E-06
54,936 90 0.00E+00 4 49E-10
54,93690 0.00E+00 2 09E-04

54,936 90 0 0OE+O0 5 70E-04

54,936 90 0O0E+00 1.21E-05
54,93690 0 6E+.00 128-E42

0 00 1t25E-01 5.53E-02

3.24E-08

:-04
- Thermal Power

U-232 2,0747E4- 27,468 45
4 4013E-1 0
4 6500E-07
-2 5335E-06
1 300OE-05

OUtPt Heat Output

U-236
U-238 -1 4207E-C
Y-90 I 8400E+C
Other Radionucdides
ina T e. S d S rV. BRin

1 45 54,936 90 0 OE+00
845 000 777E-02
145 54,936 90 0 OOE+00

t 25E401 _W~is (watts)
7.14E-01 57E .02 1.31E+03

7.77E-02 Total Total

5 05E+04 1.01E+05
5 286.A t1.06E+05

_.

ITemplate Selection Suminau^
From.^ SFDA UBd -

Reactor Moderator HVA H A

Fuel Cladding ALUM R

BOL Enri C hnsment r 0s U U

B OL E rich A t % 20 00000 03- t1O t0AO0

asis for Parameter Drfterences:
-is Tonpiate was tsed ta the IlolamV reasosi

uis W mathes onral panaselers.

Burnup Summary (MWC Rasis tfor umun used In estimate:
- ---_ A __Fr-o SFD I Estimated

_ 27,468.45
_ 54 9036

Nominal WmVs~ calculateil trom fie heavy trell mas denroyed

Bouiadar base assunted IDbe Mise nrinnal buas5

Eatated Bumupi
Burnup Multiplier Given Bumup Estimated EOL HMMGiven EOL tMM

I1021
Nornhn%;I�

lilound.�

Zt71

'Reactor shutdown. core removal, storage. shipping or other date confirning thlt Ifrradation ceased for W

"Total burnup for all fuel associated with this woriksheet must be dvided by BOL heavy metal mass to get spedfic burmup values (MvrWEnMT)

March 2003

D OEJSNFIREP-078
Revision 0

March 2003
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Fuel Radionuclide Inventory Worksheet
L Fue and Tempbtt lnfortion,i -i,,

Fuel Nam: FRR TUBES (UALX-HEU) AUSTRALIA
SNF ID t. 300

Fuel Units & Desxr 2668 ASSEMBLY
Heavy Metal Mass: BOL=38251kg8 EL0=2.025kg
ROD Storage Site SRS

'Fuel decay start date 2010
Estimetes as of 2030

Template HFBR (Heavy Water, Alum_ 40 lo 100%. U)
Template Bumup(MWd). 1646

Template BOL Heavy Metal Mass (MT): 0 000377
Temrnlae Decay Time, 20 years

Estimated
Cantster usage:

187x10
7 39

11. Fstimates . 7 11 m xn X, b Y. Yb Gamnma Sources

Photon TOta
ClAMWd From Nomitnal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Eneirgy Photons/sec

Radionuclide Template Fuel Burnup (MWd) Bumup (BWd)
2  

(Cl) Inventones(Ci) Inventones(Cs) Group (bounding)
sP~~~~-- -- rQc_

AC-ZZ 31 t355e'U 1 b,4 z 95It4 U.Ut:t+WV 4 bYt:-Mt 9 37E-C
80194E-03 14,945 82 29.891 64 0 OOE+00 1 20E+02 2 40E+( +15

14,945 82 29,891 64 0 OOE+00 2 05E-02 4 09E-02
0 OOE+00 5 54E-01 1 11E+00 01

C-14 3 96E-04 7 91 E-04 00575 6 1286E+14
C0-36 4 4441 E-31
Cm-243 5 7029E-06 14.945 82 29,891.64
Cm-244 4 6555E-03 14,945 82 29.89164 0 OOE+(

33E-26
70E-01
39E+02
45E+00
18E+02
27E-01

0 0850 3709E+14
01250 2 627E+14
0.2250 3 192E+14
0 3750 1 382E+14
0.5750 2287Et5
0 8500 r5q98sEt3

4 8663E-05 14,945 82 29,891 64 0 OOE+00 727E-01
I 0638E-02 14,945 82 29,891 64 0 OOE+00 1 59E+02

29,891 64 0 OOE+00 6 36E-02
29,89164 0 OOE+00 3 04E+04 i 09E+04 12500

Eu-1 54
Eu-1 55

O OOE+00 7 77E+02 1 55E+03 1 7500
2 14E+02 4127E+02 2.2500 9461 E+07

Fe-55 1 35s60E03 14.94
H-3 4 6258E-03 14.945 82
1-129 66403E-07 14.945 82 29.891 64 0 OOE+00

4 05E+01
1.38E+02
1.98E-02
323E+03
943E-01
290E-05

2.7500 5.535E+o7
3 5000 2.339E+06
S 0000 8 993E+05
70000 1032E+05
110000 1183E+04

Kr-85 1 0808E-01 14,94582 29.891 64 0.00E+00
3 1537E-05 14,945 82 29,89164 0008+00 471E-01

29,891 64 OOE+00 1 45E-05
U
I I

+00 1 75E-07 351E-07
Prnt-147 2 4405E-02 14,945 82
Pu-238 1 5358E-01 14,945 82
Pu-239 6 9502E-04 14.945 82 29,891.64 0 00E+00

7 29E+02
4 59E+03
2 08E+01
1 12E+01
4 02E+03

14,945 82 29.891 64 0 00E+00 5 62E+C
29,891 64 0 OOE+00 2 01 E+03

0 OE+00 4 62E-02 9 24E-02
Ra-226
Ra5-228

7 1 65E-06
1.3335E-14 14.945.e

Ru-1 06 73390E-06 14.945.82 29.891 64 1
E-10

1.2339E-05 14,945.82 29,891 64 0OOE+00
1 0194E-05 14,94582 29,891 64 0 OOE+OO 52E-01

29,891 64 0 OOE+00 2 85E+04 5.70E+04
Tc-99
Th-229

29 891 64 0 OOE+00 5 69E+00
29 891 64 0 OOE+00 7.35E-08
29,891 64 0 OOE+00 1.58E-04
29.891 64 0 OE+00 3 09E-10

1.14E+01
1A7E-07

Th-230
Th-232

1 0547E-08 14,945 82
2 0705E-14 14,945 82

Tl-208 4 8827E-08 14,945 82 29,891.64 0 OOE+00 7.30E-04
U-232 1 3414E-07 14,945 82 29,891 64 0 00+00 2.00E-03
U-233 3 7679E-09 14,945 82 29,891 64 0 OOE+00 5 63E-05
U-234 5-2047E-05 14,945 82 29,891 64 0 OOE+00 7.78E-01
U-235 -2 86618-06 14,945 82 000 6 61E-02 2.33E-02
U-236 1 6701E-05 14,945 82 29,89164 0OOE+00 250E-01

Thermal Power
Nominal Heat Bounding

Output Heat Output
(Watts) (Watts)
4 32E.02 s 65E+02

6 61 E42
4 99E-01
2 57E-03
5 70E+04

U-238 -9 4194E-09
Y-90 1 9070E+00
Other Radionuclides
111. Template Selection Sammary. Buem

ITemptate Selecbon Summary

14,945 82 0 00 2.57E-03 2 43E-03
14,945 82 29,891 64 0 OOE+00 2 85E+04

Total Total

Z-.2 91E+04 5 82E+04 I
ecks I I I I _ - X, .

:
From SFD I Used Basis for Parameter Dfferences:

Reactor Moderstor[ HEA WATER
Fuel Cadding A M

SOL HM Constituents U
BOL Enrichment % I 80 0000311

HEAW WATER
ALUM

.U
40to1000

J

Bumup Summary (MWdIz Rn.-. 1., humnn used ,n stimate:

J
From SFD I Estimated I

Nomial _
Bounding_

14 945 82
29 891 64

Nwra bhrup cakdatled hnit heaq metal ma detoyed

oadng p attned toebe Wmmeoal Iang

Checks
i

-

Bumup Multiplier
Estimated Burnupf

Given Bumup Esbtnated EOL HM/Given EOL HM
1 1 011Nominal.

Bounding]
'Reactor shutldown, core removal. storage, shrppmg or other date confiriming Ira iradiaton ceased for tuel

2Tolal bumnup for al kuWt associated with this wofsheet must be dvilded by 0OL heavy metal mass to get specfic burnup values (MWtMT)

DOEISNFIREP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet

L Fuel and Template Info rmati
Fuel Name- FRR TUBES (UALX-HEU) AUSTRALiA

SNF ID* 684
Fuel Units & Descr. 169 - ASSEMBLY

HeavyMetaliMass B0LA47.878kg EOLd26tS1kg

ROD Storage Site SRS

'Fuel decay start date 2010

Estimates as of 2030
Template HFBR (Heavy Water. Alumn . 40to100%D'. U)

'Template Bumup(MWd) 164 6

Template BOL Heavy Metal Mass (MT) 0 000377

Estariated
Canister usage

18'xt0
4 469i

- - T~~emrnpt eiDecy .lme yd
EI Gamma Sources

llEtnlSm X.X. b Y.Yb _ _ _ _ _ _ _ _

3I. stimtes - ~ - Photon Total

C1UM

Radionuclide TV

Ac-227 3 1

Am-241 8 0
Am-242m 1 3

Am-243 3 7

C-14 26
CI-36 4 4

IWd From
mriplate

Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Fuel Bumup (MWd)
2 

Burnup (MWd) (Ci) Invebntories(CI) Inventories(Ci)

14.025 54 28,051 09 0 00E+00 4 40E-06 8 80E-06

Energy Photonsdsec

A Group MV (boundig
A05 261

14.025 54 0 0OE+00 I 12E+02
1 92EF-02

E+02 0 0150 21166E+15

14.025 54 0 00E+00 04E-02 00250 6118E+14

14025.54 28,05109 0 000I00 04E+00 00375 5431E+14

14.025 54 351E+04 1i42E-4 o 0!i75

11 14 8,051 09 0 OOE+00
1.25E-26 4

1.60E41
r m.243 E-06 14

C 
4  4 6w55503 14,025 54 28,051 09 0 00E+00 6 53E+U0

Co260 4 863Er n405n 4 28,051 09 0 00E+00 6 43E-01
1A ml Ut 1 49E- - -

1.31E+C
1.37E+I

2 465E+1 4
2996E+14
1t207E+14
2146E+15

Cs-t 34
Ca-1 35
Cs-137

1 0638Es-
4 2564E0- 1.025 54 28,051 t O 97E402

14,025 54
14,025 54r E545 1956E402

Eu-155 14A295E-02
1.3560E-03

1 09 0 00E+00 2 86E+04

1.09 0 00E+00 7.29E+02
OA9A 000E+00 2.000+02

i )4
46E+03 1 7500v

0 8500 3620E+13
12500 3- 63E+13

4 0t E+0214,025 54
14

H-3 4 62580-0 14

1-129 6 6403E-07 14

J Kr-85 1 0808E-1 4

NP-237 3 15370E- 5
Q 7l~fc~t-l 14

28,051 U9
28,051 09 e
28,051 09

+01
-03

28,051 09 0 OOE+00 4 52E+03

3.80E+01
1.30E+02
1 86E-02
3 03E+03
8 85E-01
2.72E-05
329E-07
6.85E+02

3.i000 2 195E+06
5.0000 8 440E+05
7 0000 9 6o8E+04
110000 1 1OE+04

28,051 09 0 C OE+OO 4 42E-01
2a,05t 0 t 36E1-w

tIa--
; Pb-210 t1731E-11 14.02554

E Pm-147 2 440wE-02 14.025 54

_ Pu-238 145358E-t 1.,025 54

+00 1 65E4-
O C OE1+OO 3A:

I 0 OOE+00 215E+03 4,31E+03

Pu-239 6 9502E-04 1 4,Lwo b4
-- - -- 771A .^-^ I

',w051 09 0_ _OOE+OO
R ost 9 0 OOE+OO

1 95E+O1
3 06E+01

Pu-240
1 3433E-01 14,025 54 28,051 09 000 I A E^+^ 3 77E+03

Pu-241
Pu-242

- 28,wt1 C _ _ _ _ _ _

E+00
Ra-226 5.5079E-1 1

Ra-228 1-.335E-14

Ru-i 06 7.3390E-06
E45b

14,02554 28,05109 OOOE+00 187E-10 3 14E-IU

14.025 54 28,051I09 0 03E-01 2 000-01

C-i^79 ;.m 14 i1 09 0 OOIE+OO

Sn-126 1 0194Ew 14,025 54 28,051 09 1

^^t96E0 14,02 4 28.051 09 i

1 73E-01 3! 46E-Ol
1 43E-01 2 86E-01

2 67E+04 5 35E+04

Tc-99
Th-229

3 8056E-04 14,025 54 28,0^1 09 000O+OO 534E+00

4 -.QO1ns 29 w1. l 09 0 OOE+OO 6 90E-08
4 u1bratc.

Th-230 1 0547E-48

Th-232 2.0705E-14

TI-208 4 8827E-08

U-232 - 1.3414E-07

U-233 37679E-9
U-234 5 2047E-05
U-235 -28661E406

14,025 54
tA 025 '5 E+00 2 9 E-10

14,025 54 28,051 09 O.OOE+OO 6 85E-04 1 37E-03

14.025 54 28.051 09 0 OOE+00 1 8E-03 3 76E4-3
14,0554 8.01 09 000+00 280-5 ll~ici,1

i Thermal PowerN_ ia HetBudn
14 025 54 28 w51 0W9 O 7OOE+00 5 28E405 1 06E:-44

14.025 54 28.w109 0 0+00 7.30E-01 1 46E+00
Norna MM Boaunding

, Output - Heat Output
iWattal (Watta)

14,025 54

.I U-236

U-238
Y-90
Other F

111. Tel
TerrlbI ee

SOL I

I SI

t- R~

1 6701E-05 14,025.54
94E-09

O 00 621fE402

28.051 09 0 O0E+O0
0 00 644E-03

28,051.09 0 OOE+00

x, -Z_

: _ _ _ _ . A

I A4 80j I 406E+52 i 1E+02
J

13 6 44L-W I IVoa §oa

62-1t <

+04 5 35E+04
E+04 S 46E+04

L
rong", AM �- ,

I
Usfo ),n.e.e

teactor Uodtor HEAVY WATR HEAVY WATER

Fue Caddig LUM

HM Constdiuents U

IOL Enrichment % W 000007l0 - 0b10 100

I- -1uasis or osrnup uet- ...-
ap Summary (MWd)'

-

_
From SFD I

Nominal [
Bounding

25.54 Ncrram tiumup caluafe trom the heavy rreW mlass destnyed

B6riffm basnup assued ID be tMwe rrawl bunupTI-28 0510 o
I

Checks _ _ _ _ _ _: : .
IuEsttmded Bumup

BuEmup Muittrher Gwven Bumnup Edtmnated EOLt HMJGrven EOL HM

I 01Nominal
Bourndini I

'Readtor shutdown, core removal. storage. Shipping Or other dale corfiti ng that lrtadattn ceased tor tuel

'Total bumnup for all tue associated with In$ worksheet must be dvkded by B1OL heavy metal mass to get specfic buramu values (MWd`MT)

March 2003

March 2003
Page D-445 of D-585WOE/SNF/REP-078

Revision 0



Fuel Radionuclide Inventory Worksheet
L Fadt and Ternplate Infrmtion

Fuel Name FRR TUBES (UALX-HEU) DENMARK
SNF ID t: 676

Fuel Units & Descr s- ASSEMBLY
Heavy Metal Mas BOL.0 64kg EOL'0 336kg
ROD Storage Site* SRS

'Fuel decay stint date: 2010
Estmates as of. 2030

Templat. HFBR (Heavy Water. Akin, 40 to 100%. U)
'Template Bwnup(MWd): 164 6

Template 0OL Heavy Metal Mass (MlT): 0000377
Template Decay Time 20 years

Estimated
Canister usage

18'x10'

014

11. Fminates < X. m xn xb b e Y| Gamma Sources I

-

CiAMWd From Nominal Bounding Fuel in"t Activity Nominal Fuel Bounding Fuel
Template Fuel Bumup (MWd)O Bumup (MWdp (Ci) Inventones(Ci) Inventornes(Ci)

Photon Total
Energy Photonsisec
Group (bounding)Radionucride

ar 907 < 1<Q= 4{ 77=,,t .V MeY .. _AC -ZZ { J 13bbt-10 279 5 59 11 ItcV 17b~t:-07 Avg tteV
8 0194E-03 279 55 559 11 4 48E+00 00150 5911E+13

279 55 55911 0C 34
Am-243
CG1 4
CI-36

559 11 OOOE+00
i9 1 OOE00 40E-06

00250 1218E+13

00375 1 082E+13
00575 1 146E+13
0.0850 6.937E.124 4441 E-31 0 OOE+0O 24E-28 2 48E-28

Cm-243 5 7029E-06 59E-03 3 19E-03
Cm-244 4 6555E-03 279 55 30E+00 2 60E+00 02.250
Co-60 4 8663E-05 279 55 559 1 2 72E-02 03750

1 0638E-02 279 55 559 11 5 95E+00 0 5750 4 278E+13

Eu-t 54
Eu-155

4 2564E-06
2 0358E+00
5 1956E-02
1 4295E-02
1 3560E-03
4 6258E-03

279 55 55911 0 OOE+O
279 55 55911

559 11 0 OOE+O0 1 4

2 3BE-03
1.14E+03
2.90E+01
7 99E+00
7.58E-01

08500 1 120E+12

)1I 0 OOE+00 4 OOE+00
Fe-55

1 25c0 7182E+11
1 750 2767E+10
22500 1 770E+06
27500 1 036E+06
3 500O 4Z376E+04
5 0000 I 682E+C4

O.OOE+00 3 79E-01
H43 279S 0 OOE+00 1 29E+00 2 59E+00
1-129 6 6403E-07 279 55 1 86E-04 3 71 E-04

1 0808E-01 279 55 559.1 L6 04E+01 7 0000
3 1537E05

Pa-231
Pb-210
Pm-147

279 55 55911 0 OOE+00
279 55 55911 0 OOE+00

E-02 110000 2213E.02

559 11 OODE+ 00
0 0OE+00 &82E+00 I 36E+01

Pu-238 1 5358E-01
Pu-239 6 9502E-04

3 7631 E-4
27955
27955

429E+01 8 59E+01
1.94E-01 3 89E-01

II

r-

559 1

Pu-242
Ra-226
Ra-228
Ru-1 06

559-11 0 OE+00

2 10E-01
751E+01
1.73E-03
3.08E-08
7 46E-121-3335E-14

7.3390E-06
3 OOE800 3 73E-12

279 55 0 2 05E-03 4 1 OE-03

i 0194E-05
Sr-SO-
TC-99
Th-229
Th-230
Th.-232

4 9198E-12
I 0547E-08
9 0705F.1A

279 55
279.55
279SS
279.55
970 SS

5S9 11 0 DDE+00 3 45E-03
559 11 000E+00 2 85E-03
55911 0 OOE+00 5.33E+02
55911 0 COE+00 1 06E-01

6 90E-03
5 70E-03

~co 1 1

1.38E-09 2 75E-09
2 95E-06 S 90E-06
579E-12 I 16E-11
1.36E-05 2 73E-05
n CC 7 C ̂I C _S_.__

Tl-20B
U-232

4 B827E-08
i 3414E-07

279 55
279 55 559 11 J fC /t .z)rtI I hermal Power

UT-233 37679E-09 279 55 55911
U-234 5.2047E-05 279 55 55911
L-235 -2 8661 E-06 279 55 0 00

1 05E-06 2.11E-06 rNominal Heat Sounding
1 464-02 2.91 E-2 I Output Heat Output
4 85E-04 1.29E-03 L(watts) (Wafts)
4 67E-03 9 34E-03 8 09E+00 1 62E+011 6701E-05 279 55 559 11

. ... s A=_a^70CCAA
-Y 4 Y e-vY Z79 55 O UO 1 51 E-05

55911 0 00E+00
1 51E-05 Total Total

_s1

I- a.... f-, D---From SFD Ut -

I
Reactor Mod ra HEAWY W[TER

Fuel CLaing M
BOL HU Constituents U

BOL Enrichment % 1 9299999218

HEAVY WATER

ALUM

U

40 to 100

J,
| Bumnup Summary (MWd) ! }Basis for bumup used in estimate: ;2I

rerom SFD 1,tsir ImtdO
279 55

559 1111

Checks

R.-..n bUltlMIr-
Estimated Bumupt

Grv"^ Rumu Estimated EOL HNMGiven EOL NM

1 021
2

Nomkia
200[

_
'Reactor shutdown, core removal. stirage. shipping or other date confirming ttat irradation ceased lor fuid

'Tota bumup for at fuel associated wth this worltheet must be dvrded by SOL heavy metal mass to get specific bumnup values (MWdMT)

J

DOE/SNF/REP-078 March 2003
Revision 0 0.-~- 200 t



Fuel Radionuclide Inventory Worksheet

LFoeiadTesltel o.
Fuel Name FRR TUBES (UALX-HEU) DENMARK

SNF ID4 678
Fuel Units & Descr S - ASSEMBLY
Heavy Metal Mass BOL.0 79kg EOL=0 423kg

ROD Storage Site SRS

'Fuel decay start date 2010
Esturmates as of 2030

- Template HFBR (Heavy Water Alumn 40 to 100% U)

'Template Burnup(mwif) 1646

Template BOL Heavy Metal Mass (MTD: 0 000377
Template Decay Time 20 years

Estimated

Canister usage
18 x10

1 014

. - V�- I -- Gamma Sources
.. , , _ _ _ _ _

11. F-ts ^ r j o om To. t

CUMWd From
Radinonuclide Template

I

Photon

Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy

Fuel Burmupt (MWd) Burnup (MWd)W (CO trnventories(Ci) Inverttones(Ci) Group

338 51 67701 0 OOE+OD 1 06E-07 212E-07 Avg Mev

338 51 67701 0OAE+00 2 71E+00 543E+DO 0 0150

Photons/sec
(boundinal

Ac-227
Wnm-2-41

31

Arn-242rn
Arn-243
C-14

338 51 D 4 64E-4

E-05 338 51
2 6464E-08 338 5

OODE+O0 126E-02
0 OOE+00 8 96E-06
0 OOE+00 15OE-28

0.0675 1.388E.13
0 0850 8 400E+12
0 1250 5 950E+12

4 4441 E-31 338 S
5 7029E-06 r Ot i OODE+00 13

4 6555E-4 677 01 3 15E+00 0750 7230E+12

677.01 3-29E402 0 3750 3 12,AE+12

Cs-t 34 338 51 677.01 E+00 7.20E+00 C

i Cs-135
Cs-137

9 Eu-154

338 51 67701 0 1 44E-03

E+OO 338 51

E-02 338 51

0 OOE+00 6 89E+02
0 90E+00 1 76E+01
0 ODE+00 4 84E+00

2 88E43

1.38E+03
3 52E+01
9 68E+00
9 1 BE-1
3 13E+00

08500 1.356E+ 12
12500 8696E.11

17500 3351E.10

225800 2 143E+c6

2 7500 1t254E+06

35000 5.298E.04

Eu-t 1 4295E-02

I Fe55 1.3560E-03

It H3 4 6258E-03
1-129 6 6403E-07

I Kr-85 I 0808E-01
No-237 3 1537E-05

7 01 0 OE+900
677 01
677 01

n
0
0

OOE+00 4.50E04
06E+00

S0000 2 037E+o0
677 01 I 7.32E+01 7 oooo 23D8E+03

n7 A^2 ~ 214E42n 1i t ooo 2 9 79E+012338.51 677 01 3 286-07 6 576-07
Pa-231

I I Pb-210
Pm-147

__ Pu-23
Pu-239

338 51 6T7 C 3 28E 07 6 57E 07

338 51
338 512 4405E-02

1 5358E-01
6 9502E-04
3 7631 E-04

67 01 0 OOE+00 3 97E-09
677.01 0 OOE+OO 8 26E+00
677.01 0 OE+00 5 20E+01
677.01 0 OOE+0o 2.35E-01
677 01 0 OOE+00 127E-01

7 94E-09

2 55E-01

Pu-241
i Pu-242

Ra-226
Ra-228
rlu-1 06
Se-79
Sn-r126
Sr-90
Tc-99
Th-229
Th-230
Th-232
Tt-208

67701
6T701

4 55E+01 9 09E+01
1.05E-03 2 09E-03t0911 E-06 338 51

.5079E-11 33851
2335E-14 338.51
.3390E-06 338 51
12339E-05 338.51
0194E-05 338.51
9A064E+0 338 51

67701 00OO8+OO 1.86E-08
67701 0 OOE+OO 4 51E-12

67701 0 OOE+OO 2 43E-03
67701 0 OOE+OO 4 1SE-03
677 01 00COE+O0 34'iE-03

677 01 0008+00OO 6 45E+02

3.73E-03

129E+03

67.01 11 2 58E-01

.-12 338 51
E-08 338 51
E.14 338 51
E-08 338 51

677.01 0 OOE+00 I 67E-09 3 33E-09
0 O0E+00 3 57E-06 714E-06

OOE+00 701E-12 140E-1t

OOE+00 t.65E-05 3.31E-05

U-232 13414E-07 338 51 67 01 0006E0 454E-05

U-233 3 7679E-09 338 51 677 01 0 00E+00 28E-06

-- 234 52047- 338 51 677 01 0 00694' 1 76E-2
6:3 M II17OFITft 61I8E-04

Thermal Power

Nomiual Heat Bounding
Output Heat Output
(Watts) (Watts)
S 79E+00 lS6E+01

1 6701E-05U2. 338.51 677 01 008w+0 5 65E-0

0 00 1.86E-05 1 54E-0

677 01 0 OOE+00 6 46E+C
- 6 59E+C

t ,

rx.er^ Dr---rnir cs

t
5-9E03
13E-02 _ t_.ta_.

E45S T otal T o~tl
t 29E+03

iclides
1 32E+03 I

.1r, a

ITemptarte S
_ I

[
I

D
i AV iW1iL -

Reactor moderator.L
Fuel Cladding

-3t 1 HE-AWWATE~t

Bot. HM Constitue^nts
BOL Enrithr.meni. % 930004 (

Burnup Summary (MWd)' _ _ _

Fron 6FD (E51k

Nominal
Bounding i t f

nated
338 SIIBasis for burnup used In estimate

itoraal bt ^ tcatoaed rom the heavy rtal mass desboed

4anirig bumua aswned is be twae nmikial burti

Chec
I Esturvated BUmuP1

up Multiplier I Given Burnup,Bumn

Nominal _
Boundng_

'Reactor shutdown, core removal, storage. ssppIg o other date confirning that Irradabon ceased for tue

'Total burnre for an fuel associated with Its worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdOMT)



Fuel Radionuclide Inventory Worksheet
jt FW uelad Tm~ltltrslo

Fuel Naime: FRR TUBES (UALX-HEU) GERMANY
SNF ID 111 683

Fuel Units & cescr 105.- ASSEMBLY
Heavy Metal Mass: BOL-19 688kg; EOL=1 3 388kg
ROD Storage Site: SRS

'Fuel decay sart date: 2010
Estimiates as of: 2030

Template HFBR (Heavy Water. Alum.. 40 to 1I0OM U)
'Template Bumup(MWd): 164 6

Template BOIL Heavy Metal Mass (UT. 01000377
Temotare Oecaw Time' 20 va-

Estimated
Canister usage:

18,x10
2 92

U Eslunwtes' m,, I X. X,, b Y'. ya. Gamma Sources

Photon Total
Ct/MWd From Noitninal Boijidinlg Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide Template Fuel Bumup (MWd) Bumup, (MWd)' (Ci1) lnventorKesCi) lnventories(Ci) Group (bounding)
AC-227 3 1355E-1 0 5,802 95 11.605 90 0008E.00 1 82E-06 3 64E-06 Avg MaY
Am-241 8 0194E-03 5.802 95 11,605 90 0 OOE+00 4 658.01 9.318E+01 0 0150 12278.15
Am-242m I 3694E-06 5.802 95 11.605 90 0 OOE+00 7.95E-03 1 59E-02 0 0250 2 529E+14
Arn-243 3 7096E-05 5,802 95 11,605 90 0 008E.00 Z15E-01 4318E-01 0 0375 2 247E,14
C-14 2 6464E-08 5,802 95 11,605 90 0 OOE+00 1-54E-04 3 07E-04 0 0575 2.379E8,14
CI-36 4 4441IE-31 5,802 95 11,605 90 0008.+00 2.58E-27 5 116E-27 008590 1 440E.14

m-124 6 64039E-06 5.802 95 11,605 90 0 008.00 31 5E-02 7.712E-02 50000 3492805+
Crt-2" 1 6555E-03 5.802 95 11.605 90 0008.+00 6 270E.02 1.258+03 700020 140088.4
Np-20 3 16637E-05 5,802 95 11.605 90 0 008.00 1 82E-01 3.608-01 100070 45938.0+3

s-231 97D638E-102 5.802 95 11.605 90 0008.+00 5617E-06 1.3E-05 70 8.7E
Cs13210 2.1731-01 5.802 95 11.805 90 0008.+00 6817E-08 4.34E-07 50 2 2E1
Cn-l 37 240358E-00 5.602095 11.605 90 0008E+00 1 48E.02 2 836E.02 20 19E
Eu-124 1956E8-02 5.802 95 11.605 90 0008E.00 389tE+02 1788E+03 5 75+
Eu-155 6 495E2-04 5,802 95 11,605 90 0008.+00 4 03.0E0 8 078.00 50 3 7E0
Fe-2401 3560E-03 5.802 95 11,605 90 0008.+00 2 188.00 4 37E+00 50 219;7
PH-34 34328E-03 5,802.95 11.605 90 0008E.00 779E.01 I 37E.013 00 9 8E
u-1296 640311-07 5,802 95 11.605 90 0008.+00 17985-02 7371E-03 023 9E0

Kr-85 I .07808-01 5,802.95 11.605 90 0008E+00 3 208-07 6.29E-07 00 4 0E0
Na-2378 15333 -5-4 5,802.95 11.605 90 0.0018+00 7748E-11 3.66E-010 1 00 49Eo
Ru-i3 970233E-106 5,802.95 11,605 90 0008.+00 4263E-02 8 528.02
Pe-211 1.123398-1 5,802.95 11.605 90 0 00E+00 7.818E-02 1436E-07
Sn-147 140194-02 5,802.95 11,605 90 0 008+00 1 928-02 1 18E-02
Pu-28 190648E-00 5,802 95 11.605 90 0008E+00 1 91E+024 228E+04

u-39 6 35052E-04 5,802 95 11,605 90 0008.00D 2218+00 4 428+00
Th-240 4976198-12 5,802.95 11,605 90 0008.+00 2.185-08 5718-08
Pu-241 105478E-08 5.802.95 11,605 90 0008E+00 6.128-05 1 228-04
Ph-242 2 0705E-14 5.802.95 11,605 90 0008E+00 I20E-102 240E-102
R-2086 882079E-01 5.802.95 11.605 90 0008E+00 32.83-047 6789-04

Ru-13 1634148-07 5,802.95 11.605 90 00080 7.78826-04 1568-032hra oe
1e233 1237698-09 5.802.95 11.605 90 0008E+00 7.198-05 4378-051 oia etBudn
SU-1263I 501478-05 5.802.95 11,805 90 0008E+00 30928-02 I8148-01 Otu etOtu
SU-23 -986618-00 5,802 95 1,00 0 3 40802E II 1.7482-21 3408-2 (ats4Wt
TU-23 1 67018-05 5,802 95 11.805 90 0 008+00 9698-E02 1 948.010 8.2 33E0
h-229 494198E-12 5,802.9S 16050 01328-03 1.285-03 71328-038oa oa

Th-20 1 9057E08+0 5,802 95 11.605 90 0008.+00 6118+04 2.21804

OTher0 4R827d085n02 5c1i65d0e0OOI00 23E.04 2268.-04
U-23 T sSlctcn 1 j 344E075,0 95 1160 9 OE+0 .7E04 6E03Te alPoe
TeU lteSeecio Sumr 76__0__82951_6590__D_02______3E05 Nmia H oudn

Othr Rdinulclidsme 8013 40212100~
Bumu Tei-(iMede 9 Summsis foBubumupSused Tn estimate:[ S maFrom SF0 Esleaed BssfrPrmtrDfeecs

FEstimatedEs umupled

ump ir Given Burnup Estimated 604. HU/Given EOL. NM

Nominal0 Pge0-0 68058

T

U
Ii

I
I
J
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Revision 0
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Fuel Radionuclide Inventory Worksheet

I A. Fuel sand Template lnflurmlation o ,.-

Fuel Name: FRR TUBES (UALX-HEU) GERMANY
SNF ID# 685

Fuel Units & Desr- 130- ASSEMBLY

Heavy Metal Mass EOL27 625kg, EOIt-1 785kg
ROD Storage Site SRS

'Fuel decay start date 2010
Estimates as of 2030

Template HFBR (Heavy Water Alum .40 to 100%, U)

emplte Bumup(MWd) 164 6
4eavy Metal Mass (UT) 0.000377
Tembate Decay Time 20 years

Estimated
Canister usage

18x10'
361

T rB
TemplateE1BOLE

-. T -.-

- 1I.Esomates 2, . 8 m X. Xb b Y. I u Gamma sources

r na

LI

CUMWd From

Radionuclde Template

Ac-227 31355E-10

Nominal Bounding Fuel Initial Activity , Nominal Fuel Bounding Fuel

Fuel Burnup (MWd)
0

Burnup (MWdf (Cl) Inventones(Ci) Inventories(Ci)
Energy Photons/sec
Group (bounding)

la ..- t-v
116,2835 10u OOO+OO

Am-241 16,285.10 0 0 131E+02 00150 1722E+15
223E-02 I 00250 3 549E+1416,28510 0 0OE+00 1.12E-02Arn-242m

Am-243 8.142 55 16,285 10 -01 6 04E-01

C-14 8.142 55 1 215E-04 4 31E-04

CI-36
Cm-243

8,142 55 1 3 62E-27 7.24E-27

4
8,142.55 1 0 4 64E-02 9.29E-02

3 8,142 55
8663E-05 8,14

1 0638E402 8.14

16,28510 000E+00 379E+01
16,285 10 0 OOE+00 3 96E01
16,285 10 000E+00 8 66E+01
16,285 10 OOOE+00 3 47E-02
16.28510 000E+00 1 66E+04

02250 1 739E+14
0 3750 7.527E+13
0 5750 1.246E+15
0 8500 3263E9134 1 25AF446

3.32E+04 12500 2092E+13
Cs-1 37 2 0358E+00

a ! Eu-154 s i1 16,285 10 OA 3 46E+02

Eu-155 3.142 55 t16285 10 0OOE+00 1.16E+02 233E+02

Fe-55 8,142 55 t.tOE+Ot 2 2tE+Ot

t 7500 a 061Ev1 I
z22500 5155E+07

2z7500 3 016E+07
3.5000 12741+06
5 0000 4 900E+05
70000 5 624E+04

Pa-231

I Pb-2110
f Pm-147

Pu-238

Pu-239
Pu-240
Pu-241

i Ra-226
Ra-228
Ru.1106

E-03 8,142 5S 3.77E+01 7 5

6403E407 8,142 S
0808E-01

16,28510 0OOE+00 541E-03
6,2850 0 OOE+00 8.50E+02

16,285 10 0 OOE+00 2 57E-01
16,285 10 0 OOE+00 7 90E-06

14E-01 11 0000 6 445E+03
11537E-05

rAr Ar ____

255 16,2^5 10 t 1 91E-07

2 4405E-02 8,142 55
t 5358E-01 8,142 55
6 9502E-04 8,142 55
3 7631E-04 8,142.55
t 3433E-01 8,142.55
309111E-06 8,142.55
5 5079E-1 1 8.142.55
t3335E-14 8,142.55

16,285 10 0 OOE+00 1 99E+02 3.97E+02

16,2851 E+03 2 S3E+03

1 51O 0 OOE+00 5 66E+00
5O 0 OOE+00 3 06E+00
510 OOE+OO 109E+03
.1 0 O.OOE+00 2.52E-02

i.t 0 O.OOE+00 4 48E-07

t 13E+Ot
6 13E+00
2 19E+03
5 03E-02
8 97E-07
2.17E-1016,285. 10

16,2t851tO 1 t.20E-01

E-05 8,142.55 16,285 10 0 OOE+00 1 OOE-01Se-79
2 Ot E-01
I 66E-01E.05 8.142 55

1 9064E+00
3 8056E-04
4 9198E-12

8.14
16,285 10 0 OOE+00 8 30E-02
16,285 10 00OE+00 1.55E+04
16,285 10 OE+00 - 3 10E+00
16,285 10 0 OOE+00 4 01E-08
16,28510 0 OOE+00 8 59E-05

Th-Z29
Th-230 1 t
Th-232 2 1
T1-208 4 1

U-232 1:

1 72E-04
3 37E-10

16,28510 0 0OE+t
8,142.55 16,285 tO O OOE+C

34 142.55 16.285 10 00
142.55 16,285.10 OC

E-04 7 95E-04
E-03 2.18E43 Thennal Power
E15 6 142-05 BuNo inal Heat Bounding
4 2 0 1 8 4 8 - 0 N o u tp u t H e aiuluU-~233

- U-234
U-235
U-236
U-238

__ Y-90
- Oher Radionuclldes

8,142.55 t16,2815.tO 4 24E-1 8 48Et-0

8.142 55 0 00 4 78E-02 2 44E-02

8;142 55 16,28510 tO O0E+00 1.36E-01
4 78E-02
2 72E-01 7I 2.5E2 4771E402

8,142 55
8,142 55 16

1 78E-03 I 86EC01

1 9070E+00 +00 1.55E+04 3 1
1 59E+04 3 17E+04 I

ma . aM tecks ,

Temptate Selecwon Summary
From SF0

Reactor Modenitor HEAW WATER

Fuel Cladding ALUM
BOL NM Constituents L

BDOL Enrelhrment % S0

i-i IR.ais for Para-tear Drifterences:
HEAVY WATER I

ALUM I
-U

4 0 to 1 0 0 I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ARW.IX n..i. -L -,. , used in edim st
IBumup Summary tMWOr - sls -- r r urnu Pxu c, ..

Frrnm SFD

Nominal
Bouridwig

Checks

I8 14255f40 *ia up~ calculated troe. * rrie s eiet mliao d Sitoyix

16285 l jl ie dl busop asoijm e to beta c nWOO r ilba

Estimated Bumupw
Given Bumw,____________-I

_i0
Estenated EOL HM/Given EOtL HM

t1 01Nominal I Ol i~q
vw _

i BoundmigI 1351 _ I
Reactor shutrown, core removal, storage, shiPOng Or oiher date conlrming that irradiabon ceased for t

"T 'Total burrup for at fuel assocated with thas Woikoheet must be dvided by 80E heavy metal mass to get specific bunmmp values (WdMIT)

March 2003

__ 0OEISNF/REP-078
- Revision 0

March 2003
Page D-4t49 of D-585



Fuel Radionuclide Inventory Worksheet
L Fuel awdlTenmpate Inforoatio -, ,,,

Fuel Name GCRE (IS SERIES)
SNF ID 0. 745

Fuel Units & Descr 69- 19 ROD ASSEMBLY
Heavy Metal Mas: BOL=60.541kg, E0159864kg
ROD Storage Site, INEEL

'Fuel decay stlart datle 1960

Estimates as of. 2030
Template, Pathrmider (1ght Water, SST, 601o 100%, U)

'Template Bumup(MWd): 6 01
Template BOL Heavy Metal Mass (MT)' 000012882

Template Decay Time 65 years

Estimated
Canister usage

18x10'
1 288

U.Estirnates' . 5 m b Yb Gamma Sources
-- .5

Cu`MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
- Template FuelBumup (MWd)` Burnup(MWd)W (Ci) InventorieslCI) InventorieseCli

Photon Total
Energy' Photons/sec
Group (bounding)Radionuclide

AC-227 4 5940E-08 638 77 1.277 54
Arn-241 1 1471E-04 63877 1.27754
Am-242m 74210E-09 63877 1.277.54

.-.. .

, _ _ 
_ .

Avg Mev
0 0150 4663E+13
0 0250 9688E+12

Am-243 9 8236E-10 638.77 1277.54 0 00E+00 6.5
G-14 2 292BE-04 63877 1,277.54 0 00E+00 t 46E-01 2 1
CI-36
Cm-243
Cm-244
Co-60
Cs-134

1 2260E-06
1 20DOE-10
7.3577E-1 0
1.3732E-03
1.2709E-10

638.77
638.77
638 77
638.77
638 77
638 77

1,277.54 0 00E+00 7 83E-04 t.57E-03 0 0850
1,27754 0 00E+00 767E-08 1.53E-07 01250 3 539E412

0 4 70E-07 9.40E-07 02250 4705E+12
1 75E+00 03750 2051E12

Cs-135 3 0316E-05 1.277 54 C
3451E+13
3.351E+11

Cs-137 72579E-01 638 77 1.277 54 0 00E+00 4 64
- ----- --

tu-1 or. b.2 It 1.2 5Ib4 U X0+0U 3U 2Et-0z 7 63E-02 L-
Eu-1 55 1.0577E-05 638 77 1,277 54 0 00E+00 6 76E-03 1.35E-02

638 77
638 77
638 77
638 77
638 77
638 77

1,277 54 0 00E+00 2 66E-04 32E-04 2 7500
1,277 54 0 OOE+00 2 9BE-01 97E-01 3 5000 8 581E.01

I 68E-04 .35E-04 s 50000 3554E601 UiKr-85 I
ND-237 1 1499E-06
Pa-231 7 0899E-08 1.277 54 0 OOE+O

7 59E+00
t 47E-03
9 06E-05
2 86E-09
5 40E-04

7 0000 3 940E+00
1 0000 4.432E-01

P5-210 22363E-12 638 77 1,277 54 OOE+00 I A
638 77 1,277 54 0 OOE+00 2 70E.04

Pu-240

1,277 54 0 OOE+00 49E-01
1,277.54 0 OOE+o0 4-26E-01
1,277 54 0 OOE+00 5 53E-02
1,277.54 0 OOE+00 1.OE-01
1,277.54 0 OOE+00 126E-06

8 52E801
1 11E-01
2-16E-01
2 52E-06

2 986E01

Pu-241 1 6889E-04 638.77
Pu-242 1 9717E-09 638 77
Ra-226
Ra-228
Ru-1 06
Se-79

4 5740E-12 638.77 1,277.54 0 OE+00 2 92E-09 5 84E-09
1,277 54 0 00E+oO 5 33E-09 1 07E-08

1 31E-16 2 62E-16
1 69E-02

Sn-126 I 489E-05
Sr-90 6 6872E-01 63877 1,277 54 0 OOE+00 4.
Tc-99 4 6639E804 638 77 1,277 54 0 OOE+00 2 98E-
Th-229 2 3727E-1i
Th-230 2 7354E-10
Th-232 8 3594E-12

638.77 1,277 54 0 OE+00 1 52E-08 3.03E-08
0006.+00

T1-208 1 6228E-08 638 77
U-232 4 3960E-08 638 77
U-233 3 3344E-09 638 77
U-234 4 0749E-07 63877
U-235 -Z7761E-06 638 77
U-236 1 6190E-05 63877
11-238 -2 8547E-09 638 77
Y-90 6 6889E-01 638 77
Other Radionuclides

5 1 07E-08
2 07E-05

75E-07 3.49E-07

5 62E-05
4 26E-06
5,21E-04
1.21E-01

Thernal Power
Nominal Heel Bounding

Output Heat Output
(wafts) (Watts)0 0o t21E-(

1277 54 00.E+OO 1 03E-02 2 07E-02
0 00 1 59E-03 1 586-03 1 59E-03

1,277 54 0 OOE+OO 4,27E+02 8 55E+02
5 80E+02 1 16E+03

5208E.0 1.04E+01
Total Total

111.1
ITeifm

err n insqon t _ry, a ae. taeav-
11-,Y. --- p -.- Y. -- - - I - � I , - - -1
-

From SFO

Reactor Moderator LIGHT WATER
Fuel Ciaddeing HASTELLOY

OL HNM Constituents- U

SOL Enrichment I 92.2024775

Used Basis for Parameter DIfferencs: LI UGHT WATER I-[bis Terqitate was usied br ths b" reasors:
thD turl mailes on at parameters exept dadarg (SST is crervave)SST

Bumup Summary (MWdf)

Nommnal i

Bou~nding9

Basis for bumup used in estimate
led

6387 N i bumru caksalW srom te heasy n rte auss dasoye1
1,27 S4IBuicg biupm assuned lo be tice nerdal bmup

LU
Checks I

i_Estimated Bumupi
Burnup Multiplier Given Bumup Estimated EOL HNMGiven EOL HM

- I I o00Nominal L
Boundin I

0231
0 451 --

'Reactor shutdown. core removal, storage. shipping or orter date corirmling that irradatcn ceased for tuet

ITotal burnup for all iWel assoaaled with this worksheet must be divded by 301 heavy metal mass to get specfic burrup values (AWCdIMT)

DOEtSNF/REP-078
Revision 0

March 2003
Page D-450 0o D-585



Fuel Radionuclide Inventory Worksheet

.Fuel and Templat eInfrmatott 1
Fuel Name GCRE (1Z SERIES)

SNF I - 916
Fuel Units & Descr. 3 -4 CONCENTRIC TUBES

Heavy Metal Mass BOLs1 067kg EOLA1018k9
I ROD Storame Site INEEL

'Fuel decay start date 1960
Estimates as of. 2030

Template: Pathfinder (Ught Water SST 60to 100% . U)

'Template Bumup(MWd) 6 01
Template BOL Heavy Metal Maas (MT) 0 00012e32

Template Decay The- - 65 years

Esbtiated
Canister usage

18"x110
j 008

11. Estsisates m x, X. b V. Yb Gamma Sources
-r is - T-

Ci/ifWd From - Nomnal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWdO Bumup (MWd) (CF) Inventorkes(Ci) lnventornes(Ci)
- .. . .... ,, nnn-.rs- I COl A 9,fr "

Energy Photons/sec
Group (bounding)

aA-w MeV
Radionuclide
Ac-227 4 5940E4-U8 46 19

0OE+w0 5 30E-03 o o to 3 372E+121 1471E-04 4619 9239
7 4210E-09 46 19 92.39 IwE+Dw 3 43E-07 6 86E407 O 025

9 8236E-10 4619 9239 0 008+00 4 54E-08
0 0wE+00 1 06E-02

9 08E-08

22928E-04
CI-36 1.2260E-06 92 39 000 E+00 5 66E-( 3.946E+11

2.S59E+11
Cm-243 92 39 0 OOE+00

Cm-244 619 9239 0 0wE+00 E-08 0o2250 3401E+11

Co-60 619 9239 OC 27E-01 0 3750 1 433E+12

Cs-1 34
Cs-1 35

46 19 92 39 E-9 1 7E408 0 5750 2 495E+12

316E-05 4619 3 IAOE-03 2 O8-03

72579E-01 4619 E+00 3 35E+01 671

3- Eu-154 5 9750E-05
~ *O0 1fn,77F:fl'

461 0 °08+00 2 76E-03

0 8500 2 424E+10

1 2500 1 754E+10
1 7500 6234E+08
22500 1 179E+05
2.7500 5 280E04

,._ n=. � Acu l;D
92.39 0 wEw00 4 8
9239 0 00E+00 tFe-55 1631 E-07

Ii~
92.39 5.000 s 474E+00

46.19 92.39 6 76E-05 s oooo 2 270E+00

46 19 9239 5 49E-01 7.0= 2.510E-01

7
371 -

4619
46 19

92.39 5 318E-05 1 06E-04
3 28E-06 6 55E-06

I 11.00D 2.819E402

7 0899E-08
A oofo I tO3E-tO

I Pts10 2236E12 0 Zibisd .z IVd , 1 w-
* I P.n-147 4.2296E-07 46 19 9239 O8E+00 1.95E-05

Pu-23 2.3295E-04 46 19 92 39 0O008100 1.088-02 O

Pu-239 66722E-04 46 19 92 39 0.008+00 3.08E-02

2 07E-10
3 91E-05

Pu-240
Pu-241
Pu-242

46 19 92 39 I
4619 92.39
4619 92.39 I
46 19 92.39 I

1.56E-02
I 9 11E-08
0 2 11E-10 I4 5740E-12

8 3511E-12
2 0516E-19
I 3220E-05
I 1489E-05

4619

Se-79
Sn-126
Sr-90
Tc-99
Th-229
Th-230

92.39 0 00E+00 3 86E-10
92 39 0 0E+0 9 48E-18
92.39 0 0E+00 6 11-E04
92.39 0 00E+00 5 31E-04
92.39 0 OOE+00 3 09E+01
92.39 0 O0E+00 2.15E-02

I.82E-07
.23E-10
'72E-10
90E-17
.22E-03
06E-03
18E+01

46 19
4619
4619

74 31E-02
o 1.10E-09 2.19E-09
I 1268-08 2.53E-08

83594E-12 4619 9239 000E+00 386E-10 7.72E-10
1 5E-06O OOE~w 750E;n-07I A998FJ 46 19 v~w4 06vv06

A A-50Ut0AC4.3svE-09
3 3344E-09

4blv 92 39 0.0wE+w0 2 03E-06
92 39 0 00E+00 1.54E-07
92 39 0 w0E+00 I 88-05
0 00 2.16E-03 2 038-03

4 06E-06

U-234 4 0749E-07
U-235 -2.7761 E-06
Ul-236 1 6190E-05

t-238 -2 8547E-09
Y-90 6 68898-01
Other Radhonuclides

Thermal Power
Nomrinal Heat Bounding

Output - Heat Output
(Wafts) (Watts)'
3 75E-01 7.52E-014619 9239 0 0E+00 7 48E-04

000 2 27E-05
92.39 0 00E+00

-

+ Total

E+01

T otal

uId Clsedo ~,
*. Template Seltion Summary

I Reactor Mrtor UG
FuA Claddo F

-- __ -.n 1.asis for Parameter DifferencesFrom SFD uwa-. L 4
IGT WATER

SST

LIGHT WATER
SST

I
8 -, _ _ _;

B O LM Co mstltuents-% U 71
BOL Enrirclmemi %I 93.671 L

R-ls for burnuo used In estimate

I
_1Burnup Summary (MWd)'

Nominal _

Bounding

_.__- w_..~ ...... r~~ ~--~
Estimdted

4619
92 39

I

Nairmal b sw akdatr hm tie heavy seal mass destroye

Bour g bwrt assiased to be te nitingal bWn

-
Estimated Burnup/

Given BumuPBRnu. U.NhrPk Estimnated EOL HM/Glven EOL HM
100oo

Nomkial 093

I I - _3m I, .
Reactor shutdown, core removal. storage. shprirng Or other date confifnag that Irradabon ceased for iuel

'Total bumnup for all fuel associated with tis woitkshoet must be dvlkied by SOL heavy metal mass lo gel speafic bumuip values (MWdM1h)

I Maus20

- DOEISNF/REP-078
Revision 0

Page D-451 of D-585



Fuel Radionuclide Inventory Worksheet
1. Fuel andjTemplate Infomom 7L:-

Fuel Nane GENTR
SNF ID tY 97

Fuel Units & Descr 16-* STACKED DISKS
Heavy Meat Mass: BOtL3 992kg. EOL.3 984kg
ROD Storage Sa, SRS

'Fuel lecay start date 2035
Estimates as of: 2030

Temptate ATR (Ught Water. Alum. 601to100o%.
'Tenplate Burnup(MWdt: 3672

Temnplte SOL. Heavy Metal Mass (MT)- 0 00116689
Template Decay Tmre 5 years

Estmated
Canister usage

18-xl0O
044

I. Fzbmuxtes -- ' m xa Xb b Y. Gamma Sources

Photon Total
CiUMWd From Nominal Bounding Fuel Initial Activity Nominat Fuel Bounding Fuel Energy Photonslsec

Radionuclide Template FuelBurrup(MWd) Burnup(MWd)' (Ci) Inventortes(Ci) Inventoies(Ci) Group (bounding)
Ac-227 I 4545E-10 758 15.15 0OOE+00 1 lOE-09 2 20E-09 Avg Mev
Arn-241 1.1190E-03 758 15.15 0DOE+00 848E-03 1 70E-02 00150 2923E+12
Am-242m 4 5425E-07 758 15.15 0 00E+OO 3 44E-06 6 88E-06 0 0250 6298E+11
An--243 14921E-06 758 1515 O.O0E+OO 1.13E5-0 226E-05 00375 58I2E+II
C-14 57244E-09 758 1515 OOE+00 434E-08 867E-08 00575 5714E,11
Ct-36 1.3124E-32 758 1515 OOE+00 994E-32 1 99E-31 0.0850 3643E.11
Crrm243 23676E-07 758 1515 OOE+OO 1 794-06 359E-06 01250 31SSEt1
Cm-244 52042E-05 758 1515 OOE+00 3 94E-04 7 89E-04 02250 3.089E11t
Co-60 38208E-05 758 1515 5OOE+00 289E-04 579E-04 03750 1495E+tt

S 15 0OOE+00 3 69E+00 7.38E+00 I 0 5750 2053E+12
-05 5.22E-05 0 8500 2.875E+11

_ 12500 5349E+10
Eu-154
Eu-1 55 3 9134E-02 7.58 1515 IC
Fe-55 6 7429E-03 7.58 1S15 Oi
H-3 1 0599E-02 7.58 1515 0 OOOE+00 803E-02 I 61E-01
1-129 7 5300E-07 758 1515 OOE+00 570E-06 1.145-05

3 50,0 30032E06
5 0000 92700E+0I
7 0000 1 034E+00

Pb-210 37609E-12 758 1515
Pmr147 2 5452E+00 7 58 1515
Pu-238 2 0550E-02 7 58 15.15

0 O5E+00 2.17E+00
C OOE+00 7.23E405
C OE+00 6 77E-09
0 05E+00 2 85E-11
0 OOE+00 1 93E+01
0 OOE+00 1.56E401

1 45E-04 i W ww | e v^w |
4 33E+00 I

3.t1E-0t II
PU-239 4 2838E44 7 58 15.15 0 0OE+00 3.25E-03 6 49E-03
Pu-240 2 4401 E-04 758 15.15 0 ooE+00 1 85E-03 370E403
Pu.241 68764E-02 758 1515 OOOE+0O 521E-01 1 04E+00
Pu.242 3 6329E-07 7 58 15 15 0 OOE+00 2.75E-06 5 SOE06
Ra-226 38045E-11 758 1515 OOOE+00 288E-10 576E-10
Ra-228 2 9902E-15 758 15 15 OCOOE+00 2.27E-14 4 53E-14
Ru-106 1 9055E-01 758 15t15 OOE0+O 1 44E+00 289E+00
Se-79 112936E-05 7 58 15 15 C 00E+OO 980E505 1 96E-04
Sn-126 I 1574E-05 758 1515 OOOE+00 877E-05 1 75E604
Sr-90 2.7505E+00 758 15 15 OOE+00 2 08E501 4 17Et01
Tc-99 4.2239E404 758 15 15 005E+00 320E403 6 40E503
Th-229 1.8848E-12 7.58 1515 0 OE+00 1 43E-11 2 86E-11
Th-230 1.7042E408 7.58 1515 C OOE+00 1 29E507 2 58E-07
Th-232 78132E-15 7.58 1515 OOE+00 592E-14 185E-13
TF-208 44063E408 7.58 1515 0 OOE+00 3 34507 6 68E407
U-232 1 3151E507 7.58 1515 005E+00 996E-07 1 99E-06 Thermal Power
U-233 1 9564E.09 7 58 15 15 0 OOE+00 1 48E508 2-96E-08 Norinal Heat Bounding
U-234 t8371E-04 758 1515 005E+00 1 394-03 278E503 Output Heat Output
U-235 -2.7235E-06 7 58 0 00 8 1OE03 8 08E-03 8 1OE03 (WMatts) (waftts)
U-236 1 5493E-05 7 58 15.15 0 OE+00 1.17E-04 2.35E-04 354E-01 7 68E-.1
U-238 ^4.2851tE409 7 58 0 00 8t13E-05 8t13E-05 8t13E405 Total Totalt
Y-90 27505E+00 758 15.15 0 OOE+00 2.08E+01 4.17E+01
Other Radionuclides 3 90E+01 7 79E+01
Ut. Tefndlate Selection Suinarsarr Burmip Suimny andt CbeedV
Template Selection Summary

From SFL Used Basis for Parameter Differences:
Reactor Moderator UGHT WATER UGHT WATER

Fuel Claddlng ALUM ALUM
SOIL Ht Constituents- U U

DOL Enrichment%.I 9393787575 60 to t Oo

Bumup Summary (MWd)' Fr.____________Basis for bumup used in estimate:

From 8F stknatedP
No4m nal 7 5Nnat inup ealcuted fr 1 hetavy ,tat rnass &sft, e

Bounding 1515 tsrdeg B hN t assiued I0 be tore rial trum

Ctheckes

Estimated Sumut
Sumup ttutbptle Gwean Bumup Estimated EOL HU/Ghven EvL Ht4

Nominal 0 01
Boundmg 001

'Reactor shutdown, .re removat, storage. spping o Obler dale confiming th irradiaton ceas for fuel

'Tota bumi* for an W associaed wilh this worksheet mul be divid by SOL heavy metal mass ti get sperslic bumup values (MadT

U
'U

DOEtSNF/REP-078
RevisIon C
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Fuel Radionuclide Inventory Worksheet

gLFued mid lemplate Info 0 h

Fuel Name GRR (UALX HEU) GREECE
SNFID4 440 -

Fuel Units & Descr 108 - MTR TYPE
Heavy Metal Mass: BOL=18 76kg, EOL14 72kg
ROD Storage Site: SRS

'Fuel decay Stat date 1993
Estimates as of 2030

Template ATR (Ught Water. AUm .60to1.%,U)

lTemplate Bumup(MWd) 3672

Template BOL Heavy Metal Mass (MIT) 0 00116689
Template Decay Time' 35 years

Estimated
Canister usage:

18'x10'
300

IL. stimntes a ,

Radionuclide
I Ac-227

Am-241
Am-242m
Am-243

1d _ .

v- I namma Sources
m ^b v

- PholDOt Total... I
PWlt

CUMWd From Nominal Bounding Fuel Intial Activity Nominal Fuel Bounding Fuel I Ener

Template Fuel Burnup (MWd)O Burnup (MWd)
2  

(Ci) Inventories(CI) Inventorne(CI) Grol

' iin 38°S2 7 .r0 An 0 00E+00 7 68E-06 1.54E-05 I Avg I

ton Total
gy Photons/sec
LIP (bounding)
Uev
o50 5635E+14

50 1 170E814
75 1 017E+14
75 1 095E814

5251 E-03 3,825.20
Si 24E-07 3,825.20
4880E-06 3,825 20

O 9 66E+00 1 i

7053E-09

7.65040 0 0OE+00 1 52E-03
7.650 40 0 0OE+00 5 69E-03
7.650 40 0 OOE+00 2 18E-05
7.650 40 0 00E+WD 5 02E-29
7.650 40 0 00E+00 4 37E-04

0.01!
0 02

003
005

3124E-32 0 0850 6 596E+13
01250 4.357E.131419E-07

6522E-( 7.650 40 0 00E+00 0 250 5694E+13

Co-60 7 404 7,650 40 0 00E+ 5 66E-03 0 3750 Z477E413

Cs-134 3.825 20 7,650 40 1 1.S6E-01 0 SiS0 4 094E+14

Cs-135
Cs-1 37
Eu-1 54
Eu-i 55
Fe-55
H-3
I-t29

I ND-237

3.82520 7,650 40 2.64E-02

E+00 3,825.20 7, 5 50E+03 1.1 0E+04

.-03 3,82520
5 9259E-04
2.2791 E-06
1.9698E-03

7,650 40 0 0OE+00 2 80E+01
7.65040 0 00E+00 2.27E+00
7,65040 0 00E+00 8 72E-03
7.65040 0 00E+00 7 53E+00

22500 1 138E+07
2 7500 1 0868E07
3.5000 6 295E+0311

7.650 40 5 76E-03 7 0000 2 57^E+03

3.825 20 7.650 40 3 15E+02 7 0000

3.82520 7.650 40 366E-02 7.33E-02 1 1 WDO0

1t51 E-05 3 01 E4-05
Pa-231 3 9379tY-U

1 P1210 3 3t115E-10
S Pm-147 9 2402E-04

I Pu-238 1 6217E-02
Pu-239 4 2810E-04

3.825 20
3,825 20 7,650 40 0 OOE+800 127E-06

3 825 20 7,650 40 0 00E+00 3 53E+00
7,650 40 0 OOE+00 6.20E+01
7,650 40 0 OOE+00 1 64E+00
7,650 40 0 00OO 9 31 -01

2,53E406
7 07E+8O
1.24E+02
328E+00
1 86E+00
1,24E+02

Pu-241
I Pu-242
I Ra-226
I Ra-228

I 3 7,650 40 0 00E+.00
go 7,650 40 0 OOE+OO

5n-126
Sr-9O

i Tc-99

I- Th-229
Th-230
Tht-232

9 0114E-10 3,825 20
3.1019E-14 3,82520
2.1225E-10 3,82520
12930E-05 3,82520
1.1571E-05 3,82520
1.3472E+00 3,82520
4 2239E-04 3,82520
1.2407E-11 3,825220
8 3497E-08 3,82520
3 8371 E-14 3,825 20

7,650 40 0 O0E+OO
7.650 40 0 OE+00
7.650 40 0 00E+OO
7,650 40 0 O0E+O0
7,650 40 0 OE+00

3

i

39E-03 2 78E-03
45E-06 6 89E-06
19E-10 2 37E-10
12E-07 1 62E-06
95E-02 9 89E-02

7.650 40 0 OOE+00 5 15803 1 03E+04

7,650 40 0 C
7.650 40 0 C

o ~ 1 2E+00 3.23E+OO
4.75E-08 9 49E-08
319E-04 639E804
1A47-10 2 948-10

I nnpds, I 6.;F-w~ 3 O9E-04
7 71-208

U-232
U-233
U-234

4 0414E-08 3,825 20
1 0948E-07 3,825 20

4-00 4 198-04 8388-04
A7A .+00 4 19E-04 _38E044

U-236
t) 238
Y-90
Other Radionuckdes

1 8562E-04
-Z7235E-06
1.5493E-05

-4 2851 E-09
1.3475E.00

3,825 20
3,825 20
3,825 20

108-01
0OOE8+00 r 1-0E1

E+Oo t.39E-OS;

3 73E-02 2 69E-02

3,82520 7,6540 00 oE+00

3,82520 000 5 08E-04

3,82520 7,650 40 0008.0

;93E402

Thermal Power

Nominal Heat Boundmig
Output Heat Output
(Watts) (Wafts)
6A0E+01 128E.02

Total Total
1038E+04 I
1.OSE+04

SWY. mUrFiUp ir Y. -r-- _ I .

-

r
tit..fn MnaLt-L- F 1.10141 WA~TER

um .d Basis for Parameter Differences-

UGHT WATER

FB C
SOL. HM Cc

I ALUM ALUM
I U

_~~~~- ----------t .~A. ^ * rA
_ BOL Enrichment % I 91ir2rI ovi | 6

_. ~ Sai,, t_*arA ourtiup use in"*
6BR.u Srtmr tMWdn'

From SFD

Bounding II

_ Basis for trurnup use In sne

i xnup N ahar laled btm Ve ea'y nt mass IleshoMyer
_ f S tuilrnip assured l be rce sewmal tunup

C
Estimated Bumup/

Grven Bumup
BmF=

I .ounodin * __

'Reactor shutduwn, core removal, storage. shipping or other date coni*ming that Irradation ceased for fuel

"Total bturnup for all uel rassocdated wit this worksheet must be dvided by 8OL h eavy metal mass to get pecthc bumup values (MWCY.T)

DOE/SNFlREP-078 
March 2003

Pevision 0 
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Infutir on lat '

Fuel Namc GRR (UALX HEU) GREECE
SNF ID : 1069

Fuel Units & Descr. 46 - MTR TYPE
Heavy Metal Mass: BOL.7-99kg- EOLv627g9
ROD Storage Site: SRS

'Fuel decay start ddct 1993
Estanales as of: 2030

Template: ATR (Light Water. Aium 60 to 1 00%-. U)
'Template Bumup(MWd): 3672

Template SOL Heavy Metal Mass (MT): 0 00116689
Template Decay Time 35 years

Estinated I
Canister usage-

18x10'
1.28

IL F-shmtes ;- - , m X. Xb y. y| I Gamma Sources I
Ci/MWd From Nomial I Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup(MWd)O Bumup (MWOd (CI) nInventones(CI) lnventoriesiC)

Photon Total
Energy Photons/sec
Group (bounding)Radionuclide

- ----- -- 7aC L LAL AC ^_._ ,. ,, _.AC-ZZ I 2 UA0w8-^vU 1.bz9 25 ,,-V F 54E-0 I Avg MeV

J
2 5251 E-03 1,V29 25 8.23E+00 0 0150 2.400E.14
3 9624E-07 1,629 25 3.258 50 1 29E-03 0 0250 4 983E413

Ci-36
Cm-243

I 4880E-06
5 7053E-09
I 3124E-32
I 1419E-07
I 6522E-05

1,629 25 3.258 50
1,629 25
1,629.25
1,629.25
1,629.25
1,629.25
1,629.25

3,258 50 0 00E+00 4 662E813

0 00E+00 E-03

3.258 50 0 00E+00 2-14E-29 2 809E+13

00375 4332E+13

0 00E+00 1 86E-04
Cm-244 0)08E+00 2 69E-02 5.38E-02 C
Co-60 7 4047E-07 121E-03 2 41E-03 C

2 0455E-05 6 67E-02 0 5750 1 744E814
3.4477E-06 1,62925 3.258 50 0 C 1 12E-02

1,629 25 3,258 50 0 OOE+(
Eu-1 54
Eu-1 55
Fe-55

1,629 25 3.25850 0 00E+00

0 o 8s50 21308E12
_ 1 25c 1030E+12

_ 17500 57988E10 Ih
z 22500 4 848E+065 3,25850 0 OoE+00

3,258 50 0 OOE+00 3 71 E-03
H-3 0 00E+00 321 E+00 6 42E+C
1-129 7 5300E-07 +00 123E-03 2 45E-03 sc
Kr-85 4 1176E-02 1.62925 LI6.71E+01 1.34E+02 7 0000

1.62925 3 12E-02 11 0coo 1 337E.01
1,62925 3,258.50
1.62925

Pm-147
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ra-228
Ru-106

3,258 50 0 OOE+00 5 40E-07 1.08E-06
3,258 50 008E+00 1 51E+00 3018E+0
3,258 50 0 OOE+00 2 64E+01 5 28E+01
3,25850 0 08E+00 6 97E-01 1 39E8.0
3,258 50 0 00E+00 3 96E-01 7 93E-01

II
2 4333E-04 1.62925

E402 1,62925 3,258 50

2-1225E-10

1.62925
1,62925
1,62925
1,62925
1,62925
1,629 25
1,629 25
1,629 25

3258 50 O OOE+00
3,25850 008E+00 1 47E-06
3,25850 0.00E+00 5 O5E-11
3,258 50 0 OE+00 3 46E-07

I
2

01E-10
92E-07

Se-79 1 2930E-05
1.1571E-05
1.3472E+w0

2 11E-02 421 E-02
3 77E-02
4.39E+033,258 50 0 OOE+C

3.258 50 0 ODE+(
Th-229
Th-230
Th-232

S 25 325850 0 OE+00 2 02E-C

3 8371E-14
000E+00 1 364-04 2 72E-04
0ooE+00 625E-11 125E-10
0 OOE+00 6 58E-05 1.32E-041-f208 4 0414E-08 1t62925

U-232 1 0948E807 1,62925
U-233 3 6275E409 1,62925
U-234 1 8562E-04 1,62925
U-235 -2 7235E-06 1,629 25
U-236 1 5493E-05 1,62925

,~ ~ -7° -c~:,nn I C, D/)i 3 4 I hermnal Power
591E-06 1 1BE-05 Nominal Hiat Bounding
3 02E-01 6 05E-01 Output Heat Output
1.14E-02 1 598-2 (Watts (Wafts)000

n nnmXnnuI JcA Z O4C-Uz 0 UMLU7 I 2.73E8+1 5 45E+01
u-Z~s -42851 t-09

1 3475E+00
wA e 47e ns e T._. ;_. .n

1,629 25 3258 50
- z1tu-U4
03 4.39E+03
03 4 46E+03

TOtal Total

I-.-
.Burnami Summaurv. and Chaecks ,, ~

Template Selction Summary
Fromn SFD

Reactor Moderator UGHTWATER
Fuel Claddig ALUM

BOL HM Constituents
BOL Enrichment % 91 93720219

_ _ ,,

Used Basis for Parameter Differences: IiILs1 r WAJER

Bumuo Summary (Mid}i Basis for bumup used in estmate: LFron SFD Estimated
Nominal

Boundige

Checkus

501twdN8 bumrsp assused Is be Wmlc snrinl hwnup

LLstImated Bumupt
Bumup Multipler Given Burnup EstImated EOL HW/Ghven EOL HM

I I 1 02Nomnal _
Boundin.

065
1X"

'Reactor shutcdown, core remroval, storage. shppang or other date confinrmmg Mglo Inadabion ceased for fuel
'Total bemup for al uel assoaoated wi th s woiisheet must be dvided by BOL heavy metal mass to get specdfic bumnup values (MWdMT).

DOE/SNF/11EP-078
Revision 0

March 2003
Page D-454 of D-585



r ,I ,tAled InventorY Woirksteet
rXc. ......

XFuel and Template lnformtion , m
Fuel Name GTIRR

SNF ID 4: 87
Fuel Unts & Deser 25 - ASSEMBLY

Heavy Metal Mass i01=5 05kg EOL=4 47kg

ROD Storage Site SRS

'Fuel decay atart date 1996

Estimates as of 2030
Template HFBR(HeavyWater. Aum 40 to100% U)

aremplate Burnup(MWd) 164 6

Template BOL Heavy Metal Mass (M: 0 0003t7
Tempbate Decay Time' 25 years

Estimated
Canister usage

118,x10O
I | 069

_ li. Estimates - I - m X. Xb b Yn Yb j Gamma Sources

-Radcont

Ac-227
Am-241

Photon Total

CW/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy, Photonstsec

Template Fuel Bumup (MWd)
2 

Bumup (MWd)c (Co) InvefitoriCi) inventories(CI) Group (bounding)

54520E-10 53424 1,06848 0OOE+00 291E4)7 5S3E-07 Avg MeV

922£4E-03 534.24 1,0684S 00 E+00 493E+0 986E+00 o0t0150 1002t+14
- •S(19020 2 062E,1 3

iclide
.

Am-242m
Arn-243
C-14
C-36
Cm-243
Cm-244

I 339E-06 534.24 1,08848
I 7^ rj04 O34-24 t.68 48

w

1 98E-02 3 96E-C

2 6452E-08 534240 +00 1 41 E-05
-,64 nnC. i O'7r95P

1B42E+13
1 A92E+13
1 16,E+13A 75F-28 0 0650

4 4441E-31 1,OtR 40

5 04 1,068 41 2 70E-03 40E-03
2OEE0+00 4 11E+00
1i 3 102 2 70E-02

o01250 8 I110E+12

3 84 534 24 O WOE+00 022s0 to0o9E+13

CO-60 53424 1,068.48 0 OOE+00 0,3750 4 3S7Et.1
2 112E1+W

Cs-134
Cs-135
Cs-1 37

* Eu-154
Eu-1 55

5^4.24
53424

1.058 48 0 WE+00
1,068 48 0 OOE+00

E-03 4 SSE-03
E+02 1 94E03
E+Ot 3 71E+017u 59IE.00I

08i

E+00

00o 7240E,13
;°°0 426E+12
Soo 3925E+10
00 3214E+70
so 2 147E+006
o000 846E+06

-t A700rl0 53424 1.068 48 01

70T81E-03 53424 1,0648 000+00 380E+00

3 5790E-04 53424 1,06848 0O00+00 t91E-01
7 S9E+OO

IH-3
1-129
Kr-8

Fr>23

3 4945E-C 34 24 1,08. 48
<24 I ,068.48

J0 1 87EL+W 3500 6 337E+04
7 0000 2 686E+04E+0D 3 55-04

53424 E+DOO 4 1 E+01 7 0000 3 051 E+03

53424 1,06848 0 OOE+00 3 37E-042 11 t 5CO 3.599E+O_
I 1 43E-0637rovoo

Pa-231 -09 53424 1,068 48 O.OG1E+OG

P6-210 30644E-11 53424 01,85 45

j ' Pr,^-147 65188E-03 53424 1,06848

`- Pu-238 1 4769E-01 53424 1,068 48

- -a 695G2E-G4 53424 1,06848

0 00E+00 3 48E+00
0008E+O 7 89E+01

000GE+00 3 71E0-
0 OGE+OO 2 03E-01

3 27E-08
6 97E+OG

Pu-24G
Pu-241
Pu-242
Ra-226
Ra-228
Ru-1 06
Se-79

I Sr-126
jI Sr-90

1. Tc-99
Th-229
Th-230
Th-232
TE-208
U-232
U-233
U-234
U-235
U-236

53424 1,
4 05E-01

53424 106848 OOGE+00 564E+01 1 13E+02

53424 1.06848 0000+ OG 1.65E403 3 -03

1O.81E-10 53424 1,0648 0 00E+00

2.1185E-14 53424 1,06848 0OOE+00

9 36921E47 53424 1,068 48 0 00E+OG

E408 1 18t-nvt
E-11 226E-1 i
E-04 2 52E-04

1 2339e05 534 24 1.068 48 0 OE+00 6 59E-03
-i ----- i nAl AR (I 000+00 5 450:-03

1f 1,068 4 0OE+.0 9 20E+02
O OOE+Ow 20E-01

+03
5424 V

53424 ;1068 48 000E+0 4 A75E-09
I
3 - 534 848 OC

2 8937E-14
4 7272E-08
12855E-07

53424 1,06848 0C
b3424 1,068 48 0C

8-23E46 1 65Ee1
1 SSE-11 3 O9E-1 t
2,53E45 5 OSE-05

1,068 48 0 00E.w 6 87E-05
. .^^O O n rbrnn 75E4

1 .37E4
* e enc

51470E-09 534 24 1 u

5 6069E-05 534 24 1.06843 0 wE+CO 3 00E-2 5 99E-02

Thermal Power

Nominal Heat Bounding
Output Heat Outlput

I (Watts) (watts)
1.39E01 2.77E+01

Total Total

-2 8661 E-06
1.6701 E-05

-9 4194E-09
1 6932E+00

142 10w 1 02E482
1,068 48 0

0 00

1,068 48

8 92E-03 78E-
1 13E-04 1.18-E- 34

00 :9 27E+02

dionuctides

I !
IiU.,

I

I
I asis for Parameter Differences:

Fror.^ S5vus-
etor Modt HAWWA9ERr HEAVY WATER

BOCY NM Constituenls U U

801 Enrichment %: 9306930693 40 t t100 .

-a.i -.- h.^ ..^ .. n frrI

I
.Burnuo itmnarv lMWdlb

I
Estaiiate d- -.-- -..-

c ecn EstimatedFtont b>U

Ninal
Bounding

53424
1 068t.48

I
-� envy, � ...

Checks

zEstimated BurutI
rnup Uuttiper I Giveni Burnup Estimated EOL H WUven EOL NM

100zoDun
Ninbal

BounAnqw w -
'Reactor shdwn, core removal, storage. shipping Or Uwer date conlrtrig that iradiat con ceased tar luet

-Total burup tfr all tue associated with tis worksheet must be dvided by BOL heavy metal mass to get specific bumuVp values (MWvdMT)

March 2003
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Fuel Radionuclide Inventory Worksheet
LFueI andTenplate Infonrst ,

Fuel Name- H B ROBINSON
SNF iD S 99

Fuel Units & Descr i - CANISTER OF SCRAP
Heavy Metal Mass BOL=0547kg, EOLi0 52kg
ROD Storage Ste INEEL

'Fuel decay start date 1966
Estimates as of: 2030

Template: (Worst Case)
Tempate Burnup(MWd): 62.S

Template BOL Heavy Metal Mass (MIT): 000186865
TeIiate _ecav 50e year

Estimated
Canister usage

18 X15!
i 0 04

U.Fstilntes9- . m X. X. ' _ Yb I Gamma Sources J
Radionuclide
Ac-227

Ci/MWd From Nominal Bounding Fuel initial Activity Nominal Fuel Bounding Fuel
Template Fuel Burnup(MWd)2 Bumup(MWd) (Ci) Inventones(Ci) Inventories(CI)

2 5200E-06 25 85 5170 OOOE+00 651E-05 130E-04
8 6432E+00 25 85 51.70 0 00E+00 2 23E+02 4 47E+02
1.5728E-02 25 85 51.70 0 OOE+00 4 07E-01 8 13E-01

Photon Total
Energy Photonstsec
Group (bounding)

Avg MeV JArn-241
Ar-242m
An-243 t 6288E:-4f2 ) OOE+00 4 21E-01
C-14 I
Ci-38 2
Cm-243 6

25 85 D 3 12E+00 6 24E+00

1150 4 428E+13
1250 8 654E+12
1375 7 317E+12
0575 1382E+13
850 4 633E+12
250 3278E+12
250 4009+.12

25 85 D 591E
60144E-04 25 85

-02 1 18E-01 00
-02 3 11 E-02 0 1
+00 4 91 E+00 02 J9 4880E-02 25 85 51 70

25 85 5170 2 02E+02 0 3750 1 735E812
25 85 5170 0IWE+00 .-04

Cs- 35 S85 51 70 0IOE+00 1.1
Cs-1 37 t 70 000E+00 3 85E+02
Eu-154 3 7342E-01

0 5750 2.872E+13
08500 62908E11
12500 1 542E+13
1 7500 1 853E+10
22500 8 014E+07
27500 1 379E.08

0 WE+00 9 65E+00
Eu-1 55 8 4893E-03 2 19E-01 439E-01

5.3750E-03 25 85 1 39E-01 2 78E-01
I 0472E-01 25 85 5170 5 41E+00 3s50oo

25 a5 51 70 0 OOE+00
Kr-ss
Nr-237

25 85 51 70 0 OOE+00
E-04 50c00 3s523E+04

7+01 7 CODo 4 010E+03
A 11 oo 4573E+02 L51 70 0 OE+00 4 24E-(

Pa-231 2 8688E-O 51 70 0 OOE+00 7.42E-05
Pb-21 0 4 7312E-08 0 00E+00 1.22E-06
Prrn1147 3 2198E-04
Pu-238
PU-239
Pu-240
Pu-241
Pu-242
Ra-226

-1 1924E+00
-4 8600E-02

25 85
25s5 0o00 8.51E+

0 00 1.09E+i

o 8.32E-03 1 66E-02
1 3 95E+01 7 03E+01

7 25E+00 8 1 E+00
3 08E+00 1 09E+01

I I
-3 0127E-01 25 85
-1 2917E+02 25 85
-1 1381E-04 25 85
1 0760E-07 25 85
6 0160E-07 25.85
1 3388E.13 25 85

0 00 2 80E+03
4 70E-02 4 41E-02 4 70E-02
0 ooE+00 2 78E-06 5 56E-06
00COE+00 56E-05 311s-05-

Sn-126 1 6669E-04
Sr-90 1.3859E+01
Tc-99 6 7678E-03
Th-229 2-2592E-06
Th-230 7.5955E-06
Th-232 A flYtF-t7

51.70 0 00E+00 346E-12
5170 0 O0E+00 4 96E-03
51.70 0 ooE+00 431 E-03
51.70 0 00E+00 3 58E+02
51.70 8OOE+00 1 75E-01

6 92E-12

3 SOE-01
2585
25 85
9kt A4 1

84E-05 1.17E-04
96E-04 3 93E-04
56E-05 3 11E-05
96E-03 3 92E-03

s rsnee Ae - w
7 5795E-5
2 0521E-04

a
25.85 5170 I ~ ~ ~ I t -. T~sD o

t^_3 uo-u nhermai Power
3 6128E404 25 85 51 70 0 0OE+00
1 2788E-02 25 85 5170 0o00E+00
5 7486E-04 25 85 51 70 2 35E-04

1 87E-02
6 61E-01

NomonaI Heat Bounding
Output' Heat Output
(Watts) (Watts)

U-235

la as) 51.70 o oUt+oo e _ 1.55E.O1 3.08.01
258 5 51.70 2.93E-05 I Total TotalY-90 1 38618+01

Obher Radionucldes
_ _ _

111 Tte Sd ecin Snmmsrt
- .t owrr D uatr. Dorip

From SFD
Reactor Moderator.- UGHT WATER j V

Fuel Cladding 2RC S'
BOL HM Constituents n u and U _U.

BOL Enrichment % 2.8997

1 33E803 2 66E+032 ]

Basls for Parameter Drfferences:

rhs fia Sdl1 closey rlldy raany emr ates, ereore i wors M se teMafbe was used j
. Th. & Pu
OtolIOO

I
Bumup Summary (MWd)' 1 RBais fto b u m..u 4 JEsalle'

Nominal Z 7 1
Bounding 16 42

Checks

25 85
S E

calud bm" cakaaled bor Ih he " mel mass destroyed.
o0N hrap assamed ID be lh noDe Ixerip

-i,
Bumup Multiptwer

Estenated Burnud
Given Burnup

a I

Estimated EOL HUNGiven EOL HM
31 561Nomnal

Bounlding
'Reactor shutldown, core removal, Storage. shipping or ether date confirming triat rradablon ceased for luk
'Total buup for al uel associated with ts worksheet must be dvided by BOL heavy metal mass to get specific bumup values (MWdMT)

I
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Fuel Radionuclide Inventory Worksheet

L Fuel and Template Inforintion , i
Fuel Name HFBR

SNF iD J 706
Fuel Unis & Descr 1050 -18 CURVED PLATES
Heavy Metal Mass OL=394 8kg EOL.28224kg

ROD Storage Site SRS

'Fuel decay start date 1982
Estimates as of: 2030

Ternplate- HFBR (Heavy Water. Alum . 40 to 100., U)

'Template Bumup(MWd) 164 6

Template SOL Heavy Metal Mass (PMT) OD000377

Template Decay Time 35 years

Estimated
Canister usage

18'x10
29t17

Gamma Sources
U.F~sbrnalex -bnX , - t Y. Y. Gamma Sources

l UEsnturms m yPo Total
Energy Photonsse

Ca/MWd From
Template
------ --

Radionuclide
Ac-227
Amn-2411
Am-242m

Nominal Bounding Fuel Initual Activity Nominal Fuel Bounding Fuel

Fuel Bunmup (MWd)c Bumup (MWde (Ci) - hIvenlones(CI) tnventories(Ci)

103,679.35 207,358 71 0 00E+00 9 94E-05 1 99E-04

103,6793s 207,35371 000E+00 I 05E+03 2.10E+03

Energy Photonsisec
Group (boundeg)

Avg MeV
00250 15732E16
00250 3t47E.150

103,679 35 0 0E+00 1 33E-O
0 00+0 3 84E:+00

Am-243 103,679 35 1 00575 2758E+15
_ 0050 2s7E+15

C-14 E 08 103,679 3

Cl-36 4 4441E-31 103,679 3

- Cm-243
Cm-244-

3 9605E-06

207,35871 0 00E+00 2

207,35871 000o+00

207,35871 0 00E+00
207,358 71 0 00E+00

5821E401 o 1250 1 196E.tS
9 22E-26 0 1250 9 776E+15

2 1 44E+02 I2 6227E-03
I 1 40E+00

67740E-06
6 8894E45 103.67935 207. 871 nC

-- .-- -- u, ;a -ti
'9 35 207,3S8 / I

7

1

41E901 I
E+00 1 43E+01

Cs-135 4264c-
Cs -137 1 4399E+00

Eu-154 1 5522E-02
Eu-155 I 7588E-03
Fe-55 2 4933E-05
H-3 t 9945E-03
1-129 6 6403E-07
Kr-85 4.1002E-02
Np-237 311610E-05
Pa-231 1 8876E-09
Pb-210 6_3840E-t1I

Prn-147 46501E-04
Pu-238 1 38>45E401
Pu-239 6 9502E-04
Pu-240 3 8183E-04

Pu-241 6 5310E-02
Pu-242 3 0911 E-06

Ra-226 2,3512E-10
Ra-22 3 3336E-14
Ru-108 2 4490E-10
Se-79 1-2333E-05

3.679 35 207,358 71 149E+05

103,679 35 207, I 61E+03

08500 1.648Et14
12500 9844E+13
17500 4 657E+12
22500 3 224E+08
27500 3.241E+08
3.5000 8 616E+06

103,679 35 ) 00E+00 1 182E+02

207,35871 0 00E+00 2
207,35871 0 00E+00 2

207,358 71 000E+00 i
207,358 71 0 00E+00 I

I 14E+02
.02 1 38E-01
E+03 8.50E+03

S oooo

207,358 71 3 28E+00 4 797E+04

103,679.35 207,358 71 0 00E+00 1 96E-04

103 679 35 207,35871 0006+00 8 69E-06

103,679 35 E+00 4 a

103,679 35 207,358 71 0 00E+00 1.4

103,679 35
I

207,358 71 0 00E+00
207,358 71 0 00E+00 4

207,35871 0 u00E+0 0

2 83E+04
1.44E+02
7.92E+01
1.35E+04

i03,679 35
103,679 35
103,679 35
103,679 35
103,679.35
1 03,679.35

I E-O1 6 41E-01
2 44E-05 4 88-05

0 00E+00 3 46E-09
O00E+00 2.54E-05

0.00E+00 1.286E+00

Sn-t26
Sr-90

1 0194E-05
1 3348E+00
3 8056E-04
1 7868E-11
2.3348E-08

207,358 71 0 006+00
207.358 71 0 00E+00
207,358.71 0 00E+00

E+00

E+05 2.87E+05
-+01 7.89E+01

3,679 35 207,3587
3,679 35 207,358i
13 6r79 35 207.358 7

71 000E+00 1 85E-06
71 0 00E+00 2 42E-03
'1 0 00E+00 4.28E-09

3 70E-06

in,Tb-232 4.128
TI-208 4.319

U-232 1 17C

U-233 7,213
U-234 6154
U-235 -2.86e
U-236 t 67C

U-238 -941!
Y-g 1.334

103.69 20735 .71

103,679 35 207,358 71

103,67935 207,358 71

103,679.35 207,35871
_ _ A _ _ 27.38 7

000E+00 4.48E-03
0 00E+00 1t21 E-02
0 0OE+00 748F-04
0 00E+00 6 38E+00
7 94E601 4 97L-01
0 00E+00 1 73E+00
9 1 8E-03 8 206-03
000E+00 138E+051 43E+6S

3
Thermal Power

Nominal Heat Bounding
Output ' Heat Output
(Watts) (Watts)

2.19E+03 4.37E+03
E-06 103,679 35 C

E4-1
.00

103,679 35 207,358W7
103,679 35 000 I Total Total

E+O0

; � 1� 11� 11

2 86E+05

nX. D.,^A,., nrss
=

. .,usso 1 oasi� *0I

Reactor Moderator HEAVY WA

Fuel Cladding ALUM
SOL HM Constituents U

OL Enrichment % 93 08510

= HEA WATER j
_ ALUM

= 400 b0 Ia^

.

R.AACI.. n, . used in es.tmalte---------EBumnup Summary (MWOI Fro SF0 .
Fr1om SFa bi Estcaleted Im

Nominal |_
Bounding

Checks

103 679 35 N~na Wiip cbiltii fror th hflftff*W masis dsryd

| ZU/ 1 -115 - 1I- la S W.-m -U A- N|

:I

Estited BumuPr
Give nSumupBumup MultipITr Estimated EOL tM/Gven EOL HM

I 0 1Nominal t
120

'Reactor shutdown, core removal storage. shipping or other Wate cont rming that Irradaton ceased Ior tuel

sTotal bumup Ir ait ltuel associated with ths worksheet must be dviced by EOL heavy metal mass to get specifc bumtup values (MWttMT)

Marsh 2003
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Fuel Radionuclide Inventory Worksheet
L FuM and Tenglate Infomnnation, ` .

Fuel Name. HFIR (INNER)
SNF ID *. 103

Fuel Units & Descr 442- 171 CURVED FtATES
Heavy metal Masr BOL1234 506kg;r E&L83 667kg
ROD Storage Site SRS

'Fuel decay start date 1986
Estimates as of: 2030

Tenplate: ATR (Light Waler. Av-m . 60 to 1 00%. U)
"Tempiate Bumup(lWd)- 3672

Template BOt. Heavy Metal Mass (MT): 0 00116689
Template Dey" Tames 35 years

Estimated
Canister usage

1tSx10'_

1X47331

IL. Estimates - . , m x,, X, b Y. Yb Gamma Sources J

Ci/MWd Fron
TemplateRadionuclide

Ac-227
Am-241
Am-242m

Photon Total
m Nominal Bounding Fuel hIitial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

FuelBumup(MWd)P Bumup(MWd)' (CI) Inventones(Ci) InventoriesCi) Group (bounding)
389,072 50 778,145 01 0 00E+00 7.81 E-04 1 56E-03 Avg. MeV
389,07250 778,14501 0 OOE+00 9 82E+02 1 96E+03 0.0150 5 731E.16

778,14501 0 0uu+Uu 1
Am-243 1 4880E-06
C-14 5 7053E-09
CI-36 1 3124E-32
Cm-243 1.1419E-07
Cm-244 I 6522E-05 3

I 190E,16
778,145 01 0 00E+00 5 79E-01
778,145 01 0 00E+00 2 22E-03

1 034Ei16
1 113E+16

1 0 OOE+00 i i 11E-27 I 02E-26
. .--

389,072.! 6
44 4-u02 8 89E-uz
43E+00 1.29E+01 0 2250

7.4047E-07 389,072 50 778.1
389,072 50 778,145 01 I

Cs-135
Cs-137 1 4365E+00
Eu-154 73230E-03
Eu-155 5 9259E-04
Fe-55 2 2791 E-06

778,145 01 0 00E+00 1.34E+^O
778,145 01 0 00E+00 5 59E+05
778,145 01 0 00E+00 2 85E+03

5 76E-01
I 59E+01
2 68E+00
1 12E+06
5 70E+03
4 61E+02
1 77E+00

0 5750 4164E+16
5086E.14
2 460E+14
1 385E+13

0 3750 2.520E+15

) 00E+00 2 31E+02
0 8 87E-01

H-3 1 9698E-03 7 66E+02 I 53E+03
7 5300E-07 i 5 86E-01 5 0000 2 616Eb05

778.145.01 U320E+04 7 0000 2.862E+04
778.145 01 0 0 11 0000 3 182E+03

Pa-231 778.145 01 0 00E+00
Pb-210
Pm-147 9-2402E.04

778.145 01 0 00E+00 1.29E-04
778,145 01 0 00E+00 3 60E+02

Pu-238 1 6217c-0 6.31E+03 t 26E+04 Li
Pu-241

4 2810E-04
2 4333E-04
1 6242E-02
3 6329E-07
9 0114E-10

389,072 50 778,145 01
3 33E+02
1 89E+02
1 26E+04
2 83E-01Pu-242

Ra-226

778,145 01 00E+00 6 32E+03
778,145 01 0 00E+00 1 41E-01
778.145 01 0 00E+00 3 51 E-04
778.145 01 0 00E+00 1 21E-08

7 01E-04
3 1019E-14 389,C 2 41 E-08
2.1225E-10
1t2930E05

389,072 50 778,145 01 000E+00
389,072 50 778,145 01 0 00E+00
389,072 50 778.145 01 0 00E+00
389,072 50 778,145 01 0 00E+00

8 26E-05 I 65E-04
5 03E+00 1 01E+01
4.50E+00 9 00E+O0

Sr-90
Tc-99
Th-229
Th-230

2407E-1 I
3497E-08
R387IF-A

78,145 01 0 00E+00 1 64E+02
78,145 01 0 00E+00 4 83E-06 9 65E-06

38907 Al*

0414E-08
0948E-07

389,072-50 778.145 01
389,072.50 778.145.01

3.25E-02 6 5OE-02
1 49E-08 2 99E-08
1 57E-02 314E-02

0 4 26E-02 8 52E-02 Thermal Power
_ _ _ _ _ _ _ i _ * _ _

---- --
,,-4or-Ue 389,072 50 7781 45 01 _ _ _ _ _ _ .

U-235
U-236
U-238
Y-90

389,072 50 778,145 01 0 ooE+00 7
389.072 50 0 00 2 486E+00 1

2 82E-03
1.44E+02
2 48E+00

Nominal Heat Bounding
Output Heat Output
(Watts) ' (Watts)

6.51 E+03 1.3OE6,D4
Total Total

I 5493E-05 389,072 50 778,145 01 0 00E+0
389,072 50 0 00 2 92E-02
389.072 50 778,145 01 0 00E+00

1t21E+01
2 92E-02
1 05E+06

. .

r

From SFD Used
Reactor Modeor UGHTWATER UGHrwATER

Fue Cadding ALUM ALUM
BOL HM Constituents U ALU

8OL Endrlhm-t % 92 Q9A 60 I-

- - --. Mues;

ji
S r(MWd' Basis for bumup used in estimate:

From SFD Estmat
Nornt 28^3 936.38 3-9.072 50Nf ald 5ur4 taboabid fra thr heavy metal massdesed

Boundg 778,145 01 6owdM bintp assued labett roeb nmai bxtnp

Checks

Estimated Bumupt
Bumup Multiplier Given Bumup Estimated EO HMtGiven E0t HMM

Nouningl I200
Noundal 1 0 137 [03|Bat iat~n ursdrme.soage asupig or. Ote __t ,_.____,_,__g t...at.. llabicesdorfl

ji

-eac bum-or carns removal, ste rage, 6hswisg or oteer dabe coldrmng that Irradmabo ceased tor geta
'TOWa bumup for a_ fuel assoaed wh thLL wodksheet mus~t be divitded byt 30L heavyt metal mass; to get specifc wmrup values (MAtdUT)

) i .

-I
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IL Fud and Temnlate Infornmaht-1
Fuel Name HFIR (INNER)

SNF ID # 1083

Fuel Units & Descr 54 -171 CURVED PLATES

HeavyMetalMass BOL=148446kg EOL=115285kg

ROD Storatge Shte: SRS

'Fuel decay start date 19WM

Estnmates as of 2030
Template ATR (LUht Water, Alu .60 to 100%. U)

'Temptlae Bumup(MWd) 3672

Template BOL Heavy Metal Mass (MI) 000116689
nemp~aeU..~......--

Estimated
Canister usa9e

18,X10,
18 00

1 X.t c m Xb , Y. Yb Gamma Sources

jlFsaate 
I 

, i 
Photon Total

Cr/MWd From Nominal Bounding Fuel initial Activity - Nominal Fuel Bounding FuelI

- - - - .- -. ,.,2, --... fi~mi
2

IC11 - lnventorles(Ci) lnventorie8(CI) I
Energy Photons/siec
Group (bounding)

I Radionuclide Template Fuet Bumup-a w) uu.. .,,u..-

Ac-227 2 u068E-09 34,142s 68.28516 0 006+0

A3m241 25251 34,14258 68,285.16 OOE+00

Am2-244 
6 q624E-7 34,14258 68,285 16 0 uOE+O

Arn-242 
f itF.O

7 i 72-02

I2I 7E-02

E- 2 71 2E-02
E-027 1 02E-01

A m-243 1 4880E-06 34,14Z 58 - 0575

C-14 57053E-09 34,14256 68,28516 OOOE+OO 1.95E-04 390Eu4 00575

C36 1 3124E-32 34,142.58 68,28516 0 0E+OO 4 48E-28 8 96E-28 00850

Cm-243 1419E-07 34,142.58 68285 16 00060+0 390E-03 7.80E-03 01250

Cm-244 1 6522E-05 34,14258 68,285.16 OOOE+00 564E-01 1.13E+00 02250

Co-60 7A047E-07 34,142 58 68,28516 0 OOE+DO 2 53E-02 S 06E42 03750

Cs-134 2 0455E-05 34,142.58 68,285 16 0 UKE+O 698E-01 40E+00 0 5750

Cs-135 34477E-06 34,14258 68,28516 OOOE+u0 1.18E-01 2356-01 08500

Cs-137 1365Ee+00 34,14258 68,28516 0006E00 490E+04 981E+OA 12500

Eu-154 73230E-03 34.14258 68,28516 00E.0 2.50E+02 SOOE+02 1 7500

Eu-155 5 9259304 34,14258 68,285.1 0006+00 2 02+01 4 05E+01 2 2500

AAR .8t6 wt C U . _F 01_2.7500

5029E1+15
1.044E+15
9077E+14
9771E+14
5 887E.14
3.889E.14
5 082E414
2211E+14

1 215E.12
1 016E+08
96976+07

- . .- 1. 11 1.1- I I -

1 9698E-03 34,142 58 68,28516 00 0E6 6 736+01 1 35+02 3.50vo

2 7.5300E-07 34, 142.58 68,28516 0E00 2.576-2 2 1402 5 0000

K-541176E402 34,142.58 6d,28516 0006.0 1.416+03 2816+03 70000

Nn-237 9 s7s2E46 34.14258 68.28516 0 E+00 3 27E-01 6 54E-01 110000

Pm-147 92402E404 3414258 68,28516 0 wE+00 315+01 6316+01

Pu-240 24333-0E4 34,14259 68.28516 06+w 8316+w0 1 66E+01

Pu-241 1.6242EE2 34,14258 68,285.16 000.w 5S55+02 1111+03

* Pu-242 363296E07 34,142 58 68,28516 0006+00 1246E02 2486-02

Ra-226 90114-10 3414258 68,28516 0006+0 308E45 615E45

Ra-,28 310196-14 34,142.58 68,28516 00wE+00 1.06E409 2 126-09

Ru-106 2 1225E-10 34,14258 6,28516 0 +0 7,254-06 1 45-E05

| S-,79 t28930E4 34,142.59 68,28516 00+E 44 1 6E-01 8_836-04 1

Sn-126 1.1571E45 34,14259 68,285.16 000+0 3951E01 790-E01

Sr-9O 1.34726E00 34,14259 63,2851t6 0.00E+00 4 606+04 9 206+OA

Tc99 42239E44 3414258 6828516 0 00+0 1 44E+01 2688E+01

7 Th-229 24076-11 34, 42.58 68,28516 00010 42240 476-07

2 3 95E-01 ___686.3 5706-0

.2 6E+0 _L2_E+ 4-

s___618E+04
2296E+04
2 512E+03
2Z801 E+02

I

8 3497E08 34.142 58 ooZo 1D U --

383.71E-14 34,14258 68,28516 000+00 1 31E9 262E9

4.0414E4-8 34,142 58 68,285.16 0 0E+00 1 38E-03 2 76E-03

. -A- - 34142 58 68.285 16 0 6E+0 3 74E43 7.43E43
Th r a ___....we...1

l1-208
I.

- U-232 48E._4

U-233 3 6275E-09 34,14258 6828516 0 0060 124E604 2 48-44 I

U--234 1856204 34,142.58 68,28516 00 6+0 6.346+0 12.7+01

U-235 -2.7235E-06 34,14259 00 2 99E01 2 0662 1 2 998-1

U-236 15493E-05 34.14258 68.285,16 00+0 5296-1 1066+0

U-238 -42851E-09 34,14258 000 342E-03 328E-3 3.42E-03

Y-901475+0 34.14258 68285 16 0006+00 4 60E+04 920E+04

- iOther Radionucides 4 67

U. Tmiplate Sleclioa Sunt, Burnup Summary. md Checks ' - -'

Teipate Se eton Summary

_Frc S Usd asis for Parameter dlee

*Reacor Moderator UGHT WATER UGHTWATEn

Fuel Clbdding A__!LUM - LU-M
BOL MM Consiunts

BOL Enrichme.^l % 93141 60to 100~

B uSummary (M d) Basis for bumup used In estimate-

I From SF | Esti ._ated I

Themal Bouder

Nomin~al tHext Bounding
Output Heat Output

(Watts) . (Watts)

71FL+02 1 14t
Tota Total

Nominal | 34,142.58 314044

Bounding I 68285 1S
11ioM] UraKsPi3Mria-i - "'
im"ng ww - - -- 1---- ---

I

Esmated Burup
Bumua MUhIpie~r Givean Bu=up

Nominal 073 0l
Estmated EOL HMtGen EOL NM

099r

I Sounding I 1 461 1__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Reactor shutldown. core removal storage, shiping or other date cant mrng that Irradation ceased for fuel

'Total bumupq lor an hel associated with thls worksheet must be dilded by OL heavy metal mass to get speah^ic burrW vates t(MWdMT)

M8rCtl �UU.S
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I

Fuel Radionuclide Inventory Worksheet
L, Fuel and Template Information _ _-

Fuel Name HFIR (OUTER)
SNF 10 #- 707

Fuel Units & Descr 54 369 CURVED PLATES
Heavy Metal Mass- BOtB3687kg, EOL.322364kg
ROD Storage Site SRS

'Fuet decay start date 1988
Estimates as of: 2030

Template: ATR (Ugtit Water. Atumr, 60 to 100%_ U)
'Template Bumup(MWd). 3672

Template 8OL Heavy Metal Mass (Mr 0 t00116889
Ternolate Decay Time, 35 yean

Estimated
Canister usage

24 x10
1 800

I

IIL Fstinuates , m X. Xb b - -Y. Yb I Gamma Sources

CilMWd From Nominal Bounding Fuel In"tal Activity Nominal Fuel Bounding Fuel
Template Fuel Bumup (MWd

1
Bumup (MW~d) (Cl bnventones(CI) tnventones(Ci)Radionuclide

Photon Total
Energy Photons/sec
Group (bounding)

Avg MeV I
00150 I1317E.16

----- -- ------ - - --- --
AC-ZZ1

Am-24t
Am-242m
Am-243
C-14

Z 00OOtw 89,37 92 1 77I9sb 84 0 UUL+OtU 1 79E-04
25251E-03
3 9624E-07
1 4880E-06
5 7053E-09
1 3124E-32

89,397 92 178.795 84 0 00E+00 2 26E+02
7 92 178,795 84 0 OOE+00 3 54E-02 70C

178,795 84 0 00E+00 1 33E-01 2 66E-01
O OoE+00 5 IOE-04 1 02E-03 0 0575

CI-36 2 35E-27 I 0 O850 1.541E+15
Cm-243 1 1419E-07 89,397.92 1
Cm-244 1 6522E-05 89,397 92 178.795 8

2 04E-02 01250 1 018E+15
295E+00 0.2250 1 331E+15
1.32E-01 0 3750 5789E+14

I
Co-60
Cs-1 34
Cs-1 35
Cs- 137
Eu-1 54
Eu-t55

7 4047E-07 89.397 92 178.795 84 0 OOE+00 6 E
2 0455E-05 89.397 92 178,795 84 0 OOE+00 1 8

89.397 92 178,795 84 0 00E+00 3 08E-01 61
9568E.15
1 169E+14

7 92 178,795 84 0 OOE+00 1.28E+05 2 57E+05
178,795 84 0 OOE+00 6 55E+02 1 31E+03

Fe-55 2 2791 E-06 89.,
0
0
0
0

+00 5 30E+01 i 06E+02 2 2500
2 04E-01 4 08E-01 2 7500 2 539E+08

H-3 1 9698E-03 89.397 92
1-129
KI-85
Np-237
Pa-231
Pla-21 0

7 5300E-07 89,397 92 178.795 84
4 1176E-02 89,397 92 178,795.84 0OOE+00

3 52E+02
1 35E-01
7 36E+03
1 71E+00
7 04E-04

3 5000 1 471E+05
5 OO0 6011E+04
70000 6578E+03
1100 OO 7.334E+02 Li9 5752E-06 89,397.92 178.795 84 O.OOE+00 8 56E-01

34 0 OOE+00 3 52E-04
84 0 OOE+00 2 96E-05 5 92E-05

Pm-1 47 9 2402E-04
PU-238 1 6217E-02 89.397 92
Pu-239 4 2810E-04 89,397 92 178,7

i 65E+02
2 90E+03
7 65E+01
4 35E+01
2 90E+03

Li
E-04 89,397 92 178,795 84 0 OE+00

7 92 178,795 84 0 0OE+00 1 45E+03
178.795 84 0 00E+00 3 25E-02 6 50E-02

Ra-226
Ra-228

OOE+00 8 06E-05
3. 1019E-14

Ru-106 2.1225E-10 89.397.92 178.,

1 61E-04
5 55E-09
3 80E-05
2 31 E+O0
2 07E+00
2 41 E+05

Se-79 1 2930E-05 89,397.92 178.795 84 OOE+00
89,397.92 178,795 84 0 OOE+00 1 0

178,795 84 0 OOE+00 1.20E+05

Th-229
Th-230
Th-232

1 2407E-11
8 3497E-08
3 8371E-14

89.397 92 178,795 84 0 OOE+00 3 78E+01
89,397 92 178,795 84 0 OOE+00 1.11E-06
89,397 92 178,795 84 0 OOE+00 7 46E-03
89,397 92 178,795 84 0 00E+00 3 43E-09

7S5SE+01
2.22E-06

Tl-208 4 0414E-08 89,397 92 178,795 84 0 OOE+00 3 61 E-C
U-232 1.0948E-07 89,397 92 178,795 84 0 OE+00 9 79E-C
U-233 3 6275E-09 89,397 92 178,795 84 0 OOE+00 3 24E-C

1 8562E-04 89,397.92 178.795 84 OOE+00 1 66E+01
-27235E-06 89,397.92 0 00 7.82E-01 5 39E-01

1 ~ ~ ~ ~ ~ ~ ~ - ---U, ~ -- -n --- 707-0-AA P A 4 e.A

Thermal Power
Nominal Hoat Bourndng
, output He Output

(Watts) (Watts)
1.50E+03 2.99E+03
Total Total

1 1_7SR

I Aoc-u O5,,30t.0v4 I fo,( tw04 U tUL+U'J 1.;5VL+0U
-9F03 1 MI 39.397 9z U Uu 8 96E-03 8 58E-03 8 96E-03

89,397 92 178,795 84 0000+00 1.20+05 2 41+05
1.22E+05 2 45E+05

mH.] __.
LJse cs Wt - .. , -

F From SFD i Used Btasis for Parameter Differences:
Reactor Moderator LtGHT WAER LIGHT WATER

Fuel C Iddg ALUM AWM
BOtL HM ConstItuents U U

SOLEnrichmenti% 93141 60 to1100

i

[
-

Bumupl Summary IMWdI' I R.si. 4or I..-. used .. es.-a J- i - r u s i - t s i m a 1 ,

Nomral 89 397 92 62 808 98
Bounding F 178.795 84

Checks

Estimated Bumup/
Bumup Multipler Given Burmup

8 E
4oniel bzis taken 8ivcdy trait SF0 (crverleJ ID WWO)
toufirqk kiminp assised to belsce nomenal bfssO

Estimated EDL HM/Glven EOL HU
_ _ 0 93NomalI 07t

L
'Reactor sIsAdown, core removal, storage. shipp9ig or other date contimiing Vtat irradatlon ceased for fuel

'Total bumup for all fuel associated with iis wodlsheet must be deided by OL heavy metal mass to get specsfic bumup values (M1WdMlT) -J

DOE/SNF/REP-078
Revision 0
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Fuel Radionuclide inventory Worksheet

L Fuel and Template Informabon- , _
Fuel Name HRiR (OUTER)

SNF tD# 1084
Fuel Units & Descr 442- 369 CURVED PLATES

Heavy Metal Mass BOL=3232.39kg EOL=2303 174kg

ROD Storage Site SRS

'Fuel decay start date 1986
Estimates as of 2030

Template ATR (JUght Water. Aun, 601 t 100u. U)

1Templat.Bumnup(MWd) 3672

Template BOL Heavy Metal Mass (M1) 000116689
- .- . Inr Im vars

Estimated
Canister usage

24-x10
1 4733

l. Fshimatts m I nb " " " X,^Y Y'. I Gamma Sources

Photon Total

Ci/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (UWd Burnup (MWd)
1 

BCi) Inventones(CI) Inventones(Ci)
n "i..N 17 T7-03 3 53E-03

Energy Photonstsec
_ Group (bounding)

Radionuclide
A.-227

AV0 triev

2,5251 E-03
3 9624E-07

1.759,97229 0 DDE.00 2
1,759,972 29 0 00E+00 3

4-03 0015i0 296E+17

E41j o 0250 2 692E+16

C-14
Ci-36

1 4
57
1 3

116

879,986 15 1
879,986 15 1
879,986 15 1

S 0t
E-03 1 OOE-02

2 62E+00

15E-26 231E-26

OW075 Z1340E+1G

Cm-243
Cm-244
Co-60
Cs-134
Cs-135

879.986 15 +u0o OOE-01 2

879,986.15 0 OOE+00 145E+01
01250 1002E+16
0.2250 12310E+16
03750 5 699E+15
0 5750 9 418E+16

7 4047E-07 0 00E+00 6 52E-
0 00E+00 1 80E+' I12 0455E-05

3 4477E-06 0 OOE+00 3 03E+00 6 07E+00 02500 t 150E+15

1 4365E+00 3 0 OOE+00
E+06 12500 3 1364+14

7.3230O-C S t 129E+04 17500 3 t32E+13

315 1,759,972,29 0n OE+0n 521tE+02 104E+03 ____ 2 61817+0
-+t .4 . .+. .

Fe-55 3 15 1,759,972,29 E+oo 4 037+03

879.986 15 1.759,97229 0 0E4.00 1 73E+03 3 47E+03
II H-3

1-129

L Np-237

Pa-231
Pb-2110

H Prn-l47

879.986 15 1,759,97229 0 O0E+00 663E-01 1

1176E-02 879,9861
5752E-06 879,986 1
9379E-09 879,986 1

9 0 006+00 3 62E+04
9 0 00E+00 8 43E+00

7.0000 6 475E+04
11 O00O 7219E+03

1,759,972,29
5 1,759,972,29

5 93E-03
4 5 83E-04311

879,986.15 1,759,972,29
879,986 15 1.759,972.29

E+02 1 63E+03
1 43E+04 2 85E+04

l [ Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ra-228
Ru-106
Sr-79
Sn-1 26
Sr-go
Tc-99

Ili

879.986 15

2 4333E-04 879,986 15
1 6242E-02 879.986 15
3 6329E-07 879.986 15
9 01 14E-10 879,986 15
31019E-14 879,98615

1,759.972.29 0 00E+00 3.77E+02
1759.972.29 0 00E+00 2 14E+02
1.759,97229 0 00E+00 1 43E+04
1.759,97229 0 00E+00 3 20E-01
1,759,972 29 00006+0 793E-04

7.53E+02
4 28E+02
2 866E+04
6 39E-01
1.59E-03
5 46E-081,759,972 2 C 0 0

21
1 2

10 879,986 15 1,i
E-05 879,986 15 1,i
E-05 879,986 15 1,~
:+00 879,986.15 1,#
E-04 879,986.15 1,

I9 00( 87E-04 374E-04
14E+01 2,28E+01
02E+01 2 04E+01
19E+06 2.37E+060 00E+00

0 00E+00

1,2407E-1 1 1,759 97229 0 00E+00
1.759,972,29 0 00E+00Th-230 8,3497E-08

Th-232 3.8371E-14
TI-208 4 0414E-08

U-232 1 0948E-07
U-233 3 6275E-09
U-234 1 8562E-04
U-235 -27235E-06
U-236 1 5493E-05

3 1
i 1
-5 1

3 1

0 00E+00
0 00E+00

S0 00E+00

E-02 1 47E-01
E-08 6 75E-08

E-02 7.11 E-02
E-02 1.93E-01 Thermal Power
=-03 6 38E-03 Nominal Heat Bounding

1,759,972 29 OwE+00 1 63E+02 3,27E+02 Outw Heat Output

(wafts) - (watts)879,986 15 0 00 6496+00 4
.9 988 IC 1759.979 0 wE+00 1

I 1 OE+00 6 49E+w0
-

.36E+01 2 73E!0 1 A7E+04 25.04

U-23
_A Y-90

Other F
1i.TeV

-4 3 15 0 00 7 651
3.15 1,759.972,29 0 wOE

Checks - _ r_ _ __

0 1.1606 276+06 I
120E+06 2 41 E+06 I

I 01211 I -. 1

Ternplate Selection Sunmnary

Reactor Modera [UG W

Fuel Cladding A LUM
B(OL HM Constituents

SOL Enrichment % 9

dasis nor Parainer umevencn.
IER

6010100

Bumup Summary (MWd) F
Fromr.

B.ouncling|

Rots ----lmin tinetiae

T Estimated .. .
J449 751 879 98s6 IE

t1,759 972.29 urjuidrg brirp a-iei t^ bk tefa nonina DUMU8

-i1
I Etnafed Bumup/

BumE Muitifer | Gien Bumup
"I'._ n l | 05730 871

Estimated EOL NM/Grven EOL HM
1 02t

Drzunow, |

'Reactor shutdown, core removal, storage, stopping or other date confirming Viat Irradaton ceased for fuel

'Total bur.up for alt fuel associated with this woriksheet must be dvided by iOL heavy metal Mass to get spedfic bumup values (MWd/tT)

Ma- 20

DOE/SNFIREP-078
Revision 0

March 2003
Page D461 of D-S58



Fuel Radionuclide Inventory Worksheet
L Fuel awd Template lnfordiation,,,a ,

Fuel Nam, HIFAR (UALX-HEU) AUSTRALIA
SNF 10 r 680

Fuel Units & Descr 240- 12 CURVED PLATES
Heavy Metal Mass: 5OL=4&192kg EOL.33 624kg
ROD Storase Sie SRS

'Fuel decay , date 1998
Estinates as of. 2030

Template: HFBR (Heavy Water. Alum, 40 to 100%. U)
'Template Burnup(MWd): 164 6

Temptlae BOL Heavy Metal Mass (Ml): 0 000377
Template Decay rime 25 years

Estlnated
Canister usage

1 8'x1 0,
6 667

1i. rEstinates- , m X. Y. b y. y, Gamma Sources
j

ClMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
Template Fuel Bumup (MWd) Bumup(MWd (Ci lnventoees4Ci) _nventones(Ci)

Photon Total
Energy Photons/sec
Group (bounding)Radionuclide

Ac-227 . : _ - - . . . _.

4 OOOE+00 581E-06 1 16E-05 I Avg MeV
Am-241 0 00E+00 9 83E+01 1.97E+02 0 0150 I 998E+15
Am-242m 0 00E+00 I 43E-02 2 85E-02 0 0250 4 1t2E+14
Am-243 3.7084E-(
C-14 2 6452E-08 10.655 32

0 3 95E-01 7.90E-01 0 0375 3 631E+14
5 64E-04 0 0575 3.872E+14

CI-36 4 4441E^31 10.655 32 21.310 64 o 0850 2.331 E614 ICm-243 S 0498E-06 10,655 32 21.310 64 0 00E+00
Crn-244 3 8451E-03 10.655 32 21.310 64 0 00E+00

1 617E414
2.012E.14

-05 10,655 32 21.310 64 0 00+00 2 696-01 5 38E-01
10,65532 21,31064 000E+00 211E+01 4 23E+01

Cs-135
Cs-137

+010 A 5AF4-0 9 (17P419 0 8500 -1-1F~s

8141E+I
Eu-154 4733E-02 1

+00 1 93E+04 3 87E+04 1 12500 1 920E+13
+00 3 70E+02 7 40E+02 1 7500 7 945E611
+00 7 57E+01 I 51E+02 22500 4283E+07
+00 3 81 E+00 7 63E+00 I .7500 3 682E+07

Eu-1 55 1081E-03 10.655 32 21.310 64
Fe-55 5790E-04 10.655 32 21.310 64 1

4945E-03 10,65532 21.31064 OQOE+00
6403E-07 10,65532 21.31064 6OOE+00 70OE-03 I 42E-02 L10,655.32 21,31064 0ooE+00 8.34E+02 I 67E+03

21,31064 0ooE+QO 3.36E-01 673E-01 11 0000
Pa-231
Pb-210 ac

0 ooE+00 1.42E-05 2.85E-05
0 OOE+00 3.27E-07 6 53E-07
0 OE+0Q0 695E+01 1 39E+02Prn-147 6.5188E-03 10.655 32

PU.238 1 4769E-01 10.655 32 U6 9502E-04
3 7928E-04
1 0565E-01
30911E-06

10,65532 21.31064
n~

3OE+00

Pu-241
00E+00 4 04E+00 8 08E+00
ooE+00 1.13E+03 2 25E+03
ooE+00 3 296 2 9E0 6 59E-02Pu-242

Ra-226 1 1081E-10 10,65532 21.,
Ra-228 2 1185E-14 10Q655 32 21.31064 0OE+t

2 3621 E07 10.65532 21,31064 oooE+00
10,655 32 21,310 64 0 OOE+00 1 31E-01 2 63E-01

Sr-sO
TC-99
Th-229
Th-230
Th-232
T1-208

10Q65532 21,31064 0006.+00
10Q655.32 21,31064 000E+O 1
10,655.32 21,31064 00OE+00 4

09E-01 2 17E-01
1 80E+04 3 61 E+04
4 OSE+00 811E+00

9 1252E-12 10,655.32
1-54071-08 10,655 32
2 8937E-14 10,655 32

21,310 64 0 00E+00
21.310 64 0 0OE+00

4-72727-0il 10653 21.3106 OOO+O AAf nF- IO
U-232 12855E-07 10.65532 21.31064 OOE+0600

10,65532 21,31064 0006E+00
10.65532 21,31064 00OE+o00

Thermal Power
Nominal Heat Bounding

Output, Heat Output97E-01 1 19E+00
7 RsO-021 0.65s 32 0 oo 7 soFE-4 4 74FE49

U-236 1 6701E-05
U-238 -94194E-09
Y-90 1 6932E+00
Other Radionuclides
IL Templabe Serdtion Ssnwar7, Burnup sinwa

Template Selection Sunmmary

Fro~m SFD =
Reactor Moderatr HEAWWATER

FueiCla dig AU"
0OL HM Constituenst

BOL Enrichment %#| 79 82555621 =

10,655 32 21,310 64 00.E+00 178E-01 356E-01 2.76is02 5,53E.02
10.655 32 0 00 3.06E-03 2 96E-03 3 06E-03 Total Total
10,655 32 21,310 64 000E+00 180E+04 3 61E+04

1 85E+04 3 70E+04
aWre and Checks - , - 1,)b - ,B, <<a

Used Basis for Parameter Diferences:
4EAVY WATER

ALUM
U

40O to 1 00

U
Bumup Summary (MWd)

4 *1Rat.s fbr Iurnun -.ed in estimae:- ii
NornhaLF

Bountinlg|

From :iF e.3te

10 655Z3
21i310642 tNornali bumup caJaialed trom e heavI mnelt mass mm st &

louadrg busi assuted it be Woe flmnal uniup

Checks

Estibaled Bumupl
Bumnup Mutpiier Given Bumup Estimated EOL HNM/Given EOL HNM

1 01Nominal
Bounding

0.54

1.08i
'Reactor shutdown. core removal. storage, shippeig or other dale corlirming that Irracabon ceased for fuel

'Total bumup for all iuel asscaated with tis worksheet must be divided by SOL heavy metal mass to get specific burnup values (MWdMT) -j
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Fuel Radionuclide Inventory Worksheet

1. Fuel mn Ternplate Information
Fuel Name HFOR (NETHERLANDS)

SNF IDS 713
Fuel Units & Descr 33 - ASSEMBLY

Heavy Metal Mass BOL=6.Skg, EOLe4 01kg
ROD Storage Sie- SRS

'Fuel decay start dale: 1988

Estinales as of 2030
Template- ATR (Light Water. Akim .60 o 1100-., U)

'Template Burnup(MWd) 3672

Template BOL Heavy Metal Mass (UT) 0.00116689

Estimated
Canister usage

18-x10'
138

iaempr e veut.a *___,_____________-

II. Estrstes -. ' 4 m X. X. b Y. Vb I Gamma Sources

I Eeg Photon sTosec

Radionuclide

Ci/MWd From Nominal Bounding Fuel Initial Activity ?4ominal Fuel Bounding Fuel

'Template Fuel Bumup (MWdf Bumup (MWd) MCi) lnvertorles(Ci) lnvettories(CI)

2 0068E-09 2,406 38 4,812.75 0 00E+00 4 83E-06 9 66E-06

25251 E-03 2.40638 4.8t275 0002E+00 6 06E+ 2E+01

GEergy Photons/secd
Avo MeV
Av0 4eV

O 0150 3 645E+14
A, 0 0250 7 360Eu13
Am-242m 3 9624E-07

Am-243 I 48804-06

C-14 5 7053E-09

2,406 38 0 00E+00 v DQt I
- -7 --

2,406 38
2,406'

S 0 00E+.00 :
5 0 00E+00

5 0 00E+00

J3
2 75E-05

0 0375

Ct-36 .3124L-32
E-29 6 32E-29
E-04 5 50E04

Cm-243 I 141t9-U0
Cm-244 1 6522E-05

Co-60 74047E47

Cs-134 2 0455E-05

;n2,406.38 4.812 75 i

2.406 38 4.812 75 :-02 7 95E-(

2741E+13
3.582E.13
1586E+1,3

4 1 78E-03

Cs-135 3 4477E6-

Cs-137 1 4365E+00
Eu-154 7.3230E-03

2.406 38
2,406 38

- 2,406 38

4,812.75 000E+00 4 92E-02

4,81275 0 00E+00 8 30E-03

4,812 75 0 00E+00 3 46E+03

4,812 75 0 00E+00 1 76E+01

4,812 75 0 00E+00 1 43E+00

4,812 75 0 OE+00 5 48E-3

05500 31461412
0.5750 2575E+14

E+03 1 2500
3 52E+01 i 7500
2 85E+00

Eu-155 9 ttE402
Fe-55

V-
H-3 4,812 75 0 0

4,812.75 0 0
10 9 48E+00

36

_7500 6 834E+06
11Lt 3 959E.03
5 0000 1618E+03
7 oo 1 770E+02

1 0000 1 974E+01
1-129 7.53j0Er7
Kr-85 4.1176E-02

Np-237 9 5752E46

Pa-231 3 9379E-09

Pb-210 33115E-10
Pm-147 9240204
Pu-238 1 6217E-02

4,812.75 9 91E+01

2.406 38 A 2 30E-02
E+00 9 48E-062,406 38 A

O ArtittRq A

1 90E-05
1 59E-060 OOE+00 7.97E-07

2,40638 4,812 75 00E+00 2.22E+w 4 45E+00

2 406.38 4 812 75 0 00+00 390E+01 7 80E+01
4.812 75 I

Pu-239 4.2810E-04
Pu-240 2 4333E-04

Pu-241 1 62426-02

Pu-242 3 6329E-07

.

4,812 75 t
4.812.75 t
4,812 75 -

17E+00

2,406 38
2,406 38 4
2,406 38 - 4

E+00 3 91E+01
5+00 8 74E-04
E+00 2 17E-06

Ra-226 90114E-10
Ra-228 3 1019E-14

Ru-106 2 1225E-10

. .^, .^

2,40638 4,81275 0 .E+00 7A6E-11 Al9E-lU

2406.38 4,81275 0006+00 5ttE-07 1.02E-06
_

Sr79 t 2930E-05 2,406.38

Sn-t26 1.1571E-05 2,406 38

Sr-90 i.3472E+wo 2,406 38

Tc-99 42239E-04 2,406 38

Tn-229 1 24070-11 2,40638O

4,812 75 000E+00
4,812 75 0 w0E+00
4,812.75 0 wE+w

E-0 622Erz-UZ~
E-02 5 57E-02
5.03 6 48E+03

4,81275
4,8t275 -

)00w+00 1 02E+00
0 00E+00 2.996-08
0)00E+00 2 01 E-04

-Th230 8 3497E-08
Th-232 3 8371 E-1 4

2,406 38
2,406 38
2-406.3Tl-208

U-232
U-233
U-234
U-235
U-236
U-238
Y-90
other Radionuclides

2.40633

4,812 75 0 006w+00
4,812 75 0 E+00 I

4,812.75 0 00E+00

4,812.75 0 00E+00
4,81275 000E+00

0 00 1.32E-02

1 85E-10 ii
1 95E-04 _. .__________

5 nE7-06 Tbemtnal PowerNoia cea Boundin
1 I 75E-05

8 913E-01
Nommina Heart Bountding

Output - Heat Output
(Watts) (Watts)

4 03E+01 e 05E+01_ota. _ota.
2 7235E-0 6

9
E+w

2,406 38 4,8t2 75 0 wOE+w0
2,406 38 0 00 1.51 E-04

2.406 38 4.812 75 0 00E+00

ry, a 3Uecks _______________--

E-03 1.32E-02 -

E-02 7.46E-02
E-04 1.51E-04
E+03 6 49E+03
E+03 8 59E+03

Total Total

rnup Sur

From SFD used

Reactor Moderator Ur;tf4 WATER UTWATER

Fuel Cladding ALUM ALUM

BOL HM Constftuents U U

BOL nrichment % 9313062871 601 0 100

Bumup Summary (MWd) _
' e.__ I -_ ___

_Easis for Parameter Differences'

Basis for bumup used In estimate:

Fromru ID =s
.

.

Nominal 2 406-3

Boundru`g | 4 812 7'

Checks

-

-4
Estimated BurupI

Bumup Muliplter Given Bumup
Nominal 1 17

Boundin 233

Estimated EOL HMIGven EOL HM

_ I t104

'Reactor shutdown, core removal. storage, shipping or other date confirming tiat Irradaoan ceased for fuel

aTotal bumrup rfor a! fuel associated with ths worksheet must be dvided by BOL heavy metal mass to get spedfic burnup values (MWdvrM)

March 2003

March 2003

Page D-463 of D-585- DOE/SNF/FEP-078
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I
Fuel Radionuclide Inventory Worksheet

L Fuel and Templatt Infonrmaton 2L.

Fuel Name: HTRE (ANP)
SNF ID. 105 l

Fuel Units & Descr: 13 - CANISTER OF SCRAP
Heavy Metal Mass BOL=4455kg EOL1 039kg
ROD Storage Site INEEL

'Fueldecaystart dat 1961
Estimates as of. 2030

Template- Pathfmider (Ught Water, SST. 60 to 100%. U)
'Template Bumup(MWd: 601

Template SOL Heavy Metal Mass (UT)' 0 00012882
Tenintate Dey Time' 65 yar-

Estimated
Canister usage

18)X103
I0 36

11. Estimates m -n x, Yby Gamma Sources
]

Photon Total
CiJMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWd)9 Bumup (MWde (Ci) fnventonios(Ca) tnventones(Ci) Group (bounding)
A- - - - -A UAOs^^Z AnAU.A OUA._ P...

Radionuclida

48zti2b ios 24 U uuO+UU Ze2-ob 4 43E-05 Avg MeV
482 62 96524 0 OOE+00 54E-02 1.11E-01 0 0150

0 OOE+00 58E-06 7.16E-06 0 0250
Am-243
C-14

IO oE+0o I 74E-07 9 48E-07 I 00375 6.361E+12

Cl-36 12260E-06 482 e
Cm-243 f2000E-10 48262 96524 002E+00 5;
Cm-244 73577E-10 48262 96524 0 OOE+00 35
Co-60 1 3732E-03 482 62 965 24 0 OOE+00 66

221E-01 0 0575 6826E.12
1 18E-03 00850 4123E.12
1 16E-07 01250 2673E+12
7 1 OE-07 0 2250 3 553E+12
1 33E+00 0 3750 1 550E+12
I 23E-07 0 5750 2 Fe7F 13

_,w,

1 2709E-10 482 62 965 24 0 OOE+0O 6.13E-08
482 62 965 24 0 OOE+00 1 46E-02 2 93E-02
482 62 965 24 0 O0E+OO 3 50E+02 7 01 E+02 1 2500

2 88E-02 5 77E-02 1 7500 6 513E+09
Eu-155 0577E-C 1 02E-02 22500 1232E+06
Fe-55 t631 E-07
H-3 6722E-04 482 62 965.24

4 02E-04 2 7500 S S17E+.0
4 51 E-01 3.5000 5 624E+01
7 07E-04 5.0000 2 323E+01
s .CF-n I n nn o-c. -

1-129 7 3195E-07 482 62 965 24 0 OOE+00 Ii482 62 965249 A OOE+OO 2 87EPoo
- I - - - -

482 62 965 24 0 OE+00 5 55E-04 11tE-03 11 000
965 24 0 OE+00 3 42E-05 6.84E-05

Pb-210
Pm-147

0 o0E+00 1 08E-09 2-16E-09
42296E-C C4E-04

Pu-238 2 3295E-04
4 08E-04
225E-01 LPu-239

Pu-240
PU-241
PU-242
Ra-226

6 6722E-04 482 62
8 6556E-05 482 62 965 24 0 OOE+00

482 62 96524 OOE+00 815E-02 1 63E-01
965 24 0 oOE+00 9 52E-07 1 9OE-06

E09
Ra-228 8 351 I E-12 4

4 42E-09
8 06E-09
1 98E-16
1 28E-02

Ru-106 2 0516E-19 482 62 965 24 0C
I 3220E-05 482-62 965 24 0 OOE+00 6 38E-03

482.62 965 24 0 0OE+00 584E-03 1.11E-02
sr-90~
Tc-99
Th-229

965 24 0 00E+00 323E+02 6 45E+02
0 0OE+00 2 25E-01 450E-01

23727E-1 I E48
Th-230 2.7354E-10 4

229E-08
2 64E-07

Th-232 &3594E-12
TI-208 1 6228E-08

482 62

U-232
482 62 965 24 0OOE+C
482 62 965 24 00OE+C
482 62 96524 0 OOE+C

424E-05 = Thermal Power
U-233 a3344E-09
-6234 4 0749E-07 482 62 96524 0002E+0O 1 97E-04

U-235 -2.7761 E-06 482 62 0 00 916E-03 7 82E-03
U-236 1 6190E-05 48262 96524 0OOE+00 7 8tE-03

Nommal Heat Bounding
Output Heat Output
(Watts) (Watts)
3 93E+00 7 56E+00

Total Total
-------

-2 U054 tI i 48tz b6 u 00
965 24

1 u -054 103E-04
0 00E+00 3 23E+02 6 46E+02

Other Rador 4 38E+02 8.77E+02
111. Temnate Selecon Sumarrv, Burnup Sunuary, and Checks -
Template Selection Summary

From SFD
Reactor Moderator uGrT WATER

Fuel Cladding NICHROME
BOt HM Constituents U

SOL Enrichment % 1 93 15

Wid
WATER

Basis for Parameter DWiferences:
This Temphlae was tued fr the Mownil reasons
This he maties en all pyasarietes epcet radikng (SST Is nservatrie) bU

60 to 100

Bumup Summary (MWd)_ Basis for burnup used in estimate:
From SFD Estimated

Nominal __ 482.6 Nomral Wm*tu cabcatead from hi heaa metal mass estoyeds
Bounding 96524 vring btes assaned b he teD e I tfmieial tunue

Checks

Estimat d Bumupl
Bumu i! Given Bumup Estamated EOL HM/Given EOL HM

Nominal 2[ 2 | 100
Bounding 4 ssl

'Reactor shutdown, core removal, storage, shipping or other date confimuing that Inradahon ceased tor fuel
2

Total bumrup for ait fuel associated with this worxsheet must be dvided by 2OL heavy metal mass to get specfic burrup values (MWd/UT)

DOE/SNFIREP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet

L Fuel and Teruplate Information ' *^
Fuel Nan.me HWCTn 3EMT-2 (UMO)

SNF ID*. 118

Fuel Units & Desur. 7 - TUBE

Heavy Metal Mass r0L EOL.8 tO8kg
ROD Storace Site INEEL

'Fuel decay start dale 1964
Estimates as ol 2030

Template HFBR (Heavy Water, Zarc .0 to 5%. U)

*Template Bumup(MWd) 5

Template SOL Heavy Metal Mass (MT). 0 00034251

Estimated
Canister usage

18'x10'
I 016

Template Uecay I me u years

. Fdshmattff - In ^ m X. X, b Y.I Gamma Sources

11 F- mte .b .- Y I Photon Total

CUMWd From Nominal Bounding Fuel _niial Activity Nominal Fuel Bounding Fuel
-- - --.. ~ -n i.-mAt-i-JrI lnventonesiCill

ElEnergy Photons/sec
Group (bounding)

R Hadionuclide Template - FuelBurnup(MW0)r Burnup tl-v, ... ... ... ,

* Ac-227 7 7980E-09 7,772 0O 7,77205 0 OOE+00 6 06E-05 6 06E-05 AN

Am-241 2 3560E-02 7,772 05 7,772 05 0OOE+00 1 B3E+02 1 83E+02

Am-242m 3 0880E-06 7,772.05 7.772 05 0 OOE+OO 2AOE-02 2 40E-02

Am-243 - 2T0520E46 7772 05 7 772 05 0 ODE+OO tS9E-02 1 59E-02 C

C-14 1 1222E-03 7,77205 7,772.05 OOOE+OO 872E+00 872E+OC

! CI-36 83760E-11 7,77205 7.772OS 0006+O 651E47 651E-07 C

Cm-243 2 4260E-07 772 05 7772 05 0 OOE+00 1 89E-03 1 89E-03

Cm-244 3 3140E5 7 7 705 7.772 006E+00 2.58E-02 2 58E-02

Co-60 12454E-03 7,772.05 7,705 0OOE+O 9 68E+00 9686+00

- Cs-134 33040E-10 7,772.05 777205 0OO+OO 2.57E-06 257E-06

Cs-135 79140E-06 777205 7,77205 00E+00 615E-02 615E-02

Cs-137 7 1580-01 7,772 05 7,772.05 0006.00O 5 56E+03 5 56E+03

Eu-154 6 OSOOE-04 7,7720 77 705 0 OOE+OO 4 70E+00 470E+O 0

Eu-155 9 4860E-06 7,772 05 7.772 OS 0 00 E+OO 7.37E-02 7 37E-02

Fe-55 1 9322E-08 7,7705 7,77205 0S O OE+OO 150E-04 1 50E-04

m H-3 44180E-03 7,77206 7,77205 000E+00 343E+01 343E+01

_ I-129 75020E-07 7.772 05 7,72 05 0OOE+00 583E-03 583-03

Kr-8 554940E-03 7.772 05 7,7 05 OOE+OO 427E+01 427E+01

Np-237 58040E-06 7,77205 7,2.05 OOOE+00 451E-02 451E-02

Pa-231 1 1096E-08 7.772 05 7,772 05 0 00E+00 8 62E-05 8 62E-S

1 4712E08 7,70 777205 0O00+00 1.14E-04 1.14E-04

Pm-147 5920E-07 7 05 7,772 05 0OE+O0 2 79-03 2.79E-03

Pu-238 5 0700E-03 7,772.05 7,7 05 000O+OO 3 94E+01 3 94E+01

Pu-239 t 8728E-02 7,772 05 7.7 05 0 OOE+00 1 46E+02 1.46E+02

Pu-240 8 32BOE-43 7772 05 72.05 0 OOE+OO 6 47E+01 6 47E+01

Pu-241 3 4460E-02 7.772 05 7,7.05 00OO+OO 2 68E+02 2 68E+02

Pu-242 2 0380E-06 7.772 05 7.772 05 0 OE+00 1.58^-02 1 .58E-02

)150 2 660E+14
250 54946+13

3 0375 4 837E+13
3 0575 57WE+13
o 0850

0 1250 2003E.13
02250 2 653E+13
0.3750 1 155E+13
0.5750 2 066E+14
o.500 1 974E.12
12500 1.426E+12
1 7500 5100E+10
22500 9 178E+06
2.7500 9 536E+OS
3.8000 3 886E+04

50000 1631E+i04
7 aco 1.634E+03

I 2 030E+02

Pa-226 2 9640E-08
Ra-228 11.1 2n2-09

5 --- - --

7
7 7,772 05 0 0E+0 927E4.6 9.27E46

7.772 05 C0E+w 2 786E-15 2 78E-15

7 7779M 0 wDE+00 9 73E6-2 9 73E-02Ru-i 06 3 5780E,-t9
. trAAC hZ

I Se-79 12520-C -. {- 9 37E.02

Sn-126 12050E-05 7.77205 7,772.05 000E+O 937E4.2 937E4.2

Sr-0( 6 1880E-01 7t25 7,72 405 0 0+ 4 81E. 3 4 81E+03

- Tc-94 4120E.04

Th-229 6 9280E-09
1.7084E-06

7,772 C +w0 5 - -E -

7,772 7,77205 C C
7,77205 0o

452 5 138E45E0
1Aq3E402 1Aq3E402

_ .

Th-232 11926E-C 7.77205 7,772 05

Tl-208 34740E-08 7.772 05 772.05 0

- U-232 9 2940E-O8 7.772 05 7,772.05 0

U-233 91680E4.7 7,77205 7.772 O

U-234 2 3440E-3 7.772 7,772 5 C

U-235 -2.3296E406 7,772 05 0 00

U-236 2.6620E-05 7.772.05 7,772 05 C

U-238 -1 329tE47 7,7725 0 00

Y-90 619wE-t 7.772 05 7,772.05

Other Ratianuclides

'IIL Separ Sedectbon suat BUrn Smunmary, und Chis

Template SlecnSumr
.From SFD Ued Basis for Parameter I

Reactor Moderator HEAW WATER HEAYw WATER Tin Temphlae was uted tor I

Fuel Cladding.V IRC T at malches at al piara

BOL HM Constituents U U

BOL Ennchment% 0t505

IL 3umupSummary (Wd) - 1 oasis orbumup use

* ~~~~~~From SFD | Emtd i~ o~

;27E-06 9 27T6-0
0 2 70E604 2 70-44

713E-04 Thermal Power _

o7 13E403
Et+w 1 82E+01 1 826+01

E-03 0 006+00 1 75E-03

E+.O 2 07E4-1 2 0761

Noutlt Houtput
Output _iteat Output
(Watts) (Wattsi--4-I At8E+. 7-38E.01^

I'77'A T^§
E403 4 09E43 T otal I owa

O0OO+w 4 81E+03 4 81 E+03
5.32E+03 5.32E+03

-em ceasors
eens excelt enrwred oirlk5'ii-)

d in estimate

Nomnal rfc1 auF I- . V. 7mo or rts^ tr E

IBounviin, 
,7 S8nig I edmatetb; assumwg B4heavymebRa>#iwastmceEO

Checks
Estimated Bumup/

Bumup Mult ipler GIven Bumup Estimated EOL HMWGiven EOL HM

Nominal 3283 2 s59

Soundmng , 2283
. - lnri-incesdtrle

ii
- -o hton or envi irge ~ yyV0- - 111-,- ---

2
Totla bumup for all luel assodated wIth lhls worxt must be dvided by 601 heavy metal mass to get specfic burnup values (MWdMl)

March 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel and Temlte Infmadon _ _ 2

Fuel Nan' HWCTR DRIVER (U-ZR) HEU
SNF IDS. 117

Fuel Units & Desec 76 -TUBE
Heavy Metal Mass 80L . EOL=36 13kg
ROD Storage Site INEEL

'Fuel decay start date: 1964
Estimates as of 2030

Template- HFBR (Heavy Water. ZLrc 0 to 5%. U)
'Temptate Bumup(MWd) 5

Template BOL Heavy Metal Mass (MT: 0 OD034251
Ternmpte Decay Tiner 65 -ars

Estrnated ,
Canister usage:

18tSx15
1 345

Ui. EsWintea I m x. Xb b y. Yb J Gamma Sources

CbtMWd From
Template

Nominal - Bounding Fuel Initial Activiy Nominal Fuel Bounding Fuel I Enh y Photonstsec
Fuel Bumup (MWd Bumup (MWd9 (Ci) Irventories(Ci) Inventones(Ci) Group (bounding)Radionuctide

Ac-227 .OJC U I U Wrt+W5 Z7U0-U4 2 70t-04 Avg.
Am-241 OWE+wD &16E+02 &16E+02 00
Am-242m 1.07E-01 1 07E-01
Am-243 2 0520E-06 7.11E-02 7.1tE-02 0 0375
C-14 I 1222E-03
Cl-36 83760E-1 1 34.632 9g
Cm-243 24260E-07 34,632 91 34.632 91

7 <AL nc < cqq n; < ;

3 89E+01
2 90E-06
8 40E-03
1 15E-01

431E+01
1 14E-05

3 89E+01
2 90E-06 00850 1.373E+14
B 40E-03

^ - 7 - ,

0 0575

3 31 4BEBrs _4~~~~~ -S9 4 29 ou
01250 8S9265E13
02250 1 182E+14
0 3750 5148E+131 2454E-03 34,632 91 34,632 91 0 0E+00

34,632 91 0 00E+00
Cs-135 0 00W+00 2 74E-01 2 74E-01

+14
+12
+12Cs-137 2 48E+04 248E+04

Eu-1 54 6 5005E04 34.e 21 OE+01 1 7500 2.273E+11
Eu-1 55 0 AP"f04-1 34f 34.632 9

1 9322E-08 34.63g91 34,632Z91 O002E+1
4 4180E-03 34,63Z9t 34,632.91 0 0E+00 1 53E2+0

34,63291 34,632.91 0 OE+00 2 60E-02
34,632 91 34,632 91 0 0E+0O 1 90E+02

22500 4 090E+07
2 7500 4249E+07
38500 1 732E+05

o0000 7267E+04
Kr-85
Np-237
Pa-231

ti
34,632 91 0 00E+00 2 01 E-01 2 01 E-01

3 84E-04 3 84E-04
Pb-210 1 4712E-08 34,6 5 OE-04
Pm-147 3 5920E-07 34.632 91
Pu-238 5 0700E-03 34,632 91 34,632 91

5 1E-04
1 24E-02
1 76E+02
6 49E+02
2 f8E+02

LI1 8728E-02 34,632 91 34,632 91 0 00E+00 6 49E+02
34,632 91 0 OOE+00 2 88E+028.3

Pu-241 34 0 2OE+00 1.19E+03
Pu-242 2 0380E-06

119E+03
7 06E-02
1 03E-03Ra-226 296402-08 34.632 91 34.632 91

1.1922E-09 34,63t91 34,632 91 0 OOE+0
34,632.91

Se-79
Sn-I 26
Sr-90
Tc-99
Th-229

34,632 91 0 OOE+00 124E-14
34,632 91 0 O0E+00 4 34E-01
34,632 91 000E+00 4 17E-01 4 17E-01

6t1880E-01 34,632 91
4 4120E-04 34,632 91
6 9280E-09 34.632 91

214E+04 214E+04
I 53E+01 1 53E+01

2 40E-04
I 7084E-06
I 1926E-09

34,632 91 34,63291 0 OOE+00 5 92E-02
34,63291 34,63291 0 OOE+00 4 13E-05
34.63291 34,63Z91 0 O0E+00 1.20E-033 4740E-08

o nc:s s AK SA AU.AA^--- --

U-233 9 1680E-07
U-234 23440E-03
U-235 -2 3296E-06
U-236 Z6620E-05
U-238 -11291E-07

Y-90 681900-01E
Other Radionuclides
Ill. T late Selectieon Sunrry, Buanup Su

34.b3ZY1 .iq 3 I U oi00t+O0 3.22E4-t3
34,63291 34,63291 000E+00 318E-02
34,63291 34,63291 000E+00 812E+01

o 00 7 81E-03 0 00E+00 7.81 E-03

Nominal Heat Bounding
Output Heat Output
(Watts) (Watts)

329E+02 329E+02
Total Total

34 83 91 0 0^vE+00 9 22E-01 9.22E-01
0 00 2 28E-02 1 82E-02 2.28E-02

34,63291 000E+00 214E+04 214E+04
2 37E+04 2 37E+04

Basis for Parameter Difterences:
Tls Tefptale wa useA trn the ioS rearns
Ths tael makihes aid pYametwrs except eroeat (wkiown)

Template Selecton Summary
From SFD Used

Reactor Moderator- HA WATER HEAVY WATER
Fuel Clading ZIR ZiRC

BOL NM Constituents U U
BOIL E nridin wi W Av,. C

U
Burnup Summary (MWd)' Basis for burnup used in estimate:

From SFO Estimated
Nominal |E 34 632 9 WN"i i set equalI bua bInup

Bvuntg | 34 632 Wiwdmg bwmup esasated by assmmo 80L heavy metal ost was twice EOL

IChecks
Ji

E tInated Bumnup/
Bum up Mtuttiptiier Given Bumnup Estimated£ EOL HMWGIven EOL HM

r 2.59Nominal
Bounding

'Reactor shutdown. core removal, storage, shipping or other tate confirming that irraCdaticn ceased tor fuel
5
Toti bumup for al fuel associated with ths worksheet rust be divided by BOL heavy metal mass Is get spea fic bumup values (MWdAT)

DOE/SNF/REP-078
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Fuel Radionuclide inventory Worksheet

L Fuel and TempLate Infortaitiot i

Fuel Name HWCTR ETWO (U METAL) LEU

SNF ID# 867
Fuel Units & Descr 6 - TUBE
Heavy Metal Mass BOL. . EOL45 456kg

ROD Storage Site tNEEL

'Fuet decay Start date: 1964

Estimates as of 2030
Temptate- HFBR(HeavyWaterZirc.010o5. U)

aTemplate Bumup(MWd) S
Template BOL Heavy Metal Mass (MT) 0 00034251

Temptlae Decay Tame 65 years

Estomated
Cantster usage

18x15
1 027

-

II. Estimates - m - X. X, b y. y. Gamma Sources

CIUMWd From
- Template

Nominal Bounding Fuel Itital Activtty Nominal Fuel Bounding Fuel

Fuel Burtup (MWd)' Bumup (MWd)' - (Ci) - Inventori(*Ci) Inventlones(Ci)

43,572 00 43,572 O0 0 00E+0(1 3 40E-04 3 40E-04

43,572 00 45 r 0 000nFn 1 03E+03 1 03E+03
-- -" "~ IOFt 1 q'F-nl

I

7 7980E-09

Photon Total
Energy r Photons/sec
Group (boundng)

Avg 4ev
00150 1491E+15

0205 3080E+14
o 0375 2712E+14
0 0575 13003E14

2.3560E-02
3 0880E-0 0 43J,sIz I I U

Arn-243 2 0520E-C

C-14 1 1222E-(

Si-36 8 3760E-1
Cm-243 2 4260E-C
CM-244 3 3140E-(

43.572 00 4
43.572 00 4

E+00 8 94E-02
:+00 4 89E+01
E+00 3 65E-06 0 0150 1 725E+14

43,572.00
43.572 00 43,57200 0 009+00 tO

Co-60
Cs-134
Cs-t35

54E-03
40E-1 0

3,572 00 0 00E+00
3,572.00 0 WE+00

3,7.0 0 00E+00

i
S

-I
43E+01 0 3750

032250
01250 1 t23E+14

344E-05 I 159E+15
I 107E+13

7 91400EO6 43,572 00 43,572 00 3 45E-01

7 1580E-01 43.57z W 312E+04 3 1
2 64E+01 2 6

12500 7997E+12
17500 2.8590E11
22500 5 145E+076 0

9 4Eu-155 U,572 00
43.572 00f Fe-55

L H-3
1-129
Kr-115

- Np-237
I- Pa-231

I I Pb-210
W , Pm-147

0 0 WOE+00 4 13E-01
0 W0E+00 8 42E-04

O 0wE+o0 1 93E+02
0 00E+00 3 279.02

27500
11

1 93E+02 3 5000

4 3927E402 s 0000

5 4940E-03 4 43,572.00 t 2 39E+02 1.02.E+04
1 166E+03

r a(Virlp" 4 3,572 00 43.57200 I :-0i 2 53E-01 I I
_, _ _ _ . _

11096008 43,572.00 43.57200 0 00E+00 4t3-4
tt~t e.s,-- -,,,n.- CAI

4 83E-04
6 41

1 4712E-08
? 00 43,572 0035920E-0

R.- Pu-238 5 C

Pu-239 1.8
Pu-240 8 3

Pu-241 3 4
Pu-242 2 C
Ra-226 2 9

Ra-228 1 t

Ru-106 3 6

Se-79 1 .

43,572 00

43,572 00

0 wE+00 - 1 57E.02
0 009E+ 2.21E+02
0009+00 8 16E+02
0 OOE+00 3 839+02 3.63E+02

t.50E+03
-02 4

0380E-06 43,572 00
6409-08 43,572 00

1922E-09 43 5720
5780E-19 43,572 w0
2520E-05 43,572 00
2050E-05 43,572 00
i1880E-01 43,572 00
I120E-04 43,572 00

43,572,00
43,572 00
43.572 00 C i

88E-02 8 88E-02
29E-03 1 29E-03

19E-05 519E-05
156-14 1.56E-14+00

0009+00 54
O OwE+00 5.2
O O 00E+00 2.71Sn-126

Sr-90
Tc-99
Th-229

525E-01
2 70E+04
I 92E+01

4 43.572 00 0
43,572 00 0 C
43.157200 0

3 029-04 3_029-04
7 44E-02 7 44E-02

3 5 20E-05 520E-0570849-06
1092F6 O9

3.4740E418
92940E-08
9 1680E-07

43,572 00 43,572 ̂ w

43.572 00 43,572 00
43,572 w0 43,5.72 00

4 3,572.00 437,

0 00E+w0 1.51E-03

0 00E+00 4 05E-03
0 00E+00 3 990-02
09E+00 1 02E+02
9 839-03 0 00E+00

1-51
Thermal Power

2
Nogrnnal Heat souindmng

Output Heat Output
(Watts) (Watts)

U-235
U-236
U-238
Y-90
Other Radionucides

43,572.00 ,7
-

_ H q : _ __

F+OO 4 14E~av2 4 14E.v2
43;572.00 43,57200 09E+Q0 1 16E+D0 .tW t T Tt

2709+04 J-A- --- ^--

43,572 00

M cks' | t-

LI _-

572 00 00E+00 2 70E+04
2.98E+04

'$ rO ) P..

2 70E+04_1
-2 98E+04I

Templae Selection Summary
From SFD

Reactor Moderator HEAVY WATER

Fuel CAddag ZIRC -

SOL HM Constituents U _
BOLEnrichment %

tted sasel was taedrfnre wor.
HEAVY WATER

ztRC
U-!-

ftt foalaj wades tsed fo rwset twwrritmadsons r~*roe

- =Basis for burnup used In estimate
Bumup Summary (MV Cdo

XFrom SF Estimated

Nominaf 43.57200

Bouning |- 43.7200

--------:= 1
Estmated Bumup

Burnup Mtullplier Given Burnup

Nominal 32.83

Ao-rndi 3283 I

'Reactor shutdown, core removat storage shipping or other date confitrining that Iradaon ceased for fuel

'Totat bunnup for at fuel associated with this worksheet must be dvkled by OL heavy metal mass to get specific burP values (MWdMT)

March 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel ard Template Inlo matioo

Fuel Name: HWCTR IMT (U METAL-SST) DU
SNFtDrt 113

Fuel Units & Deser: 82 - TUE8
Heavy Metal Mass: BO1 , EOL-92 775kg
ROD Storage Site INEEL

'Fuel decay start dater 1964
Estimates as of. 2030

Template HFBR (Heavy Water, SST. O lo 5% U)
'Template Bumup(MWd): S

Template BOL Heavy Metal Mass (MT): 0 00034251
Temolate Decay Tmv. 65 war

Estimated
Canister usage.

18"x10t
115 1

I. Fstimates, -., m X. Xb I.. b Iy Gamma Sources f

Photon Total
C/bMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWd)? Bumup (MWd)O (CI) Inventories(Ci) tnventornes(Ci) Group (bounding)
- - - - - - - -O 7 AO .o ̂ O0.A

Radionuclide

0C-0 Z,57324 B,5724 UOUU+OOU i IBE-U4 &18E-0
Am-241 2 2020E-Ot 88,573 24 88.57324 0 O0E+00 1 95E+04 1 95E+O +15

88,573 24 88,573 24 0 OOE+00 7 96^E+Ov 796E+00
24 88,573 24 0 OOE+OO 4 63E+00 463E+00 0 0375

i 96E+03 96E+03 0 0575 7 54.E+14
Cl-35 4 1880E-04
(O-9AI 8 0820Ec05 RR 57. 2

^ u^cus-uu oea; cs
Cm-244 2 3260E-04 88.573 24 88,57324

3 71 E+01
7 16E-01
2 06E.01
8 81E+03
6 39E-05
3 32E-01

0 0850 2925E+14
0 1250 1 900E+14

2497E+14
Co-60 9 9520E-02 88.573 24 88,573.24 0 OOE+OO 8 I 084E+14

7 2160E-10
3 7460E-06
7 2140E-01
8 2120E-04

88,57324 88,573.24 0 OOE+00 6.39E-05
88 573 24 88,57324 0 00E+00 3.32E-01
88.57324 88,57324 0 OOE+00 6 39E+04 6 39E+04 1.2

4 0 DOE+00 7 27E+01 7.27E-01 1 7500
Eu-t 55
Fe-55 1 8062E-05

0

0

+00 Ii

H-3 82700E-03 88.,
1-129 9.1660E-07 88.57324 E

09E+00
60E+00

'33E+02
8 12E-02
1 t2E+02
t938+00

1 09E+00 22500 3S11E+09
1 60E+00 2.7500 3.689E.08
7.33E+02 3 5000 1 862E+06

Kr-85
Np-237
Pa-231
Pb-21 0
Pm-147

4 6540E-03 88,57324 88.573 24 0 OOE+00
8
41'
1 1

o 7 734E+05
8 611 E+04

0 9 708E+032.1800E-05 88,573 24 88.573 24 0 00E+00
88,573 24 0 OOE+00 1 15E-03 1.15E-03

73 24 0 O0E+O0 t 20E-03

Pu-238 2 8680E-02 88.5732

1t20E-03
2.52E-02
2 54E+03
5 76E+03
2 36E+03
2 84E+04

IPu-239 6 5040E-02 88.573 24
2 6620E-02 88,573 24 88.57324 0 oOE+00 2.36E+I

88,573 24 88.57324 0 OOE+00 2 84E+04
3 24 88,573.24 0 OOE800 1 48E+00 1 48E+00

2.43E-03
Ra-M28 2 0880E-10
Ru-108 8 1300E-19 a8.573.2

2 43E-03
1 85E805
7 20E-14
2 52E+00
1.58E+00
4 50E+04

Se-79 2 8480E-05 88.57324 88.573.24 0 ODE+00
Sn- 126 1.7790E-05 88,57324 s8.573 24 0 OOE+00 1S

88,57324 88,573 24 0 OOE+00 4 50E+04
4-3360E-04
3.1120E-09

O OOE+00 3 84E+01 3 84E+01
Th-229 2 76E-04
Th.1-il I A5s1 9 o--C~~~~. Q<,oo Isa= uuu

Th-232 20900E-10 88.573 24 88,573 24 0 OOE+00 1
T1-208 I 1448E-07 88.573 24 88.573 24 0 OOE+00 I i
U-232 31000E-07 88,57324 88.57324 0OOE+00 22
U-233 4 1460E-07 88,573 24 88,573 24 0 OOE+00 3 f
U-234 2 1720E-03 88,573 24 88.57324 0 OE+00 1 S

I -- - -- -- -- -- D.<N A

31 E-(
I3 Power

AAP .
ij-z -1 . 1u 1 c-q 83.573 Z4 o oo 2 01 E-02z 0 OOE+<
U-236 2 61OOE-05 88.573 24 88.57324 0OOE+00 2.31 tE
U-238 -51291E-07 88,57324 000 587E-02 1.32E-C

Nominal Heat Bounding
Output Heat Output
(Watts) (Watts)
1.s7E+03 1 97E+03

Total Total
Y-90
Other F
,IL TeO

5 0800E-01 88.57324 88.573.24 0 OE+00 4 50E+04 4 50E+04
5 73E+05 5 73E+05

ITTem

r

From SF0 Basis for Parameter Differences:
Ibs Teruale was usedt ot the tdolig reusom
Ths KMe mathes Co rt parameters except ermrhient (welasnew

Reactor Moderator HEA
Fuel Cladding SST

BOL HM Constituents U
SOLf IIkmtn

J
J

---
Burrup Summary (MWdfz _Basis for burrup used In estimate:

From SFD Estrmated

Nomhsit E857324 Nial tup set 7ral to W thup
Boundrngs 88.57324 Baundr bumarestarlted by assunag BOL heavy mew mmac was two E8

Checks

Estimaled Bumupl
Bu M ft 1 Given Bumup Estimated EOL HMiGlven EOL HU

Nomin l 327O |26
Boundng 3 701

'Reactor shutldown, core removal, storage. shipping or other date wcofirmmg that irradation ceased for fuel

'Total bura for all tiel associated with tis wodxsheet must be dvided by 0OL heavy metal mass to get spedtifc btrrup vaures I l(MWdUt) ml

DOE/SNF/REP-078
Revtskon 0
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Fuel Radionucilde Inventory Worksheet

' .L Fuel and Template tnformantionim .
Fuel Name. HWCTR IRO (U02) LEU

SNF ID 4: 976

Fuel Units & Descr 2 - TUBE

Heavy Metal Mass OL-- , EOL.L5 4u7kg
ROv St-,ae Site INEEL

'Fuel decay start date 1964

Estimates as of 2030
Template HFBR (Heavy Water. Zrc .0to 5" U)

'Template Bumup(MWd) S

Template 9OL Heavy Metal Mass (MT) 0 0034251

Estimated
Canister usage

18-x10
118002

..-- tm s 5- t, Template b a OV. - I Gamma Sources

U. Estiniates -. - m X.X bV Photon Total

CtlMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel - Bounding Fuel

Template Fuel Bumup IMWd)? Bumup (MWd)e (CO lnventorleaCil) 4invent45 I
Energy Pbotons/sed
Groupo (bounding)

Radioniucnloe
_ ____ A c . O AA IA OOO+ VL

Ac-227 7 7980E-09 5,t83 w uU w v -- _ _ __

Am-241 23580E-02 5,1BJOJ 5,183w OwE+00 122E+02 122E+02 00150 1774E.14

Am-242m 30880E-06 5,1°.309 5,183w OOE+00 10E-02 160E-02 00250 3664E.13

Am-243 20520E46 5.18309 5,18309 OOOE+00 106E-02 106E02 00375 3226E+13

C-t4 1.1222E-03 5130 5.130 0 0E00 5 82E+w 5 82E+00 0075 3 572E+13

Cl-36 83760E-11 5,1839 5.1830 OwE.w 434E47 434E-07 0o0850 ZOSSE13

Cm-243 24260E47 5,183 5,183 0 0 +0600 126E43 1.26E-03 01250 1.336E+13

Cm-244 33140E-06 ,135,183 09 51B1w 72E42 1.72E42 02250 176sE+13

Co-60 12454E03 5,139 5,130 00E+00 646E+00 646E+00 0.3750 7705E+12

Cs-134 3.3040E-10 5,18309 ,18309 0 OOE+00 71E-0 171E-0 0.750 13788+14

Cs-135 7 9140E406 513 0 5,183 09 0OE+00 410E-02 410E-02 08500 1 316E412

Cs-137 7.1580E-01 5.183 5.183w09 OOE+00 371E+03 371E+03 12500 9513E.11

Eu-154 80500-4 5,183 5,183 OOEE.0 314E+00 314E+00 17500 3401E+10

Eu-155 945606-0 5,183 18309 0.B E+0 492E-02 492E-02 2.2500 6121E+06

FA_55 1.9322E-08 5,18309 5.1830 OwE+00 100-4 100E44 Z7500 608.06

H-8-3 434tBOE43 5,183 5,183 0 O0E+00 2.29E+01 229E+01 3.5000 2 592E+04

I-129 745020-E07 5,18309 5.183w 0 0 389E-3 3 89E-03 500O 1 038E+04

Kr-BS 5 4940E-3 5.18309 5.183 0 OOE+OO 2 85E+t 2 85E+01 70000 1.223E+03

Np-237 58040E-6 5,18309 5.183 0 O E.00 3 01 E-02 3 01 E-02 11 0000 12387E+02

Pa-23t 106E4B-08 5,1830 5,1830 O-0E+00 5 754-05 5 75E405

Pv-210 1.412E4Bt 51391 OOE+00 7 63E5-OS 763E405

P8-210 t412E-08 5,183 09 5.80t006-lO 73-5 860

Pm-147 35920E407 518309 5.18309 OwE+ 16E43 186E803

Pu-238 507E3 5.1B309 5,183w09 0008+ 26301 2638.01

Pu-239 1 8728E-02 5,18309 5,183.09 0 00E+00 9 71E+01 9 71E+01

Pu-240 8 32BOE-03 5,183 09 5,18309 OE+00 4 32E+01 432E+01

Pu-241 3 4460E-02 5,183 5,183 0 006+00 1.798+02 1798+02

Pu-242 2.03BOE-06 5.18309 5.183 00DE+0 106E2 106E42

9 2 S,1B309 5.18309 0006+00 1 54E44 1546-04

Pas^2B 112Ew 5,Bw 51S w ~ 1E406 6.1BEM0

Ru-210 357BOE-19 5,183 S,183 09 vWOO 1 85E-04 1 .85E-15

e-.290E^A8 518309 5,183w09 000 649E042 604 489E-4

; Sn-126 12504 S1Bw SB OO0 6.25E402 6 25E402

, Sr961BOt S,83 S183w0 ODEw 32E0 321 E+03

Tc-990 4120E404 51B Ow 5,183 0 0OE+O 229E+00 229E+00

Tc-229 652O~^ 130 ,183 w ODOE+OO 3 9E5 59E45

Th-230 17084E46 5,18309 5.18309 O0E+00 885E-03 8B5E403

Th-232012E ~ 13 5,183w0 OOE+0 6 1BE406 618E406

Tt-208 3 4740E408 09B w .13 OOE+00 1 0E44 I 8E0E44

T Ll208 9.2940E408 5,183 w .8 9 0 OOE+OO 4 82E44 4 0244

tJ-232 91BE7 5130 ,B ODOE+w 4 75E403 4.53

U-23433404 5,1B3w 09B~ OwE+OO I121E+01 121E0

U-235 -23296E4 5,1B3.0 17E3 O+O 11E4

U-236 26620E405 5,183 w 5,800OwEO 1.3BE41 1 38E-01

U-238 512t4 ,183w 09 342E4 273E403 3 42E403

Y-90 5.w41 S183 09 S183 w0 0 ~ 321E0 3215E+03

O h omer Radionuclides

7 IW. Templatae Selec6tin so6amay.I Btrrnup Swurn .rt and Checks '- ,

Tempbate SOlectton Sumrnary
i S rFrom SF0v Us asis tor Parameter Dfferences,

Reactor Moderator' UGHT WATER HEAW WATER ,, Tert^ale was toed kcr Ire ta roearS

Fuel Cladding ZIC iaCTies oeal paraseters , aexo virdAirert (Wmueil)

BOL HN Constituents U U

SOL Enrichment % 0 to 5

3 Bumup Summary (HWd) asis for burnup used In estimate:

From sr-D Exurn ted

Nominal 5,183 bO M NaA cuuOA- quad Dbm'dingblynuP

Boundig5830 ng g >,u iufl ya eBOuL heavy meWa mass was tw EuL

Thermal Power

Nomutul Heat outdi
Output Heat Output
(watts) (WattsL.

-

j F 
: _ _

t T2E+1 Aot2Eo01l
- - - - - - - - ---

Total Total

Checks
Est mated Burnupt

Bumup M~ultiplier G~e unpEstimated EOL HMI/GIven EOL HAY

Nominal 3z8 9

Bounrn 3z8

Reactor hutdO . coreremoval storage. shiprp'ig or oeer date coouimng tiat irradabon ceasedforhAf

"Total burnup lor all fuel assoiated wfthi ss worksheet must be divided by S01 heavy metal mass to get specific bumsup values (Mwd)

March 2003
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Page D-469 of D-585DOEISNFtREP.078
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Fuel Radionuclide Inventory Worksheet
L Fuel and Templatt Informiation, t , ,

Fuel Name HWCTR IS (U-ZR) LEU
SNF ID # 977

Fuel Units & Descr. 3 - TUBE
Heavy Metal Mass: OL. ; EOL.15 776kg
ROO Storage Site' INEEL

'Fuel decsy ssrt date. 1964
Estimates as of. 2030

Temnptiae: HF8R (Heavy Water, Zirc. 0 to 5%s U)
'Ternpate Bumup(MWd)- 5

Template BOL Heavy Metal Mass (M1": 0 00034251
Template Decay Time 65 years

Estimated
Canister usage

1 8'x1 5'

014

II. Fstimltes m ' Xm Xb Ib Y. Y I| Gamma Sources

Cl/hWd From
Radionuclide Template
Ac-227 7.7980E-09
Am-241 2 3560E-02
Am-242m 3 0880E-06

Photon Total
Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonstsec

Fuel Bumup (MWd)f Bumup (MWd)2 (CD) Inventones(Ci) Inventones(Ci) Group (bounding)
15,122.23 15.122 23 000E+00 1 18E-04 1.18E-04 Avg MeV
15,122.23 15.12223 OOOE+00 356E+02 3.56E+02 00150 5176E+14
15,122.23 15,122.23 0OOE+00 467E-02 467E-02 00250 069E+14

Am-243 2 0520E-06 1t.1223ZI 1 3.1 tE-02 0 0375 9411E+13
1 1222E-03 15,122.23 15,122.23 0 OE+NO 1 70E+01
83760E-11 15,122 23 15,122.23 0 00E+0O 1 27E-06
2 4260E-07 15,122.23 15,122.23 OOE+00 3 67E-03
33140E-06 15,12223 15,122.23 006E+0O 501E-02

1 70E+01 00575 1 042E+14
1.27E-06 0s050 5996E+13
3 67E-03 0 1250 3 897E+t3
501E-02 0.2250 5162E+13
1 88E+01 0.3750 2248E+13

Cm-244
Co-60
Cs-134

15,122 23 15,12223 0 0E+O0 1 88E+01
0 OOE+00 5 OOE-06

Cs-135 7914 0 OOE+00 1.20E-01 1 20E601
Cs-137 7.1580E-01 +04 I O8E+4A 1 2sn0-

_. _ _ L ^Eu-1 54 6.0500E-04 15.122.23 +00 9 15E+00 17500 99273E10
9 4860E-06 15,122.23 15,122= 1.43E-01 o2500 1786E+07
1 9322E-08 15,12223 15,122.23 a 00E+00

1-129
15,1223 15,122.23 OOE+00 6 68E+01
15,12223 15,122.23 00.E+OO 1 13E-02

Z7500 856E+07
3 5SOO 7 562E04

1.1
Kr-85 LO OOE+00 8 31 E+01 8 31 E+01
Np-237 8 78E-02 8 78E02 I
Pa-231 1 1096E-08 15.1
Pb-210 1 4712E-08

3 5920E-07
15,122 23 15,12223 <
15,122 23 15.122 23 1

1 68E-04
2 22E-04
5 43E-03

5 0700E-03 15,122.23 15.122 23 0 00E+00

_;
Pu-240
Pu-241

15,122.23 15,12223 000E+00 283E+02 28
15,12223 15,122.23 000E+00 1 26E+02 12

Pu-242
Ra-226
Ra-228
Ru-106

3.4460E-02
2 0380E-06
2 9640E-08
1 1922E-09

5 21E+02 521E+02
15,12223 E-02
15,12223
15,122.23 15.12223 000E+00

3 08E-02
4 48E-04
1 80E-05
5 41E-15
1 89E-01

3 15,122 23
Se-79
Sn-1 26

15,12223 0 00E+00 5 41 E-15
15t122 23 0 00E+00 1.89E-01

2050E-05 1 82E-01 1 82E-01
Sr-90 61880E-01

4 4120E-04 15.122 23 15.122 23
-

6 9280E-09 15.122 23 15.122 23 0 00E+(
7084EO60 15.122.23 15.12223 0 00E+00

Th-232
Tl-208
U-232
U-233
U-234
U-235
U-236
U-238
Y-90
Other Radionuclides
111. Template Selection

15,12223 15;12223 0 00E+00 1 80E-05
15.12223 15 12223 000E+00 5 25E-04
15.12223 15,122.23 0 00E+00 141E-03

9 36E+03
6 67E+00
1 05E-04
2.58E-02
1 80E-05
5 25E-04
1 41E-03
1 39E-02
3 54E+01
3 41E-03

9 2940E-08
10.1 Z2zj U OtOO+00 1.39Et-02
15,122-23 0 00E+00 3.54E+01

23 0 00 3 41 E-03 0 00E+00

Thermal Power
Nominal Heat Bounding

Output Heat Output
(Wafts) (watts)
1 44E.02 1 44E+02

Total Total
6 1900E-C

,.a. a £0 0>.1z IC C u uv UC+uu 4 Vitc-V

15.122 23 0 00 9 97E-03 7 96E-03
15,12223 15,122 23 0 O0E+00 9 36E+03

1 04E+04

4 U0v-01

9 97E-03
9 36E+03
t.04E+04

surnn, ^,,
Template Selection Summary

From SFD Uwsedt
Reactor Moderator HEAVY WATER HEAVY WATER

Fuel Cladding ZIRC ZIRC
BOt. HU Constituents U U

8OL Enrichment %- o to

Basis for Parameter Orfferences:

]
thes Temiplate was used ir to Ilok"e reasons
Mke fkW matchs e oal parsaeters except encteremjrt (aowresi

[Burnup Summary (MWd)' Jj o .. - -ni . u u c II, , ret, fl u
I C.§ -

Nominal i ",-17.1111,1 151222:

Nominal taup set equal to boureng urnmp
Bminrg beta esterated by assrnrS 60L heavy meUa mnss eas tMe E0L.

l

Estimated Sumuplt
Bumup Mutplier Given Bumup _Est O. M/Given 60 NM

E s 1a e 2 . 5 8Nominal
Boundanig I_

32.6
328E

. . _ .

'Reactor shutdown, core removal, storage, shipping or ofter date confiming that Irradagton ceased for fuel

'Total burrup for all fuel associated with this woftheet must be divted by 6OL heavy metal mass to get speocic burniv values (MWdUMT)

DOEISNF/REP.078
Revision 0
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- Fuel Radionuclide Inventory Worksheet 
E

. Fuel and Template InCnlion 
Esternate ge

Fuel Name HWCTR OT (U02) LEU 'Fuel decay start date 1963 Canister usage

SNF iDE 283 
Estimates as of 2030 1tSxtS

Fuelt nits & Desct:8 -TUBE Template PWR (Light Water. Zrc 0 to 5%, U) 036

Heavy Metal Mass- BI1. . EOL.139.53
2
kg iTemptate Bumup(MWd) 6192

ROD Storage Site INEEL Template BOL Heavy Metal Mass (tT) 0 00176911

Template Decay Tmre - 65 years .-

X.. Finutes - m xb b Y.Y Gamma Sources

Photon Total

Ci/MWd From Nominal Bounding Fuel intial Activity Nominal Fuel Bounding Fuel Energy - Photons/sec

* Radionuclide - Template Fuel Burnup (MWd
5 

Burnup (MWd) (Ci) - nventories(Ci) Inventornes(Ci) Group (bounding)

AC-227 1 2581 -09 209 63 20963 O 00E+00 2 64E-07 2 64E-07 Avg MeV

Am-241 1 476tE41 20963 20963 OOOE+00 309E+01 309E+01 00150 5676E+12

Am-242m 2S032E-04 209 63 209 63 0 00E+00 5.25E-42 5.25E-02 0 0250 1 127E+12

Am-243 62337E44 20963 20963 000E+00 t.31E41 t31E-01 00375 1054E+12

C-14 47739E-5 20963 263 3 0 00E t 00E42 I 00E-02 00575 1 446E+12

_ C-36 80297E-7 209 63 63 000E+00 1 68E-04 1 68E-04 00850 6169E.11

Cm-243 t2099E44 20963 20963 0.00+00 2 54E2 2 54E-02 01250 4024E.11

Cm-244 1 5560E42 209 63 209 63 0 00E+O 3.26E+00 3 26E+00 02250 5248E+11

Co-60 4 9580E45 20963 20963 0 00E+00 1 04E402 _.04EO2 0.3750 2.271E+11

Cs-134 17022E49 20963 20963 000E+00 357E-07 357E-7 0575 5405E+12

Cs-135 t4433E45 209 63 20963 000800 3 03E43 3 03E-03 06500 4333E+10

Cs-137 6 9929E-t 209 63 209 63 0 O0E+00 t 47E+02 1 47E+02 12500 2.026E+10

Eu-154 1 8023E43 209 63 209 63 0 00E+00 3 78E01 3 7861 1 7500 1 165E+09

Eu-155 2 6793E4S 209620909 63 0 00E+00 5 62E-03 5 62E-03 22500 Z.057E+05

F.55 580E-08 20963 20963 000E00 3 06E-6 306E-06 27500 1.021E+06

H-3 3 8566E-03 209 63 209O63 0 00800 8 E4 BOE-01 3 5000 5 090E+04

9 -129 98288E-07 209 63 20963 000E00 2 06E-04 2 06E-04 5 0000 2 174E+04

Kr-85 40617E-03 20963 20963 00E+ 851tE-01 851E0t 7,0000 2.503E+03

Np-237 2645 20963 20963 000E+00 265E43 265E43 110000 2.872E+02

., Pa-231 1 67E9209-63 209 63 0 00E1+00 3 43E4-7 3.43E-07

P8-210 2.8795E-t 209 63 209 63 6 04

3 Pm-147 1.3264E-07 209 63 209 63 0 00E+00 2 78E-05 2 78E-05

Pu-238 5 8882E2 209 63 2096 00E0 2 3E0 t 23E+01

Pu-239 t 13E42 20963 20963 000E+00 2UE+00 2UE+00

Pu-240 t~4E2293 06 OE0-0 3t17E+00 3t17E+00

P212t6E1296209 63 0 00E+0 44E0 4A6E+O

P-4642042063209 63 0 00E+00 I 35E-02 1354

_' R-2 68Et 0 3209 63 i 0 00E+00 ~ t 23E47 1 23E407

Rat-228 5 06-2209 63 209 63 0 00E+00 1 t4 .11E409

Ru-106 6 813E-1929620 63 00EO 1.U-1 1.43E1

j Se-79 -1.2372E4 209 63 209 63 0 0+0 2S9E403 2S59E403

Sn-126 2S9ES209 63 209 63 0 O0E+00 528E403 5.28E-03

Sr-9O 2 934 09 63 209 6 00E+0 9 42E0 9 42E+01

Tc-99 395EA209 63 209 6 00E+0 8242 8 25E402

Th-729 t93 020963 20964 0 0 405E8 405E48

F Th-230 D 20U 63 209 63 0 0mE+00 7e38E46 738E4

e o Th-23 538ER 2096 209 I00E+00 s t trE49 t tgrE4e9

Ti-208 1t3102E4 209 63 296 00E+0 2 75E405 2 75E-05

U-232 359E7209 63 209 63 0 00E0 44 4E405 Thermal Powver

F d233 uel 209d63 e09 t63 00E+00 5ee9E46 r9E4e6 NominalHeat Boundmeg

- UL234 55023E-05 06 06 0E0 .54 tSL1E42 Output Heat Output

U-235 -t48E629300 964 9.36E403 9 66E403 (Watts) (Watts)

0 UZ67994206206 00E00 tS59E403 t 59E403 3^ c8+O M

_ U-238 7-296t94 209 63 O.0 4 54E-02 4 54E-02 4 54E402 Total Total

Y-90 49342062963 0 00E+oo 9 42E+Ot 1 42E+02

Other Madionucsides U U+

j lilTerulade dectors 9nn, Burnup Sumry,s and Chwecks n .,,^

Template Selection Smmsary ~ I
YlFrom SFD Used Basis for Parameter Oifflrences-

6U0GHT WATER UGHTEWA1ER Th.o Te te Was 
eWi 

tcr he 
__ _ _S_

Fuel zbtI ZR RC TV. bel riatme on al waffiters OWp ehwt (Ura)

3 BOL 'M nret t

Bumup Summary (MWd) Basis for bumup used In estimate,

From SFD Estimated

Nominal 209 Noekal bwrset reW bl toltorig borrti

_6undmg 209t63 dng b laken tom SF0 snd convetded tI MWM usng B0L139 752kg

Checks
Estimated Bumupf

BupMul) sutiplirr uu Estimated EO L HWltrveni EOL HM

Nominail00 _I ol

b Bounding 004

'Reactor Shutdown. core removal, storage Shipping or other date confirmirig tat Irradiation ceased for fuel

2Ttal bumuo for an fue associated with tis worksheet mufst be divided by BOL heavy metal mass to get specfic burnp values (MWdSV)

DOE/SF/RE-078March 
2003
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Fuel Radionuclide Inventory Worksheet
S. Fuel and Template lmiormtation.: 3,

Fuel Name: HWCTR RMT & SUT (U METAL) LEU
SNF ID r 790

Fuel Units & Descr 10 . TUBE
Heavy Metal Mass, OL. . EOL-63 746kg
ROD Storage Site INEEL

'Fuel ecay start dote 1964
Estimates as of 2030

Template: HFBR (Heavy Water. Zirc.. 0 o 5% U)
'Tenplate Bumup(MWd). 5

Template BOL Heavy Metal Mass (MT): 000034251
Template Decay Timen 65 years

Estimated
Canister usage:

18-x15
1 045

[1. Fstinmatr. - m X. Xi b y. Yb Gamma Sources

Ci/MWd From Noninal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
Template Fuel Bumup (MWd)W Burnup (MWd)t (Ci) Inventones(Cl) Inven1ones(CI)Radionuclide

Ac-227 7.79B0E-09 61,10394 61,10394 OOOE+0O
Am-241 2.3560E-02 61,10394 61,10394 0OOE+00 I
Arn-242m 30880E-06 61,103.94 61,10394 OOOE+OO 1

Photon Total
Energy Photons/sec
Group (bounding)

Avg. MeV
0 0150 2091E.15
00250 4319E+14

2 0520E-06 61,103 94 61,103 94 0OOOE.0O 1.25E-01
3 94 61,103 94 0 OOE+00 6.86E+01 6 86E+01

0 OOE+0O 512E-06 i5 12E-06 0.0850
Cm-243
Cm-244

1 48E-02
3 3140E-06 2

48E-02 0 1250 1 575E+14

Co-60 1 2454E-03 61t103 94
Cs-1 34 3 3040E-1 0 61,103 94 61.103 94 t

2 02E-01 022s0 2086E+14
61E+01 03750 9083E+13

2 02E-05 0 5750 1 625Er15
I 84E-01 0 8500 1 552E+13Cs-135 7 9140E-06 61,103 94 61,103.94 0 0OE+OO 4 84E-01

7 1580E-01
6 0500E-04
9 4860E-06
1 9322E-08
4 41 80E-03
7.5020E-07

61,103 94 61,103.94 0 OOE+00 4 37E+04
394 61,103.94 0OOE+00 370E+01 3 70E+01

61,10394 OOOE+00 580E-01 580E-01 2.2500
Fe-55
H-3

O OOE+00 1 18E-03 1 18E-03 2.7500 7496E+07
2.70E+02

1-129 61,1039
2.70E+02 3 5000 3 065E+05
4 58E-02 50000 1 282E.05
3 36E+02 7 0000 1 442E604

- -- cm --- . U r .

Kr-85 5 4940E-03 61.103 94 61.1
Np-237 5 8040E-06 61,103 94 61.103 94 OC 11 uoea I b63t+03

1.1096E-08 61,103 94 61,103 94 0 OOE+00

Pu-238

1 4712E-08
3 5920E-07
5 0700E-03
1 872BE-02
8 3280E-03
3 4460E-02

61.103 94 61,103 94 0 00OE+O 8 99E-04
0 00E+00 2.19E-02 2 19E-02

8&99E-04

0 3. iOE+02 310E+02 UPu-239
Pu-240 61,10394 61.10394

61,10394 61,10394 000O+00 211E+03
61,10394 61,103.94 000E+00 1.25E-01

2
25E-01

61,10394 000E+00 1 81E03 81 E-03
Ra-228
Ru-i 06

D 7 28E-05 7.28E-05
E-14 2.19E-14

Se-79 12520E-05 61.10394 61.1 7 65E-01
Sn-126 12050E-05 61,103 94 61.103 94
Sr-90 6 t880E-01 61,10394 61.10394 000E+00 378E+04

61,103 94 61.103 94 0 00E+00 2.70E+01
61,10394 61,10394 0004+00 4.23E44 4.23E-04

Th-230 1 7084E-06
Th-232 1 1926E-09

1 04E-01 1 04E-01
61.1

TI-208 34740E-08 61.10394 61t10394
U-232 9.2940E408 61.10394 61,10394
U-233 91680E-07 61,103.94 61,103.94
U-234 2 3440E-03 61.103 94 61,103 94
U-235 -23296E-06 61,103.94 000
U-236 2 6620E605 61,103.94 61.103 94

7.29E-05
2 12E-03
5 68E-03 Thermal Power
5 60E-02 Nominal Heat Bounding
t 43E+02 Output Heat Output
1 38E-02 ts) (Watts)
1 63E+00 S80E+02 .50BE.02

1.38E-(

¶ 63E+00
U-238 -13291E-07 61,103 94 000 403E-02
Y-90 6 1900E-01 61,103 94 61,103 94 0 00E+O6
Other Radionuclides

E-02 1 Total Total

q
IlL I U Stel tie52tmuyiry. Hurmap bt
Template Selecion Summary

From SFD
Reactor rator WAR

Fuel Ciddeg DRC
BOL HM Constituents U

BOL Enrichment % II

Uatury. and Checks _ _

IEz sed B5 ais for Parameter Drtferencew.
I HEAVT WATER TeipaTe sats ed ise Ite ar Sg rea:so

hZIRC Th balres at al parameters except eidert (rria.),
I I

tBumup Summary (MWd)'
From SFD

Basis for bumup used in estimate: J
Nilbr set eqal l b-ux*r bunmp
tBuri nu a es ared b y tY assrag 80L heay re m was twce E-L-

i
E tima d Burnupl

Burnup llukttlw Given Burnup
Nominal _

Boundeng _
32.83
3283

Estimated EOL HM/Given EOL HM
1 2.59S

'Reactor shutdown. oere removal, storage. shipping or olher dale confirrrsng that Irradabon ceased for luel

'ToWl buRmu for ah fuel associated with this worksheet rnust be divided by SOL heavy metal mass to get specif butrsv values (MWd`MT).
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Fuel Radionuclide Inventory Worksheet

; Fel ad .Template
Fuel Nare HwCTR SOT (U02) LEU

SNF IDJ 120
Fuel Units & Descr 96 - TUBE

Heavy Metal Mass BL- : EOL-249 725kg
ROD Storage Site: INEEL

'Fuel decay atar date 1964
Estaiates as of: 2030

Template- HFBR (Heavy Water. Zirc .0 to 5. U)

"Temptate Bumup(MWd) S

Template OL Heavy Metal Mass (Ml) 00034251
Temphite. e1.v Time 65 years

Estimated
Canister usage

18-x10,
I 1u09

n, vY V | I Gamma Sources.6
111. Fstimutes - - - 1, '. M i .--. -Tt.1

- C/MWd From

Rtadionuclide Template

Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Fuel Bumup (MWd)
2

Bumup (MWd' (Ci l dnventories(CI) Inventories(Ci)
Energy Photons/sec
Group (bounding)

Avg MeVI

Ac9~-227 AA
239.374 53 E+00 t 87E-03

239,374 53 E+00 5 64E+03

Am-242m
Arn-243
C-14
C1-36
Cnm-243
Cm-244
Co-60

239,374.53 239,374 53 0 00E+00 7,39E-01
239,374 53 0 OOE+00 4 91 E-01

239,374 53 0 OOE+00 2 69E+02

239,374.53 0 OOE+00 2 01 E-05

00150 F 193E+15
00250 1 692E+15
00375 1 490E615

+02 0 0575 1 650E+10
1.1 222E-03
8 3760E-1 1
2 4260E-07

2 01 E-05 o 0850

239.374 53 000E+00 5 81 E-02 5 81 E-02

3.314 239,374 53 E401 7 93E-01

239.374 53 239,374 98E+02 2 9
8 170E+14
3558E+14
6 365E+15

Cs-134 239.374 53 E+00 791E-05

evc.13 E-06 239.374 53 0 00E+00 tE89E+oo
71E+05

Cs-137

t Eu-154
Eu-1 55
Fe-55

1-129
r Kir-85

L 'Il NDr237

E-01 239,374.53 239,374 53 0 00E+00 17

E-04 239,374 3 0 000E+00 4

I 89E+00
t 711E05
1 45E+02
2.27E+00
4 63E-03

1,SO00
1750 1 571E412

4 393E.13
0 8500 64 30E+13

406 3 006E+00
3 006E+00

22500 2.827E+08
27500 20937E+03

1.9322E-08
4 41 80E-03
7s5020E-07
5 4940E-03

239.374.53 0006+00 t 06E+03 106E+03 33 000

239,374 53
239.374 53
239.374 53

3
t 80E401 1 tw0E41
1 32E+03 1.32E+03

1 39E+00 1 39E+00
S648E+04
5407E+03

5ui

Pa-231 1 1096E-U08
Pb-210 1 4712E-08
Pm-147 3 5920-E07
Pu-238 5 0700E-03L . Pu-239 1 8728E-02
Pu-240 8 3280E-03

239.374 53 239,374 53 0.00E+00 2 66E-03

2239,374 53 39,374 53 0006+00 3 52E-03

2239,374 53 39,374 53 0 00E+00 8 60E-02

239.374 53 239.374 53 0000 121 E+03
8 60E-02
1.21 E+03

239,374.53 000E+00 4 48E+03 4.486+03

239.374 53 239,374.53
239.374 53 239,374 53

I 99E+03 I 99E+03
8.25E+03 8 25E+03

- Pu-2411
Pu-242
Ra-226

__ Ra-228
Ru-I106
Se-79
Sn-126

TC-99
Th-229
Th-230

344

2
6
3
1

1
6

239,374 53 239;374.53 0 O oE+00 4 E6-01

239,374 53 239,374.53 00E+000 71 OE-03
239,37453 - --- *U -- ~ tu

4 88E-01

1922E-09 239374 53
E5780-19 239374 53

125206-05 239,374 53
20SOE-05 239.374 53
1 880E-01 239,374 53

Th-232 -

TI-208
U-232

i U-233
U-234
U-235
U-236
U-238_

4 4120E-04 z39,3745.3
6 9280E-09 239,374.53
1 7084E-06 239,374.53
1 1926E-09 239,374.53
3 4740E-08 239,374 53

9 2940E-08 239374 53

9 1680E-07 239374 53
2 3440E-03 239,374 53
-2,3296E-06 239,374 53

239,374 53 O 00E+00 id m5B4
239,374 53 0OOE+00 8 566-14
239,374 53 0006*+00 3 006*00

239,374 53 0 00E+00 2 88E+00
239,374 53 0 00E+00 1 48E+05
239,37453 0 00E+00 1 06E+02
239,37453 0 00E+00 1 66E-03
239,374.53 0 00E+00 4 09E-01
239,374.53 0 00E+00 2 85E-04
239374 53 0 06+*00 8 32E-03

239,374 53 O00E+00 222E602

239,374 53 0 00E+00 2.19E-01
239,374 53 0 00E+00 5 61 E+02

0 00 5 40E-02 0 006+00

239.374 53 0 00E+00 6.37E+00

3.00E+00
2 88E+00
1 48E+05
1 06E+02

Z Thermal Power
E-01
E02

Normrnal Heat B~ounding

Output , Heat Output

2 6620E-05 239,374
-1 3291 E-07
6 1900E-01

5 40E 02 (wts ts

6 37E+00 2.27E+03 2.27E+03

1.58E-01 Total Total
1 48E+05
1 64E+05

idildes

S3 239,374 53 0 00E+00 1.48E+
I 646+0

Isecks- -- Y I
LUnisp, S

Frcr,
Reactor Moderator HEAW

Fuel Cladding Z
BOL HM Constituents

BOL E nrkhment %

FiA I .. __ -i t r rne- flrfenfhl
51 TeTIWOt aS80 beltoiIresi

iiC.WATER ATER The Tepat adet was use foraft eleso" etaisldr'f (os e

.-. - --

I-1-1 . . ..... -. , - --- .-.- SF I
-

_ I ,lonna? buauiiq set equalot bmi*Ve burrup

istndNt Mrn ~eslssled by lstlim~si 60. hma mtetal mass was twice EOL.Nominal
Bounding

Checks
Estimated Burnupf

Bumup Multipler Given Bumup Estmated EOL HU/Given EOL HM

Nominal 32.83 259
Boundmg 32 83

'Reactor shtedown, core removal. slorage shspplng or other dae corfirring W5 Irradation ceased for el

2
Total burrp for alt luel assodated wth ths worksheet must be dvided by 801 heavy metal mass to get spedfic bumup values (WdUT)

MarCh 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel Mak Template lnfornmation I la

Fuel Name- HWCTR SPR (U-ZR) LEU
SNF ID . 783

Fue Unts & Descr 56 - TUBE
Heavy Metal Mass SOLt. EOL-437 679kg
ROD Storage Site, INEEL

'Fuel decay start date: 1964
Estimates as of: 2030

Template. HFBR (Heavy Water, Zirc O to 5%. U)
'Template Bumup(MWd): 5

Template BOL Heavy Metal Mass (M1): 0 00034251
Template Decay Time: 65 years

Estimated
Canister usage

18ax15
2 55

II. Fstimates I - m X. 4 b Y. Yb Gamma Sources

CLVMWd From
Radionuclide Template
Ac-227 7 7980E-09
Am-241 2 3560E-02

Photon Total
Nominal Bounding Fuel Initial Actvrty Noominal Fuel Bounding Fuel I Energy Photons/sec

Fuel 8umup (MWd)e Bumup (MWd)' (Ci) Inventories(Cf) lnventones(Ci) Group (bounding)
-z7, - .. s a -1 - -n re- n- nn .n ,cn

419,5 t!

:+W J :~t-U3- 3 27E-uj Avg
_29 88E+03 0C

Arn-242m 3 0880E-06 419,538 84 4
Am-243 2 0520E-06 419,538 84 4
C-14 1 1222E-03 419,53884 4

t130E+wO 0 0250 2965E.15
8,61 E-01 00375 2611E+15

19.538 84 0 0575 2.892E+15
S3760E-1I 419,53884 419.53884 OOOE+O 00850 1 664E+15
2 4260E-07 419,53884 419,53884 000E+00 I 02EO1

419,53884 419,53884 0 OOE+00 1 39E+00
419.53884 419,53884 OOE+00 522E+02

0 1250 1.tO8E+115
02250 1 432E415

C0o40

Cs-134
6.237E+14

84 0 00+00 1 39E-04
Cs-135 ) 332E+00 3 32E+0 06
Cs-137 7 1580E-01 4

- - _

Eu-1 54 6 OSOOE-04 419,53884 4195.
9 4860E-06 419,538 84 419.538 84 0 00E+(

419.538 84 419,538 84 0 OOE+00

5 3 00E+0
2 2.S4E+02
0 3 98E+00
3 I 8 1IE-03
3 1 85E+03

1 tSE-41
2 30E+03

12
_217500 .753E+12
22500 4 954E+08

2735000 5 148E+08
= 3500oo 2 098E+06

H-3
1-129
Kr-85

419,538 84 419,538 84 0 00E+00 1 85E+03
419,53884 8OOE+00 315E-01

5 84 OOOE+00 2 30E+03 4
ND-237
Pa-231 1f

0 OOE+00 44E+00 2 44E+00
1096E-08 I 66E-03 4 66E-03

Pb-21 0 4712E-08 419.538 84
^ C^^^C A7 A < cen n *

6 17E-03
1 51E-0131 .1.~ -- S

wovE v z ,ov 9 � | ,

5i700E-03 419,53884 419,5384 0 OOE+00 2.1
8728E-02 419,538.84 419,538U84 00E+00 78

IiPu-240
Pu-241

0 3 49E+03 3.49E+03
3 4460E-02 1 45E+04

Pu-242 2 0380E-06 419.538 E
1 45E+04
8.55E-01

2 9640E-08 419,538 84 419,538.84 0 OOE+(
419,53884 419,5384 0 OOE+00

Ru-1 06
Se-79

3 4 419.538 84 0 OOE+00 1 50E-13
0 OOE+00 5 25E+00 5 25E+00

Sn-126 1.2050E-05 +00 5 06E+00 5 06E+00
Sr-90 6 1880E-01 419.53884 4
Tc-99 44120E-04 419,53884 4
Th-229 6 9280E-09 419.53884 4

2 60E+05 2 66E+05
1 85E+02 1 85E+02
2 91 E-03 2 91 E-03

1 7084E-06
1 1926E-09

419,538 84 419,538 84 0 00E+00 7.1
419,53884 419,538 84 0OOE+00 S.

Ti-208
U-232
U-233
U-234

3 4740E-4 419.538 84 419,538 84 0 0OE+00 1 46E-02 1.46E02
. . RM4vt-vv 419,538 84 419,53884 0 OOE+00 3 90E42

419,53884 419,53884 0 OE+00 385E-01

U-235 -2 3296E-06
U-236 2 6620E-05
U-238 -1.3291E-07
Y-90 61900E-01 4

419.538 84 OOE+00 9 83E+02 983E+02
0.00 9 46E-02 0 00E+00 9 46E-02

419,53884 0 OE+00 1 2E+01 1 12E+01
0 00 2 77E-01 2 21E-01 2 77E-01

419,53884 00 E+00 2.60E+05 2.60E+05
2.87E+05 2 87E+05

.Basis for Parameter Diffrences:

Thermal Power
Nomnal at BoG din

Output Heat Output
(Watts) (Watts)
3 5E.03 3 98E+03

Total Total

Other Radionuclides

IILI
I.m

tior Surmary, BRnswp Suminary, and Cbecks
1 Sumnmary

From SFD I Used
I _ _ . _ _ . , _ _ . _ . . _ . _,, _ _ jReactor Moderstorli HEAVY WATER HEAVYWATER

Fuel cladding ZIRC H ZIRC

BOL HM Constituents U U
BOL Erkhmnt % I I S

Tfta Terpiats was osel tot Det toto reagw =s
Pt o tin athes o mal parlseitis eacep nrw eroimal (aLasren

8urup Sumniary (MWde' Basis for bumup used in estimate:
From SFD Estimated

Nomhial 419538.84 N nal tp st equalo b ,ibu
Boundng-| 419-538 8i t8 V kwup estsat4et by ssumrg SOL teavy metal mass was twice SOL

Checks

Estimated Bunnupl
BurIup Multiplir Gwven Bumnup Estimated EOL HtVGiven EOL HU

Nomhial 32 83 2.59
Bouwdig 3283

'Reactor shutstown. core removal. storage, shipping or other date cornirinieg tMaI Irradiation ceased or luel

'Total bumup lor all tuei associated wi th s worksheet must be dvided by OL heavy metal mass to get specifc bumuup values (MWdMlT)

J
I

Ja

DOE/SNFIREP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet

[1 X Fel and Template Informaton
I Fuel Name HWCtTR SFRO (U)02) ALUM LEU

SNFID# 115
Fuel Units & oescr 3 -TUBE

Heavy Metal Mass SOL., EOL.6499kg

ROD Storage Site SRS

'Fuel decay start date 1964
Estimates as of 2030

Template HFBR (Heavy Water Allma 10 to 20., U)
2
Tenplate Bumup(MWd) 15

Template SOL Heavy Metal Mass (MT) 0 00034251
ernpr~~Aq u-

Estimated
Canister usage-

I8xl10o
008

ri. Ehmtes. m x. XD - b YP

CilMWd From Niominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel E

Radionuclide Template Fuel Burnup (MWd9 Bumup(MWdW (Ci) . 30entones(CI) hvenlories(Ci) G

Ac-227 5 3460E-09 6,17698 6,17698 000E+00 S 3.30-0530 A

Am-241 29433E42 6,17693 6,17698 00DE-IC 1.82E+02 1 82E+02

Am-242m 72600E46 6,176 98 6,17698 0 00E+00 4 48E-02 4 48E42

Am-243 6.3740E-06 6,17698 6,17698 0 00E+00 3 94E-02 394E-02

C-14 2.9460E-08 6,176 98 6176 98 0 DOE+00 1 62-4 1 82E4-4

Cl-36 59507E-35 6,176176 9.176 98 000E+00 368E-31 368E-31 I

Cr6-243 7.393'tE47 6.17698 6,176 98 0CE+C0 4.57E-03 457E-03

Cm-244 1 96609-V 6.176 98 6,176 98 0 00E-C t21E41 121E-01

Co-60 43927E8 6,17698 6,17698 000E+00 271E-24 .71E-04

Cs-134 57507E-10 6176 98 6176 98 0 00E+00 3 55E46 3 556

Cs-135 48607E46 6,17698 61798 8 000E+00 300E402 300E-02

Cs-137 71533E-01 6,176 98 6176 98 000E 00 4 42E+03 4 42E+03

- Eu-154 5 5553E44 6,176 98 6,176 98 0 00E+00 3 43E+00 3 43E+00

Eu-155 75800E46 6,17698 617698 000+00 4 6842 4 68E42 :

Fe-55 8 733349 6,17698 6176 98 0DOE-I-D 5 39E-05 539E-05

H-3 37313E-04 6,17698 6,17698 0DOE+00 230E+00 2.30EO0O

-129 7.1 6007 6,17698 6,17698 0 00E+00 4424 4 42E-03

Kr-85 55734 6176 98 616 98 0 00E+00 345+1 35E0 _

iND 237 42207E46 6,176 98 6.176-98 0 00E+00 2.616-02 2E61E42

Pa-231 3 67536-03 6.176 98 6,17698 0006+00 2 35E+05 5.15E45 _

3P>210 4613E-02 6,17698 6,17698 000E+00 1 52 8 1952E-08

P-147 31780 6,1768 6,176 98 0 OE+00 1 96E43 1 96E43

SJ Pu-233 3 8734 1698 6176 98 0 00E+~00 2 ~39E+01 2.39E+01

Pu-239 1-039OE2-0 6,17698 6,17698 0 0OE+DO 6 36E+01 6 36E+01

Pu-240303 6,17698 6,176 9 0 00E+00 3 33E+01 3.33E+01

Pu21 307E2 6,17698 6),1it.698 000OE+00 2.66E+02 2 66E+02

Pu-2421 734 169 6,176 98 00E+00 1 90-E42 I 9t)E42

Pa-2426 17-2 67 3 67 8 00E0 3 59E-08 3594

Pa-228 4 5447E-14 6,1176 98 6,17698 000E +0 2 81E-10 2 81E-10

RuS-7912334 6I176 98 6,176 9 00E+0 7.74E4 7J74E402

t Sn-1 26 11334 61681,769 00E00 704E402 704E42

Sr-go 633E1,176 98 6,t76 93 0 0+0 8E0 3 89E+0

Tc-99 4 574 1176 9 8 769 0+0 2 69E0 2 69E+C0

Th-229 129Et 76 98 6.176 98 0 00E+00 3.27E438 3 27E48

Th-230 4 6820E-10 6,176 98 6,176 98 0 00E+00 2.89~E46 2 89E406

Th-232 5 16547E-14 6,176 98 6,176.98 0 00E+00 3 19E-I10 319E-10

- Ti-208 4 937E96789 169 0 0E00 3 083E45 3 08E405

Ut-232 1.3513E4 6176.98 6.76 98 00E0 8 35E4 8 35E405 _

U-233 t3274 6,17698 6,179 00E0 860E-06 8 60E406 NO

U-234 I 133-0E6 6796,698 000+0 703E4 70E3

U-235 -25335L46 6t17698 00 421tE403 000OE+00 4.21 E463 _

U-236 t307E45 6,7 8 6169 0 00E0 8034 8 03E402

i U-2338- 4207E408 6,176 98 0 D0 3 67E43 3 58E403 3 67E43

Y-90 6 3053E-01 6793,176 98 0 0E0 3 89+0 3 89E+03

Other Padionuches

Gamma Sources

Photon Total
Energy Pbotons/sec
Group ' (bounding)

o 0250 4 444E13
00375 3 892E+13
30O575 4 378E1 3
o 08s0 2 493E+13

31250 1.620E+13
02250 2 147E+13
3 3750 9351sE+12
0-5750
o A50

I 0 5 673E+11
3 - 4106E+10
O 4340E+06
Do 1 106E+06

35.000 2271E+04
s oxDo 9 4ssE+03

i

Thermal Power
minalt Heat Bounding
Output Heat Output

(Watts) (Watts)
5 73E+61 5 73E+01_tta _ at

Total T otal

�ecs

I IIed IE

Reactor Moderator HEAVY WATER HEAV WATER

Fuel Cladding ALUM ALUM

BOL HU Constituents U U

Basis for Parameter Diferences.

rrm Teplrale was msed b Tae b011ng reasoms
fle kW 1a1es o l a;1a prsete x" eXerit redin (utbricn)

BOL Enrkihment % 1 iu zu

Burnup Summary (MWd) Basis for burnup used In estimate-

From SFD EstmMtd

Nornal 61t7698 sa saot tetquatlI bmn bt

Bounding 6t1769 rrs estlal by assureg SOL he98 wmetal mass was tWm EOL

Checks
Estimated Bumup/

Bumup Multiplier Gwen Bumup, Estimated EOL HNMGiven EOL HM

Nominal 1085 201

Boundig 10 85

'Reactor shutdown core rremoval sstorage. ShIPPtng or othe date confrmning tt at Iffaclaton ceased for tudl

-Total burrwvp for all uel associated wfit tlis worksheet rnust be dvided by DMs heavy metat rnass to get spoecdhc bumup values (MWdW

March 2003

March 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template lnf-orutioq _,.

Fuel Name, HWCTR SPRO (U02) SST LEU
SNF tID 978

Fuel Unfts a Descr 5 -TUBE
Heavy Metal Mas BOL . EOL=89 362kg
ROO Storage Sile' INEEL

'Fuel decay strt date. 1964
Estimates as of 2030

Template: HFBR (Heavy Water. SST, 0 to 5%, U)
'remplate Bumup(MWd): 5

Template SOL Heavy Metal Mas (L1) 0 00034251
Template DecryTime 6S years

Estinated
Canister usage

18 x10
006

U. F-snttes ' , c m x. b V. Yh Gamm . . . .
_ v . ....... s o Wis

CUMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
Template Fuel Bumup (MWdO Bumup (MWd)' (Ci) Inventones(Ci) InventoriesjCi)Radionuclide

Photon Total
Energy Photons/sec
Group (bounding)

Avg. MeV I
0 0150 2731 E1 1

Ac-227 9 2380E-09
Am-241 2 2020E-01
Am-242m 8 9860E-05
Am-243 5.2240E-05

____7 88E-04 7.88E-04
88E+04 1 88E+04
67E+00 7 67E+00 0 0250 5281E+14

85,315 00 446E+00 4 46E+00 0 0375 4 712Et14
C-14 2 2080E-02 85,315 00
Cl-36 41880E-04 B5,315 00 85.315 00 0 OOE+4
Cm-243 8 0820E-06 -
Cm-244 2 3260E-04
CO-60 9 9520E-02
Cs-134 7.2160E-10
Cs-135 3 7460E-06
Cs-137 7 2140E-01
Eu-154 8 2120E-04

B5.315 00 85.315 00 0 00E+00

0 0575 7.268E+14
0 0850 2818E+14
0.1250 1 830E+14
02250 2405E+14
0 3750 1 044E+14
0 5750 2.274E+15

-�1
85,315 00 0 00E+00 1 98E+01
185,315.00 0 00E+00 8 49E+03 8 49E+03

0 6.16E-05 616E-05
3 20E-01 3 20E-01 0 8500 1 928E+13
6 15E+04 615E+04 I 12500 6352E+14

85.315 00 a 7 01 E+01 1 7500 4 757E+l t
Eu-155 1 2284E-05 85.31500 85,31500 00 1.05_+00 222500 3381E+09

1 8062E-05 85 315 00 85.315 00 0 00E+C
8 2700E-03 85,31 500 85.315 00 0 00E+00 -

D 3 553E+08
D 1 794E+06

Kr-85
NP-237
Pa-231

85,315 00 0 OOE+00 7 82E-02
85,315 00 000E+00 3 97E+02 L3 97E+02

I 1 86E+00 1 86E+O
1.11E-03 1 11E-03

Pb-210 1 3604E-08 85.315 00 85,3 1 16E-03
Pm-147 2 8480E-07 85,315 00 85.315 00

2 8680E-02 85,315 00 85,315 00 0 00E+00 2 45E+03 2 45E+03
85,31500 85,31500 0 OOE+00 555E+03 555E+03
85,315 00 85,315 00 0 00E+00 2 27E+03 2 27E+03

LPu-240
Pu-241 3 2120E-01 2 74E+04 2 74E+04
Pu-242 1 6742E-05 85.315 00
Ra-226 2 7420E-08 85.315 00 85,315 00

1.43E+00
2.34E-03

Raw228
Ru-106
Se-79
Sn-i126

2 0880E-10 85,315 00 85.315 00 0 00E+0
85,315 00 85,315 00 0 00E+00

5 00 85,315 00 0 00E+O( 2 43E+00 2 43E+00
1.52E+00 I 52E+00
4.33E+04 4 33E+04Sr-90 5 07800-01

Tc-99 4-3360E-04
Th-229 3.1120E-09 85,315 00 85.315 00

3 70E+01
2 66E-04

85,31500 85,31500 0 OOE+00 1.35E-01
85,315 00 85,315 00 0 00E+00 1 78E-05
85,315 00 85,315 00 0 00E+00 9 77E-03Tl-208 9 77E-03
85,315 00 85.315 00 0 00E+00 2 64E-02 2 64E-02 lI Power

U-233
U-234
U-235
U3-236
U-238
Y-90

Oiher Radionuchides
IIL Teplate Selecti

ITemptate Selectiont

-1i

85,315 00

85,315 00 0 00E+00 3 54E-02 3 54E-02
85,31500 000E+00 1 85E+02 8 65E+02

000 1 93E-02 0 oOE+00 1 93E-02
85.315 00 0 00E+00 2.23E+00 2.23E+00

0 00 5 65E-02 1.27E-02 65E-02
85,315 00 0 00E+00 4.33E+04 4 33E+04

552E+05 5 52E.05

Nominal Heat Bounding
Output Heat Output
(Watts) (Watts)
1 80E.03 1s90E+03

Total Total

From SFD
Reator o H

Fuel CddIng ST
BOL HM ConstituensI U

BOL Enrkhment %I

IUd-
I - . .......-

I HEAVY WATER ITisi Terrpiate was useei Jor the b~foatm waseos
This kWa maitches ot a3 paraineters except michlmeal (La-kse) USST

U
OtoiS

Bumup Summary (MWd)' t Basis for burnup used in estimate:
| : E.tIm. . __d Li

85.315 00 Norml bumvp set equal tl b-dN boiit

BwStg t usi estimated by assuna ns B0L heavy sdal nuss was tice EOL85315 00

Estimated Bumup/
Burnun Muhttp.

Nominal I
Boundinq

Estimated EOL HM/GIven0 EOL HU
2.26~

'Reactor stiutdown, core removal, storage, sopPorg or other date confiming that irradatlon ceased for fuel
'Total btxsp for at fuel associated with ths worksheet must be deivded by 0OL heavy metal mass to get specific bumnup values (MWd'M)

DOE/SNFIREP-078
Revtsion 0
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Fuel Radionucihde Inventory Worksheet

I Fuel and Template untfrmation'_
Fuel Name HWCTR SPRO (U02) ZR LEU

SNF ID 772
Fuel Units a Descr: 48- TUBE
Heavy Metal Mass BOL. , EOL-180 922kg
ROD Storage Site INEEL

'Fuei decay start date- 1964
Estimates as of 2030

Template HFBR (Heavy Water. Zirc 0 to 5. U)

'Template Bumup(MWd) 5
Template BOL Heavy Metal Mass (MT) 0 96034251

Template Decay Time- 65 years

Estimated
Canister usag-

18'x1 0'
| 055

-

I- Y. -.I Gamma Sources
s aAAA+ 

P . , m XDLa. r-uisis- I I ... .-- I

I - Ftadionuchd
Ac-227
Am-241

CIVMWd Fron
Template

m Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Fuel Bumup (MWd) Bumup (MWd)' (Ci) Inventories(Ci) Inventones(Ci)

I Photon - Ia
Energy Photons/sec
Group (bounding)

a
173,423 00 173.423 C
173,423 00 173,423 C
173,423 00 173,423 e

1.35E-03 1.35E-03 I Avg MeV
4090.03 4090+03 00150

1 5 36E-01 5.36E-01 OC

1 E+w 3 56E-01 3 561E-01

1 1222E-03 I 0 0^E+00 1 95E+02 1

8 3760E-1 1
2 4260E-07

173,42300 000E+00 1 45E-05
173,42300 000E+00 4210E-02
173.423 00 0 00E+00 5 75E-01

0.0575 1 195E+15
0 0850 6 877E+14
01250 4470E+14
0.2250 5919E+14
0 3750 2.578E+14Cm-244 331

Co-60 124 1,423 00 173,423 00 0 0E+00 2 16E+02

Cs-134 1,423 00 173,423 00 0 C 5 73E-05 0 5750 4 611-E+i

Cs-135
Cs-1 37

173,42300 173,423 C
173,423 00

i
ii
ii

24E+05
1

ii
ii

37E+00
24E+05
I OS+020500E-04

0 85c00

1 +00 05E+02

4860E-06 1 0 00E+00 65E+00

1.2500 3183E+13
1 7500 1 133E+12
2.2500 2.048E+08
Z7500 2 128E+08
3.5000 8 672E+05

9322E-08

El129

VI N2-37
4180E-C

3,42300 173,423 00 0 C
3,423.00 173,423 00 0
1,423 00 173,423 00 0 C
3,423 00 173,42300 w C
17--4_ -A^ -Q i, A I

w0E+00
)OE+OO +02

E-01 570000 43639E+0
9.53E+02 7.0000 4 0-2E+054
1.01 E+00 t 1 OO0o 4 642E+03

t73,423 LA) I 7i,43 wU u u

Pa-231 173,423 00 173,4 E-03 1 92E-03

I j Pb-210 1 4712E-08
i Prn-147 3 5920E-07

g P Pu-238 5 07w0E-03

* Pu-239 1 87280-02
Pu-240 8 3280E-03

I Pu-241 3 4460E-02
Pu-242 2 0380E-06
I Ra-226 2 9640E-08
Ra-228 1 1922E-09

173,423 00 173,4
173,423 00 173,4

2 55E-03 2 55E-03
O 623E-02 623E-02

173,423 00 173,42300 0OOE+00 879E+02
173.423 00 173423 00 O.O0E+OO 3 25E+03
173.423 00 173,42300 OOE+00 1 440+03
173,423 00 1 2300 00 0+0 5 98E+03
173,423 00 173,423 00 0 O0E+OO 3 53E-01

5 98E+03
3 53E-01

173,423 00
173,423 00
173,423 00

5.14E-03 514E-03
2 07E-04 2 07E-04

3 5780EE-19

I Sn-I126
I Sr-go0

I_ Tc-99
Th-229
Th-230
Th-232

11 Ti-208
i U-232

UJ-233
U-234
U-235

1 2520E-05
1 2050E-05

1,423 00 0 OOE+00 621E-14
1,423 00 0 OOE+00 2,17E+00
1,423 00 0 OOE+00 2 09E+00

61 E-Ot 173,423.00 173,423 00 0 0OE+00
-E04 173,42300 173,42300 000+00

E-09 173,423 00 173,423 00 0 0wE+00
E-06 173,423 00 173,423 00 0 0E+00

107E+05
7 65E+01
120E-03

2 96E-01 2 96E-01
t -s9,^fiEO 173qA.42 o0

* *0op *173,423 00
3.4740E-08 t73,423 00
9-2940E-08 173,423 00
9 1680E-07 173,423 00
2 3440E-03 173,423 00
-2.3296E-06 173,423 00

O0E+00 2 07E-04 2 07E-04
0000E+OO 6 02E-W 6020-03
0 OOE+00 1 61E-02 1.61 E-02
0OOE+00 1.59E-01 1.59E-01
0 O0E+00 4 07E+02 4 07E+02

Thermal Power
Nonunal Heat Bounding

Output ' Heat Output
(Wafts) ' (Watts)
1 6sE+.03 l65E+03

Total Total

0 00 3.91E-02 0 w0E+O0 1 3!
^ ae^r:U-236 - 2 t->6J

U-238 -1 3291E-07
Y-90 619w0E-01
Other Radlonucbdes

ilwI eminplate Stelcon SumnsryBertapj

-

17: 3 00 173,423 00 0 OE+00 4 62E+00 41

300 000 114E-01 913E-02 1

3 00 173,423 00 0 OOE+00 1 07E+05 1 I
1.19E+05 1

I Checks ^n- 'e 4+>,! i

Reactor Moderator_
Fuel Claddlng- _

SOL HNU Constituents _
F3tL Enrichment %

A I . .__ Basis for Parameter Differencesnm SF I ua____________ 4-
tie Teireiste was wed terDeIsIoaurg

VY WATER I HEAW WATER
ZIRC i ZIRC

bhs Template ws used ter Ite ID meg (I reaS a
T.s be irwithes on al pwaraees ex" rrchtent (-k-)

U U

I 0 to

[Bumup Summary (MWd

Sounding F
-

From S timnaed
173 423 CC
173 423 0(( I

5asis lor Ourup usec m CsIII.C.C

4al bxmup set eqal t beeg buis
eoass turt8 esbmated by assunrsg BOL heavy metal masswas twice EaL

I.
Estlnated Bumupt

Given Bumup Estimated EOL HU/Given EOL HM
2.591

Nomna.i|
Bondn

Reactor shutdown core removal storage slipping or other d oata nlinlrmg th irradiation ceased tfr tuel

aTotal burnup tor all fuel assodated wivf this worksheet mnust be ivided by B0L heavy metal mass to get spedfic buirup values (MWdlMT)

March 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel nd Tenplate Infor on,-,,-, u,

Fuel Name HWCTR TFEN (U-ZR) LEU
SNF ID S 880

Fuel Units & Descr 11 -TUBE
Heavy Metal Mass. B0L=, EOL.162.082kg
ROD Storage Site INEEL

'Fuel deay strt date. 1964
Estvnates as of: 2030

Template- HFBR (Heavy Water. Zirc. 0 to 5%. U)
'Template Burnup(MWd): 5

Template BOL Heavy Metal Mass (UT): 0 00034251
Tempiltte Decay Time 65 years

Estirnated
Canister usage

18-x15'
050 1

11. Fshstutes - ' - m X. Xb b Y. Yb Gamma Sources

Radionuclide

Photon Total
CUMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWd)O Burnup (MWd)' (Ci) Inventories(Ci) lnventorns(Ci) Group (bounding)
77980E-09 155.36395 155,36395 OOOE+00 121E-03 1.21E-03 Avg MeV
2 3560E-02 155.363 95 155,363 95 O00E+00 3 66E+03 3 66E+03 0 0150 5 318E+15

Ac-227
IAm-241

AM-242n
Amn-243
C-14
C1-36

6 155,363 95 010E+00 4 80E-01 4 80E-01 0 0.0250

8 3760E-1 1 155.363-95

3 19E-01 3.19E-01
74E+02 1 74E+02

I 30E-05 1.30E-05
3 77E-02 3.77E-02
515E-01 5 15E-01

0.0375 9 669E+ 14
00575 1 071E+15
0 0850 6 160E+14

Cm-243 2 4260E-07 155.363.95 155,363 95 0 00E+00
Crn-244 3 3140E-06 155,363 95 155.363 95 0 00E+00
Co-60 1 2454E-03 155,36395 155,36395 000E+00
Cs-134 33040E-10 155,36395 155,36395 000E+00

93E+02 1 93E+02

4 004E+14
5.303E+14
2.310E+14
4 131E815
3 946E+13
2 851 E+13

513E-05 5 13E-05 4

Cs-135 7 9140E-06 155,36395 155.36395 000E+00 1.23E+00 1.23E+00 0 8500
155.363.95 0 00E+00 1.11E+05 1 11E+05 I 1 2500

340E+01 9 40E+01 1 7500 1019E+12
2 2500 1 835E+08

Fe-55 1 9322E-08
H-3 44180E-03
1-129 7.5020E-07

155.363 95 155,363 95 0 00E+00 68602
155,36395 155,36395 000E+00 1.17E-01
155,363 95 155.363 95 0 00E+00 8 54E+02

2 7500 1 906E+08
3 5000 7769E+05

IKr-85 5 4940E-03 &854E+02
5 8040E-06 155.363 95 155.363 95 0 00E+00 9 028-01 9 02E-01 11C

155,363 95 0 00E+00

Pm-147 3.5920E-07
2

72E-03

Pu-238

1 72E-03

S0700E-03 155., UPu-239 1 8728E-02 155,-
- - -n -u-nu

5 155.363 95 0 00E+00
P-U-Z4

Pu-241
0 100,a363 95 155,363 95 0 08E+w- 1 29E+03 1 29E+03
34460E-02 155.363.95 155,363 95 0 0E+00 =35E+03 5 35E+03

117E-01 317E-01

Ra-228
Ru-106 3 5780E-19 155.36395 155.363.95 O0E+w00
Sr79 i 2r520E-0 15. 9AS (A 363 9% Q5 n flnrv% I OCOsfl 1IFn

SU-126 2 2050E9-0 155,363 95 155.363.9500 30-E+0 1.87E+00 1 87E3 0
Sr-90 62880E-01 155,363.95 155,36395 000E+00 961E+04 9461E+04
Tc-99 4 4120E-04 155.363 95 . 155.363 95 0OwE+w0 685E+01 6 85E+01
Th-229 6 9280E-09 155.363 95 . 155,363 95 0 wGE+w0 t OBE-03 I OBE403
Th-230 1.7084E40693 63 95 3 155,33 9 5 00O1E+80 2861E-01 265E-01
TI-232 6 1926E-09 155,363 95 155.363 95 0 OE+w00 85E04 1 95E604
Tl-208 &4740E-08 1 55.363 95 . 155,363 95 0OwE+w0 5 40E-03 5 40E-03

U-232 92940E-O8 155c363e95 155,363195 6E+ w 144E-02 1 441-02
U-233 9 1680E-07 155,363 95 . 155.363 95 0OwE+w0 1 42E-01 I142E-01I
U-234 2 3440E403 155.363 95 .155.363 95 O OOE+w0 3 64E+02 3 64E+02
U-235 -2.3296E406 155,363.95 00 O w 350E402 OwDE+OO 350E402
U-236 2 6620E-0 155,363.95 . 155,363 95 0OwE+u^ O 4 14E+w0 4.14E+w0

u-23a -1.3291E407 155,363.95 0. Ow 1 02E-01 a1B E402 ItO2E-01

Y-9v 6 1900E-01 155,363.95 . 155.363 95 0OwE+w0 9 62E+04 9 62E+04
Othe~r Radionuckles I 06E+05 I O^E+05

IlI.TemplteSelectioenSu Bryutrnasurnmary e S and Cbecks<! -
Template Selection Summary

From oFD Used Efasis for Parameter Differences:
Reactor Moderator HEAW WATER HEAVY WATER nls Ternplt was useat fr the followng reason

Fuel Cladding ZIRC ZItRC Ths kW natdtso at parameters exxel eraldvnet (anlwor*
BOL HM Constituents U U

BOL Enrtchment % O t S

Bumup Summary (MWd)' Basis for bumup used in estimate:
From SFD Estimated

Nominal 1 9t55 38 5 ial Yurni set equat bo se g banrs
Bounding 155 383 } V b 'Pestmated by assurning t BheLty e etq MW matss twas a EOL

Checks .-

Estimated Bumupf
Bumup Multiplier Given Burnup Eslimated ECL HM/Given ECL HM

Boundmg 3:83

at Power
Nommda Heat Boundi~ng

Output , Heat Output
(Watts) (Watts)
1 47E803 1 47E.03

Tlota Total

J
J

I

Jeactor ssadoown, core removat. storage. srpping or olier data confirmnting at Iradiation ceased Nor uel

'Total bumrup for at f ul assocated wit this worksheet must be dvkded by B0L heavy metal mass to get specific bumrup values (MWdltl)

DOE/SNF/REP-078
RevrsIn 0

Marc^h 2003
Page D-478 ol D-585



Fuel Radionuclide Inventory Worksheet

i Fuel and Template Infrmon ^l O ' - ,

Fuel Name i{hCTR TMT-1-2 & 1-3 (UTH)
SNF ID r 112

Fuel Unds & Descr 2 -TUBE
Heavy Mel Mass OL- EOLW77.91kg
ROD Storage Site- INEEL

'Fuel decay start date 1964
Estimates as of 2030

Templte (Worst Case)

'Templtae Bumup(MWd) 62 5
Template BOL Heavy Metal Mass (M): 0 00186865

Tm..tei Decay Time: 65 years

ID Ftmntes _ A m X.. X. b Y. Yb Gamma Sources
. _

CLIMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Burnup (MWdW
2 

Burnup (MWd92 (Cl) Inventor7es(Ci) nventones(CI)

2 6528E-06 273 69 547 39 0 00.00+ 7 26E-04 1 45E-03

8 6432E+WO 273 69 547 39 0 00E+OO 2 37E+03 4 73E+03

I Photon Total
Energy Photons/aec
Group (bounding)

Ac-227 00150 3 426E+14
0 0250 B 503E+13
0 0375 5.347E+13

Am-241
Am-242rn
Am-243
G-14
0-36

i 4688E-02 0 00E+00i 4 C 8 04E+OO
8 91i E+O^1 6272E-02 0 OOE+00 4

1 2046E-01 OOOE+00 00675 12150+i4

22649E-03 647.39 0 0850

4 1760E-( 547.39 2.29E-01 0 1

3 69 54739

Co-60 54 273 69

Cs-134 273 69 54 E+00 3 93E-06
E+00 1 20E-01

0.5750 2147E+14
o0500 3.212t+12
1 250 23916E+13Cs-135

Cs-137
Eu-154
Eu-155
Fe-55

.j ' H-3

-404 273 69
E+01 273 69 0 OOE+00

0 OOE+001 1156E-01
1 0445E-03 5

E+01 2 7500 8930E+18

647 39 0 OOE+00 72Et-0

547.39 0 ;39E-02

273 69 547.39 C 1.23E+01 2 47E+01

22500 1 237E+03
2 7500 1262E+09
3.5OO0 6 505E+05
5 0000 2 731 E+05
7 0000 3 086E+04
11 0000 3505o+03

1-129
Kr-85
NP-237
Pa-231

1t0618E-05 273 69
8 6191 E-02 273 69
2 0592E-04 273 69
2 8720E-06 273 69
8 0265E-08 273 69
61354E-06 273 69

S O0OOE+OO 2 916-03 5E
S 0006E+00 2366+01 4 7

S 00wE+OO 564E-02 1 i

S 000E+OO 786E-44 1r
S 0 006+00 220E-05 4E

0006O+00 1 68E43 3.
E-05

4 1616E-01
2.92OE-01
1 1490E+01

547 39 0 00+00

647 39 0 00E+00
547.39 0 OOE+00

E+02 1t29E+03
+02 2 28E+02

E+O 1 60E+02

273 69 547.39

Pu-242
Ra-226
Ra-228
Ru-1 06
Sr-79
Sn-1 26
Sr-90
Tc-99
Th-229
Th-230
Th-232
TF-208
U-232
U-233
U-234
U-235

2 4560E-03 273 69
1 6171E-07 273 69
6 0192E-07 273 69
1 3163E-15 273 69
1 9176E-04 273 69
I 6666E4-4 273 69
9 7004E+00 273 69
6 7654E-03 273 69
2.7664E-06 273 69
9.3206E46- 273 69
-4 2431E-09 273 69
6 5604E-05 273.69

0 0OE+00 3 14E+03
0 0OE+00 6 72E-01
0 OOE+00 4 43E-05
0 OE+00 1 65E-04

629E+03

547.39 0 00E+00
547.39 0 OOE+00
547 39 0 OOE+00
547 39 0 OOE+OO
547 39 0 OOE+00

3 60E-13 721E-13
525E-02 1 05E-01
4.564-02 9 12E-02
2 65E+03 5 31E+03
1.85E+OO0

E+00 757E-04

0 OOE+00
I Mp-0at

2255E403 i
501:-C

647.39 0 O0E+00 t 1380E4 3 59E-02
i Thermal PowerU U ntC .A P J1 (Ibb407-- O OOEt+W I :_.14 bOtS

3 6128E-04
1 2788E-02
5 7486E-04
2.3485E-04
1.1581E-04

Z {J t>Y
3 69 547.39 0 OOE+00
3 69 547.39 0 OOE+00
3 69 54739 3 36E-02

3 69 547.39 0 006+00

3 69 547.39 4 19E-03
3 69 54739 0 .OOE+0

rid a ec - 1 $.-i >., -

I uomuina Heat Soundtng
Output Heatt Output

t9tE-01 3.48t-01 (watts) MWatts)
643E-02 129E-01 45E+02 290Es02

3 59E-02 6 76E-02 Total Total

2 66E+03 5 31 E+03
1 19E+04 2 37E+04

Other Radlomuclides
aly,

F
'emplae Selection Summary S

R..t From SFD

Ractor drtor HEAVY WATER (Wo

Fuel Cldg ZIRC SSI

BOL HM Constituents T U

3asds for Parameter Differences:

___ _..._.,.,

IBurnup Summariy (MWC ) -. -, _... -1.-
From S Estimated

273.69
547-39

Estimted Bmug
Checks

I

BurMup Muhipler
Estimated SurnsupfI

Ge uEstimed EOL HMIGiven EOL NM

_ _ _ _ _ _ _ _ I2 7 41
y X



Fuel Radionuclide Inventory Worksheet
L Fuel mad Templatte Inioration - , ,

Fuel Name- HWCTR TWNT (U METAL) LEU
SNF ID#. 791

Fuel Units & Deser 1 5 - TUBE
Heavy Metal Mass: BOL- . EOL.321 8219
ROD Storage Sita INEEL

'Fuel decay start date' 1964
Estmnales as of. 2030

Template HFBR (Heavy Water. lrc , 0 to 5. U)
Template Bumnup(MWd): S

Template B90L Heavy Metal Mass (Mn). 0 o0034251
Te11tate Decav Time: 69Sears

Estimaled
Canister usage

18-x15
I 068

IL Estirrates, m -X Xb b - Y. YA Gamma Sources

Photon Total
CilMWd From Nominal Bounding Fuel Initial ActIvity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide Template Fuel Bumup (MWd) Bumup (MWd)c (Ci) InventonesPC.) Inventories(Ci) Group (bounding)
- -- - -- A -- ----- --- --- -- O_ -- -- -^ _4^ ^A A ^.._ AA.._

-j

AC -c-= S .iAM040i 1U
Am-241 308,482.10

I UUUE+UU
I 0OOOE+OO

j.

I 056E,16
3 0880E-06 308,482.10 308,482 10 0 00E+00 9 53E-01

C-i4
Ci^36

2 210 308,482.10 0 00E+00 6 33E-01 6 33E-011
3 46E+02 3 46E+02 0 0575 2126E-15

3760E-1 1 2 58E-05 2 58E-05 o0085 1.223E+15

-

Cm-243 4260E-07 308.4
Crn-244 3 1,340E-06 30R, A4o in 3R 4AO2 In

7=48E42 01250 7 950E614
I 02 250 1 053E+15

CO-60 1 2454E-03 308,482 10 308,482.10 0 C
3 3040E-10 308,482 10 308,482 10 000+00E 1.6
7 9140E-06 308,482 10 308,482 10 000E+00 2 44E+00 244

0 3750 4 S88E+14
0 5750 8e202E+15
0 8500 7 835E+13
1.2500 5 662E+1 3
1.7500 2024E+12
2.2500 3 643E.08

7.1580E-01 308,482 10 308,482 i0 0 00E+00 2.21E+05 2.21 E+05
210 0 009E00 1 87E+02 1.87E+02

Eu-1 55
Fe-55

0 00E+00 2 93E+00 2.93E+00
5 96E-03 5 96E-03 2 7500 3 785E 08

H-3 4 4180E-03 308,48210 308,482 10
1-129 7 5020E-07 308,482 10 308,482 10
Kr-85 5 4940E-03 308,482 10 308.482 10

0

0

1 36E+03 1.36E+03 3 5000 I 543E+06

100E+00
50000 6473E+05
7 0000 7278E+04
11 0000 8257E+035 8040E406 308,482.10 308,482 10 0 00E+00

,482 10 308,482 10 0 00E+00 3 42E403 3 42E-03
I
I

0 00E+00 4 54E-03 4 54E-03
Pm-147 +00 1 1iE-01 1 11E-01
Pu-238 5 0700E-03 56E+03
Pu-239 1 8728E-02 308.482,10

2
+03

8 3280E-03 308,48210 I I
3 4460E-02 308,482.10 308,48Z10 000E+00 1 06E+04

308,482 10 308,482.10 0 00E+00 629E-01 6 29E-01
Ra-226
Ra-228

0 0009+00 914E-03 914E-03
-04 3 68E-04

Ru-106 3.5780E-19 308.482 10 1.10E-13
Se-79 1.2520E-05 308.482 10 308.4

1.2050E-05 308,482 10 308,48210 0 I
6 1880E-01 308,482 10 308,482 10 0 00E+00 91E+05

0 00E+00 .36E+02 1 36E+02
Th-229
Th-230
Th-232

t 7084E-06
11926E-09 308.482Z10 308,482.10

Z14E403 2.14E43I
5 27E-01 5.27E1
368E-04 3 68E-04
07E-02 1 07E-02TI-208 3 4740E-08 308,482,10 308.482-10 0 00E+00

U-232 9 2940E-08 308,482,10 308,482t0 0 00E+00
U-233 91680E-07 308,48210 308,48210 0009+00
U-234 23440E-03 308,48210 308,48210 000E+00
U-235 -2 3296E-06 308,482.10 000 6 96E-02
U-236 2 6620E-05 308,482 10 308,482 10 0 00E+00
L-238 -13291E-07 308,482 10 000 203E-01
Y-90 6.1900E-01 308,48210 308,48210 0 00E+00

2 87E402
2 83E-01

Thermal Power
Nominal Heat - Bounding

Outpuit Heat Output
(Watts) (Watts)
2 93E.03 2,s3E+038.21 E+00

Total Total

LTerplate Selection

211E+05 2.119E+05
,; ., ,-i,

_Basis for Parameter Differences:
_ Tererlate was usell br the to"sag reasens
_ Ths het mastces oal at praees except eirdmert (urown)

From SF0 I
Ractoor Moder HEov-YWATR

Fuel Cladding RC
BOL HM Constituents UI

BOL Ennchm II

I
I s

Bumup Summary (MWd)W - |Basis for bumup used in estimate:
Fromt SF0 Estimalad

NomlIna 308 482iO tNoenal N tbuip set equal b bourdVIg bup
Boundeig | 308,482 1.o8ndN brnup rsirated by asRxwag D. heasy metal mass was twse EL

Checks

Estimated 8umnupl
Bumup Multiplier Given Burnup Estimated EOL HM/Givern EOL HM

NomInal 32683 258
Bounding | 3283

'Reactor shutdown. core removal, storage. shlpping or other date corfirming that irradiation ceased lor Wart.
0
Total burmup for alt fuel assocaated with tUs worksheet rnust be divided by 80L heavy metal mass to get speofic burnup values iMWd1U T

i
I11

t

DOEfSNF/REP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet

'L Fuel and Tmplate Infornmtion z

Fuel Name IAN-RI (COLUMBIA)
SNF ID 11.596

Fuel Units & Descr 16- MTR TYPE

Heavy Metal Mass EOL=2 536hg EOL=2 426hg

ROD Storage Site SRS

'Fuel decay sart date 1994
Estimates as of 2030

Template ATR (iglht Water Alum .60 to 100M.. U)

aremptate Sumup(UWd) 367.2

Template BOL Heavy Metal Mass (MI) 0 00116639
Te-blae Decay Ime 35 years

Estimated
Canister usage

18,x10,
067

In X. b * Y. YD ' Gamma Sources

i Radionuclide
Ac-227

N Am-241

Am-242m
Am-243
C-14

CUMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template - Fuel Bumup (MWd) Bumup (MWd)O (Cl) Inventones(Ci) Inventores(Ci)

2 0068E-09 104.55 20910 0 00E+00 2.10E-07 4 20E-07

25251E-03 10455 20910 000E+00 2.14E-01 525E-01

I Phnton Total
Energy Phouonsdsec
GroAv (ui
0 Avg M3eV

_ 0 0150 I 540E+t3
I 0 0250 3195E+12

E-07 1 0 0 WE+W" o 1IE-w

1 4880E-06 104.55 20910

S7053E-09 104 55 209 10
--- -

1.3 tE-04 0 0375
1.1 9E-06

1 37E-30 274E-30
1.3124E-32 209 1U L

S 20910 0 E+00 1.19E-051t
1191E+12
1.556E+12

Cm-244 1e 104 55 209 1 E+Do 1.73E403
E+00 7.74E-05 0 3750 6 771E+11

CO-60 10 455

Cs-134 E05 104.55 0 OQE+00 2 14E-03 4 25LE-W I 0 5750 I 11sE+13

Cs-1 35
Cs-137
Eu-154

E-06 910 000E+0O 360E4-4 7.21E-04 o asoo

110 - ^ 00Es42 1 2500f
1 4365E+00 -- w-- .Z I

1 5E4601 1
7 3230E-03 209 10
S WIG9E4 10455 20910 0 0 124E-1

1 .367E+1 1

6 611E+10
3 721 E+09
3 111E+05
2 969E+05
I 7246+02
7 047E.01

Eu-i155
Fe-55
H-3
11A 29

INN-237
Pa-231

I Pb-21 0
PjMm147

- Pu-239

22791E46 104 55 2091 0 OE+00 2 38E-04

1.9698E-03 104 55 209.10 0 00E+00 2 06E-01
2091 00EOIJ ~ a.'-u~

417E-
41'

-

104 55 209 t

4 1176E02
9 5752E-06
3 9379E-09
3 3115E-10
9.2402E-04

1304 55
104.55
104.55
104 55

0 00E+00 7.7Env
0 00E+00 4.31 E+00

0 00E+00 1 00E-03
0 00E+00 4 12E-07
0 OOE+00 3 46E-08

11 ODOOo 8 599E-41

7DrxF3 7 712+00

8.23E-07
6.92E-08
1 93E-01

1 6217E-02
4.2810E-04

209 10
209 10
209 10

Pu-240
Pu-241
Pu-242
Ra-226
Ra-228
Ru-1 06
Se-79
Sn-126

Sr-90
L- Tc-99

104 55
1 04.55

0 00E+00 1 70E+00 3 39E+00

000E+00 4 48E-02 8 95E-02

0 00E+00 2S54E-02 5 09E-02

0 00E+00 1.70E+00 3 40E+00

0 00E+00 3 8OE-05 7 60E-05
0 00E+00 9 42E-08 t.88E-07E.07 104.55

1 14E-10 104
31019-14 1045 20910

1225E-10 10455 20910
0 00E+C
0 OOE+t ? 22E-08 4 44E-08

1.35E-03 2 70E-03
1.2930E-05
1.1571E-05
1.3472E.00
4.2239E-04

104 55 209 10 0
104 55 209 10 C

104 55 209 10 C

104 55 20910 t

Ee00 1.21 E-03
:..00 I 41E.0I2
EDoC 4 42E-02

10455S 20910 0 00E+00 I
Th-229
Th-230
Th-232
TI-208
U-~232~

U-~233~
U-234
U.-235

U-236~
U-232
v-90
Other Radionuclides

3 8371E-14
4 0414E-08

20910 0 00E+00
209 10 0 00E+00
20910 0 00E+00
209 10 0 00E+00
209 10 0 00E+00
209 t 0 0 C0E+00

2.59E-09
1t75E-05
8 02E-I 2

E-06 845E-C6 J
-05 2 29E-05 Thermal Power

E-07 7.59E-07 11Nominal Heat Bounding,t.0948E-07
3 6275E-09

Ir

4.94E-02 3 88E2-0
I 8562E-04
-2 7235E-06
t 5493E-05

0 00 51E03

209.10 0 00E+00 1.62E-03 NI2E.03

. Output Heat Output
(Watts) fWatts)
1 75E+00 3.50E+00

Total Total.

-428516 -0Y 104.55 0 00 5 79E05 S 71-0

1.3475E+00 104 SS 209 10 0 00E+00 141E+02 282L+e2
I 43E.02 2 86Ee02

I
-r~~-_~Sn

r Basis for Parameter DifDerences

I
Reactor Moderator WATEML..

Fuel Claddng AWM
BOL HM Constituents U

BOL Enrichment % 9320235261

_i lGtfiE

In..-. -. -- .-. t Ira .ei-nuai
Bumup Summary (MWdr

_ .
From SFL I E5trn.atea

Nominal
. _

10455
209 10

No.l bWamW takated [mm be heavy metal mass destryed

SoriNg tbr^ asomed to be Ws mra"l buw
Bounding I

Check

_

Estimated Bumupf
Given Burnup Estimated EOL HMIGIven EOL HM

100oBurrWuD rwumpreerwoW-u>

Nominal - 0 13
Bounding I _ 0261 - I

'Reactor shutidown. co removal, storage, shapping or other date contfiring that Irradaton ceased or toul

'Total bumup for ait tor associated with s worksheet must be divded by OL heavy metal mass to get specific bumap values (MWCIr)

MarCh 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel asnd Tempaite Infomionu ,

Fuel Name lAN-RI (COLUMBIA)
SNF ID t. 803

Fuel Units & Diect 5. MTR TYPE
Heavy Metal Mas: BOL.0 685kg EOL.0 685kg
ROD Storage Site SRS

'Fuel decay start date: 1996
Estimates as ot: 2030

Template: ATR (Ughtl Water, Alan 60 to 100%. U)
'Tenplate Bumup(MWd) 3672

Template BOL Heavy Metal Ma (MT): 0 001 16689
TemIlate Decavy rinie 25 years

Estimated
Canister usage

18'x10
021

_j
ILEstimntesl - I b YYb Gamma Sources

CYMWd From - Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
Template Fuel Bumup (MWd)' Bumup (UWd)2 (Ci) Inventories(CI) Inventornes(Ce)

Photon Total
Energy Photons/sec
Grou {xo- dRadbonuclide

vwuWwY}

I.I iqeoc-UV 12 U9 25 95 U 0Ott+OO 1.4dt-W 2 9BE-08 Avg May
25 95 0OOE.-00 2 99E-02 5 98E-02 o 0150

Am-242m
Am-243

25 95 0 OOE+00
25 9S O OOE+OO)1

5 38E-06 1 OE-05 O 0250 5044E+11
1 93E-05 3 86E-05 I 0 0375 4.393E+11

C-14 7108E-09
Cl-36 I 3124E.32 I I 7

.- , I co s
Cm-243 I 4562E-07 12 97 25 95
Cm-244 24221E-05 1297 2595 0
Co-60 2 7560E-06 12.97 25 95 O

7 41 E-08
1 70E-31
I 89E-06
3 14E-04

3 41 E-31 0 0850 2 846E+11
1 48E-07 I 00575 4717E+-lt

I 78E-06

I OOE+00

01250 1 907E+1 1
0 2250 2458E+11
03750 1068E+t1I
0 5750 1 751E+12
0 8500 2 524Et10
12500 1 403E+10

8851E-04
4477E-06

12.97 25.95 0 OOE+OO
12.97 25 95 O OOE+00 4 47E-05 8 95E-05

25 95 0 OOE+00 2 35E+01 4.70E+01
Eu-154
Eu-155

0 OOE+OO 2.13E-01 425E-01 1 7500 6 934E+08
3 IIE-02 622E-02 1 22500 4 942E+04

Fe-55 3 2707E-05 12 9 E-04
H-3 3 4504E-03 1297

8 49E-44 27500 4047E+04
8 95E42 3 5000 3 066E+01

1-129 7 5300E-07 12 97 25 95 0 OOE+00 9 U-02 12 97 25 95 0 00E+00 1 02E+00
297 25 95 0 OOE+00 124E-04 248E-04 I 110000 1271E-01

0 OOE+00 3-63E-08 7.26E-08
P5-210 1 64E-09 3 27E-09
Pn-147 t.2952E-02 1 68E-01 3 36E-01
Pu-238 t 7549E-02 I
Pu-239 4 2810E-04 12 97

1297 25 95
0t297

4 5SE-01 Li
00E+00

25 95 OOE+00 3 41E-01 6 82E-01
Pu-242
Ra-226

OOE+00 4 71E-06 9 43E-06
S 77E-09 1 15E-08

Ra-228 I 9714E-14
Ru-t 06 2 0477E-07 12 97 25 95

5 12E-13
531E-06
3 36E-04
3 OOE-04

1297 25 95 0 OOE.00 1
1297 25 95 OOE+00 1 50E-04

I OOE+00 222E+01 4 43E+01
Tc-99
Th-229
Th-230
Th-232

4 2239E-04
7.72SOE-12
5 8497E-08
2 6906E-14

5 48E-03

1297
12 97

2595
25 95

T1-208 4-4336E-08 12 97 25 95 0 OOE+00 5
U-232 1.2037E-07 12 97 25 95 0 00E+00 1
U-233 30011E-09 1297 2595 OOE+00 3
U-234 1 8497E-04 12 97 25 95 0 00E+00 2
U-235 -2.725F-n0 1t2 07 A 0a0 1 5oE-i t:

1.1OE-02
2-OoE-10
1.52E-06
6 98E-13
1 15E-06
3 12E-06
7 79E-08
4 80E-03
I 38E-03

Thermal Power
Nominal Heat Bounding

output Heat output
(Wafts) (Watts)
274-01 s 49E-1

Total Total

-C-1
U-236 1 5493E-05 1297

v w
1 34Ec-w c

25 95 0 OOE+00 2 0
U-238 -4.2a51E-09
Y-90 1 7094E+00
Other Radionuclides
111. TemphLte Selection Summary, Bermn
|Tempiate Selection Summary

12t97 0 00 1 62E-05 It
7 25 95 0 00E+00 2 22E+01 4 44E+01

2.24E+01 4 47E+01
Check- - -

=1 Basis for Parameter Differences:
c - - -
From SFD

Reactor Moderato- I UGHTWATE6I

Fuel Cladg- ALUM
BDL HiM Constituents U

RBO Fnr-khmenfWi %I. 92 s-i

Ust

uGHrT Lt
n.^. tn 1 nnI -~~wCl _ ~ --- .- '-, t I -1 I

Bumup Summary (MWd)' Basis for bumup used in estimate:
From SFD Estimaed

Nomina 1Z9 Nnrburs assurwl ^ t be 2% d iS heavy metW mass
Bo______ Z5 95 B__ bump pamumed to be te roineal bffrup

Checks

Estlimated Bumup/I
Bumup Multipier Given Bumup Estimated E00L HWJGiven EOL HM

Nomhnal O 0_ 009
Bounding 012 ._

Ji-

KeTtacltr snuinor aore reruovalJstedm shippig or other msle cwvhmirr.bg 0hat rrameatlon mased tor fuev

"Total buffw folr alJ fuel asscaaedt with tlms worksheet rnust be dividetd by SOL heavy metal mass to gelt speifi burnupi value~s (MWr) J

DOE/SNFIREP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet

,I Fuel and Template Information, B-w ,

Fuel Name IEA-R1 (UALX HEU) BRAZIL

SNF ID # 954
Fuel Units & Descr 43. ASSEMBLY

Heavy Metal Mass: BOL=8295ikg EOL.4 975kg

ROD Storage Sde- SRS

'Fuel decay start date 1998
Estimates as of 2030

Template ATR (Ught Waler Alum .60t0100-. U)

'Tempklte Bumup(MWd)- 3672

Tempktde BOL Heavy Aetal Mess (4T) 0 00116689
Template Decay Tine, 25 years

Estimated
Canister usage

1 19

- I I, V. - Yb I- Gamma Sources

1. Estimates m b , ,, _ _ Photon Total

Ci/MWd From Nominal Bounding Fuel flitaal Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWde Burup (MWd)'- (Ci) Ventones(Ci) inventones(CI)

.,~ ., n(i^F fa 0 3 60E-06 7.21 E-06Radionuclide
Ac-227 3, 1 7

6,287.45 E+00

Energy ' Phbtonstsd
Group (bounding)

Avg UeV
0 0150 5 83E+14
0 0250 1 2_E+14
00375 1 0E4E+14
0 0575 1 143E+14
0 0350 6 89'E+13

Am-241
Am-242U

1.30E-03

1 4894E-06 3,473 628745 00E+00 4 68E-03 93

C-;4 5 7108E-09 3,14373

CA- 6 1 3124E432 3,1U373

Cm-2U3 1 4562E-07 3,14373

Cm-244 2 42_1E-05 3,14.-73

^^Q7^:4 nn^F ren 180E-OS

6;287, .+o 4 58E-(_0E0 76E- 01250 4619E.13

0005.00D 7t1- E-01 02z2i0 5 954E+13

70 00E+00 I
Co-60 3.143 73

1 735-02 j O.750
3 705+00 08575D

Cs-134 58851E-04

Cs-135 3 4477E-06
1-----dL--

3.1473
3tU'3

6,287.45 0 00E+00
6.287 45 0005+00
6,287 45 0 00E+00 i 3 1i1

6 115E+12
3401E+12
1 680E+1t1. 8099E+00

1 6386E-02 3,143 73 6,287 45 5 15E+01 1 (

Ii53E+00 2 2500 1 197E+07
------ I 6,zo7 4Eu-155 2 O39s.-w

-' Fe-55 32707E-05
I H-3 34504E-03

; 1-129 7 5300E-07

Kr-85 7 8540E-02

* Np-23
7  9 5615E-06

Pa-231 2 7963E-09
PbI210 12612E-10

3 Pm-147 12952E-02

i . Pu-233 1.7549E-02_Pu-238n~n

3,143.73 6,287 4 E+00
1

103E-01 37500 9 805E+06

3,143.73 E+00 E+01 3.5000

3.14373 000E+00 237E-03 473E-03 I 5
6,28745 000540

6,28745 0 00E+00
6,287 45 0 005+00

6.287 45 0 0vE+00

I ^
2 6 01 E-02 I 11 3 0S3E+01

t.76E-0
E.07 7 93E-07

31

Pu-239
Pu-240
Pu-241

o00E+00 1 35E+t
00 500 7.66E-( 53E+00

24 .-04 3,143 73
E-02 3,143 73

E-07 3,14373
3,14373

745 0 00E+00
'45 - 0 OOE+00
'45 0 00E+00

8.26E+01 1 65E+02
1 14E-03 2.28E-03

E-06
E-11I

2 79E406

Ra-228 1.9714E-14

Ru-1 06 2 0477E-07

Se-79 12933E-05
Sn-126 1 1574 -05

Sr-901 70925+00

6.287 45 6 44E-04

3,143 73
3,14373
3,143 73

E+00
.+00

4 07E-02 8 13E^-^2
364E-02 7.28E02

0 00E+00 5.3 t 07E+04

Tc-99
TLh-229
Th-230
TLh-232

E-04 S 0 00E+00 1.33E00 2 66E+00

S 0 00E+00 2 43E-08 4 86E-0874f

S 8497E-08 3,143 73 6,28745 0 00E+00 1 845-04

2 6906E-14 3.143 73 6,287 45 0 00E+00 8 46E-11
I is -- n

3 68E-04
_.69E-10

A

12J!&
4 4336E-08
t 2v^37-07
3 0011 E-09
1 8497E-04

-2.7235E-06

b6Z?5 4b BAS w; _ _

6,287A4 005E+00 3785-04

6.287 45 C 9 43E-06

Thermal Power

Nominal Heat Bounding
Output - Heat Outp

(Wts Wts
_ .

0 00
6,287 45

0000

+00 4 87E-02 9 74E-02 6 65E+01 1.33E+02
- AA * -A- nA 1 'A cn I Total T4tal

U-238 -4
Y*90 1

Other Radioiuclides

1.143 73 E-v4 1,.7Yt-u4 .A'V
E+00 37E+03 1 07E+04

_ .__+0 1U. +U4 . jA3,143.73 6,287

ry,.d s and CheIsmi

5 42E+03 I.Uut+uq I

From SF^

Ractr Moderator UGHTWATR

Fuel Cladding ALUM,

BOL HM Constituents

SOtL Enrichment % 931065587 _

Basis for Parameter Differences:

ALUM
U

60u100

R,-- -a --. rnu 1~ tn stiate:
E3umup Summary (MWdr - - .1..- .......,. ..

Fro SFD EstimateGt
. ._ . _, - ... I . _

Nominal
Bourdtng

314373
- 6287.45

Niea Wnbui caoilaed toam tie heavy ei MatSs destro

Bijidg be assigned toh be MM Arnal hitnu
I

Che,
I Estimated Burnup/

Burnup Multiplier Grien Buumup

Nominal �-
P-nd-

1201
241i ' I -

'Reactor sutdown. core removal, slorage, stppwig or other date coritimifti that Inadat o Ceased lr fuel

'Total bumup tor all hat assodated with this wortisheet must be dvkied by OL heavy metal mass to get speific bumup values (MWVI'MT)



Fuel Radionuclide Inventory Worksheet
L Fuel mnd Terplate Infonnation sL ,

Fuel Name IEA RI (UALX LEU) BRAZIL
SNF ID -. 545

Fuel Units & Descr 84 - ASSEMBLY
Heavy Metal Mass BOL.063s54kg. EOLF1 732xg
ROD Storage Slte SRS

'Fuel decay stalt date: 1998
Estimates as of 2030

Tempblte: ATR (Ught Water. Alum, 60 to 1 00%, U)
'Template Bumup(MWd) 367 2

Template BOIL Heavy Metal Mass (M) 0 00116689
Template Decay Tme 25 yearn

Estimated
Canister usage:

I 8'x1 0

350

1. Fstimates um I. ~ -'b |X .XbGamma Sources

CilMtWd From
Template

Photo= Total
Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/see

Fuel Bumup (MWd)? Bumup (MWd)' (Ci) Inventories(Cl) Inventories(Ci) Group (bounding)
1~~~~~ ~ ~~~ ~ --- -- 9 < C ^ncn ,o c n rA _

Radionuclide
Ac-227 t,4,eq 4o U uoo+UU 1 98E4- Av-.

-

Am-241 OOE+00 3 98E+00 7 96E+00 00
Am-242m 4 1476E-07 n nn=-nn 7 I ce nA i A-e --

U Uit+W 7I 1tmE04
Am-243 t 4894E-06 1,726.2 E403
r-1A C 7sAor n- . 7-r .

l

tt

43iE-
S 14E-03 0.0375

00.

o14 0

2

i7108Et- , __Z 97E-05-

3124E-32 1,72623 3,452 45
1t726-23 3,45245 009DE+00 251E-C

3.452b45 0ooE+00 4 18E-02
3,45245 0 ooE+00 4 76E-03

0 0575 627rE+13
0 085 3787Et13
01250 2537E+13
02250 3270E+13
03750 1 421E+13
o 5750 2.330E+14
0 8500 3 358E+12

CO-60 9 51E-03
Cs-1 34 2 03E+00
Cs-135 3 4477E-06
Cs-137 1.726 23
Eu-1 54 I 6386E-02 1.726 23 1 5 66E+0t 1 7500 9226E*1o- ----- l -- - 4 -- -

z 3957 M03 1I IL26z 3.452 45 8.27E+00 22500 6 576E+06
3.2707E-05 1,726.23 3.452 45 ODOE+(

3,452 45 0 OE+00
2 7500 S-384E.06
315000 4 154E.03
5.0000 1 406E+031-129

Kr-85 U3,452 45 0 OOE+00 36E+02
Np-237 9 56tSE-( 0 O0E+00 1 65E-02 3 30E-02
Pa-231 2 7968E-09 4 83E-06 9 66E-06
P0-210
Prn-147
Pu-238
Pu-239
Pu-240

I

i
2612E-10 1.726 23 4 35E-07
2952E-02 1,726 23 3,452.45 0 C

1,726 23 iJ1,726 23
1,726.23
1.72623

3,452 45 0 00E+00 7.39E-01
3,452 45 0 OOE+00 4.20E-01 841E-0O

Pu-241 2 6277E-02 4 54E+01 9 07E+01
Pu-242 3 6329E-07

4 4444E-10
1.72623
1,726.23

7E-04
3.4

1.25E-03
1.53E-06

14 1,72623

Se-79
Sn-126
Sr-90
Tc-99

1 1574E-0S
1 7092E+00
4 2239E604
7 7260E-12

3,452 45 0 OOE+00 3 53E-04
3,452.45 0 OOE+00 2 23E-02
3,452.45 0 OOE+00 2 ODE-02
3,452 45 0 OOE+00 2 95E+03

4 47E-02
4 oDE-02
5 90E+03

1.72623
1,72623

3,4
7.29E-01 1 46E+00
1.33E-O8 2 67E-0B
1 1OE-04 2 02E-04
4 64E-11 929E-11
7 65E-05 1.53E-04

Th-232
Tl-208
U-232
U-233
U-234
U-235
U-236
U-238
Y-90
Other Radionucides

11. Template Selecti
ffamwate S-ekcthon I

3,452 45 0 00E+00
3,452 45 0 OOE+00

1.72623 3.452 45 0 00E+00 2 08E-04 4.1
3.452 45 O.00E+00 5 1 BE-06 1 a
3,452.45 000E+00 319E-01 6319E-01

0.00 2 70E-02 2234-02 2 70E-02
3,452 45 0 00E+00 2 67E-02 5 35E-02

Thermal Power
Nominal Heat Bounding.

Output ' Heat Oupt
(Watts) (Watts)
3.65E.01 7,30E+01

Total Total
1 7094E6.0 1 72

narv, Bunuip Summary, a

000 1 72E-02 1.72E-02 1 72E402
3,452 45 0 00E+00 2 95E+03 5 90E+03

2 97E+03 5 95E+03

Basis for Parameter Differences:From SFD _
Reactor Moderator UGTWATER -

Fuel Cladding ALUM
BOL HM Constituents: U

BOL Enrichment %- 19 66156126 _

Used
UGHT WATER

AL UM
U rJ

60 to10 1C

MDs Tenlal was used for the loeng reasore
rb ki ialtis ATR Trmpako on oft ul re parameora (erictmesg mialorg ATR a reasonable U-

IBumup Summary (MWd)z I.....-- s ornup useti n estimate:
Estimated I

Nominal j 1t726X
Bounding 34524!

"l burrp calctualed frm tIe hea t retal mmas destrye4
airdbig buanu asturred Is be IWca nrinnal burtxw

Checks

Estinated Burnupq
Bumup muttiptir Given Bumrup Esthnated EOL HtlGiven EOL HM

Nomenala 00 100 *OBounding 017
'Reactor shutdown, core removal, storage shipping or oth~er date confiminig that irradation ceased for fuel

'Total unIUUP tor al3 u associated with ths worksheet must be divided ty BOL heavy metal mass to get specitic bumup values (MWd!MT)

I

DOEISNF/REP-078 March 2003
Revision 0 Paso D-484A ot f-5"



Fuel Radionuclide Inventory Worksheet

3.F;ulan Temlate_ Information .-
Fuel Name lEA-RI (UALX LEU) BRAZIL

SNF iD# 1076
Fuel Units & Descr. 39 - ASSEMBLY

HeavyMetalMass BOL.29.507k9 EOL528661kg
ROD Store Site SRS

'Fuel decay start date 1998
Estimates as of 2030

Template ATR (Liht Water. Akium, 60 to 100lo U)
2
Template Bumup(MWd) 3672

Template BOL Heavy Metal Mass WMI) 000116689
T-am te Decav Tirne 25 years

Eshmated
Canister usage

18'x10 1
163

_ .

-s * - I. m X b Y. Ye I Gamma Sources
so. -n - _ue

:11i Jrs"I.Aftff , ov - Photon Total

Ci/MWd From Nominal Bounding Fuel Ititial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

- Template - Fuel Bumup (MWd)e Bumup (MWd)' (Ci) Inventones4Ci) hnventones(Cil Group (bounding)

1 1465E-09 801 46 160293 0 OOE+OO 919E-07 1.84E-06 Avg MeV

23056E-03 60146 1,602.93 OOOE+00 3 85 0 370E+00 J 00150 1500E+14

4.1476E-07 014A6 1,602.93 OOOE+00 3.32E-04 665E-04 00250 3116E+13

"aalonuaicte

Ac-227
Ar.-241
Am-242m
Am-243 1.4894E-06 801.46

57108E09 801 46
1.3124E-32 80146

1,602 93 0 OOE+00
1,602 93 0 OOE+00
1,602 93 0 00-+00

9 39E4- oUU3/s

9 15E406
C-14
CI-36
Cm-24

2 1 OE-29

1 4562E07 60146 1,60293 17E-04 2 33E-C

0 0575 2 s14E+13
00850 1 7s8E+13
01250 1 t78E+13
02250 1s58E+13
03750 61502E+12
0.5750 1 O52E+14

2 42
2 75

1,602 93 t94E402

801 46 E+oo 221E-03
E+OO 4 72E 01 )1

Cs-1 34 601 46
601.46 1.60293 0 00E.00 403 o1500 15sE+12

Cs-135
E+OO 01.6 1,602.93 O.OOE+00 2 90E+03 172500

Cs-137
AA 1293 0 OOE+OO 2 63E+01 1 7500

Eu-154
Eu-I55 2 3957E-43 1 1. . 60293 0 00E+0 t 92E+00 3 84E+Oo _

'1 Q~7FUJ 1,UZJS U- F 9ArJY,9
. 2707E45

H-33 4504E-03

; 1-129 7 5300E47
Kr-85 7 854OE02
Np-237 95615E406

Pa-231 2.7968E09
I I P210 t2612E-10

| Pm-147 t1.2952E402
7 , u1 7549E02

r Pu-239 4 2810E-04

1.629 0l U
c-uC

2 77E+00 5 53E+00
u o_;

1,602 93 0 OOE+00 6 03E-04 1

1.929E+03

6527E+02
7 191E+01

t46 1
801 46 I

o OOE+OO 6 29E+01
0 OOE+00 7.66E403
0 OOE+00 2.24E-06
0 OOE+00 1 01 E-07

11 oo00 8 050E+00

801 46
801.46

I 0 O800 1 04E+01 2 08E+01

1.602 93 1 2 81E$+vl
1,602 93 0 00800 3 43E-01
1,602 93 0008.400 1981 6 86E-01

1,602 93
Pu-240
. .- I 26F 801 46

O OOE+OO I 95E-01
0 00E+O0 211E+O1

0 OOE+00 2.91 E-04
O OOE+00 3 56E-07Pu-242 3 6329E407

Ra-2264 44444E-IO

Ra-228 1.9714E-14
Ru-1 06 . 20477E-07

- ----- --s

801 46
E-07801.46

801 46 3 OOOE+OO 18E-11 3 16E-11
1 64-04 20L4.A

801.46 1.602 93 0 OOE+00
801.46 1,602 93 0 OOE+00

Se-79
Sn-126
Sr-9o

I. Tc-99
Fh-229

Th-230
Th-232

I TF-208

- U-232
U-233
U-234
11-236

1 2933E-05

1 84E-04 3 28E-04

1 04E-02 2 07E-02
9 2BE-03 1.86E-02
1 37E+03 2.74E+031 1574E-OS 80146 1,60293

i 7l092F+0o 801 46 1.602 93 C

801 46 1.602 93 0 0E+00 3 39E-01

801 46
801 46
801 46

1 602 93 0 OOE+OO 61.1%tE
1.602 93 0 00E+00 4 69E-C

1,60293 000E+00 2 16E-1
1,602.93 0.00+OO 3 55E-C

4 4336E-08
8014A6

4 31E-11I
j 7.1 t E-05

i 1.93E44 Thermal Power

4 B8E-046 _Nominal Heat Bounding
1.602 93 0 OOE+OO
1,602 93 0 OOE+OO
1,602 93 0 OOE+001 8497E-04

-2 7235E-06

1 48E-01 2 96E-0
1.C4E-02 12SE-020 00 It~

~Outpuit Heat Outpuit

(Watts) (Watts)
I.704)61 3.39E+01

Total TotalI1236 .5493E405 80146 1,60293 000E+OO

U-238 *428StE49 801 46 000 7.97E-03

Y-90 1.7094E+00 801 46 1,60293 0OOE+OO

Other Radolnuclxies

1.24E-02 2 48E402 .
7 96E-03 7 97E-03
t 37E+03 2 74E+03
1.38E+03 2 76E+03

rv, Bun d Cecs r -w13 Fsw -

I
I

I:SFD I Used __BaSifrParameterD_ _ences

41 WATER
Reactor Moderator UGFT WATER UG

Fuel Cladding

BOL NM Constients U

BCL Enrichm ent % [9ootZS

ALTUWATER
ALUM

TM Teml ab was used tar the ob tair paaorst
The *tuelnat ATR Ternpla on alt th orie paran:- enident) maknq ATh a reasorable

to 100

f~ssror busuup used in estimaute'

IR.-mu Sumr-wv tWdy,

vu.|}"F ""' y =.A_ cnn
Frorn oFU

-

Nominal

Bounding

Checks

_ Est.mated

_ 1 602S:
Nwal burp calated trom tie heavy metal mass destoyed

nodrg bsMV Sxd ID be telce rnriol bomu

--- IEstimated Burnupt
Multtir IGh en Burnup Estimated EOL HWGhen E I' HM

1 001B3umup

Nominal L
Boundmg I ..

'Reactor shitdown, core removal storage. sefpping or other date confirming that Infadabon ceased lor fuel

"Total bumup for all fuel assodated whi INs worksheet must be dvied by OL heavy metal mass to get specific burmp values (MWd`MT)

March 2003

DOEISNF/REP-078
Revision 0

March 2003
Page D-485 of D-585



Fuel Radionuclide Inventory Worksheet
L Ful and Ternplat Information .

Fuel Name: IOWA ST UNIV (HEU UALX
SNF tD - 792

Fuel Units & Desxr 22 FLAT PLATES IN CAN
Heavy Metal Mass: BOLd3 478kg. EOL.3 474kg
ROD Storage Site. SRS

'Fuel decay start date 1996
Estimates as of 2030

Template- ATR (Light Water. Alum. 60 to 100%. U)
'Template Burnup(MWd): 3672

Template SOL Heavy Metal Mass (MT): 000116689
Template Decay Time: 25 years

Estimated
Canister usage

18,x10
1 061

P.-

11. Estimates.. .- m x. x5 b y. Yb Gamma Sources

Photon Totatl
CL/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel - Bounding Fuel Energy Photons/sec

Radionuctide Template Fuel Bumup (MWdp Burnup (MWd) (CI) Inventoriesa(C) lnventornes(Ci) Group (bounding)
AC-227 1 1465E-09 4 17 8 33 0 OOE+00 4 78E-09 9 55E-09 Avg MeV
Am-241 23056E-03 417 833 0DOOE+00 961E-03 1 92E-02 00150 7.800E411
Am-242m 4 1476E-07 417 833 000E+00 173E-06 346E-06 00250 1 620E411
Am-243 14894E-06 417 833 000E+00 621E-06 1.24E-05 00375 141 1E411
C-14 571O8E-09 417 833 OOOE+00 238E-08 476E-08 00575 1.515E.11
Cl-36 13124E-32 417 833 OOOE+00 547E-32 t09E-31 00650 9143E+10
Cm-24t 4562E-07 4.17 833 000E+00 6 07E-07 1.21E-06 01250 6127E.10
Cr-244 28422E-05 417 833 00E+00 17E4-04 2602E-04 02250 7986E-10
Co-60 Z7560E-06 4.17 833 000E+00 1.15E-5 Z30E-05 003750 3431E010
Cs-134 885t E044 4 17 8 33 0 00E+00 2 45E-03 4 90E-03 5750 S 625E11I
Cs-35 3.447E6-0 4 17 833 000E+00 1 44E-05 2 87E-05 085r0 8106E+9
Cs-137 8099E+00 417 833 0006+00 754E08 151E+01 12500 4a508Eu09
Eu-154 1 6386E-042 417 833 00E+00 6 83E-02 1.34E-01 1u7500 2e227Ea t
Eu-155 2 3957E-03 417 8.33 000E+00 998E03 2 OOE-02 22500 a 587E+04
Fe-SS 3.2707E-05 417 8.33 0 OOE+00 6 364-04 273E-04 237500 1 30E+04
H-3 3 4504E403 4 17 833 00O0E+C0 1 44E402 Z 88E402 3.5000 1 046E+01
t-129 7 5300E407 4 17 8 33 000OE+00 3 14E-06 6.28E406 SO0000 3 572E+00
Kr-85 7 8540E402 4 17 8 33 0 00E+C0 3 27E-01 6 55E-01 7 oooo 3 938E-01

p-2387 9-56tSE4-0 417 000 7 OE+00 3 82E-055 7IE45 To0000 4toE-02
Pa-231 2 7968E409 4 17 8 33 0 00E+00 I 17E-08 2 33E408
Pb-210 1 2602E-10 4 17 8 33 0 00E+00 5 26E-10 1 oSE409
PO-h47 129u2E2 417 833 0E+0 540E402 1 08E4-1
Pu-238 1 75-49E402 4 17 8 33 000DE+00 7.31E402 1 46E-011
Pu-239 4 281tOE404 417 8 33 00O0E+C0 I178E403 3 57E403
Pu-240 2 4357E404 417 8 33 000OE+00 I OIEE43 2 03E-03
Pu-241 2 62T7E402 4 17 8 33 0 00E+00 I 09E-01 2191E-01
Pu-242 3 6329E407 4 17 8 33 000GE+00 I151E-06 30O3E4D6
Ra-Z26 4 4444E-10 4 17 8 33 0 00E+00 1.85E409 3 70E409
Pa-728 1 9714E-14 4 17 8 33 0 00E+00 821E-14 I 64E-13
Ru-106 2 04T7E407 4 17 8 33 0 00E2+00 8.53E-07 I171E406

Se-79 e tS33E45 4.17 8t33 00a0E+00 539E4a5 c 08Ec44
Sn-126 I 1574E405 41 8300E+00 4 82E45 * 965E-05
Sr-90 I17092E+00 417 8.33 00O0E+00 7 12E+00 1 42E+01
Tc-99 4-2239E404 4.17 8.33 00O0E+00 I 76E403 3.52E403
ThZ?29 7.7260E-12 4 17 8.33 000OE+C0 3.22E-ttI 6.44E-ttI
Th-230 F 8497ES08 4 B7 8i33 0 fE+r 0 2 4E47 4 87E47
Th-232 2 6906E-14 4 17 8 33 000OE+00 1 12E-113 2.24E-13
Tl-208 4 4336E408 4 17 8 33 00O0E+00 1 85E407 3 69E407
U-232 1.2037E407 4 17 8 33 00O0E+00 5 02E-07 100E4-6 Thermal Power
U-233 30011FEl9 4a17 8i33 n00E+U0 125EM8 25 8 NominalMeat BOunding
U-234 1 8497E404 4 17 8 33 000OE+C0 7 71E404 1.54E403 Outpult.- tHentOudtpu
U-235 -2 7235E-06 4 17 0 00 7 01E403 700DE-03 7 01E403 (wafts) (watts)
U-236 1 5493E-05 417 8 33 000DE+C0 6 46E405 12,9E404 8693E-02 I176E-01
U-238 -4n285m E 09 4 17 0 00 7 82E105 7 82E-5 7 82E-05 Total Total
Y-90 I 7094E+00 417 8 33 0 00E+00 7.12E+00 1 42E+01
Other Radionuclides 7.18E+00 I 44E+01

II. TetniflnteSelction SummryBrnupSummary and s Chcus; x*5i
Tempbte Selection Sumrsary u

From SFD stUsaed Basis for Parameter Drferences:
Reactor [4toder tor UGHT wAtER LIGH WATaR

Fudl Ct ddh9I ALUMt ALUM
SOL HU Condsitn 8 ints: U U t e

BOL Enrkchrnent %:I 93.30581127 -60 b 100

Bumup Summary ( UWd)2 Basis for bumnup used in estonate:

Nm From SFD Estimated 41 wra tmpcl~Wfo *ha ea asdsryd

Boundm 8 33 8tlg Wit ame tr, bie t" Wr WM

Checks

Estimated Bumup
Bumup Multiplier Given Bumup Estimated EOL HMIGbeen EOL NM

Nominal o 1Do

Bounding 001
Reactor shutdown. core removal, storage stpng or other date contrmming tht Irradiation ceased for fuel

'Total buimup for all fUel associated wi th s worksheet must be dovtded by BOL heavy metal mass to get specific burnso vakues (MWNdMT)

Li
L.

Ii
F1
II
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Fuel Radionuclide Inventory Worksheet

;L Furl and Template ,nfornatir .

Fuel Name- IOWA STATE UNIVERSITY (U3512 LEU)

SNF ID - 953
Fuel Units & Dscr 24 .24 FLAT PLATES

Heavy Metal Mass BOLt19205kg- EOL.191955g
ROD Storage Site SRS

'Fuel decay start date 1998
Estimates as of 2030

Template ATR (tIght Water, Alum .60 to 1000% U)

"Template Bumup(MWd) 3672

Template OL Heavy Metal Mass (M1T 000116689

isnipirne ver~ 
____________________

Estimated
Canister usage

18 x10
0 67

1X.Fsnmles m x., r i. - b Y Gamma Sources

,[IF~umte~GrPoupn (boundng

Radionuclide
CrIMWd From Nominal tiounng rue, Initial ACOUVA1Y rmu-a re. r r

Template Fuel Burnup (MWd)' Burnup (MWd)' - (CO - nventores(CI) Inventones(CI)

- - - 9 009 0 COUE+00 1 u4 es2
AC-ZZ/ I

90o9 t 8 18 0C0E6+00 2 1
Am-241

4.-
4 I9E402
7.54E-06
2 71E-05

Avg MeV
0 0150 1 702E.12
0 0250 3 535E-.t

e-07 909 1818 000E+00Am-242m
A~-~243~
Cq-14

Cm-243

I 4894E-06 0 DOE+0 I13 0C

5 7108E-9 9 09 18 18
5.19E-08 1 C
1.19E-31 2 Z

04E47 00C

3 078E.11
3305E+t11
17g4SE+1
1 336E+1 I1.3124E-32 18$ lb

I 4562E-07 1818 000E+00 132E-06
1818 0 00E+00 2.20E-44

2 24
I 724E+11I

Cm-244 909

CO-60 909 _j_`I ~OO+DO 535E-05
Cs-134 909 181 E+00 51 3E403

03750 7486E+10
0 5750 1.227E+12
0 8500 1 7686,10
12500 9 835E+09Cs-135

_. Cs-137
Eu-1 54
Eu-t55

* f Fe-55
;9 | H-3
a 5 1-129
91 Kr-85
Np-237
Pa-231L P5-210
Pm-147
Pu-233
Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ra-228
Ru-tO6
Se-79
Sn-126
Sr-90

.- Tc-99

909 006+00 3 13E-05

+00 909 18 18 0 00E+00 t6( +01

991818 000E+00
2 98E01 1 75^00

18 18 000DE+00 4 36 E-02

3 2707E-05
3 4504E-03
7 5300E-07

1818 O(
18 18

E-04 5 95E04
-02 6.27E-02

E46 1.37E-05)09 1818 000E+00 685E

r.8uo402 909 1t8 18
5 5 1 5 - 5 6 0 9 8 1 8

7968E409 909 1818
126t2E-10 909 1818
12952E402 909 1818

S O OOE+OO
0 o0E+00
0 O00E+00
0 OOE+000006e a.0

7 14E-01 t 43E+OO
8 69E-05 1 74-044
2-54E-08 5 9E-08
1.15E-09 2.29E-09
1.18E-01 2.36E-01

180E-01 19E-01

3 89E-03 7 78E-03
2 21 E-03 4 43E-03

5 000 1917E+01
7.OOD0 2170E+0
11 o0oo 2 470E-01

7549E-02 Its Is C

2810E-04 9 09 18.18 o

4357E-C 181 8
t8 t8909

909

E+OO 2 39E-01
E+00 3230E60

909 t1818 000E+OO

9 09 18 18 00 OE+O0

9 09 1818 0OOE+O0

3 3 58E-13
3 372E-06
4 2 35E-4

1 29336E05 909 18.18 00C

1 1574
1.7092

It$ la

18 18909
909
909A

O006E+00 1 0E-04
0 OOE+00 1.55E+01
0 OOE0+0 3 84E-03
0 00E+00 7 02E-11

2 IOE044

:-10
Th-229
Th-230

T hi , h -

U-234
U-235

- U-235

-12 v vo w _ -

5 8497;08 9 09 1818
2 6966-14 9_09 1818

4 4336E-08 9 09 1818

0 OOE+00 5 32E-07 1.06E-06

0 OOE+00
0 6OE+OO

S OOE+OO

E-07
4 89E-13 I
8 06E47
2 19-06 I Thermal Power

5 486E-408_ Nominai reles Bounding
9 09 8.t8 i

81 8 0 OOE+00 2 736-8

1.8497E-04
-2 7235E-06
1 5493E-05

-4 285 E-09
1 7094E+00

g 9098 18 si- O OOE+1 E43 3 36E-03

0 00 8 20E-03 8 18E-03 8.20E403
Output - tiest Output
(Watts) (Watts)
1.93E-01 3 85E-01

t 8 is 8 0 OOE+OO
0 00 518E-03

1818 00OE+00

4 -,

1A4E-04 2.82E-04
.S18E0 3 518E-03

1.55E+01 3 II16+01 1
Total T otal

udides
1.57E+01 - 3 13E+01 I -

:r

From SFD Used

Reactor Moderator UGHTWATER | UGHTWATER

Fuel Cladding- ALUM ALUM

SOL HU Constituents I U U

OL Enrichmer^t % 19 76527712 60 1000

iumuo RS.urrv UWdl2

Basis for Parameter Differences:
lisi Tcrae ws Wed liv efor_ Utm reasosm

Ti hi matnes ATR Terlale on att sa Warseter lerert) mabN A-R a asbrle

matc

Basis for bumup used In eshimate:

N w nal mM mCalculdated Sfrm tbe eav mretal mass destoyed

8osrdeg bww assune r t tbe 5ce neimial buiim

... - -
Frrar.^. 5FU

-

Nom Jin l d Z Z
Estimated

900

18 If

Checks
Estimated Burnup/

Bmup Multiplier Gl en Biumup

0001 473.3!

Estimated EOL HU/Gven EOL HU
l100l

0 001 IW"sl9"'Y

'Reactor shuttdown. core removal, storage, stipplng or o6er dale confirming Bat irradiation ceased tar tuel

2
Total bumup for ar fuel assodated with lts worlsheet must be dvkded by 90I heavy metal mass to get spedtlc bumtp values (MWdSMT)

DOEISNF/REP4078 
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Fuel Radionuclide Inventory Worksheet A-
oL Ftal and Teabate Infio.2 dr Q

Fuel Name JEN-1 (HEU UALX) SPAIN
SNF I t# 795

Fuel Units & Descr 23 -16 CURVED PLATES
Heavy Metal Mass: BO-4 OC2kg; EO=3 783kg
ROD Storage Site: SRS

Fuel decay start date. 1995
Estimates as of 2030

Template. ATR (Light Water. Alumr 60 to 100%, U)
Templ te Bumup(MWd): 3672

Template BOL Heavy Metal Mass ( 'T) 0 00116689
Tem-iate Decar Time 35 vars

Estimated
Canister usage:

1B xO0
096

-

U. Fstunuatts a- .. m X. b Y. Yb Gamma Sources

C/lMWd Fronm
Photon Total

Nominal Bounding Fuel Initial Acrtivty Nomninal Fuel Bounding Fuel Energy Photons/sec
Radionuclide Template FuelBumup(MWd)' Bumup(MWd)' (Ci) Inventones(CI) Inventones(Ci) Go
AC-227 20068E-09 20692 41385 OOE+00 4 15E-07 831E-07 Avg
Arn-241 25251E-03 20692 41385 000E+00 522E-01 1 04E+00 0O
Arn-242m 39624E-07 20692 41385 00OE+00 820E-05 1 64E-04 0C
Am-243 1 4880E-06 20692 41385 000E+00 3 0BE-04 6 16E-04 0D

nup (boundinmg

C375 5S501E+12
41385 000E+00 1 18E-06 236E-06 O 0575 5922E+12

) 00E+00 2 72E-30 5 43E-30 0 0850 3.56BE+12
E-05 4 73E-05

Co-60 7 4047E-07 206 92

01250 2.357E+12
0 2250 3.080E+12
0 3750 1.340E+12
0 5750 2215E.13
08500 2Z705E+11

Cs-1 34 2 0455E-05 206 92 413.85 0 00E+(
Cs-1 35 3 4477E-06 206 92 413 85 0 00E+00 7.13E-04 43E-03
Cs-137 1 4365E+00 206 92 413 85 0 00E+00 2 97E+02 5 95E+02 1.2500

413.85 000E+00 1 52E+00 303E+00 1 7500 7.3e4E+O9 V3 85 000E+00 1 23E-01 2 45E-01 22500 6157E+05
9 43E-04 27500 5 877E+05

H-3 1 9698E-03E
1-129 7.5300E-07
Kr-85 4.1176E-02

8 15E-01t 3 5D00 3.422E+02
5.000 1 398E+02 Li206 92 413 85

Np-237 9 5752E-06 206 92 413 85 0.00E+00 1 98E-03 3 5
.t_,ra-"3I 3 9379EZ z we41 J U UUU1=(jt+ 0s lbt-ur I 63h-06

Pt>-21 0 3 31 ISE-10 206.92 41385 000E+00 685E-08 I 37E-07
41385 000E+00 1 91E-01 3 82E-01

I1 3 36E+00 6 71 E+00
Pu-239
Pu-240 24333E-04 206 92 413 8
Pu-241
PU-242
Ra-226
Ra-22
Ru-106

t

2

6242E-02
6329E-07
0114E-10
1019E-14
1225E-10

413 85 0 00E+00 7 52E-05 1 50E-04
206 92 413 85 0 00E+00 335E+00 6 72E+00

0 00E+00 1 86E-07 3 73E-07

206 9
Se-79 2930E-05 206 92 413 85
Sn-126 1 1571E-05 20692 41385 0 00E+00 23
Sr-90 1 3472E+00 206 92 413 85 0 00E+00 2 79E+02 5 58E+02

4.2239E-04 206 92 413 85 000E+00 874E-02 I 75E-01
0.00E+00 2 57E-09 5 13E-09

Th-232 3 8371 E-14 206 92 4
Tl-208 4 0414E-08 206 92 4
U-232 1 0948E-07 206.92 4
U-233 3 6275E-09 206.92 4

1 73E-05 3 464-05
794E-12 1 59E-1t

U-234 t 8562E-04 206 92 413 85 0 00E+00
U-235 -2.7235E-06 20692 000 671E-03 615E-03 671E-03
U-236 1 5493E-05 20692 41385 000E+00 321E-03 641E-03
U-238 -4.2851 E-09 206 92 0 00 3 01 E-04 3 01 E-04 3 0IE-04
Y-90 1 3475E+00 206 92 413.85 0 00E+00 2.79E+02 58S6E+02

Thermal Power
Nominal Heat Bounding

Output Heat Output
(Watts) (Watts)

3.46E+00 t 93E+00
Total Total

Oither Radonuclides 2 83E+02 5 66E6+02
IlL TempLate Selection Si *nary. Binup S- .ri-y and Checkst
Template Selection Summary

From SF0 Used Basis for Parameter Differences:
Reactor Modertor UGHT WATER UGTr WATER

Fuel Claddeng ALUM ALUM
BOL HM Constituents. U U

BOIL Enrchtmeint %- 77 58892697 60 to 100

Bumup Summary (MWda Basis for butmup used in estimate:
From SFD Es imated

N9in 20 9 N&mt ban p Calcsualet trum tIe a metat mast destioyed
Bounding 413.85 bB-rg tassamnett be twe nomnrl n umJbo.

Checks

Estimated Bumup/
Buo0up Multipidr G0 en Bum3up Estimated EOL HMtGlven EOL Mm

Nominal 0 16 o
Boundmng 0 3.3.

-'j

I]I

'Reactor shutdown, core removal. storage, shipping or other date conirming that iradaton ceased tor fuel

'Total bumup tor at fuel associated with tiws worksheet must be dvided by 8OL heavy metal mass to get specfic bumup values (M1Wd`tT)
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Fuel Radionuclide Inventory Worksheet

;L Fael and Template Infor-ationt "- i -¢
Fuel Name- JEN-1 (UALX LEU) SPAIN

SNF ID 4- 749
Fuel Units & Descr 8. t 16 CURVED PLATES

Heavy Metal Mass- BOL=12 64kg EOL-12 447kg

ROD Storage Site SRS

'Fuel decay start date 1995

Estimates as of. 2030
Templateb ATR (Light Water, Alun . 60toI00% U)

'Template Bumup(MWd) 3672

Template BOL Heavy Metal Mass (MTl) 0 00116689
Template Decay Time -- 35 years

Estimated
Canister usage

181x10'
075

i.2

_ _am ore
1. m X. Xb b Yn Yb I _Gamma Sources

Cl/MWd From - Nominal Bounding Fuel Initial Acttyity Nominal Fuel Bounding Fuel

Radionucl'ide Template Fuel Bumnup (MWd)' Bumup (MWd)
2  

(Ci) lnventones(Ci) Inventorses(CI)

Ac-227 20063E49 18240 36479 0 OE+00 3 66E-07 732E407

Am-241 2525tE-43 18240 36479 O0OE+00 461E41 921E41

Am-242m 3 9624E-07 182A0 36479 0 00E+00 7.23E-05 I 5E-04

Photnrn Total
Energy Photonsdsec

A Group (bounding)

Avg MteV
0 0150 25687E13
0 0250 5 579E+12

I 0 0375 4 849E.12
Arn-243

* C-14
CI-36

i- Cm-243
f- Cm-244

-06 182 40
-09 182 40

E-32 182 40

-47 182 40
E45 182 40

0 00E+00 Z 71 t--c

0 00E+00 1 04E-4
O 00E+00 2 39E4

2 08E-06 00575 5.220,E12

4179E430 [ 0050 3145E.12
4 178-05 I 01250 2-077E.12

0 00+00 2
0 00E+00 6 03E-03 0 2250

Co4
Csq-1

7 4047E-07
2 0455E-05

364 79 2 7E0E44

364 79 7 46E-03

Cs-135 34477E-06
Cs- 137 1 4365E+00
Eu-154 73230E-3
Eu-155 5 9259-04

- Fet55 2 2791 E-06
H4-3 1 9698E403

1-129 75300E407
Kr435 4 1176E-02
Np-237 9 5752E-06

Pa-231 3 9379E-09
P5-210 33115E-10
n Prn-147 9 2402E044

Pu-238 I 6217E-02
Pu-239 472810-E04
Pu-240 2 4333E-04
Pu-241 1 6242E-2

Pu-242 3 6329E-07
Ra-226 9 0114E-10
Ra-228 3 1019E-14

364 79 0 00E+00 6.298-44

240 364 7
18240

'9 o 000E+00 2 62E+02
0 00E+00 1 34E+00

'9 0OE+00 1 O8E-01

3 0 00E+00 416E-04

t.26E403
5.24E+02
2 67E+00
2 16E-01
8 31 E04
7 19E-01

1 7500 6 41E+v09

2.384E+1 1
1 153E+11

22500 S 427E405
182 40

2 75^00
182 40

0 00E+00D _ 3 5000

364 79 0 C
36479 oe

2 75E044
751 E+00 1t0E+401 1 433E+01

1 601E+004 znt: AO A }

364 79 t175-E7 .}

182 40 364 I 718E-07

1182.40 364 7 :+wo 6 04E-08
Y

18240 004E+00 1 69E4(
182 40 , 364 79 0000E+00 E+00

E-01
182 4
182 4

0 OOwE+00
364.79 0 0E+00
364 79 0 8E+00

444E-02 8 88E-02
'96E+wD 5 92E+00
6 63E-05 iM3E-04182 40 364 79

18240 36479
182 40 364 79

3 5 64E-07
O 5 66E-12

- Ru-106
Se-79

i Sn-126

i Sr-90
L._ Tc-99

,Th-229
Th-230

I I Th-232
11 Tl-208
U-232

I U-233
U-234
U-235

.- U-236
U-238

'r Y-90
Other Radionuclides

E-10U 182 40 - 364 79 0 00E+00 31

12930E45 18240 36479

1 1571E-05 18240 36479

1 3472E+00 182 40 364 79

0 00E+00
0 wOE+00

3 29E407
1 13E-11
7.74E-08
4 72E-03
422E-03
4 91 E+02
t 54E-01
4 53E-0942239E-04

1.2407E-i 1 2 40 364 79 0.0wi+w0 226E-09

-08 182 40
-14 182 40
-08 1 82A0
-07 18240

-09 182 40
-04A 182 40

E-06 182 40

364
E+wO 1.52E-05
E+00 7 00E-12

364 C79 00E+00 7 37E-06

36 0 00E+00 2 OOE405
0 00E+00 6 62E-07
0 w CE+00 3.39E4-2
525E-03 4 75E-3
0 O0E+00 2 83E-03

3 43E-03 3 43E-03

3.99E-05 Thermal Power

-.32E-06 Nominal Heat Bounding
6 77E-02 output , Heat Output

5 25E-03 (Watts) (Wafts)

5 65E403 3 058E+0 611 E+r00

3 43E-03 Total Total

4 92E+02
4 99E+02

1.5493E-05 182 40

4.2851E-09 182 40
1.3475E+00 182 40 -36479 0 00E~+w0 24

-D-X^i , S
TU'emsplate Selection

Template Selection Sul

Reactor Moderator.
Fuel Cladding

SOL HM Constituents
rBOL Enrichment %

Bumup Summary (MWd

Nominal
Bounding

.~ Checks

Nominal
Bounding

'Peacor shutdown, core 1rer

'Totail bAm for al uel ss

iS

UlboTm- at wass-e toe tie t si

LiGHT WATER

ALUM
U

19.22438767
I 005 iS

This ke mathes ATR Tertidole ro ai but one pwarner (e m ntWi ATR & a reasnable

.. madt

I WWI- I

d. Basis kow bunup used In estimates
, _ e I

From !WL? I

i

Nm*oa Wimp cacai tko e hea b melA mass destyed

Bixrdiobulrmb assired oIDbe iS rimat lwups 7e

i

Estmiated Burripl
Bumup MultilIer Given Bumup

0051

Estamated EOL HMIGiven EOL NM
I I Doo

0 09
noval, storage, shipping or other dale Confirming hat Irradiation csed turi

socaed tth this wortsheet must be tivided by BuL heavy metal mass to get spedfic buinup values (MUdWMT

March2003
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Fuel Radionucihde Inventory Worksheet
L Fuel adU Tempte nfortion,_,:.. rL,,

Fuel Hame, JMTR
SNF ID # 507

Fuel Units & Descr 574. ASSEMBLY
Heavy Metal Mass BOL11767kT, EOL.1106098kg
ROD Storage Site, SRS

'Fuel decay start date 1983
Estimates as of 2030

Template ATR (tigt Water. Ahim 601totOO, U)
ITemplate Bumup(MWd) 3672

Template BOL Heavy Metal Mass JMT) 000116689
Template Decay Tmw 35 years

EstImated
Canister usageI:

18 x10_
23 92

tL Esantites I I. . m X. X, b Y. y, Gamma Sources
Photon Total

Ct/MWd From Nominal I Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
Radionuclide Template Fuel Bumup (MWd)O Bumup (MWd)O (C0) Inventornes(CI) Inventornes(Ci) Group (bounding)
Ac-227 2 0068E-09 66,881 47 133,722.93 0 OOE+00 1 34E-04 2 68E-04 Avg MeV
Am-241 2 5251E-03 68,866 47 133,722.93 0OOE+00 I 69E+02 3 38E+02 00150 9849E+15

I

Am-242m 3 9624E-07 68,861 47 133,722 93 0 OOE+00 65E-02 5 30E-02 I 00250 2045E+15
0 OOE+00 95E-02 1 99E-01 I 00375 1 778E+15

04 7 63E-04 0 0575 1 913E+15
1 153E+15

Cm-243 1419E-07 66.861 47
Cm-244 1 6522E605 68,861.47 133.722 93
Co-60 7 4047E-07 66,861.47 133,722 93
Cs-134 2 0455E-05 6,86147 133,722 93
Cs-135 3 4477E-06 66.861 47 133,722 93

OOOE+00 1 10E+00 -- 221E+WO
0 OOE+00 4 95E-02 9 90E-02
0 OOE+00 1 37E+00 2 74E+00 0.5750 7156E+15
0 OOE+00 2 31E-01 4 61E-01 0 8500 8741E+13

4 1 47 133,722 93 0 00IE+00 9 60E+04 1 92E+0O 12500 4228E+13
0OOE+00 4 90E+02 9 79E+02 1 7500 2379,E+12

22500 1 989E608
22791E-06
1 9698E-03H43 6f.861 47

1-129 7 5300E-07 66,861 47 133,722 93 0 00E+00 5 03E-02 1 01 E-1

1 899E+08
4 117E+04
4 117E+04
50016E03
5.579E+02

Kr-85 4.1176E-02 66,861 47 1
-- ---- -- -- --- --

I 0 O0E+00 2 75E+03 5 51E+03

Pa-231
9t Dfazrtv 00,001 47 1 I 0 OOE+00 6 40E-01 128E+00 tt oooo
39379E-09 66,861 47 133,72293 0 00E+00 2 63E-04 5 27E-04

4 43E-05

Pu-238 1 6217E-02 66.8 LPu-239 42810E-04 66,861 47 133.72293 0OOE+00 2.86E+01 5.72E+01
Pu-240 2 4333E-04 66,861 47 133,722 93 0 OOE+O0 1.63E+01 325E+01
Pu-241 1 6242E-02 68,861 47 133,72293 6OOE+00 1 09E+03 2 17E+03
Pu-242 3 6329E-07 66,861 47 133,722 93 0 OOE+00 2 43E-02 4 86E-02
Ra-226 90114E-10 66,861 47 133,72293 00E+00 6 03E-05 1210E-04
Ra-228 3 1019E-14 66.861 47 133,722 93 0 00E+00 2607E-09 415E-0
Ru-108 21225E-10 66,8861 47 133,722 93 0 OOE+00 A2E-05 2 8E-045
Se-79 I 2930E405 66,861 47 133,722 93 0 OOE+OO 8 65E-01 I 73E+OO
Sn-126 11571E-0 66,86147 133,72293 06E+00 7174E+01 155E+0
Sr-90 1 3472E+00 66,861 47 1330722 93 0 OE+-0 9 013E+04 5 80E+60
Tc-99 4 2239E4-4 66,861 47 133,722 93 0 00E+00 2 82E4+01 65E+01
Th-22 1 2407E-11 66.861 47 133,722 93 OOO0E+OO 8 30E407 1 66E406
Th-230 8 3497E-08 66,861 47 133,772293 O OOE+OO 5 58E-03 I 12E402
Th-232 3 8371 E-1 4 66,861 47 133,722 93 0 OOE+OO 2 57E409 5 13E409
Tt-208 4 0414E-08 66,861 47 133,722 93 0 OOE+OO 2 70E-03 S 40E403
U-232 I 0948E407 66,861 47 133.722 93 0 OOE+OO 7 32E403 I 46E402
U-233 3 6275E409 66,861 47 133.722 93 0 OOE+OO 2 43E404 4 85E044
U-234 I 8562E04A 66,861 47 133,722.93 O OOE+OO t.24E+01 2 48E+01
U-235 -2 7235E486 66,861 47 0 00 S O9E-01 3 26E-01 S O9E-01
U-236 1.5493E405 66,881 47 133,722.93 0OOOE+OO 10D4E+00 2 07E+OO

':-

il Power
Nominal Heat Bounding

Output l Heat Output
(Watts) (Watts)
1 12E+03 2.24E,03

U-Zi.t0 -42001L-i" t0.t001 41 U UU 2.lbl:-Lt 3Ibl:-U1 3 115E-4J1 I otal Total
Y-90 1.3475E+00 66,86147 133.722 93 0 OOE+00 901E+04 180E+05
Other Radionuclides 9.15E+04 1 83E+05
iL Template Selection Sumniarv, Burnup Sunury. and Checks- , .4
Template Selection Summary

From SFD Used Basis for Parameter Differences:
Reactor Moderator LIGHT WATER LIGHT WATER Tais Tengiate as uvif bor bte oto mason

Fuel Cladding- ALUM ALUM Tbhs belces o at parameters exp renmctmLet
BDOL H Constitueats u U

BOL Enrichment % 2000000029 60 to 100

Bumup Summary (MWd)_ Basis for bumup used in estimate:
From SFD Estimated

Nnm 6 al 66 861 47 bNrI g catuated Lm the heav metal rmass desoyedi
Bounding 133 722 93 BEwdc turin aissued to b taie ramma bang

C h e c i sc t_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Estimated Bumup/
Bumup Mtulier Given 8umnup Estimated EOL HMWGiven EOL HM

Nominal 1 018_| _ 100|
Bo0unding 10 36

LI
C

Reactor shutdown, core removal storage. shipping or other date contirming that lrradation ceased for fuel.
2
Total burnip for all fuel associated with hsa workrsheet must be dvided by BOL. heavy metal mass to gel specific burmup values (MWd/MT)

.I
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Fuel Radionucide Inventory Worksheet

LI Fuel and Ieniplste Jafor malao -

Fuel Name: JMrn (UALX 45. MEU) JAPAN
SNF ID# 886

Fuel Units & Deser 570 - MTR TYPE

Heavy Metal tass BOL.349 353kg E0=323 t46kg

ROD Storage Site SRS

'Fuel decay start date 1989
Estimates as of 2030

Template ATR (ight Water Alum. 60to 100%. U)

'Template Bumup(MWd)v 3672

Template BDt, Heavy Metal Mass (Mt)' 0 00116689
Temptate Decay Time- 35 years

Estimated
Canister usage

18uxt10
1583

. -, b y. y. Gamma Sources
�11. rs^rnals &,

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel I
Template - Fuel Bumup (MWd)' Bumup (MWd)

2  
(Cl) Inventories(CD) Inventoes(Ci)

2 0068E-09 24,34503 48,69006 008+.00 4 89E-05 9 77E-05 A

25251E-03 24.34503 48.69006 nnnr--.nn ^i;SF43 t.23E+02 _
6i 1Eccr P

S 9648.0 24,45 0 48.~JtJLW U~I QU'.

Radionuclide -

Ac-227

PEoton Total
Energy Pboundis/se
Group (bounding)
0v1 MeV
0 0250 3586E-15
0 0250 7446E-14
0 0375 6473E.14

Am-241
Arn-242m
Am-9d3

41 C-14
Ct-36
Cm-243
Cm-244
Co-60

3- QA9624E-07 24,345 03 48606 uwcw :w^

1.4880E-06 24,345 03 48,690 06 0 OOE.w 3 62E-02

5 7053E4D9 24,345 03 48,690 06 0 O0E800 1.39E-04

1.3124E-32 24,3450 4 3 19E-28

_ 00575 6 967E814

_ 0 0850 4 198E+14

. -

I 0 1250 23E+14
1 1419E407
1 w22E-05
7 4047E-07
2 0455E-05

24,345 03 E+OO) z I

24.345 03 48,690 06 0 wOE+00 4 0

24,345 03 48.69006 OOE+00 t8
1 04E401 0 2250

3 61E402
9 96E-01

Cs-134
Cs-135
Cs-137
Eu-1 54

48,690 06 0 wOE+00
48,690 06 0 wOE+OO- 16I. 4A7A7E-0

t4365800 24,345 03 48,690 0^ 008.00 3 50E+04 6 99E+04
--.~ ,. ,,~ i .a - 'A.i -17P~i02

0 5750 2606E-15
08500 3193E+13
12500 1 539E.13
17500 8 664E.11
2 2500 7244E+07
2 7500 6 914E+07

7.3230E-03
5 9259E-04 43,690 06 0008.00 t144E+Ot

48.69008 0.wE8+wO 5 55E402

48.690 06 0008+00 4508.E01
48.690 06 0 OOE+OO0 1 83E402

.

H-3 I
1-129 7.
Kr.5 4
Np-237 9

Pa-231 3

Pb-210 3

Pmn-147 9
Pu-238 1
Pu-239 4
Pu-240 2

I 3 5000 4 040E+04
24.345 03

5.000024 345, 03
24,345 03 48,690 06 0 8E+00 1 00E+03 2 rcc^03 7 oD0O

48,690 06 0 OOE+00

4,690 06 0 0E0800
48:,69 06 - O OwE+w0

4 66E-01 1 1 noon

c-u6 1 618.05

, 115ER.-n

2402E-04 24,345 03 48.690 06 00 600En 2.25E

5 03 4 0 395_

E406 4 08.E05
E+0t 4 50E+80
E+02 7 90E+02
E+01 2 08E+01
E~w0 1.18E+0124,345 03

24,345 03.4333E-04

48,69006 0 00E+00 t 04

48,690 06 0 008+00 5 92
48,690 06 - 0 E+00 3.951

48,690 06 0 OOE+00 8 84
7S81 E+02

Pu-24t1 6242E-02
----- --t)

24,345 1
- -. Isc 1 .77E-02

Pu-242 3 6329E471
-niA1A p4.45n 48,690 06 4 39E-05

Ra-226
Rta-228
Ru-106
Se-79
Sri-I26
Sr-90

31019E-14 24.34503 48,69006 0800 7S55E4-10
--. ,---rr--, 017F

1 51E1-09

21225E-10
.2930E-05

1.1571E-05

48,69 t0 31w.-01
4

E+oo 2 82E-0124,345 03
24,345 03 E48,69006 0 008.O0 6 56E+04

2 06E+01
Tc-99 24,345 03 48,690 06 0 00E+00

48.69006 0 0E+00ThL-229
Th-230
Th-232
Ti-203
U-232
U-233
U-234
U-235

E407 6 04E-07
E-03 4 07E-03

3 8371E-14
4 0414808
1.094tE-07
3 6275E-09
1 8562E-04

-2 7235E-06
1 5493E-05

B 48.69006 0ooE+00 934E-10

24,345 03 48,690 06

24,345 03 48,690 06

24.345 03 48,690 06

o Y. 4tz4
__ _ _ 

.

+00 2.67E-03
+00 8 83E-05

.+00 4 52E+00

j Thermnal Power
I Nominal Hat Bounding

10 Output i Heat Output
(Wafts) (Watts)

1 4 07E602 8a 1602
Total Totml

U-238 .421
Y-90 1.34
Other Fladionuclides

11. Tanpat ecteion Surnii

24.345 03
24.345 0B 41
24,345 03

24,3450OB 4E

0 wo 3 40E-01 2 74E-01
,690 06 0A008+0 3 778-0

0 00 6 46E42
8,690 06 0 wE+00 3 28+04

3 33E+04 E+04

,Su

IT ummary
Fromn aFD =

Reactor Moderator LlGHT WATER I

Fuel Cladding lE ALU-M
,,OL HM Constituents U _

BOL Enrichment % 45 O1

-lBasis for Parameter Differences:

UGH,^ WATER
ALUM I
AA I A

rha e rooes ATR Tempiate or at but one paramleter e rilt) l ATR a reasmable
mat

50 to Wu I

IBumup Summary (MWd)z -:Basis for bumup used In estimate:

Fror
Nominal

Boundirtcl-

I Estimated -

i 24.iW5 03
- - - - - -

Nk,*8 b1115p Calclaed kem tib heaVy etae l lasm deSVee
40011 u o v A y .e . w .t b te .ll . '1t ll.

C
Estimated

Bumu Mult her Given B

Nominal 0
RBu-nd,- 04

Bum p/ Estamated EOL HM/Given EOL HM

I I L~o

'Reaco shutdrwn, core removal. stre shipping or other d.ate cofrirming that -raron ceasedr fuel

2'otal bur.up for AI fuel assoidated with iNs worisheet must be dcided by (X. heavy metal mass to gel speciic bumup values (KWd`MT)

March2003
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Inormatio' ,

Fuel Name JMTR (UALX HEU) JAPAN
SNFID1# 123

Fuel Uints & Descr 152. MTRTYPE
Heavy Meta Mass: BOL=44 384kg EOL-321kg
ROD Storage Site SRS

'Fuel decay start date 1989
Estimates as ofB 2030

Templatir ATR (Ught Water. Alumr, 60 to 10t1, U)
'Template Bumup(MWd). 3672

Teniplate 0OL Heavy Metal Mass (Ml): 0 00116689
Ternolate Decay Time: 35y ears

Estimated f
Canister usage:

1 8-x1 C_
422

-

H. Estimates 3 m X. X. b Y. Yb I Gamma Sources

CL/MWd From
Radionuclide Template
Ac-227 2 0068E-09
Am-241 25251E-03
Am-242m 3 9624E-07

I Photon Total
Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel EnergY Photonssec

Fuel Bumup (MWd)' Burnup (MWd)
2

(Ci) Inventories(CI) Inventores(Ci) I Group (bounding)

=
I U WIJtr+w I 3b6-U0 2 z73E-05 AV9 MeV

6.794 3
000E+00 1 72E+01 343E+01 00150
0 00E+00 2 69E-03 5-38E-03 I o 0250
0 00E+00 1 01E-02 2.02E-02 I 0 0375Am-243 1 4880E-06 6.794 30 I _06E+14

5 7053E-09 6.794 30 13.588 5
6,794 30 13.588 59

7 75E-05 0 0575 1 944t.t4
1 78E-28 0 080 1 172Et14
1 55E-03 01250 7738E+13
2 25E-01 02250 1 011E+14

6,794.30 13588 59 0 00E+00
6,794.30 13588 59 0 W0E+00

Co-60
Cs-134

4 30 13,58859 0 00E+00 C 4 400E+13
13,588.59 000E+0O 1 39E-041

Cs-135 344 0i0E+00 234E-02 4 6
Cs-137 1 4365E+00 000E+00 9 76E+03 1 95E+04
Eu-154 7-3230E-03 6 it 995E+01 1.7

5
9259E-04 6,794 30 1: 8.05E+00 22500 2 02E+07

6,794 30 13,588 59 0 WE+00
6,794 30 13.588 59 0 WE+00

2.7500 1 930E+07
1:

1-129 13,588 59 0 00E+OO 512E-03
1118E+04

3 4.570E.03
Kr-85 4 0 OOE+00 2 80E+02 5 60E+02
Np-237 9 5752E-06 6 OOE+00 651E-02 1 30E-01 11 0
Pa-231 3 9379E-09 6 2 68E-05 5 35E-05
Pb-2110 3 3115E-10 6.794.30 E-06 4 50E-06

92402E-04 6,794 30 1 26E+01
E-02 6,794 30

6,794 30 13,588 59 0 OOE+00
Pu-240
Pu-241

0 OOE+00 1 6
1 6242E-02 0 OOE+00 1 10E+02 2.21E+02

Pu-242 3 6329E-07 4 47E-03 4 94E-03
9 0114E-10 6,794 30

Ra-228 3 1019E-14 6,794.30
Ru-106 2 1225E-10 6.794.30
S-79 12930E-05 6,794.30
Sr-126 1.1571E-05 6,794 30
Sr-90 1.3472E+00 6.794 30

13.588 59 . O06OE+00
13,588.59 0 OOE+00

1.22E-05
421E-10
2 88E-06
1 76E-01

14
13,588.59 0 OOE+00 8 79E-02

42239E604 6.794 30

7 86E-02 I i 57E-01
915E+03 1 83E+04
2 87E+00 5 74E+00
8 43E-08 1 69E-07E-11 6,794 30 13,588 59 000E+00

E-08 6,794 30 13,588 59 0 0OE+00
E-14 6,794 30 13,588 59 0 OOE+00
-08 6.794 30 13,588 59 0 00E+00

E-03

Th-208
U-232
U-233
U-234

2
75E-04

6.794 30 13,588 59 0 OOE+00
4 30 13,58859 0 00E+OO

'4.30 13.588 59 0 OOE+00
94.30 0 00 H 94E42U-235 -2 7235E-06

U-236 1-5493E-05
U-238 *42851 E-09
Y-90 1.3475E+00

1.26E+00 2
7 OQE42 j GA94F4

Thermal Power
Nominal Heat Bounding

Output Heat Outu
(Wafts) (Wafts)
1.14E+02 2.27E+02

Total Total

-
. _ _ _ _ _ _ _ _ _ _ _ 

_

13,588.59 0 OOE+00 1 05E-01 11E-01
. _ G # - _ _ _ -

1 02E-03 9 87E-04 1 02E-03
9 16E+03 1 83E+04
9 30E+03 I 86E8+4

r . .

MryandLhecki;�. .. %-, I

From SFD
Reactor Moderator UGHTWATER

Fuel Cladding ALUM
SOL HMM Constituents U

BOL Enrichment % 93 18522593

Bumup Summary (MWd)'
From SFD

Nominal
Bounclino-

Used Basis for Parameter Differences:
LUGHT WATER

ALUM

60to 100 .-

_Basis for burnup used In estimate:

_ 6 7943t Nominal lp catasted frrom ft hey mrelal at destsryed
1 1J3-5 859 Srs bnu aisi_ b ed tale rWoewal mi btni.

'iJ

U
4. .

Bu�rnup Multiplier
Estiniated Bumup/

Gn en BRrn.
Nominal

Boundmig

Estimated EOL H rGnven EOL HMM
Ir I 0l1

'Reactor shaldown. core removal, storage svppn5 or other date ccnrrimV that Iradiration ceased for fuel

'Total bursup for al kuel associated wi this worksheet must be rVlded by 80L heavy metal mass to get specific bufLsi values (MWd/T)
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Fuel Radionuclide Inventory Worksheet

,L Furl and Template Informtoni .
Fuel Name JRR-2 (UALX-HEU 45%-) JAPAN

SNF ID# 885
Fuel Units A Descr 144 - 12 CURVED PLATES

Heavy Metal mass BOL=70229kg EOL.62 496kg
ROD Storage Site SRS

'Fuel decay Start date 1989

Estinates as of 2030
Template HFBR (Heavy Water Alum 40 to 100% U)

aTemplate Bumup(MWd): 164 6

Template SOL Heavy Metal Mass (Mt) 0 000377
Template Decay Time 35 years

Estimated
Canister usage

18"x1O
400

Gamma Sources

s~~~- Esmtsa> .X nY Gamma Sources
Photon Total

Ct/MWd From
TempLateRadioftiucrde

Ac-227
AM-241
Am-249m

9 5869E-10

Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Fuel Bumup (MWd)' Bumup (MWd)' (Cl) InventoresCO Inventoiie(Ci)

7,122.71 14,24541 0 00E+00 6 83E-06 1 37E-05

7,122 71 14,24541 0 00E+00 7 20E+Ot 1 440+02

7144AOA 1 ' 000EP+00 911E-03 182E-2

Energy Photonsisec
Group (bounding)

Avg MeV
0 0150 2182E+15
0 0250 Z162E+141 0109E-02

- ----- -
1X4,t4W'^ o 0375 12895E+14

Am-243 3 7
C-14 26

0-36 4 4
Cm-243 3 9

Cm-244 2 6

Co-80 6 7

Cs-134 68

Cs-135 42
Cs-137 1 4

Eu-154 1 S
Eu-155 1 7

Fe-55 2 4
H-3 1 9

1 4,245 4 102 b4E-V1

7.122 71 .+00 if O 0S75 2 03°E+14

7.12271 14,24541 000E+00 1220E+14,
i o 1ZS 8227E+13

7,122 71 0 00E+OO

7,122 71 541 0 000E00 1 87E+01 3 74E+01 _

1245 41 9 65E-2

8394E-05 14.245 41 E-01 tl 1E-01

I

IL-

-W

I
1111�I

^Rz6E4 t4,245 41 C E(12 6.06Eb4

7 642E+14
1 132E+13
6 763E+12

399E+00 7,12271 14,24541 0 00E+00 1 030+04
3 1s7E+11

14,245i1 000E+00 1 t1E+UZ
14,245 4 1.25E+01 2 51E+01 22500 221 SE+07

7.122 71 ) 00E+00 1 78E4 2 7500 2226E+07

7.122 71

EI-29
m~Kr-85V Np-237

Pa-231
I I Pb-21 0U~ Pm14

Pu-238

Pu-240

7.122 71
.41 0 00E+00 1 42E+01

S 41 0000+00 4 73E43
41 0 00E+00 2 920+02
41 0 00E+00 225E-01

9 46E-03 s 0000

E+01 3 50000 919E+05

402 E 5 84E+02 7C
4 SOE41 1ij

2 69E-05
1InF161E4

1 8876E-09 7,122 71 14,245 41 0 00E+00 1.34e-05
14234 3s40E-1,

3840E-1
65010E-4

14,245 41 5 U/7EZ7

7,122 71
7,122 71
7 12 71

14,245 4
E+00 3 31 E+00
E+00 9 72E+02
E+00 4 95E000 .+D0

7,122.71 1424514 0 0+00 2 72E+00 5 44E+00

Pu-241 65310L-02
Pu-242 30911E-06
Ra-226 2 3512E-10
Ra-228 3 3366E-14

- Ru-t06 2 4490E-10
Se-79 1 2333E-05

- Sn-126 10194E-05

I Sr-90 1.33480.000

Tc-99 38056E-04
Th-229 I 7868E-1 1

7
5 41 0 00E+00
5 41 0 ODE+D0

712271 14,245 41 0000E+00 1 67E-06
7,12271 14,24541 0000+00 238E-10

4 40E-02
3 35E-06
4 75E-1 0
3 49E-06
1.76E-01
1 45E-01
1.90E+04

14,245 41
14,245 41 E+00 8 78E-02

7.122 71 14245 41 000^+00

7,122 7 14245 41 0 C
14~24541 00 E+00 5 42E+00

7.12271 14,245 41

Th-230 2 u3348css
---------- A s^aac.:_

4 lz8sc-l---

4 3190E-08
1 1707E-07

72175E-09
Ul-234

7.122 71 14,245 41

7.122 71 14,245 41
7.122 71 14245 41

7,122 71 14,24541

7,122.71 14,245 41
7,122.71 ___14,245 41
7,122.71 0 00

7,12271 14,245 41
7,12271 000
7,12271 14,245 41

ry. asMd Checks ,,t a

E+00 1t27E-07
_-00 1 66E4
+00 2 94E-10
4+00 3 08E-44

+00 8 34E-04
+00 5 14E-05
E+00 4.38E401

-02 4 E78-02
+00 1 19E401

E02 1 29E-02

E+0 9 51E+03

I6

0 00E

Thermal Power
I Nominal Heat , Bounding

11 Output , Heat Ouput

2 (I 1.0 (Wtts
--- --.^ ,AA=,,

2 55E407

U-2-35

I U-236
* U-238

I I 1--tal To3al
1 6701E-t
.Q ,

1 A^3OE402

1 90E+04
1.97E+^4

Total Total

thner iRaioiuc-is

A1UTemtate Slection Su r Brup S

Template Seleon Summary
From SFD

Reactor Moderso HEAVY WATER

Fuel Cladding - LUM
BOL HM COnstituents

0OL Enrichment % 4479393084

,�� 4

.
_ D_. . ZAP D^m£t ronces:

U Ised jasislu
HEAWYWATER

ALUM
. U 4A

40101OU I

I

Bumup Summary (MWd)z
From S

[omChes |

iBasis or bumup useut is -sime.

FO I tsUrn

i 7,12271
1424541

I

i
Ne w tami tV Aate brsm the heavy retal mass destyd

ein h1nup asvmied lbI be lce riMisal baP
-

. i

Est=nated Bumup/
Bumup Mult~plier Given Bumup Estmated EOL HWGiven EOL HM

100oo
kcmnbal | 0231_

046A -ttsoun.<y I 9 _

'Reactor shutdouwn, core removalt sorW, tilsPPn lorI other date confivirddb fiatheavt metal massdo ft elc r values (W'MT )

Ma. 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Infortalionr, ,&, Mr

Fuel Name JRR-2 (UALX HEU) JAPAN
SNF ID* 606

Fuel Units I Descr: 34 - 17 FLAT PLATES
Heavy Metal Mass: BCL'6 943k3. EOL.5.222kg
ROD Storage Slte: SRS

'Fuel decay abrt date: 1t89
Estinates as of 2030

Template HFBR pHeavy Water, Alum .40 to 1 00%. U)
implate Burnup(MWd). 164 6
leavy Metal Mass (MT): 0 000377
Temotate Decay Trne 35 Wars

Estimated
Canister usage:

18"slO'

) | 094

P

'Te
Tempbte BOLlH

ILEstiitatrs<- i m x X. b Y. yb I Gamma Sources

Photon Total
Cai/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide Template Fuel Bumup (MWd)2 Bumup (MWd
2  

(Ci) Inventouies(Ci) Inventones[Ci) Group (bounding)
ArYw7 n~---- Ra~--ArRA;7 ss1 ~ n .rn rn . _

A-ZZ I Y Z050=-1
1 0109E-02

1,054 of J,1I0% 33
1,584 67 3,169 33

3,169 33

n
00E+OO 1 60E+01 320E+01 I o0o 2341E+14
Jtv+Uu 1 ts2E-46 3 U4E-0 I Avo MeY

OOE+OO 2 03E-03 OSE-03 I o25O 4 810E+13
S 87E-02 17E-01 I 0 0375 4.216EE+3

C-14
-1-36

37E-05 0 0575 4 535C+13

Cm-243 3 9605E-06 1.584 67 3.169 33
Cm-244 2 6227E-03 1.554 67 3.169 33 0 00E+O0

o 0850 2714_+13
0 1250 1 830E+13
02250 2.345E+13
0.3750 1 018E+13
0.5750 1 700E+14
0 8500 2 518E+12

Co-60
Cs-134
Cs-135
Cs-137
Eu-154

6 7740E-06 1.584 67 3.169 33 OOE+00 1 07E-02
6 8894E-05 1,54 67 3,16933 OOE+00 1-09E-01 18E-01

0 OoE+00 6.74E-03 35E-02
2.28E+03 56E+03 12500 1 505E+12

I
Eu-155 1 7588E-03 1,584 67 3,169.33 0OOE+00
Fe-SS 24933E-05 1,58467 3.169.33 0OOE+00
H-3 1 9945E-03 1.584 67 3.169.33 0 OOE+00

1 7500 7 118E+10
22500 4 928E+06
2 7500 4 953E+06

1-129 66403E-07 1.58467 3.169 33 000OE+00 105E-03 LiKr-85 4 1002E-02 1,584 67 3,169 33 0 OOE+00 6 50E+01 1.30E+O
3.1610E-05 1,584 67 3.169 33 0 OOE+00 5 01 E-02 I DDE-01 1t

) 33 0 OOE+00 2 99E-06 5 98E-06
1 33E-07 2.66E-07

Pm-i1 47
Pu-238
Pu-239 6 9502E-04 1.584 67

3,16933 000E+00 737E-01 1 47E+00
3,169 33 0 C0E+OO 2.16E+02 4 32E+02
3,16933 000E+O0 1 10E+00 2 20E+00
3,16933 OOE+00 605E-01 1 21E+00
3,16933 0 OOE+00 1.03E+02 207E+02
3,169 33 OOE+OO 4 90E-03 980E-03
3,169 33 O O0E+O0 3 73E-07 7 45E-07
3.169 33 0 00E+00 529E-11 1 06E-10

LI
Pu-242
Ra-226 2 3512E-10 1.584 6
Ra-228 3 3366E-14 1.584 67
Ru-106 2 4490E-10 1,584 67 316933 0 00+.00 3 88E-07 7 76E-07
Se-79 i 2333E-05 1,584 67 3,169.33 000DE+0 195E-02 391E-02

1 0194E-05 1,58467 3.16933 0 00E+00 1 62E-02 3 23E-02

Tc-99
Th-229

0 00E+CO 2 12E+03 4 23E+03
000E+00 603E-01 1.21E+00

Th-230 2 3348E-08 1.584 67 3.1
Th-232 4 1288E-14 1.584 67 3.169 33 0 O0E+00
TI-208 4.3190E-08 1.584 67 3.169 33 000E+00 684E-(
U-232 1.1707E-07 1.584 67 3,169 33 0 00E+00 1 86E-C
U-233 7.2175E-09 1,584 67 3,169 33 OOE+00 1 14E-(

O5 - 1.37E-04
-04 3 71 E-04
O5 2.29E-05
*2 1 95E-01

Thermal Power

6.1543E-05 1,584 67 3,169 33 0 O0E+00 9 75E-(
Nominal Heat Bounding

Output Heat Output
-2 8661E-06 1,584 67 000 t.4F-02 4d1F-03 I A4F0-02

1 D{U- ,:R14 0D J., lMt +3 U.UUC++iJJ Mc:`.FZ .L3jt I 3.24E401 5 58E.011
_ _ _ _ _ _ _ _ : + : # G; g # _ . _ _ . _ _ _ __ _ .

0 00 1 63E-04 1 48E-04 1-63E-04
3,169 33 0 OE+00 2.12E+03 4.23E+03

2.19E+03 4 37E+03

Iotal Total

Other Radioniuclides

ITemplate Seleeton Summary
I. taeckas I' ?,-,_

T

F.
_ I . .

From 5IFD Used Basis tor Parameter Ditferences:
Reactor ModeraltorI HEAVY WATER

Fuel Cladding 1ALUM
BOL HM Consttuents I

OLi Ennchment 0 3 95-52

HEAVYWA [4' I '- '
ALUM

U
-- I-

Bumup Summary (MWd)z Basis for bumup used in estimate:
From SFD Estimated

Nominal 1.584 67 Nertial bur calaiatied bmmt heavy meai mass destryed.
Boundring 3.169 Sw Bx a b.nup assured to be tWace nerrail btra

Checks

Estvmnted Burnupt
Guup u I Given Bumup Estnmated EOL HWGiven EOL HM

Nominal 0.52 i 101
Bound.,g 1.05_

'L

Heactor shutvown. cmre remova storage. tropping or oiler date confirmimg that irradiaton ceased tor tuel

7Total bumup for ail tuei associated with this workheeal must be dvided by 0OL heavy metal mass to get spieafic bumsn values (-MW&d).

DOEISNF/REP-078
Revision 0

Macth 2003
Page D-494 o D-585
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Fuel Radionucide Inventory Worksheet

L Fuel and Template Ifwartaion As A -

Fuel Name JRR-3M( ULAX LEU)

SNF ID# 1056
Fuel Unts & Desc.t 11 - 20 FLAT PLATES

Heaymetalmmas BOLt165701kg( EO..157043kg

ROD Storage Site SRS

'Fuel decay start date 1989

Estimates as of 2030
Template HFBR (Heavy Water Alurm.10t-020r U)

'Termplate Burnup(MWd): 15

Template 80. Heavy Metal Mass (MT) 0 00034251
-epae ~~ ....

Estimated
Canister usage

t18'x10O
463

Iep~t t~- yr -.^e- .,y

II. Fstrunates >+- m xn Xb. 
5  b Y. Yb I Gamma Sources

- _ tBndmo Fel Lial APhootint TNinal Fuel Total
I - 11,-.A.. 11.1~i~~l A~ F~miiaf uelBouncling Fuel IEnergy ' Photons/sec

CViMWdFrom ..---.. , .-- *-----
Template Fuel Burnup (MWd)2 Bumrup (MWd) (CO) inventorles4Cl) Inventones(CI)

1 e.plate +00 210t-U
Group (bounding)

adlmonucllide
,,,,, _,__,--A ,--A r--O

AC-227 2 6507E-09 8229 12

Am-241 2 8587E-02 8.229 12

Am-242m 8 3267E-06 8.22912

Am-243 6,3920E-06 8,22912

C-14 2 9567E-08 _ 8,2-2912

1Ib b
.+00 2 15E..02

) OOE+OO 6i85Eu(
E+02 00150 1165E+15
41 00250 2-415E+14

E1-0 0 0375 2115E+14

_-04 0575 2.314E+14
16,458 25 ~0 OOE+00

, _ ,0 0 n ni. r o -n t 2.7E9
z 11 I - - - .

l-ctm 5 95.7E-3
Cmn-243 1 533E-06
Cm-244 6 1980E-05

8,229 1Z
8,229 t

16,458 25 0 OOE+OO
16,458.25 0 +0000
t6,45825 0 OOE+OO
16,45825 0 OOE+OO

9 79E-31
2 52E402

00 8 958E+14

8 148E+13
5 171E+145 _IO-01 1 02E+(

Co-60 22720E-06

Cs-134 1.3787E-05
Cs-135 4 8607E-06

Cs-137 1 4300E+00

1 87E-02 07 S 092E.13

t 1+00 1 13tE-01 0 5750 0 759E+14
12500

B.229 12 I
a 39o i I 1SR4525 0ODOEt-0 1 1 E+04 1.2500

8,229 12 16.45 2 0 OOE+0 O S 13E+01 1.03E+02
- An nnav 4 138+00 826E+00

Eu-155 5 0213E-4
Fe-55 2 5980E-05

8,229 le
8,229 12 5,45825 0 O0E+00

6545825 0 OOE+OO
11 4 28E-01

+01 331E+01
* _ __ A Aa AA_ a Q °° °

2i11M 7.1600E-07
8 vY1Z

Kr-85 3

Np-237 3
Pa-231 5
Pb-210 4

Pm-147 8

861 36-02E

i3 60E-069A81nP41

82291 2 16,458 25 0 OvE+OO 5 89E-03

8,22912 16,458 25 0 OOE+tO 319E+02

8,22912 16,45825 0 OOE+OO 324E42

822912 16,45825 0 ODE+OO 4 32E45

1

3 927E+06
7 104tOE

.Z980E+04
F 3.353E+03
0 3hB04E+02

re n^

8933E-13 8229 12 16;45825 0 OOE+O0 4 03E-09 8 0OE-9

8000E4-4 822912 16 45825 00 00 7 24E+00 1 458E+01
6.29 1 -- ~A.i ClF. mp-n

Pu-238
Pu-239

8,29 1 -.49+. I -. 7--- .
349E+01 t JOE+02

I 0313E-02
. __ . __ _

Pu-240 S 4093E-03

16,458 25 1
1L6,458 25
16,458 25 (

3 4 45E+01
2 1.50E+03

t I ~R253-0
, Pu-242 073-06 8.22912 16;45825 0 00E+OO

Ra-226 1 5867E-12 8222912 16,45825 OOOE+00

Ra-Z8 2.6227E-4 8.229 12 1 64 58 25 OOE+00

2 53E-02
3

t
2 .32E-10

2 3t E-06 4 62E-06
lRu-1 06 2 8093E-1 0
Se-79 1t2533E-05

8'79 1Z - 88_-_ _
8,229 12 3 25 C

8i 25a
t 2 U6E rvl

-1
12 2 88E-01

Sn-126 I t393E-05

Sr-90 1 2873E+00 8,22912

Tc-99 43533E-04 8,229 12

Th-229 2.1t67E-12 8.22912

Th-230 2 03R7E-0 8.229 12

16,45825 0O00E+OO 06E+04

16.45825 0 00E+00 3 58E+001t78i

2 12E+04

16,4
16,4

t 74E-C

)OOE+CO I I
3.48E-08
3 36E-06
5 33E-10O
1 10E-04 _ _ _ _ _ _ _ _ _Th-232 32393E-14

T7-208 6 6553E-09

U-232 1 BO^3E-8

8,229B1
8,29.12
8 Zg~ t2

� � _ _____ .^ a ^^^ so

U-233 8 5800E-10

U-234 8 0733E-07
U-235 - -2 5335E-06
... 6 - 1t3C07E-05

8,22912

8,229 12
8229 12
8,229 12

16,45825 0 00E+00
16,458 25 0 00E+CO
16,458 25 0O06E+00
16,45825 0 00E+O0
16,45825 0006E+00

0 00 7.E10-02

16,45825 0 OOE+00
000 4_46E-02

16,458 25 0 00E+00

ks v-

E-06 1 41E-05
E-03 1,33E-02
E 02 7.10t-02
E-01 2 14E01

,E-02 4 46E-02
E+C4 2 12E+04

E+04 224E+04

2 97E-04 Th~ermal Pow~ercotia Hea Bounding_
Nornina Hcat Boundinog

Output Heat Outp

- (Watts) - (Watts)

1tA2E+02 2,4E+02

U-238 -1 4207E-08
Tota~l T otal

Y4-0 2873E+OU

1lU.'T Se! SU-m
_~rMa eeto S rnary

Mirr

us..e_
ual 1 Basis for Parameter Differences,

I
I

FReactor MOdeatr HEAVW ATER EAVY WATER

Fuel Claddng ALUM ALUM

BOL HU Constituents U
BOL Enrichmen t 1 19837 1 to. I

Burmup Summary (MWd) Iasis for bumup used in estimate:

From SF0ID Estimaed

Nominal 56n1Nor.PAt 8mw cabdaed t^.i tie teavy metal mass dlesoe

Bounding - 16A582 htfnu lobeassrted 8betee r al b

Checks 
__-

Estimated Bumupl

Bumup Muft | Grfeen Bumu Estimated EOL HMIGrve EOL H0iM

Nominal 113 1 01

Bounding 227 -

'Reactor shutdowrf core removal storage. slpping or otlwr date corfirmrg that Irradawtni ceased for fet

5
Total biomup for aS tuel associated with this worksheet mutt be divded by 8OL heavy metal mmas to get specific burrs values (MWd'MT)

March2003
Mar- h 2003

Page D4t95 of D-585DOE/SNF/REP-078
Revision 0



Fuel Radionuclide Inventory Worksheet
L Fuel and Template Inforimation - z,

Fuel Naere JRRJ4 U3S12 LEU)
SNF ID 1: 1071

Fuel Units & Descr 47. ASSEMBLY
Heavy Metal Mass: BOL-47kg, EOL.44 6tSkg
ROD Storage Site: SRS

'Fuel decay start date: 1989
Estimates as oe 2030

Template: ATR (Light Water. Alum. 60 to 100%., U)
'Template Bumup(MWd): 3672

Template BOt. Heavy Metal Mass (MT): 0 00116689
Template Decay Tine: 35 years

Estimated
Canister usage

18 x101
1 96

I

11. Fstimates m X. 5. b Y. Yb Gamma Sources

CVMWd From Nomimld Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
Template Fuel Bumup (MWd?' Bumup (MWd)' (Ci) Inventonres(C) Inventones(Ci)

Photon Total
Energy Photons/sec
Group (bounding)Radionuclide

Ac-227 A~1'~ A-C s o.._
4 =ttQf 8 9tV-u I Avg MeV

Am-241 I 1.12E+01 0 0150 3272E.14
Am-242m 3 9624E-07
Am-243 1 4880E-06 2,221 04 4,442 09 0 00E+00 3.30E-03
C-14 57053E-09 2,22104 4,44209 000E.00 127E-05
Cl-36 1.3124E-32 2,221 04 4,44209 000E+00 291E-29

0 0250 6794E.13
0 0375 5905E+13
o 0575 6.356E+13
0 0850 3.830E.13
0 1250 2.530E613Cm-243 1.1419E-07 2,221 04 4,442 09 0 00E+00 2.54E-04

i 6522E-05 2,221 04 4,442 09 0 00E+00 3 67E-02
7 4047E-07 2,221 04 4,442 09 01006+0 1 64E-03 3 29E-03

f

209 000E+00 4 54E-02 9 09E-02 I

Cs-135
Cs-137

0 7 66E-03 1 53E-02 0 8500 2 904E+12
6 38E+03

Eu-154 7 3230E-03 2.221 I
12500 1 404E+12
1 7500 7904E+10

Eu-155 5 9259E-04 2.221 04 4.442 09 0 00E+00 1 o 66059E+06
2 2791 E-06 2 221.04 4,442 09 0 06E+00

E-03 2,221 04 4,442.09 0 00E+00 4 37E+00 8 75E+00
542.09 0 00E+00 1 67E-03 3 34E-3 U--Kr-85

N4-237
915E+01 1 83E+02 7 0000 1 667E+02

4.25E-02 11 0000 18 6E.01
Pa-231 3 9379E609 E-05
P5-210 3 311SE-10 2.22 04 4.442 09
Pm-147 9 2402E-04 2.221 04 4.442 09 0 ODE+4
Pu-238 1 6217E-02 2,221 04 4.442 09 0 OE+00 3 I 1iPu-239 4 2810E-04 2.221 04
Pu-240 2 4333E-04 2,221 04
Pu-241 1 6242E-02 2.221 04
Pu-242 3 6329E-07 2.221 04
Ra-Z26 9 0114E-10 2.22104

4,442 09 0 OOE+00 9.51E-01 1 90E+00
4,442 09 0 00E+00 5 40E-01 1 08E+00
4,442 09 0 OOE+00 3 61E+01 7 21E+01
4.42 09 0 oOE+00 8 07E-04 1 61E-03
4.442 09 0 OOE+00 2 00E06 4 00O46

Ra-228
RU-106
Se-79
Sn-126
Sr-90

3 1019E-14 2,221.04 4.442 09 OOE+00 6 89E-il
2,z22104 4,442.09 0006E+0 471E-07 9 43E-07

0 OOE+00 2 87E-02 5 74E-02

I 3472E+00 2.221 04 4.442 I
141-02

98E+03
Tc-99 4 2239E-04 2.221 04 4.442 09 I
Th-229 1 2407E-11 2.221 04 4.442 09 0 OE+00
I n1-4-ju 0 8497Emi Z." I U4 4,442 09 U 0Ot+CO t 85E-U4

38371E-14 2.22104 4,44209 000E+00 852E.11 170E-10
40414E-08 2.221 04 4,442 09 0 0E+00 898E-05 1.80E-04
1 D948E-07 2.221 04 4,442 09 0 00E+00 2 43E604 4 866E-04
36275E-09 2,221 04 4,44209 0O6E+00 806E606 1 61E-05
1 8562E-04 2,221 04 4,44209 0 OE+00 4 12E-01 8 25E-01
-2 7235E46- 2,221 04 0 00 2-03E-02 1 43E-02 2 03E-02

lbermal Power
Nominal Heat Bounding

Output Heat Output
(Waftsi fwa)tte

. I. -- -- -- --I 5493E4-5 2,221.0
-42851E-09 2,221.0
1 3475E+00 2.221O0

I 4,i W U ' Wtc+U .3 Jqti-z 6 88Et-4Z I 3 72E6.1 7 43E01s o~e x rn __t ;= _-
1 8tc-vz

Y-90
1 2Et4-2
5 99E+03
6 08E+03

Total Total

Other Radionurcides
nl T. . -C . R w

is. anpc Oi n .U 0ifl~a17
4 

D wnrii ~ y. 455 axltr . - s<remplate Selection SummaryI
From SFD Used Basis for Parameter Differences:

Reactor Moderator-[N~ WATE LlGHT WATER Ths Termplate was used tor tie fstig reasorc
Fuel Cladding ALUM ALUM Thistul rrathes ATR Terplale on al bSd rr paramebr (Iraxtmer makiigATR a reasoble

BOL HM Constituertlij U U rmthd
BOL Enrichment % 20 6010100

Bumup Summary (MWda_ Basis for bumup used in estimate:
From SFD Estmated

Nomanal 2221 ZZ104 SNwrar tmupcalbabd fis teIm IrWM metal mass destrsyel.
[chks4 44zo9 Burr bmup assned b be twice rohal tumup

lChecks

jI

Estmrated Bumuupf
Burnup Multipler Given Burmup

Nominal
Bounding|

Estimated EOL HMtGrven EOL HM
I *oo00

'Reactor shutdown, core removal, storage. shipplng or other date confirming that Irradatbon ceased for tuel

'TotaJ burnup for at fuel associated with this worksheet must be ditided by BOL heavy metal mass to get speoic bumrnup values (MWd/UT).

DOE/SNF/REP-078
Revision 0

March 2003
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Fuel Radionuclide Inventory Worksheet

L Fuel and Template Information,--ffi-,, t

Fuel Name: JRR4 (UALX HEU)
SNF ID #4 505

Fuel Units & Descr 43 - ASSEMBLY

Heavy Metal Mass OL7 676kg EOL=6.338kg

ROD Storage Site SRS

'Fuel decay start date 1989
Estimates as of 2030

Template ATR (Ught Water Alum, 60 to 10o0 U)

"Tenplate Bumup(MWd) 3672

Template OL Heavy Metal Mass (MT) 0 00116689
I empwie u e - 'n yd

Estimated
Canister usage

18,x110'
I 1 19

x b Y. Yb Gamma Sources

I-Photon Total

CLIMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Radionuclide - Template Fuel Burnup (MWd)
2 

BuMup (MWd)2 nnF) Inventones(Ci) Inventones(Ci)
1.250 4 %n~t-r

Energy Photonsisecn
Group (bounding)

Av0 MeV
Ac-227 1,g66 45

E400 3.20E+00
Am-241 1t266 45

Am-242m
AM-243
G-14

1,266 45 2,532 90 - 0 OOE+00 S 02E-04

2,532 90 0wOE+00 1 88E-03

2,532 90 0 OOE+00 7.23E-06

2,532 90 0 00E+00 1 66E-29

0050 3.8748E+13

0 0375 3 367E+13
I 45E-05 0 0575
3 32E-29

1.3124E-32

Cm-243 1 14

Cm-244 1 65

Co-60 7 40

19E-07 1t266 45 2.532 90
1266 45 2.532 90 C

1266 45 2,532.90 C
IO 9A 6 4.3290 C

1.A5E-04 2.89E-04

2.09E-02 4 1t8E2
9 38E404 I I

I 2 59E-02 5 1

01250 1 442E+13
02250 1 885E.13
0 3750 8.201E.12
0 5750 1.355E+14
0 8500 1.656E+12
12500 8008E+11
1 7500 4 507E+10

.4 Cs-134 2 U'btocv.

Cs-t35 34477E-06 1,2w 45

Cs-137 1 4365E+0 1266 45

Eu-154 7 3230E43 1.26645

Eu-155 5126645
FeS2.2791E46 12645

1H-3 9698E-03 .266 45

713t290-07 t,26645
Kr-85 476 2 1,26w45

Np-237 9 5752E-06 1,26645

Pa-231 3 9379E-09 1.26645

Pb-3 3115 10 1,266 45

Pm-147 92402E-4 1.26 45

Pu-236217-0 1,245

Pu-239 4.2810E-04 1.26645

Pu-240 2 4333E-4 12w645

Pu-241 1 6242E-2 t26645

Pu-242 36329E47 1.2w645

Ra-226 90114E-10 1

FRa-228 310198-14 1,26645

0 w8E+00 4 37E-03
0 008+00 1 82E+03
0 wOE+00 9 27E+00
0 00E+00 7 50E-01
0 008+00 2 89E-03

)1

+00 272500 3 768E+0
5 77E-03 2 7500 3 597E+06

2,53290 0
2532 90 0 1

4-99E+wC
E-04 1 91E-03

2 084E+03
8 518E+02
9321E+01
1 039E+01

5.21E+Ot I C

2,532.90 0 wE+wO 1 21E-02

2.532 90 0 OOE+00 4 99E-06
2,532 90 0 OOE+00 4 19E-07
2.532 90 0 OO8+00 1 178+00.

2.532 90 0 00E+00 2 05E+01

407
2 34E+00
4 11E+01

2,532 90 0 00800 5 428-01 1.08E+00

2,532 90 E401 6 16EvU

2,532 90 206E+01 4 118+01

2,532 ! 00wE+00 4 60E-04
0 00E+00 14E-06
0 0E+00 3 93E-1 1
0 00E+00 2 69E-07

9 20E044

Ru-1 06
Se-79

t,2w 4
1.2930E-05
1.1571E-05
1 .3472E+00

2.532 90 0 00E+w0 328E-02

2.532 90 0 0E+00 1 47E-02 2 93E-02

9rc1700 0w0E+00 171E+03 341E+03645

Tc-99
Th-229
Th-230

1,26645 2,53290 0O008.0 5.35E-01

D8

Th-232 3 BtE-14
TI-208 4 0414E-08

LU-232 1 0948E-07

U-233 36275E-09
U-t234 1.8S628'44
U-235 -2 7235E-06

! U-236 15493E-05

| U-238 -42851E-09
Y-90 1 34758+0

- Other RadionuWcides

1,26645
1266 45
1,266 45
1,266 45
1,266 45
1,266 45
1,266 45
1,26645

2,532 90 0 OOE+OOlUt-t
2,532 90 OOE+00 1 06E-04
2,532.90 0.00E+00 486E-11
2,532.90 0OO+E00 5 12E-OS

2.532 90 0 OOE+00 1 39E-04

2,532 90 0 OE+00 4 598-06

20532 90 0 0E+00 2.358-01
0 00 1,54E-02 1.208-02

972E-11 1
1.02E-04 .

2 77E-04 I Thermal Power

9 19E-06 Nominal Heat Bounding
4 70E-01 IOutput t Heat Output

68A.45 2,532 90 0 OOE+00

t26 45A 0 a00 1 BOE-04

1 54E-02 (Wats) (Watts)

3 92E-02 I 2.12E+01 4.24E+01

1 80E-04 Total Total

;2664 5 2,53290 OOE+00 t171 E 341E+03 I

�4 - �,-, , ,>, 11

I 7UL+VJ Ij 4/M+W I

m. Temnplate Setecto Sunmn rary. enip or -.
Template Selection Summary

From SFD Used

Reactor Moderator UGHTWATER LIOHTWATER

Fuel Cladding ALUM ALUM

BOL MM Constituents. U U

90L Enrichment % 9303204799 00 to 100

.I~~umun I Sumr Mdl

Basis Jor Parameter Dfferenrces'

tBasis for bumup used in estimate'
. . ..... -. 1 `--- tadr__� e-| .Fror.. 5FU

Nominal I i mi unpmclld mt " M mdste

BouChdenk I

Checkcs _

I OurmV UMLIP as�, . - - ---- -.-

,

Estimated Bumupf
Givhen Bumun Estimated EOL HU/Given Ev0_ Hh

1 01ouBumuo wtumotier

Nominal . _.

Boundingl 1051 . ___________________n_____hadiabnrasedl.^r tue
'Reaor sutdon wr remval strgsipn roii ur...~---.

Reacl bptlan fuelooaterr fs 5rshtustbe o r-a metal mastorget spehr br^rs.^ valuesn - (-,_,

2Tot.i bumup for atl he assocaatedi vath this worksheet must bet dvuded by SO)L h.^avy metali mass to ,,et spedfic bumup vaiu=^s (M\NdUTl

March2003
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Revision 0
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Infor n aaiou~ j~

Fuel Name JRR-4 (UALX HEU)
SNF ID t8 1070

Fuel Units & Descr 1I -ASSEMBLY
Heavy Metal Mass: BO11 964kg- E0L.1 621kg
ROD Storage Site SRS

'Fuel decay start date 1989
Estimates as of. 2030

Template ATR (Ught Water. Alfum _ 60 to 1 00%, U)
'Template Burnup(MWd): 3672

Template SOt. Heavy Metal Mass (MT): 0 00116689
Template Decay Time 35 years

- Estimrated
Canister usage

18'x10
| 031

C-1

II. Firmates * - m x. b YV Yb [ Gamma Sources

Radionuclide
Ac-227
Am-241
Am-242m

Photon Total
CViMtWd From Nominal Bounding Ful Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWd)' Bumup(MWdW (Ci) Inventones(CI) Inventones(Ci) Group (bounding)
2 0068E-09 323 98 647 95 0 00E+00 6 50E-07 1 30E-06 Avg MeV
2 5251-03 323 98 647 95 OOE00 8 81001 1 64E+00 0 0150 4772E013
3 96b4E-0 323 98 647 95

Am-243
C-14
a-36
Crn-243
Cm-244
Co-60

1 4880E-06 323.98 647 95 0 WE+OO
5 7053E-09 323 98 647 95 0 OOE+00 1 85E-06

0 0250 9910E+12
0 0375 8613E+12
00575 9271E+12
0 0850 5.586E+12
01250 3.690E+12

3'2 CIA A67 95 0 OEW 42iE- A 30 R SOF-i

323 98 647 95 0 OOE+00 3 70E-05 7 4°E-05
e o e O __

U WE+uW 5 3-03 1 uWE-or2 02
.OOE+00 2 40E-04 4 80E-04 0 3750 2098E0t12

Cs-134 2 0455E-05 I 33E-02
Cs-135 3 4477E-06 323 98 647 95

0o5750 3 467E-t13
o08500 4 2358E11
12500 2049E,11Cs-137 1 4365E+00 323 98 647.95 0 OOE+00 4 6

7 3230E-03 323 98 647.95 0 0.E+00 2.37E+OO
5 9259E-04 323 98 647195 000E+°00 92E-01 3 84E-01

647 95 0 .E+00 7.38E-04 1 48E-03
H43 7 95 0 0E+00 6.38E-01 1 28E+00 3 sou0 5 332E.02
1-129 2 44E-04 4 88E-04 s o 0000 2179E+02
Kr-85 41 2 67E+01 7 0000 2.384E+01
Np-237 9 5752E-06 3 20E-03 11 0000 2 659E+00
Pa-231 3 9379E-09 323 98 647 9
Pb-210
Pm-147
PU-238
PU-239

33115E-10 323 98 647 95 0 OoE+00 1
9 2402E-04
1 6217E-02
4 2810E-04
2 4333E-04
1 6242E-02

323 98
323 98
323 98
323 98
323 98

647 95 0 OOE+00 2 9
647 95 0 OOE+00 5.25E+00 1 05E001

_PU-240
Pu-241
Pu-242
Ra-226
Ra-228
Ru-106
Se-79

64795 0OOE+00 1 39E-01 2.7E4-01
647 95 0 00E+OO 7 88E-02 1 58E-01
647.95 0 OEs+00 526E+00 1 05o.01

3 6329E-07
9 0114E-10
3 1019E-14
2.1225E-10
12930E-05

323 98 647 95 0 OOE+00 1.1
323 98 647 95 0 OE+00 292E-07 5 84E-07

7 95 0 ooE+00 1.OOE-11 201E-11
688E-08 1 38E-07
4 19E-03 8 38E-03

Sn-1 26 1.1571E-05 E-03 7 50E-03
Sr-90 1 3472E+0O 323 98
Tc-99 42239E-04 323 98 647 95 0 OOE41

1.2407E-1 1 323 98 647 95 0 OOE+00 4 02E-
323 98 64795 OOE+00 271E-05 541E-O5

647 95 0O0E+00 1 24E-11 2 49E-11
647 95 0 OOE+00 1 31E-05 2 62E-0571-208

U-232 t -I u utAw 0 00LU2 I uvz-tb nherma Power
U-233 E-06
U-234 8562E-04 323 9

2.35E-06
1.20E-01
3 95E-03

Nominal Heat Bounding
Output Heat Output
(watts) (Watts)

U-235 -2 7235E-06 323 98
U-236 1 5493E-05 323 98
U-238 -4 2851 E-09 323 98
Y-90 1.3475E+00 32398
Other Radionuclides

000
5 02E-03 1 00E-02 I 5 42E+0O I 08E.01

84 60E-0
8 73E+02
8 87E+02

Total Total

111. -1 trivilate beleciiiiia Summary
ITermlate Selection Summarv

Simmery. and Checks - ,

From SFD
Reactor Ml tder a UGHT WATER

Fuel Ciadding ALUM
BOL HM Constituents U

BOL Enrichment % 9 3 03204799

Used Basis for Parameter Differences:
f,I

UiUGHT WATER
ALUM

6010o 100 ____________________________ ___

Burnup Summary (MWd)
2

Froom SFD
Nominal _ _ _ _ _

Bounding

lBasis for burnuo useed in estimate: _---- - -- -- r---- ----- ffi-@

"lue brIm caloklted from ye heaq metal mirss desouted
Bourde9 hnup asserned tD be Memt noresal hxnap647 9S

I
Estimated Bumup/

Given BEmuBumup Mwuftlopier
NomZIal r

8ounding[
0.521
I 051

Estimated EOL HMGhvan EOL HM
IrI O1l

_ _

'Reactor shjtdowni core removal storage. shipping or other date confirming VWat Irradaboin ceased or huel

'Total burriup for all fuel assonated with tvs workshreet must be divided by BOL heavy metal mass to get specific bumnup values (MW61UT)

DOE/SNF/REP-078
Revision 0

March 2003
Page D-498 of D-585

-



Fuel Radionucilde Inventory Worksheet

L Fuel and Template Infortioontts ,

Fuel Name KURR (UALX-HEU) JAPAN
SNF IDIt 601

Fuel Units & Descr 240 -18 CURVED PLATES

Heavy Metal Mass- BOL-40.824kg EOL=S3 48kg
ROD Storage Site SRS

'Fuel decay start date 2006

Estimates as of 2030
Template ATR (Ught Water, Alum. 60 to 100l.. U)

'Template Bumup(MWd) 3672

Temptate BOL Heavy Metal Mass (MAT) 0.00116689
Template Decay Time 20 years

Estimated
Canister usage

667

8.,Eshmates I - , - - _ m X. X, b Y. Gamma Sources
l1 ELtateA phto Total

CitMWd From Nominal Bounding Fue Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWdO Burnup (MWd)f (Ci' lnventones(C) Inventones(Ci)

it tj1. * i R a8t 13.9D9 000E+00 4 61 E-06 9-22E-06

Energy Photons/sec
Group (bounding)

Radionuclide
Ac-227 6 613t-1u .13,9091
a9a1 2001 1-3,909 e 1 40E+01 1 468E+15
rrzv s , w
Am-242m 4.24 6.954 91 1 :+00 2 95E-03 3.0S3E+1 4

Am-243 6.954 91 I 0DE+00 I 04E-02 0 0375 2663S+14

C-14 6,954 91 0 00E+00 0 0575 2 4852E+14

6,954 91 13,90982 000E+O0 I 83E-28 0 0850 1 724E+14
CI-36 .- - --

Cm-243 6,954 91

CM-244
Co-60

6,954
13,909 82 0 00E+00 1

13,909 82 0 00E+00 2

13,909 82 0 00E+00
13.909 82 0 00E+00 2

4 08E-0 0 2250
24290E43 0 2250 I 166+14

7AOE402 0 3750

_ t Cs-134
Cs-135

L Cs-137
Eu-154LJ Eu-1 55
Fe-55

. H-3
1 -129L Kr-85

- Np-237
Pa-231

I Pb-210
Pm-147
Pu-23B
-Pu-239
Pu-240
Pu-241
Pu-242

I Ra-226

5 3186E-06
3 1563E-03

439E+01

13,909 82 000E+00 2 40E-023 4477E-06
4 80E-(

13;909 82 1 41E+04
1 70E+O2

1 785E+13
1.019E+13
4679E+11-

491

4 B175E-03 - 6.954 91
1.2397E604 6.954 91
4 5697E-03 6,954 91
7 5300E-07 6,954 91

9 82 O DO^E+OO

982 O OOE+OO
982 0 00E+00
) 82 0 00E+00

2 2500 42105E+07

2 75U^V 2.321 E+V7

6 36E+01

E+02
1

51 E+03
1 3r3.nO E+01

v v c-vL. v2

2 0359E-09 4 91 13.90982 0002+0 1.426-05 2 2a3E-OS

13,909 E
13,9091e

3 4b6EZ b YVt-U

6.954 91

0 06E+00 3.37E+02
0 OOE+00 1.27E+02

2 OOE+00 2 98E+00
2 0 OOE+00 1 69E+00
2 OOE+00 2 32E+02

6,954 91

595E+O00
3 39E+OO
4 65E+02
5 05E-03
3.18E-06

341SE-0

3 6329E-07 6,954 91 13,909 82 0 006+00 2.8-03

2 2854E-10 6,954 91 13.909 82 0006+00 1.596-0

1 2426E-14 6,954 91 13,909 82 0 OOE+OO 8 646-11
8OA ~ 13I q909 82 0006E+00 4 42E-02

Ru-10b
Se-79
Sn-1126
Sr-90
Tc-99

1 1574E-05 2 0 OOE+00
E04

1 80E-01
1 61E-01
2 68E+04
5 88E+00
7.09E-08
5 83E-04

42239E-04 6.954 91 13.90982 0OOE+00 2 94E+UO

50953E-12 6,954.1 13,909 82 0 OOE+00 3.546-08

Th-230 4
Th-232 1
TF-208 4

U-232 - I
U-233 2
U-234 1
U-235 - 4

U-236 1

6,954 91 13,909 82

6.954 91 13,909 A A

2 91 E-V^4

+00 1.34E-10 2 6

60241 6,YS4 91 13,909 8 E+00 8 20E-04 6 4
375E-04 15-

E-07 - 6,954 91 13,909 8

-09 6,95491 13,9091
-04 6,954 91 13,909e

E-06 6,954 000

E+00 1 80E-05
E+OO 128E+00
E-02 6.33E-02
E+OO 1 08E-01

Thermal Power
Nominal Heat Bounding

Output Heat Output
(Watts) (Watts)
1M6E+02 3.32E+02

8.221 E-02
E-01

_t -A AT

54E+00

0 00 9366-04 907E

13,909 82 0 OOE+00 1.34E
1 35E

E-04 T otal I UUM

2 68E+042 696E.4

ram

Template Selection Summary
From SFD

Reactor Moderator UGJIT WATER
Fuel Cladding ALUM

BOL HM Constituents U

801. Enrichment % 93 175

Use . ass rot . rn ...

= LlGHTtWATERt

E1- U

I W 10I ' __ _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _

n__ d Sn aSBasis 10r but.^up ustxt In e#mave
Eturnup Summary (MWd)Y - - .- 1uesis Tar oUrnUP use- i

From rn3FD
I A_ 6,954 91Nominal CII

Bounding I
Ninta bnesp caloialed ten tie htyietal miass destoyed

Bitodn bunc asoted l be *Am 1 re hirmi'13400821
113 909 821

Checks I, I

EstmatJed Burnup/
Burnup Mutipisee Given Butnup

Noinalt [ 0 54
1 i _R

rJ^un._mg 1 , _

'Reactor shutdown, core removal, storage. shpping or other date conirfming th a ceased tor hat

"Total bumyp for at luel assodated with this woiksheet must be dvided by SOL heavy metal mass to get spetific burnup values (MWdIAT)



Fuel Radionuclide Inventory Worksheet
L Fuel andi Template Informna0udoat~ _L_

Fuel Name LWFR SAMPLES
SNF 1D a. 134

Fuel UnitsA Descir 5 -ROD
Heavy Metal Mass. D01= . EOL=12 74kg
ROD Storage Site, IEEL

'Fuel decay start dlate. 1968
Estimates as of: 2030

Template, (Wvorst Case)
'Template eumup(M~): 62,5

Template aOL Heavy Metal Mass (MT). 0 00186865
Temnilate Decam Tkae'- 60 vears

Estimated
Canistee usage:

18'x15'
I 0 18

IJ

IJ
1I. Fstimsates- m X,. X, b Y. yi~ Gamma Sources

CVJMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/see
Radionuclide Template Fuel Bumup (MWd9' Burnup (M`Wd)' (C i) lnvenitonues(Ci) lnventonues(Ci) Group (bounding)
Ac-227 2 5200E-06 12,107 49 12.107 49 0 OOE+00 3 05E-02 3__5E_02_Avg____
Am-241 8 6432E.00 12,107 49 12.107 49 0 OOE.00 1 056.05 1 05E+05 0.0150 1026E,16
Am-242m 1.5728E-02 12,107 49 12.10749 0006.+00 I 90E.02 i 90E+02 0 0250 2027E.15
Am-243 1 62B8E-02 12,107 49 12.10749 0 006.00 I 97E.02 1 976.02 0 0375 I 713E.15
C-14 1.2068E-01 12.107 49 12,10749 O OOE+00 I 46E.03 1 46E+03 005S75 3 237E+15
C1-36 2 2949E-03 12.107 49 12.107 49 OO00E+00 2 776.01 2.77E.01 0 0850 1 0868+15
Crm-243 6 0144E-04 12.10749 12,107.49 O OOE+00 7 28E+D0 7.28E.00 01250 7 676E.14
CM-244 9 4880E-02 12Z10749 12.10749 0 00E+00 1 15E.03 I 156.03 0.2250 9 3905.14
CO-60 3 9052E+00 1Z,10749 12,10749 0 OOE.00 4 73E.04 4 736.04 0 3750 4 064E.14
Cs-134 2 2139E-06 12.107.49 12,107 49 O OOE+00 2 68E-02 2 68E-02 0 5750 6 725E,15
CS-M3 4 3976E-04 12,107.49 12.107 49 0006E+00 5 32E+00 5.32E+00 0 8500 1 473E,14
Cs-137 1_4887E.01 12,10749 12,107 49 OOOE1.00 I B0E+05 1-806.05 25oo 3 61 1E+15 I

Eu-154 3 7342E-01 12,107 49 12.107 49 0006.+00
8 4 12,107 49 12.107 49 OO00E+00

12,107 49 12.107 49 O OOE.00
12.107 49 12.107 49 O OOE+00
12,107 49 12,107 49 O OOE70-0
12.107 49 12.107 49 O OOE+00

52E.03 4.526E+03 1 7500 4 3396.12
03E.02 1 036.02 2 2500 1 8766+10
51E+01 6.51E+01 2 7500 3230E.10
.27E+03 1.27E.03 3 5000 1 759E.07
29E-01 1.29E-01 5 0000 . _7 4326.06

75E.03 2 75E.03 7 0000 8 464E.05 I
.99E+00 1 99E+00 11 0000 9 654E.04

Kr-85 2 2717E-01
Ngp-237 I 6340DE-04 12.107 49 12.107 49 0006E+00 1

------ --
ra-231 1z,1UI evF 1Z.1U( 4V U U UL+iLY j 4I4.-tJ U 4114.-tX
Ptb-210 4 7312E-08 12,107 49 12.107 49 O OOE+00 5 73E-04 5 73E-04
Pm-147 3 2198E-04 12,107 49 12.107 49 0006.+00 3 90E+00 3 90E.00
Pu-238 -1 19246+00 12,107 49 0 00 3 27E.-03 0 OOE-i00 3 276.03
Pu-239 -4 8600E-02 12.107 49 0 00 3 96E+02 0006.+00 3 96E+02
Pu-240 -3 0127E-01 12Z107 49 0 00 5 06E.02 0 006+00 5 06E+02
Pu-2411 -1 29176+02 12,107 49 0 00 1 306.05 0 OOE+00 1 30E+05
Pu-242 -1 1381E-04 12.107 49 0 00 2,19E.00 8 1262-01 2 19E+i00
Ra-226 1 0760E-07 1Z,107 49 12.10749 0 006+00 I130E-03 1 3DE-03
Ra-228 6 0160E-07 12,107.49 12.1 07 49 0 006+00 7 28E-03 7 28E-03
Ru-106 1 3388E-13 12.107,49 12.107 49 0006E+00 1 62E-09 1 62E-09
Se-79 1 9179E-04 12,10749 12.107 49 0 006+00 2 326+00 2.32E+00
Sn-126 i 6669E-04 12,107 49 12.107 49 0 006+00 2 026+00 2 02E+00
Sr-9gO 13a59E+01 12.107 49 12,107 49 0 006*00 1 686.06 1 686.05
To-9g 6 7678E-03 12,107 49 12,107 49 0006E+00 &19E+01 8 1916+01
Th-229 2 2592E-06 12,107 49 12,107 49 0006E+00 2 746-02 2 74E-02
Th-230 7 5955E-06 12.107 49 12,107 49 0 OOE+00 9.20E-02 920E-02
Th-232 6 0208E-07 12,107 49 12.107 49 0006E+00 7296E-03 7.296-03
T1-208 7 5795E-05 12,107 49 12.107 49 0006E+00 9.1861-01 9.18E-01
U-232 2 0521 E-04 12.107 49 12,107 49 0006.+00 2 486+00 2 4862+00
U1-233 3 6128E-04 12.107 49 1Z,107 49 0006.+00 4 376+00 4 376+00
U1-234 1.2788E-02 12,107 49 12,107 49 0006.+00 1 556+02 1 556.02
U1-235 5 7486E-04 12.107 49 12,107.49 1106E-02 6 976+00 6 976+00
U1-236 2-34856-04 12.107 49 12,107.49 0006E+00 2 846+00 2 846.00
U-238 1.1581E-04 12.107 49 12,107.49 1.36E-03 1 406.00 1 406+00
Y-90 1.38616E+01 12,107 49 12,107.49 0006.+00 1 686+05 1 686+05
Other Radionuclides 6 22E+05 6 226+06

" .T m l te SetectsoauSummar tlB rm m S m n yaind (-hecks _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

Tepat Seecion Summr

FrmSDUe ai o Parameter Differences:

I Fel C ladding m gRCOR S T S T Lncne hTh Wa cdn't dosu match any existlig Werilatetwfvelore lie worst mae tmldaie was used

60O L Enrichm ent % 0 0 1oI00 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Bumup Summary (MWde
2

_______ Basis for burnup used in estimate:
From SF0 Esternated

No mital ZlD7 49 Normonalttm~ipteletgqLtl ob lcing bissqi

Bounding E = 12,10749 Btturdig tbirrip es~timal by assamrig 801 teavy meta mass ems twre 6E 1.

Checks

IEstimated 8umupl
N ummpMnalpl1421 ve Bum p Es___te EOLHt1ve69 OL6 H

B uN u l i ri ne nBau s t m t e 0 1 N / G v n O . I
Bounding 14 21)

Thermal Power
Nominal Heat Bounding

Output Heat output
(Watts) (Watts)
6.90E.03 86 48*E 03

Total Total

Ij

-Reactor siutdown, core removal. storage. shipping or other date conlrrming that ifraclabon ceased tor Wue.

'Total burruti for all fuel associated with tats worksheet trust be rivided by 804 heavy metal mass to get specific burmup values (MWd'MT)

t

D0EfSNF/REP-078
Revision 0
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Pa e D50 of D-585



Fuel Radionuclide Inventory Worksheet -

L Fuel awl Template Inforsimtonu
Fuel Name MIT

SNF ID 35
Fuel Units S Descr 525 *15 FLAT PLATES
Heavy Metal Uass BOL=286 02kg EOL=232 68kg
ROD Storage Site SRS

'Fuel decay start date: 2035
Estimates as of 2030

Template ATR (Ught Water Alun .60 to 100% U)

"Template Bumup(UWd) 3672

Template BOL Heavy Metal UMss WTl): 000116689
1.1..e t. neva Time S years

Estimated
Canister usage

18xt10'
1750

1I.F-strnttes .- - m -X X, - b b Y. Yb Gamma Sources
rn -on -z

CVMWd From tNominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Radionuclide Template Fuel Burnup (MWd)O Burnup(lWd)O (Ci) -nventores(CI) -nventories(Ci)

Ac-227 1 4545E-10 95,81670 191,633.40 0 00E+00 1.39E4U5 2.79E-05

Am-241 1 1190E-03 95,81670 9163340 0000E+00 1 07E+02 2.14E+02 _

Am-242m 4.5425E-07 95,81670 191,63340 0 00E+00 4.35E-02 870E-02

Am-243 1A921E-06 95,81670 191.633'40 0 0OE+00 I 43E-01 2 86E-01

G4 5 7244E-09 95,81670 191,63340 0 00E+00 5 48E-4 I 1OE403

Energy Photons/sec
Group (bounding)

Avg VeV

0 0150 3697E+16
0 0250 7965E+t5
0 0375 7 350E+15
0 0575 7227E+t15
0 0850 4 607E+15
0 1250 3_990E.15

I

j Ci36 1.3124E-32
Cm-243 2 3676E-07
Cm-244 5.2042E-05

191,633 40 0 00E+00
191.633 40 0 00E+00
191,633 40 0 00E+00 9 97E+00 0 2250 3.9OSE+15s

Co-60 95.816 70 191,633 40 - E+00 7.32E+00 C

Cs-134 95,816 70 1 4 67E+04 9 33E+04

Cs-t35
Cs-137
Eu-154
Eu-t 55

3 4477E-06 95,816 70
2 8731E+00 95,816.70
82053E02 95,816.70
39134E-02 95,816 70

E+00 3 30E-01 6

0 00E+00 2 75E+05 6 765E.14

0 00E+00 7 86E+03 2 837E+13

140 0 OE+00 3 75E+6 2.2500 s595OE+13

6 74290431

-3 I 0599E-02

I-129 7 5300E-7
r Kr-85 2 8595E4-1
Np-237 9 5479E-06
Pa-231 8 9297E-10

I Pb-210 37609E-12
1Pm-t47 2 5452E+00

i Pu-23^ 2 0550E-02
Pu-239 4.28388-04

140 0 00E+00
140 0 00E+00

6 4 i7500 3423E+11
E+03 35000 3 7971E+10

191.633'40 000+00 7921E-02 1 44E-01 7.OwO 1-135E405

191,633 40 i4 5 48E+04 117.00
1sc4l I 8A3f+0 11 (10OCO95,816 70 191633 40

95,816 70 191,633 40 8 56E-05 t 714
95,816 70 E+00 4460E47 721 E47

191,633 40 0 00E+00
191,63340 0OOE+00
191.633 40 0 00E+00

!441

8 21E+01

191,63340 oe0 4 68E+41
Pu-240 z .

Pu-241
Pu-242
Ra-226
Ra-228
Ru-106.
Se-79
Sn-126
Sr-90

L- Tc-99
Th-229
Th-230
Th-232
j T-208

,,_ U-232
U-233
U-234
UI-235
U-236
U-233
Y-90

M Other Radionuclides

95.816.70 191.63340
95,81670 191
95,81670 191
95.81670 191

Y
0
0
0

.+00

6 59E+03 1 32E+04
3 48E-02 6 96E-02
3 65E-06 7.29E-06
2 87E-10 5.73E-10
t 83E+04 3 65E+04

1 2936E-05
1 1574E-05

191,63340 0 0E+00
191,633 40 0 00E+00
191.633 40 0 00E+0
191,633 40 0 00E+00
191,633 40 0 0E+00

E+05 5.27E+05
E+01 8 09E+01

95,816 70
95,816 70

0 00+00 1.81 E-7
008E+00 1 63E-03
0 00E+00 7.49E-10

3 61 E-07

4 4063E-08 1.633 40 0 WDE+W0 4.22E403
- � AA . OAW no

3151 E-07 95.8167
1 9564E-09
1 8371t-04
-2 7235E-06
1 5493E-05

1.683 40 0 WE+00
1.63340 0 001800
It,633 40 0 001100

1 ;-i

E+01

.Therrmal Power
.Nomineal Heatt Bounding

output Heat Output

(watlts) (Watts)
. 4086E+3 I oE+at

0 00 5 76E81 3 15-01 5 76E-01

1.633 40 0 00E+00 1 48E+W0 2 97E+00
n Al A 66E4043 6 61 E-03

=
ITotal Total9

2 7505E+00 191.633 40 0 WE+00

ckas .̂ -- I

S 27E+05
9 868+05

¶ 111.'
I Tem+

Ts

BO

L
_

R,.. - , PNS^Qt DdlEreficese=1 -_ I l A

_ .
WAEI UtiiWiIL

Reactr Moderator rWATEF1 i UGH! WA! LH

Fuel Cladding [ ALLF A

OL M Con6ttuuent
BOL Enrikhment#% 93125618 60

^L..

nup Summary (MWd)
From SFD

95 __.8_6.Nominal
Sounding

Nomnimal

Ii gs,8t617

misted
50 514 01

191.633 40

Das.s -o ouim rs..- -

~Icm burrtip) Wlen iirecy hmr SF0 (cawelsed tosUWd)

ftredN~ burarsp tssured ID be twice noricital hrlam

Bumup Muftiplier G.= p
L-0 571

I
Estenated EOL HMWGiven EOL HM

q , E 0582
I 0 531

riosincin, _
.1

'Reactor shutdown core removal, storage, shtlppig or other date confirming that Irradatioln ceased for tued

Total bumup for all fuel associated w8it this worksheet must be dlvided by BOL heavy metal mass to get specfic buifrs& values (MWd`MT)

i Mac 20

DOEISNF/REP-078
RevisIon 0

March 2003
Page D-501 of D-585



I

Fuel Radionuclide Inventory Worksheet
1. Fuel and Teirgate Inftiot 7 .

Fuel Namne MIT
SNF tD u 4138

Fuel Units & Descr 120 - IS FLAT PLATES
Heavy Metal Mass: BOL_65 46kgi. EOL.43 032kg
ROD Storage Sdea SRS

'Fuel decay start date. 1994
Estimates as of: 2030

Temptate, ATR (Ught Water. Akim .,60 to 100%. U)
eTemplate Burnup(MWd): 3672

Temptate 80L Heavy Metal Mass (UT): 0 00116689
Template Decav Time 35 years

Es.materd
Canister usage

18'xlO'
400

U. Ftimatres < m x 
5

b Y. Yb [ Gamma Sources

Ci/MWd From
Radianuclida Temotale

Photon Total
Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Fuel Bumup (MWd) Bumup (MWd)' (Ci) Inventones(Ci) Inventones(Ci) Group (bounding)
21,239.75 42,47950 0 OOE+00 4.26E-05 8.52E-05 Avg MeV
21,239.75 42,47950 OOOE+0O0 536E+01 1 07E+.02 001S0 3129E+15

Arn-243 1 485E-06 21,239.75 42,47950 0OOE+i00 3.16E-02
C-14 5.7053E-09 21t23975 42,47950 000E+00 1 21E-04
CI-36 t3124E-32 21.23975 42.47950 0 OOE+00 2 79E-28 5 57E-28 I

6 497E+14
S 647E+14
6 078E+14
3 662E+14
2 419E+14
3 162E+14
I 375E+14

uz

Cm-243 I 1419E-07 21,23975 42,47950 0 OOE+OO 2 43E-03 4 85E-03 01
Cm-244 6522E-05 21,23975 42,47950 OOOE+00 351E-01 702E-01 0 2250
C.-60
Cs-134
Cs-135
Cs-137
Eu-154
Eu-t 55

4047E-07
0455E-05
4477E-06
4365E+00
3230E-03
9259E-04

21.23975 42,47950 0 OOE+00 1 57E-02 3 15E-02 I 0 3750
75 42.479 50 0 OOE+00 4 34E-01 8 69E-01 05750 2273E+15

1 46E-01 0 8500 2777E+13
12500 1 343E+13
1 7500 7 559E+11

21.239 75 42.4
Fe-55 2 2791 E-06 21,239 75 42,479 50 0 OOE+O0 4 84E-02 9 68E-02
H-3 9698E-03 21,239 75 42,479 50 0 OOE+OO 4 18E+01 8 37E+01
W-29
Kr-85
Np-237
Pa-231
Pb-21 0

S75 42,479 50 0 00E+00 1 60E-02 3 20E-02
_ 3.000 3 495E+04
7000o 15 43E+043

_ 7ioooo 1AS53E+03 .0 OOE+00 8 75E+02
0 OOE+00 2 03E-01
0 0OE+O0 8 36E-05

75E+03

4 11 ooM 1 742E+02

33115E-10 21-2397
Prm-^47 9.2402E-04 21.239 75 42.4 E+00

7

Pu-238 1 6217E-02 21,239.75 42.47950 0 OOE+00 3 44E+02 6 89E+02
Pu-239 4 2810E-04 21,239.75 42.47950 0 OOE+00 9 09E+00 1 82E+01
Pu-240 2 4333E-04 21,239.75 42,47950 0 008+00 5.17E+00 1 03E+01
Pu-241 1 6242E-02 21,239.75 42,479.50 0ooE+00 345E+02 6 90E+02
Pu-242 3 6329E-07 2123975 42,47950 0 OOE+OO 7.72E-03 1 54E-02
Ra-226 90114E-t0 21.23975 42,47950 8OOE+00 1 91E-05 383E-05
Ra-228 3.1019E-14 21,23975 42,47950 0 OOE+00 659E-10 1 32E-09
Ru-106 21225E-10 21,23975 42,47950 0ooE+O00 451E-06 902E-06
Se-79 1,2930E-05 21,239 75 42,479 SO 0 OOE+00 2.75E-01 5 49E-01
Sn-126 1 1571 E-05 21,23975 42,47950 0 OOE+00 2 46E-01 4 92E-01
Sr-90 1 3472E+00 21,239 75 42.47950 0 OOE+00 2 86E+04 5.72E+04
Tc-99 4 2239E-04 21,239 75 42,479 50 0 0OE+00 8 97E+00 1.79E+01
Th-229 1 2407E-11 21,23975 42,47950 0 00E+00 2 64E-07 5.27E-07
Th-230 8 3497E-08 21,23975 42,47950 0 00E+00 1.77E-03 3 55E-03
Th-232 3 8371E-14 21.23975 42,47950 0 0OE+00 8 15E-10 I 63E-09

L

TI-208 4 0414E-08 21,239 75 42,479 50 0 OOE+00 8 58E-04 1.72E-03
U-232 10948E-07 21,23975 42,47950 0 OOE+00 2.33E-03 4 65E-03 Thermal Power
U-233 3 6275E-09 21,239 75 42,47950 0 OOE+00 7 70E-05 t54E-04 Nominal Heat Bounding
U-234 1 8562E-04 21,239 75 42,47950 0 00E+00 3 94E+00 7 89E+00 Output Heat Output
U-235 -27235E-08 21,23975 000 1 32E-01 7 39E-02 1.32E-01 (Watts) (Watts)
U-236 I 5493E-05 21.23975 42.47950 000E+v0 329E-01 658E-01 3,55E+02 711EE+02
U-238 -42851E-09 21.23975 000 1 51E-03 1 42E-03 1 51E-03 Total Total
Y-90 1 3475E+00 21239.75 42,47950 0 OOE+00 2 868E+04 5 72E+04
Other Radionuclides 2 91E+04 5 81 E+04
UL Temnplate Sdecson Sunarv, Burmip Sunmary, and Checks- ,-

Template Selection Summary -_ _ _ _

From SFD Used Basis for Parameter Differences:
Reactor Moderator UGHIT WATER UGHT WATER

Fuel Cladding ALUM ALUM
BOL HM Constituents U U

BOL Enrichment % 93 145832 60to 100

Bumup Summary (MWd)' Basis for bumup used in estimate:
From SF Istated

Nominal 21239 7t mup calcia hm te heavy 2e1 mass de~
Bounding 42 47950j BM&ng buitop assumed to be tare smra baMF

Checks

Estimated Bumupt
Bumup Multlptier Given Bumup Estimated EOL HM/Given EOL HM

Nominal 1.03 1031
Bounding 206

'Reactor shutdown, core removal storage. shappi-g or other date coriming that Irradation ceased tor hid

'Total bumup for all fel assocaated sift this worksheet must be divded by sOL heavy metal mass to get specific bunup values (MWdMT)

LI
LI

DOE/SNF/REP-078
Revision 0

March 2003
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Fuel Radionuclide Inventory Worksheet

1 Fuel and Template l roa ion -,'n - A

Fuel Nare- ML-1 /GCRE)
SNF ID# 137

Fuel Units & Descr 67 -19 RO0 ASSEMBLY

Heavy Metal Mass BOL=58 625kg EOL-58-29kg

ROD Storage Site INEEL

'Fuel decay start date 1965
Estunates as of 2030

Template Pathfinder (Light Waler SST. 60 to 100%. U)

'Template Bumup(MWd) 6 01

Template SOL Heavy Metal Mass (MT: 0 00012882
Tupblt. Decay Tlime 65 years

Estimated
Canister usage

18x10'
372

- - -t- Y I G

U. Fstimates -- '

t Radionuclide re

Ac-227 4 5'

Am-241 1'1

mn Xn -b A -

INd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

mplate Fuel Burnup (MWd)W Bumup (MWd)' (Ci) Inventories(CI) Inventories(CI)
,,n -P i I &480-05 2910E-05

E Photon Total
Energy Photons/sec
Group (bounding)

Avg MeV_ _I

740E-08
471 E u4

316.46 u wctw

3 46
..... _ . _ ,A,_ _ ^te ae

2 91 0 OOE+00
291 0 00E+00
12 91 000E+00

4 70E-06
Am-242m 7 421 OE4-^
Am-243 9 8236E-10

726E-02

3164b
6 22E-07

3164

4 IOtE+12
4478E+12

;4 476E.12
2 704E012t C-14 2 2928E-04

i 1 36 1.2260E-06

- Cm-243 12000E-10

Cm-244 7.3577E-10
Co-60 1.3732E-03

Cs-134 1 2709E-10
Cs- 135 3 0316E-05

316 A 632 91 145E-(

i 31646 63291~~~bJ .A1A,,.
632 91 0 w0E+00 3 80E-08 7. 03 250 754E+t12

632 91 2 33E-07 07250 21.10E+12

632 91 O i4 13E-01 0 3750 1.016E+12

316 46 E.+D 4 t02E-C 0 5750

tt646 Ar 0 00E+00 O EE00

31646 63291 0000E00 2.30E+02 459E+02
Cs-137 3 fbtEuz
Eu-154 3t6 41

632 G1

1 7500 4.271 E+09
22500 8 077E+0.
2 7500 3618E+05
3 5000 4749E+01

Eu-155 1 0577-t.05 .... v .__

Fe-55 41631E-07 31646 632.91 0000+00 132-4

H-3 46722E-04 31646 632.91 000E+00 1.8E41

* 1-129 73195E-07 31646 63291 000.00 2.320-4

Kr-85 59418E-03 31646 63291 I 00000 188E+00

i N-237 1 19 31646 632 91 000E+00 364E004
' a -f l i

4d 63E444 5 00C~o 1 969E+01
3 0 0+00 7 0000 2 187E+00

728E-04 11 0000 2 462E-01
4490E45

Pa-231 7.0899E-08 316i 40 -Y ----

P0-210 223630-12 31646 63291 0000+00 708E-10 142E-09

Pm-147 422960-07 31646 63291 000E+00 1.34E-04 268E-04

-V _ Pu-238 23295E04 31646 63291 000E+00 -7.3742 1 47E-01

P6 6722E144E 316 46 63291 0000E+00 211-0 4220-01

Fu-240 8 6556E-05

Pu-241 1.6889E-04

Pu-242 1 97170-09
II

316 46 632 91
316 46 632 91
31646 632 91
316 46 632.91
316 46 632 91

0 00E+00 5 34E-02 1.07E4O1
000+00 624E-07 1.25E-06

0 000+00 1.450-09 2 890-09

0 00E+00 2 64E-09 5 29E-09
0 00E+00 649E-17 1.30E-16

2 14t-Ue

i ii-226
Fii-228

4 5740E-12

S-79 13220E5 316 46 632 91 0 00+00 416E-03

S- t .1495 . 316 46 63291 0000.00 3640-3

Sr-90 668721 31646 63291 000E+00 212E+02

L Tc-99 4 63-04 31646 63291 0000+00 1.48E-01
I .1 01 0 000+ 0 Eh 1 09

18.37E403

7-7E40-3
4.23E+02 -

2 95E-01
I 50E-08

Th-229 I
Th-230 2 735i4E-10

Th-232 8 3594E-12
TP-208 1 6226E-08

U-232 439608-06

U-233 3 3344E-09

31646 63291 0000.00 6 6 I8 1 73E-07

316 46 , u,
E2 7 8 -0

F.6 tI34
316-46 63z91

316.46 632 91
31646 632.91

0_00E+00
0.00E+00

-05

-06
i2 78E405

2 11E-06
2 58E-04

U-234 4 0749-47
-2 776 t E46m

316 46 632 91 0 00E+00 1.29E-04

31646 000 1 18E-01 17-01

Thermal Power
Noninal Heat Bounding

Output Heat Output
(Watts) (Wat)
2.58E+00 515E400

Total Total

I .795 - # --u --

U-236 1 6190E45

U-238 -28547E-49

Y-90 6 68890-1
-W Other Radionuclides

-Ternplaate Sdeetien Sumtay. Bunupt wrz

liTemplite et Seecton Summary

.Reator MIoderator LGHT
___ 4T WATER UiC

Fuel Cladding HASTELLOY
HvtO HM Constituents U

SOL Enrichment % 93 143t

Li Bumup Summar (MWd|

Nominal
Bounding

Checks
Estin

Bumup Muut iser GP

Nominal 012
Bound"tg 02

'Reactor shutdown core removal, storage. shipping or other c

'Total buriv for all fuel associated with INs worksheet must

316 46 632 91 I
.

632 91

)E+00 512E-03 1.0

E-03 1.35E-03 t
E+00 - 212E+02 4 2

2 88E+02 5 7 E+02

* and Checks

Used

SS-T

U
t0 to 0

Basis for Parameter DrIlefrences,

Ib Temeplate was MM Vr fie losexwg 1easers
re Wa mnatches or atl Parameters excert cladding (SST s ecirservalieet

n.M Sn. ,f.. ....
tisi rormu uxu ..-. .

Esimnatedt
316 46 tetl heap b Watodaled ht tie heasy metal mass destoyed

632. 9tdng rt assumed to be avice eorwal b1inu-v

sated Bumupl
wen Bumup Estinated EOL HM/Grven EOL HM

_at co1rmn thtIraalicae frfe

bate confmiby tg M Irradiamton leased tor guel

tbe dividedt by 6DL heavy rneta mass to get spedlfic bumup valuecs (MWdVtT)

Mac 20

- DOE/SNF/REP-078
Itevtsion 0

March 2o03
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L_

Fuel Radionuclide Inventory Worksheet
L Fuel and Template liolrrmatioin _ . Xw

Fuel Name: MNR (UALX-HEU) CANADA
SNF iDM 614

Fuel Units & Descr: 83 -18 CURVED PLATES
Heavy Meta Mass- BOL.,4782kg EOL.10433kg
ROD Storage Site: SRS

'Fuel decy statt dale: 2008
Estirnstes as of 2030

Template. ATR (ight Water. Alum. 60 to 1 00, U)
'Template Bumup(MWd) 3672

Template BOL Heavy Metal Mass (IN): 0 00116689
Template Decay Tre 20 years

Estinated
Canister usage

18 s10'

231

I

U. Estimetes c . > m X. Xb b Y. A I Gamma Sources J
Radionuclide
Ac-227

CaVMWd From Nomtial Bounding Fuel initial Activity Nominal Fuel Bounding Fuel
Template Fuel Bumup (MW_ Burnup (MWd)' (Ci) Inventories(Ci) lnventories(Ci)

66313E-10 4,11878 8237.55 0EO z7v3 9E 7`1p

Photon Total
Energy Photonstsec
Group (bounding)

Avg MeV
00150 8695E+14 J
0 0250 1 808E+14
0 0375 1577P.l4

------- � --
2 0060E-03 4.118 78 8 26E+00 1 65E+01
4 2429E-07 411878 I 75E-03 3 50E-03
1 4899E-06 4,118.78 8.237 55 E-03 1 23E-02

C-14 4,118 78 8,237 55 4 71E-05 o 0575
CI-36 1 3124E-32
Crn-243 1 6443E-07
Cm-244 2.9330E-05
Co-60 53186E-06

8,237 SS 0 00E+00
8,237 55 0 OOE+00 6 77E-(

0 00E+00 1.21E-01

0 0850 1.021t+14
01250 6.907E.13
0.2250 8.80SE13
_ 03750 3 834E.13
0 8750 6.254E+14

4.11 0 00E+00 219E-02 4--- --n A ;
J.1 bb63E-0 4.11 1 30E+01 2 60E+C
3 4477E-06 4.118 78 1 42E-02 2 84E-02

Cs-137
Eu-154
Eu-t 55
Fe-55

2 0313E+00 4,118.78 8.237 55 1 67E+04
2 4513E-02 4,118.78 8.237 55 2 02E+02

4,118 78 8,237 55 0 0OE+( 3 97E+01 22500 2.431E.07

H-3
178 8,237 55 O OOE+00
178 7 8,237 55 0 OOE+00

1-129 7.5300E-07 OOOE+OO 3.10E-03

_ 2 7500 1 374E+07
_ 3 SO0o 6~313E+04
_ 5 0000 3.569E+03
_ 7 oooo0 3 940E+02
_ 11 00010 4416E+01

Kr-85 10850E-01
9 5561 E-06 L447E+02

4.118 78 3 94E-02
2 0359E-09 4.118 78 1 68E-05

Pb-21 0
Pm- 147
Pu-238
Pu-239

4,118.78 8.237 55

4
4,118.78 8,237 55 0 OOE+00
4,118 78 8,237 55 O OOE+00
4,118 78 8.23755 0 OOE+002810E-04

2 4368E-04
3 341SE-02
3 6329E-07

I

2 O5E-07 4 1 E-07
2 00E+02 4 OOE+02
'52E+01 1 50E+02
76E+00 3 53E+00
OOE+00 2 01 E+00
38E+02 2Z75E+02
.50E-03 2-99E-03
941E-07 1 88E-06Ra-226

Ra-228
Ru-1 06
Se-79

4,118 78
4.118 78
4.118 78
4.118 78
4,118.78
4,118 78
4,118 78
4,118 78
4,118 78

8237.55 0 O0E+00
8,23755 0 OOE+00
8,237 55 0 OOE+00
8,23755 00 O0E+00
8,237 55 0 OOE+00

ii
2 62E-C

1 2933E-05
1 1574E-05
1 9248E+O0

0O0E+00 5 33E-02 1 07E-01
0 OOE+00 4 77E-02 9 53E-02

Tc-99
Th-229
Th-230
Th-232

8237.55 0 0oE+00
8,237.55 0 OOE+00
8,23755 0 OOE+004.18a5E-08

1 9270E-14

1 59E+04
3 48E+00
4.20E-08
3 45E-04
1-59E-10
3.79E-04

1.73E-C

Tl-208 4 6024E-08 A
U-232 1 2582E-07 4
U-233 2 5825E-09 4
U-234 1 8450E-04 4
U-235 -2 7235E-06 4
U-236 1 5493E-05 4

755 0.00E+00 7 94E-1 1
7 0S 006E+00 1 90E-04
7 55 0 006+00 5 18E-04
7 55 OOoE+00 1 06E-05

-A 9AqiOZIO ,i

006E+00 7 60E-01 1 52E+00
297E-02 1 85E-02 2 97E-02
0 OOE+00 6.38E-02 128E-01
3.42E-04 3.24E-04 3 42E-04
0ooE+00 7 93E+03 1 59E+04

7 97E+03 1 59E+04

Nominal Healt Boundi g
Output Heat Output
(Watts) (Watts)
9582E+01 1 98E.02

Total Total,
I qo0d4Fmtf 4 Ila878

06_vM , * 0

.fll. Template Selection SrTiy
Template Selection Summary

FrMt
Reactor Moderator UGHT

Fuel Cladding A
SOL HM Constituents

BOL Enrichment % 9311

I UGHTWAI

U

_ Basis tor Parameter Differences:
'ER

3

n Basis for bumup used in estimate:

4.118 78 Nomnafl tbsep cablcu4 ronm tie heavy metal mass deswoyed
8 237 SESjowt; burssp asaered to be te own buiip.

jl.IBumup Summary fli
-

From SFD I
Nominal _

he Boundirn

Checkes

1*Estlnated Bumupl
niv n- nBurnn uuint

. -__- f_ 352- -- 1p....Nominal
Bounda- I_

0.9
t77

Estimated EOL HMIGiven EOL HU
I t1021

y L
'Reactor shutdown. core removal. storage. slapping or other dale conflimfnig that irradiaton ceased f or fuel
'Total bumnup for all fuel associated with ties worksheet must be divided by SO.L heavy metal mass to get specific bumup values (MWdUT)

I

DOE/SNF/REP-078
Revision 0 March 2003
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Fuel Radionuclide Inventory Worksheet

o Fuel and Template Infrmiaton
Fuel Name. MNR (UALX-HEU) CANADA

SNF ID t 1064
Fuel Units & Desac 11 -18 CURVED PLATES

HeavyMetalMass SOL1.9.59kg EOL113833kg

ROD Storage Site SRS

'Fuel decay start date 206

Estimates as of 2=0
Template ATR (tght Water. Alhin .60 to 100J. U)

"Template BumupQMWd) 3672

Template SOL Heavy Metal Mass (MT) 0 00116689
Tmr-A. De ra ne 20 Years

EstImated
Canister usage

18a 10
0.31

_ 
.

,v vbY I Gamma Sources

Phtn.oa

Ci/MWd From . Nominal Bounding Fuel tnitutl Activity Nominal Fuel Bounding Fuel

Radionuclide - Template Fuel Bunup (MWd) Burmup (MWd) ... I(CI) ventories(Ci) -Inventories(CI)
- ,-.! 0 Cri57 7 94F.07

I Pholon Total
Energy Photons/sec
Group (bounding)

Avg- MeV
00150 1 152E+14
0 0250 2-196E+13

AC-227 6 6313E-10
I Am-241 2 0060E-03

545 tM
545 86

00 Q
0 OE600 1 09E+0O
0 OOE+00 2 32E-04
2 OOOE+OO 8 13E-04Am-242m

Am-243
G-14

4 2429E-07 04 0

E-03 0 0575 2090E.13
1 4899E-06
S 7135E-09 1t09172 0 OOE+0

109172 0 DOE+(

624E-06 0 0575
I 43E-29

1.3124E-Z
1 6443E-( 1,091.72 8 98E-05 1 80E-04

545 86 I 60E-02

54586 1,091.72 0006+00 290E-03
CA-60

01250 9 154E+12
02^50 1 167E+13
0 3750 5081E.12
0.5750 8 285E+13
0 8500 1 401E+12
1.25CO 8001E+11

Cs-134 545.86 1. E.O0

Cs-135 545 86 :+00 1
72E+00
18E13

Cs-137 2 0313E+00
Eu-154 2 4513E-02

Eu-155 4 8175E-03

Fe-55 12397E-04
H-3 4 5697E-03
| . 1-129 7300E-07

Kr-85 1 0850E601
NP-237 9 5561E-06

Pa-231 2 0359E-09
Pt-210 4 9728E-11

nm-l 47 4 8502E-02
Pu-238 1.8254E-02
Pu-239 42810E-04

545 86 1.091 72 0 00E+00 1 1 3

1,091 72 000E+00

1,091 72 0 0E+00
1091 72 0 00E+OO
1,091.72 0 DOE+OO

I1 2 7500 3 673E106
5.26E+OO 22500 3222E+06
4 35E-01
4 99E+00

2 76c 1.821 E+06
35000 8467E302

0000 4 75E+02
70000 5 27E.01

t1,091.J2 4 tI E-04 8 22E-04

545 86 I

545.86
2 0 0^E+00 5 92E+01

0 0 OE+00 5 22E-03
2 0OOE+00 1 11E-06
2 0 OE+00 271E-08

lo- 5 83E+00

545 86
545 86

t1,091 72 OOE+uO
tLO91 72 O OOE+OO

5 43E-08
5.30E+01
1 99E+01

545 86 1,09172 00_+00 2.34E-0 4 67E-01

2436
3 341

1,091 72 I 33-201 z b56tul
t 82E+Ot 3 65E1+01

Pu-242
Ra-226

- Ra-228
Ftu-106
Se-79__

E-02 545 86
E-07 545 86
-10 545 86

E-14 545.86
E46 545 86

1,091.72 00OE+00 1 98E-04

1,091.72 0 0OE+OO 1 25E-07
1.091 72 0 0OE+O0 6 78E-12

1,091 72 0 OOE+^uO 3 47E-03

1.09172 OOE+00 7.06E-03
1,091 72 00 DOE+00 632E-03
1,091 72 0 OOE+00 1.O5E+03

.36E-1 1
94E.03

41E-02
26E-021t2933E-05

1.1 574E-05
1.9248E+00 545 86

545 86 1,

E-12 545 f
E48 545 f
S.1A 1Ft5 I

86
1 72 O OOE+OO 2 31 E-Ot
1 72 0 OOE+00 2 78E-09
1.72 0 00E+00 2 29E-05

11.72 O OE+00 1 05E-111 O07flTh-232 l , aK, vc _ . _,

Tl-208 4 60244-8
.. ___ -^ -- i-if

545.86
5t5 86U-232

U-233
U-234
U-235
U-236
U-238

E-07
2 5251-09 5451
t .8450A 04 545 1
-2 7235E-6 545 1

1tS493E-05 5451

1.091.72 0 0OE+00 2 8t7

1.091 72 0 OOE+OO 6 tilt

1,09172 0 00E+00 1.41 E

1,091 72 0006E+00 I.O1E
0 00 3 94E-03 2A6E

1,091.72 000 E+OO 8 46E

2.1 OE- 1
5 02E-05
1.37E-04 I Thermlal Power

2 82E606 Nominal Heat Bounding

2 01E-41
13 94E403

-. output Heat output
(Wafts) ' (Watts)1.66-2 130+0 2eO+0

_ _ _ : _ _ _ _ _

4.69E-O2 totaE+01 Z6^E+01

0 00 4 53E-(
1,091.72 0 OOE+1

S 4.53E105
3 2.1tOE+03

_ TAXAI Tofsl
TOLI 1 0-1

scides
1 06E+03 2116+03

t
I a'

From SFD0 Used

Reactor Modeao UGHT WATE. = WATER

Fue C=addi- ALUM ALUM

OL HU Constituents U U

tasis for Parameter Difterences

-

BCI Ennrchrnent% l 9311672336 , ,,

:E=tasis for bumup used In estimate-
.RuuzSumn r aWdrJ)

- - ----- -
FdlmatedFroln SFU eslms

Nominal
Bounding

Checks

Nominal [
Boundig II

545.86
109172

iNeiaW W.i"p calcolaied Irom ie heavy " etal sass detrayed

Soidmg banfP asaset ID be tWoe minal Isrip

Estimated sumupr
Sumu Muitiptier Given Bu= up

089
I T71 I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'Reactor shutdiown. core removal, storage, shippng or other date conifiming VWat Irracdaton ceased for Wuel

'Total burrsp for an fuel associated wtis thworksheet must be dvoied by 80L heavy metal mass to get sprefic bumup values (rWdMT)

DOEISNF/REP-078 
March 2003

Revision 0 
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Fuel Radionuclide Inventory Worksheet
L Fuel ard Template Informatwm I

Fuel Name MURR (UALX) COLUMBIA
SNF ID *: 144

Fuel Units & Deser: 972 - 24 CURVED PLATES
Heavy MetalMass BOLc807732kg3 EOL.704311kg
ROD Storage Site SRS

'Fuel decay start date 2035
Estimates as of 2030

Template: ATR (Light Water. Alun . 60 to 100%. U)
Template Bumup(MWd): 367 2

Template BOL Heavy Metal Mass (MT): 000116689
Template Decay ree c years

Estimated
Canister usage:

18'x10l

r 4050

-ji
11. Estimates M X. b Y. Yb Gamma Sources

Ci/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
Bumup (MWd? Bumup (MWd)' (C') Inventories(Ci) inventones(Ci)Radionuchde Template Fuel I

Ac-227 1 4545E-10
Am-241 I 1190E-03
Am-242m 4 5425E-07
Am-243 1 4921 E-06

n- n.l-.nn ..---. I4 c e rn

Photon Total
Energy Photons/sec
Group (bounding)

Avg. MaV I
00150 3779E+16
0 0250 8142E+15

u wt,+wJ 142E OS~ 2 85E-OS
o 1 0E+02 219E+02

4 45E-02 I 90E-02
97.941 50 1 E-01 2 92E-01 00375 7513E+15

C-14 5.7244E-09 97,941 50 1
CI-36 t 3124E-32 97,941.50 1
Cm-243 2 3676E-07 97.941 50 1

I 0 OOE+00
I 0 OOE+00

1 12E-03
2 57E-27
4 64E-02
I 02E+01
7 48E+00
9 54E+04

0 0575 7.387E+15
0 0850 4 71 OE415
01250 4.078Et15
002250 3992Et15

Co-60
Cs-134

97,941 50 195,88301 0 OOE+00 5.tOE+00
97,941 50 195,88301 OOwE+0O 3.74E+00

3 00E+00 4.77E+04
Cs-135 3 4477E-06 97.941 S 3.38E-01 6.75E-01 0 8500 3717Et.1S
Cs-137 2 8731E+00 97,941 50

8 2053E-02 97,941 50
3 9134E-02 97,941 50 0.00E+E

7429E-3 97t941 50 195,883 01 0 OOE+00

5 63E+05
1 61E+04
7 67E+03
1 32E+03
2 08E+03
1 47E-01

5 60E+04
1 87E+00

1 7500 2 900E+13
1.2500 6915E+14

97,941 50 195,88301 0 OE+00 1 04E+C

I2 2500 6 082E+13
2 7500 3499E+t11
3 5000 3 881 E+t 0
5 0000 161E+o0
70000 1 294E+04
110000 I 458E+03

1-1 29
Kr-a57

195,883 01 0 OOE+00 7 37-02
195,883 01 0 OOE+00 2 80E+04 LNp-237 9 5479E-06 0 OOE+00 9 35E-01

Pa-231 8 9297E-10
Pb-21 0 3 7609E-12 97.941 50 195.883 a

8 75E-05 1 75E-04
3 68E-07 7.37E-07

Pmr-147 2 5452E+00
2 0550E-02
4 2838E-04
2 4401E-04
6 8764E-02

97.941 50 195.883 0
97,941 50 195,883 01 I

2 49E+05 4 99E+05
2 01 E+03 4 03E+03
4 20E+01 8 39E+01
2 39E+01 4 78E+01

LI941 50 195,883 01 0 00E+00
941 50 195,i33 01 0 00E+P0nPU-240

Pu-241 97.941.50 6 73E+03
3 6329E-07 97.941 50 195 8
3 8045E-1 1 97.94t.50 195,883.01 000E+00

97,941.50 195,88301 000E+00

1 35E+04
7 12E-02
7 45E-06
5 86E-10
3 73E+04
2.53E+00

Ru-1 06
Se-79

195,88301 0 00E+00 1 87E+04
195,883 01 0 00E+00 1.27E+00

Sn--126 1 0 00E+00 t.13E+00 227E+00
Sr-90 2 7505E+00 2 69E+05 5.39E+05
Tc-99
Th-229
Th-230
Th-232
TI.-208

i
7

2239E-04
8848E-12
7042E4-8

97,941 50 195,883 01
97,941 50 195,883 01
97,941 50 195,883 01 1
97,941 50 195,88301 I

4.14E+01 8.27E+01
3 69E-07
3-34E-03

97,941.50 195,883 01 0 00E+00 4 32E-03
97.941.50 195,883.01 0008+00

U-233 1 9564E-09
U-234 1 8371E-04
U-235 -2.7235E-06
U-236 1 5493E-05
U-238 -42851 E-09
Y-90 2 7505E+00
Other Radionuclides

1 29E-02
1 92E-04I 0 00E+00

0 00FE+00 i 80E+01 3 60E+0
000 1 838+00 I 36E+00 1 638+00-

195,883 01 0 00E+00 I 52E+00 303E+00
000 83E-02 79E-02 1 83E-02

195,883 01 0 00E+00 2 69E+05 5.39E+05
5 04E+05 1 01E+06

Thermal Power
Nominal Heat Bounding

Output Heat Otput
(Watts) (Watts)
4 97E+03 9 93E+03
Total Total

u..... G. _ r v b S e * * Ar ^eS*zD

- u . c am...,n . ouniu D
Template Selection Summary

From SFD
Reactor Moderator UGHTWATER

Fuel Claddg ALUM
SOL HM Constituents U

BOL Enrchment % 9 9326113117

jBumup Summary (MWd)`

.... s--Y. m- LA.."ssec -ss ,

i Used In.... for 1aan5- rNt-rnrv

UGlf HWATER
ALUM

U
60 to 100

ji

IE stei ate d . ... u r l l U se -*I

97.941 5S
195 883 01

Na l bhnW catalated frm e heavb met manss dessye&
8*V bnsm aswimed it be thee rnomnal burllft

I i
Estimated Bumupt

C-n- Rurn.-Burnup ittipher
Nominal 0 39

Bounding 0 n7

Estinated EOL HMlGbven0 EOL HU
I 01

'Reacter shutdown, core rnmoval, storage, shipping or other date confirming that ,rradaaon ceased tor iuel
0
Total bunmup for all tuel assoaated witt this woersheet must be dvlded by 80L heavy metal mass to get spetzic bumup values (MWd/T)

DOE1SNF/REP-078
Revision 0

March 2003
Page D-506 of 0-585



Fuel Radionuclide Inventory Worksheet

L Fued and TemPlate IufvT-on; D, ,
Fuel Name. MURR (UtAX HEU) COLUMBIA

SNF ID t 143
Fuel Units & Descr 312 - 24 CURVED PLATES

Heavy Metal Mass SOL.259 022Tg- EOL=213.065kg
ROD Storage Site SRS

'Fuel decay start date- 1990

Estimates as of. 2030
Template: ATR (Llght Water, Aum, 60 to I 0%, U)

'Template Bunmup(MWd) 367.2

Template SOL Heavy Metal Mass (U) 000116689
Template Decay Time 35 years -

Estinated

Camnsler usage
18-x10'

|13 00

_ I _Yamma Sources
A x D r.

IL- n~t8 - -i 
Pholnf TotalI

CUMAWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

. Template Fuel Bumup MWd) Bumup (MWd)2 (Ci Inventories(Ci) Inventone(Ci)
rvyRFI' ti.i-4 UL -,Cl 17, -PRadionuclide

I Energy Photons/sec
J Group (bounding)
_ Avg May

_ oot50 6411E+15
nAA 1570.1I

_ = _Fr. Uf7t)4t 4S A a e v 
_

2 5251E-03 43,522 74 87.045 48 OOOE+00 1 10E+02 220E+02

3 9624E-C 87,045 48 3 40cjz _

Am-243 87,045 48 6 48E-02 i 30E-C 1 157E+15
t1245E+tS

C-14 4 87,045.48 2148E4 4E

C-36 43,522.74 O 5 71 E28

-Cm-243 43,522.74

Cm-244
Co-60
Cs-134
Cs-i 35
Cs-137

E - 43,52274
S 48 0 00E+00 4 97E-03
S 48 0 00E+00 7 19E-01
S 48 0 0E+00 3 22E-02
S48 0 00E+00 8 90-01

O cso5 7504E+14
01250 4 957E014
02250 6 479E+14
0 3750 2 819E.14E-02

-07 43,522 74
I 78E+00 0 5S750 46E4E1+115

2 0455E-05 4
3 4477E-06 87,045 48 0 OO^E+C 3 OOE-01

87.04548 000E+00 625E+04 1 25E+05
1 4365E+00

Eu-154 2 74 3 19E+02 6 3,7E+0

43,522.74Eu-1 55
E+00 2 58E+01 5 1
E+00 9 92E-02 I.

1 7500 1.549E.12

22500 1.295E+08
2 7500 1236E+08
3.500 7 163E+04Fe-55 43.522 74

I[ H-31-129

Kr-85
Np-237
Pa-231

- t Pb-210
Pm-147
Pu-238

-I Pu-239

43,522 74

4

3

1176E-02
5752E-06
9379E-09

87,045 48 000E+00 I

87,045 48 0 00E+00
87,045 48 0 00E+0-O
87,045 48 0 00+00E
87,045 48 0.00E+00
87.045 48 0 OOE+00

3 58E+03
R Q%.niE0

0000 2 927+04

¶1 rww
4

E-04 3 43E-04
E-05 2 88E-05

3 3115E-10
0 2An02-04 87,045 48 4 02E+01 8 04E+01

Pu-240
Pu-241
Pu-242

42810E-04 - 43,522.74
2 4333E-04 43,522 74
1 6242E-02 43,522 74
3 6329E-07 43,522 74
9 0114E-10 43,522 74

87.04548 0 00E+00 1 86E+01
87.045 48 0 00E+00 1 06E+01

87,045 48 0 00E+00 7 07E+02
87,045 48 0 00E+00 1.58E-02
87,045 48 0 00E+00 3 92E-05

1 41E+03
3 16E-02
7 84E-05

- Ra-228
Ru-t 06
Se-79

31
2!1

43,522 74 87.045 48
43.522 74 87,045 48
43,52 74 87,045 48

E+00 1.35E-09 2 70E-09
E+00 9240-06 1.85E-05

E+00 5 63E-01 1.13E+00

E+00 580
E+00 5 8

E+00 1 8
E+00 5i

t
68E+01
08E-06

12407E-1 1

Tl-2u
U-232
U-233
U-234
U-235
U-236

3 8371E-14
4 0414E-08
1 0948E-07

43.52 74 87,045 48 0 0

43,522 74 87,045 48 0 0

4 3,5274 8
43.522 74 87,045 48 0 0

43,522 74 87,045 48 0 0

43,522.74 87.04548 0 0
-24352.74 87.045 48 0 0

727E-03
1.67E-09 3.34E-09
1.76E-03 3.52E-03

4 76E-03 9 53E-03
1 58E-04 316E-04

Thermal Power
Nominal Heat Bounding

Output Heat Outp
(Watts) ' (Watts)

E-06 43,52274 0.00

E-05 43,52274 87.045

E-09 43,522 74 0 00

:+00 43,522 74 87,045 4

b ar-Ymy and Checkas

5 21E-01 4 03E-01 S .

0 00E+00 6 74E-01 1 3

5 97E-03 5 79E-03 5 1

0 000+00 5 86E+04 1.1
5.96E+04 1.1

I 78E ITota0
_ Total Total

_ vY-90
- Other Radionurc

lii. Template I

E+0s

E.
I=-Iate selection Summary -

d i R..is Er Pa-amater Differences'
I

_cam - -------- - - -

I

Reactor Moderator UrTWnATER I

Fuel Claddinmgi A!LUM _
WATER

UM

OLm HU Smryw _
SOL Enrhmnl#

FBurnup Summary (MWd)'

t 1101

- . :_.

- Basis for t uro up used in esatiane.

From SF0 I Estimated

Chomeal
Boundubg

Check

_ 43,f 774 NMeIeu Wn*r CjoAale tom ihsteeavy Pwel mms destroiw!

Beardixt bumwi assuried ID be Mmec nacmeaburlt8
I _ _ _ _ _Ar

__ _ __ _ _ __ _ _ __ _ _ = I
Estimated Bumupt

Bumup Multiplier Given Burnup

Nomunad c 03

1Rreactorshutdown, core removal storage. shipping or ote date coeitwg Ma rraciattio ceased for fuel

'Total bumup for all uel associated with this woicet must be dvlded by BOL heavy metal mass to get spedcic buurp values (MWdUT)



Fuel Radionuclide Inventory Worksheet
L Fuel and Temqarte Infwratioa,,t -,i

Fuel Narne N.S SAVANNAH (U02)
SNF ID 5 854

Fuel Units & Descr 12- UNKNOWN
Heavy Met Mass BO, . EOL.21 09kg
ROD Storage Site: ]NEEL

'Fuel decay start date. 1963
Estimates as o1 2030

Templale PWR (Ught Water Zac. 0 to 5%. U)
'Ternplate Bumup(MWd): 6192

Template BOL Heavy Metal Mass (MT) 0 00176911
Tenptate Decay Tme 65 years

Estimated
Canister usage

18-x1u
1200

11. Estimatea - , * i m X. Xb b Y. yi, I Gamma Sources

CIMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Boundinal Fuel
Photon Total
Energy Photons/sec
Group (boundinl)Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)f

Ac-227 1.2581E-09 31 68 31 68 C
Am-241 1 4761E-01 3168 3168 0

(Ci1) lnventlorees(C) lnventorries(Ci)
I A^ ,, .;s Yst zOt Avg Mey

4 68E+00 0 0150 8 578E+11
2 5032E-04 31 68 31 68 0 OOE+00 00250 1 704E+11

31 68 31 68 000E+00
C-14
Cl38

0 O0E+00 51 E-03
1 593E+11

Z1866E11

9 324E+108 0297E-C 0006E+00 2 54E-05 2.54E-05
Cm-243 1 2099E-04 I 83E-03 3 83E-03
Cm-244 I 5560E-02 31 68 1 93E-01 4 93E-01 02250
Co-60 4 9580E-05 31 68 311 1 57E-03 0 3750

1.7022E-09 31 68 31 68 E-08 05750 8169E+tl
I 4433E-05 3168 3168 0 00E+O0 -04
6 9929E-01
1 8023E-03
2 6793E-05
1 4580E-08

31 68 31 68 0 OOE+00
31 68 0 00E+00 5-71 E-C

Eu-155

0A8500 6-549E+09
12500 3 062E+09
17500 1 761E+08
22500 3 109E+04
2.7500 1 543E+05

3 5s 7 694E+34

31 68 0O00E+O0 8.49E-04
Fe-55 0 O0E+OO 4 62E-07 4 62E-07
H-3
1-129
Kr-85 A

I 8566E-03 ) OOE+00 1 22E-01 1 22E-01
: 7 4 c| e3i 1-OtSc s Coo L31 68 31 E 1.29E-01

1 .2645E-05 3168 3168 0C
7 0XO 3 783+02
11 0000 43425+o.

Pb-210
Pmn-147

31 68 31 68 0 OE+00 51 9E-08
31 68 31 68 0 OE+00 9 12E-09

0 O0E+00 420E-06
Pu-238 5 8882E-02 0 OOE+00 I 87E+00

4220E-06
87E+00 LiPu-239 1 1613E-02 3 68E-01 68E-01

1 5142E-02 31 68
2 1269E-01 31 68

31 68
Ra-226
Ra-228
Flu-106
Se-79

31 68 OOE+00 6 74E+00
3168 0OOE+00 2 04E-03
31 68 0 OOE+00 1 86E-08
3168 0OOE+00 1 68E-10

4 80E-01
6 74E+00
2 04E-03
1 86E-08

686E-10
68136E-19
1.2372E-05
2 5194E-05

31.68 31 68
31 68 31 68

000E+00 216E-17 2 16E-17
0 OOE+00 3 92E-04 3 92E-04
0 OOE+00 7 98E-04 7 986E-04
OOE+00 1 42E+01 1 42E+i.O1E-01 31 68 31 68

TC-99
Th-229
Th-230
Th-232

1168 0OOE+00 1.25E-02
1168 0006E+OO &13E-09 6 13E-09

3 5223E-08 31 68
5 3085E-12 31 68 31t

12E-06 t1.2E-06
68E-10 1 68E-10

I 15E-06 4.15E-06TI-208 1 3102E-07 31 68 31t
U-232 3 5497E-07 31 68 311
U-233 2 6647E-08 31 68 311
U-234 55023E-05 31 68 31 1

38
7w~~1 - -=%CT

1 lUe l.lZt-U5 ohermal Power
-. . _ __ , . _ _,, _ ., _ .

38
U-235 -1 4485E-06 31 68 0 00 1I

144E-07 8 44E-07
74E-03 1 74E-03
41 E-03 1 46E-03
2 41 E-04 2 41 E-04
S 86E-03 6 87E-03

Nominal Heat Bounding
Output Heat Output
(Watts) (Wattsl

u-zJo 1 6B 3t 68b . 4 i5E-01 46S6-01
-Zb olZb-u
4 4913E-01

S1 68 _O00 6.1 Total Total
31 68 31 68 O 00E+t

Template Selection Summary
From SFD

Reactor Moderator UGTWATE
Fuel Claddag RC

BOL HNM Constituents
80L Enrichment %

Basis for Parameter Differences:
The Template wa used for 68 ollemg reasonr
his buel mnutes on aI parameters except enrichment (ulknwn) j

-J
0 to 5

Butnup Summary (UWd Basis for bumnup used in estimate:
From SFD

Nomnal 31 61 NW" tumsu sat equal to b " brt
Bounding 31 68 8ng W"M hken from SFD ard ccte b M~d Len 8CC=21 123Fg

Chleckzs

Estimated 8umupt
Bumnup tfullpile Given Bumnup Estimatedt EOL MM/Gwen EOL Hht

Nominal O04 1 t 0
Boundmg 0 04_ ' Oo

'Reactor shutdown, core removal, storage. shipping Or other date conftinirg thaIt radabon ceased tor fel.

'Total burmup for alt kid associated witt this wodrsheet must be tivided by 80L heavy metal mass to get specific bumvup vakles (MWdUT) i

DOE/SNFdREP-078
RevisIon 0

March 2003
Page D-508 of D-585



Fuel Radionuclide Inventory Worksheet I

L Furel and Template JnIorMdtionu,2;.
Fuel Name- NEREIDE (FRANCE)

SNF ID I- 751

Fuel Units & Descr 45 - 12 CURVED PATES

Heavy Metal Mass BOL. EOL.35 42kg
ROD Storage Site SRS

Fuel decay start date 1982
Estbmates as of. 2030

Template- ATR (Ught Water. Alumn, 60 to I 00%. U)

'Template Bumup(MWd) 3672

Template BOL Heavy Metal Mass (MT) 0 00116689
Te-lale Decay Tane 35 yes

Estumated
Canister usage

18 x10,
192 j

11. Estuiates > - - m X. xb b Y. Yb j Gamma Sources
I r.- lrenl

Ci/MWd From Nommal Bounding Fwel Initial Activity Nominal Fuel Bounding Fuel

Radionucirde - Template - Fuel Bunup (MWde Bumup(MWd)2 (Ci) lnventores(Ci) Inventories(CI)
2 ti-aU .~~- fln.iV A 97F.Cc A 54F-011

Energy P~hotons/sec
Group (bounding)

Avg MeV
Ac-227 2 w068E49 Z12t1

2 5251E-03 3 0 00E600
3 0 wOE+00 I

00150 3134E612

o 0250 6.505E411

6, ow

3 9624E-07 42 S:
42 53 6 33E-05 0 0375 S 6S4E+s1I

C-14 1.27 42 53 1.21 E-07 2 43E-07 0 0575

21.27 4 2 79E-31 S 58E 31

Cm-243 21 27 4 D 243E-06 4 8

21.27 42.53 0 OOE+00 351E-04
Cm-244
Co-S60 E-07 21 27

Cs-1 34
Cs-i35
Cs-1 37

2 0455E-05 2127
0 00+00 1.57E-05
0 OOE+00 4.35E-04
0 OE+00 30.3E01
0 OOE+00 3 05E+01

02250 31 80E6 11

0.3750 1 377E611

0 5750 2.276Ei12

0 8500 2780E+10

12500 1345E+10

1 7500 7.568E+08

.~~~ . ;^2cr,7-

3 447/l-U zl1

1 4365E+00

_ Eu- 1 7.3230E-03 42 53 0 00E+00 3 11E-01

Eu-155 S 9259E-04 4253 aa 2 52E02 22500 6020E+04

Fe-55 4253 ao
42 53

0 4 85E.05 9 69E-05 I

0 4 1 9E-02 8 38E-02 _
1 60E-05 3 20E-5

1-129
Kr-85
NP-237

21.27

2 7500 6 040E+C4
3 5000 4 116E+01
5 00o 1 689E+01
70000 I 856E+00
t1 o000 2 075E-01

2127 0 00E+00 8 76E-04
0 00E+00 2 G4E-4495752E-06

3 9379E-09
3.3115E-10

0 00E+00

Pu-23a
Pu-239
PU-240
PU-241
Pu-242

4253 00
4253 0C
4253 0C
4253 0C
4253 0C

0 7.04E-09 1.41E-08
196E-02 393E-02
3 45E-01 6 90E-01
910E-03 1 82E-02
5 17E-03 1 03E-02

21.27
2127
2127
21.2736329E-07

Se-79
i Sn-126
i Sr-90

__ Tc-99
Th-229_

9 0114E-10 21.27
3 1019E-14 2127
2.1225E-10 2127
12930E-05 2127
1 1571E-05 2127
1.3472E+00 21 27
4.2239E4-4 21 27
1 2407E-li 21.27
83497E-08 2127
3 8371E-14 2127
4 0446-08 2127

42 53 0 00E+00 3 45E-01
42 53 0 00E+00 7 73E6-
42 53 00E6+00 1 92E-08

42.53 0 00E+00 6 60E-13
42.53 0 00E+00 4 51 E-09
42.53 0 00E+00 2.75E-04

9 03E-09
5 50E-04

42 53 0 00E+00 2A6E-04 4 92E-04
0 00E+00 2.86E+01 5.73E+01

0 00E+00 898-03 1 06-02
0 00E+00 2 64E-10 528E-10

42 53 006+00
42 53 0 00E+00
42 53 O00E+00

3 SSE-06
1 63E-12
1 72E-06
4 66E-06 Thermal Power

1.54E-07 Nominal Heat Bounding

TI-208
1 0948E-07 2127 42 53 0.00E+00 _

3 6275E-(
1.8562E-(
-2 7235E-i

4253 0C
42.53 0C
000 7C

E403 7 89E403 I Output I meat Output

tJ235 127

U-236 1.5493E45

t)-238 -4 28s1E49
y-90 1.3475E6+00
Other Radionuclides

127 42.53 0 O0E+OU

E-02 7.06E-02 ^Watts) (Watts)

E-04 6 59E-04 is8E-01 7.14i-01

E-04 7 14E04 Total Total_ ~uAtA
2127
21 27 42.53 0 e 0 2.871+01 5 82E6O

2.91tE+Ot1 82E+Ot

ernplate Selection Summary
From SFO

Reactor Moderator Iiir kT W _

Fuel Cladding A

8OL NM Constituents U _
BOL Eirinchmenit %

_ asis for Parameter Differences

_ Ths Template was rned tor Ite lslewrg reano
laIns kW elmaires on at Parameters excep a hmscseet (unim-)'rr

I
a..; h- - - *din hm ate

Burnup Summary (IMWO

Nominal [

Bounding I

-- na~ .fl .-..--

Fri - I Estimal
21Z7

1 42.53

Nominal bumup taken ferm SF0 and mverted I MWd tsNg 80=L5 442kg

toubi urtt ase to be tMie norinal btarn
-

:I
Estimated BurIuEP

Buimup Multiplier Given Bumup Estimated EOL HM/GIven EOL NM

I 098Nominal ooo
A^ABounding I o tWt 1

rfladr lutsifl coe eeiovlttrag. ~dpln o ohe cote cort-sng -a i -aaam~- ----- u_

'Reactr shutdownl lore removal. storage. shsippeg or other msate conhirmng b naL Imea lal mass- to uet

"Totad burnup for all W~ associated wfi thINS workShaet rrast be clvided by SOL hreavy metalt rnass to g^et Specific burnup) valurs WWW".^

March 2003

DOE/SNF/REP-078
Revision 0

March 2003
Page Dr509of D-585



Fuel Radionuclide Inventory Worksheet
L Fuel and Template lnfersmadoai•:,,,2-

Fuel Name: NIST
SNF ID - 154

Fuel Units & Dear. 980 - 17 CURVED PLATES
HeavyMetal iass: BOL=3675kg EOL-15974hg
ROD Store" Site- SRS

'Fuel decay atart date: 1997
Estimates as of: 230

Template. HFBR (Heavy Water. Aum, 4010 100 ., U)
'Template Bumup(MWd). 1164 6

Template 80 Heavy eta Mass (MT): 0 000377
Temopate Decay Time 25 years

Estimated
Canister usage

18'x10'
[ 27 22

ILEtim. tettes - m X. X, b Y. yb Gamma Sources

CitMWd From Non
Radionucinde Template Fuel Bum
Ac-227 5 4520E-10 191,3
Am-241 92284E-03 191.3
Am-242m 1 3390E-06 191,3
Am-243 3 7084E-05 191.3
C-14 2 6452E-08 191,3

Fminal Bounding Fuel Inrital Activity Notmnal Fuel Bounding Fuel
up (MWcI9 Bumup (MWdO (Ci) Inventonies(Ci) Inventones(Ci)

Photon Total
Energy Photons/sec
Group (bounding)

ai WMJ+i 1 u~tqt 1 85E-04 I Avg MeV
I 1 77E+03 3 12E+03 00150 3173E.18

,68_3 E-01 453E-01 O 00250 6532E+15

338,505 35 C
4 4441tE-31 191.368 36 338,505 35 0 00E+00

1 26E+01
8 95E-03
1 50E-25
1 71E+00
1 30E+03
8 54E+00

0 0375 57S7E+15
0 0575 6 151 E+ 15
0o080 3702E+15
01250 Z569E+15S 0498E-06 191,368 36 338.505 35 0 00E+00 9 66E-_1

191,368 36 338.505 35 0 00E+00 7.36E+02
191,368 36 338,505 35 0 06E+00 4 83E+00

-i

Cs-134
Cs-i135

i 379E+02 671E+02 C
4.2564E-06 &15E-01 1 44E+00 0 8500 4 518E+14

Cs-1 37 1 8141E+00 191.368 36 338.,
Eu-1t54 3 4733F-019 101 38A "A I3a SfI0 IC l
Eu-t 55 7 10I8F-f3t 101 A 'AR '3I6 rIB 555 A n an-

3.5790E-04 191,368 36 338.505.35 0 DE.00E 6

6 14E+05
1 18E+04
2 41E+03
1 21E+02
1 18E+03
2 25E-01
2 65E+04

1 2500 3 049E+14
1 7500 1262E+13
22500 6 803E+08
27500 5 848E+08
3.50W 2 008E+07

-.-

14945E-03 191.36836 338,505.35 000E+00 6 69E+02
w-129
Kr-85
ND-237

338,505.35 000E+00 1 27E-01 U0 00E+00 1 50E+04
1 6 04E+00 07E+01 1 10000

Pa-231 1 3372E-09 191,. 04 4 53E-04
Pb-210 3 0644E-11 191 .36&36 338.1 1 044-05
Pm-147 A 518i8-03 I GI8snA In nIIS1 CM I

Q u . sw . , ,aw oo ,uw %

1 4769E-01 191,368 36 338,505 35 0 OOE+00 2 83E+04 5 OOE+04
191,36836 338,5035 0 OOE+00 1.33E+02 235E+02
191,36836 338,50535 OoE+00 726E+01 1 28E+02

II
PU-240

Pu-241 1 0565E-01 191.368 36
Pu-242 30911E-06 191,36836 338.50535

1 1081E-10 191,368 36 0 00E+OO 212E{
5 0 OOE+00 4 05E1

4 3 58E+04
I 1 05E+00

3 75E-05
9 7.17E-09
2 8 OOE-02Ru-106

Se-79
Sn-126

338,505.35 0 O0E+00 4 52E-02
0 00E+O0 2 36E+00 4 18E+00

1 95E+00 3 45E6O0
Sr-90 1 6932E+00 191.3
Tc-99 3 8056E-04 191t368.36
Th-229 9 1252E-12 191,368 36

5407E-08 191,368 36
5 0 OOE+00 1

0 0 OOE+00 I
0 0 OOE+0O S

324E+05 5 73E+05
'28E+01 129E+02
1.75E-06 3 09E-06
2 95E-03 5.22E-03
S 54E-09 9 80E-09
I OSE-03 1 60E-02

191.368 36
191,368 36 338,505 35 0 0E++00

338,505 35 0 OE+00 2'46E-02 4.35E-02 Thermal Power
U-233 5 1470E-09
U-234 5 6069E-05
U-235 -2 8661E-06
U-236 1 6701E-05
U-238 -9 4194E-09
Y-90 1 6932E+00
Other Rarionuclides
M11. Template Seectiin Sunrnmry, Bunup SUr

ITernitat, Selecton Summar,

; n nn=-nA ,A
Iu wtuu 9 05E^-4 1.14E I Nominal Heat Bounding
O06E+00 1 07E+01 1 90E+01 Output Heat Output
741E-01 1.93E-01 741E-01 (Watts) (Watts)
I -n nn-A =n = A .Xe.A _ _

19t,368 36

4 UtC~fli a ZUttiA D tit+Uu 1 4 96E+r3 8 78E+03
0 00 8.23E-03 6 43E-03 8.23E-03 | Total Total

338,505 35 0w6E+00 3 24E+05 5 73E+05
332E+05 5 88E+05

Basis for Parameter DIfferences:From SFv
Reactor Moderator HEAW WATER

Fuel Claddfing ALUM
BOL MM Constituents

BOL Enrichment % 93.33333333

I Used
I HEAVY WATER I LiI ALUM

U
_ 4010100 1

I8umup Summary (1Wd) 1 Basis tor bumup used in estimate:
4

From 51`v Estimated
Nominal1 191,368 31

Bounding- 1903S500S 338,505.3!I1"mria burip cAed tarm st hea nelal mas desvsye.
Bauderig t nb car latef assuesrr a at 0L heavy mfetal busted.

Checks I LEstimated Bumupl
Bumup MUtl~tup

Norninal t1
Boundmng Z 11

Estimated EOL HMWGrven EOL HU
: 103

7S
Reactor shutdown, core removal, storage. shipping or other date confirming that Irradabion ceased tor hael

'Total bumrnu for all tuel associated wth ths worksheet must be dvided by 0OL heavy metal mass to get specafic burnup values (MWd1UT)

DOEJSNFIREP-078
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Fuel Radionuclide Inventory Worksheet

!. Fu and Template Information . 7

- Fuel Name NIST (U308 HEU)
SNF ID S 752

Fuel Units & Descr 420 -17 CURVED PLATES

Heavy Metal Mass BOL=72 1 58kg EOL-33 894kg
ROD Storage Site SRS

'Fuel decay start dale 1997
Estimates as of 2030

Template HFBR (HeavyWaterAlum. 40 10 100Y. U)

'Template Bumup(MWd) 164 6
Template BOL Heavy Metal Mass (MT o 0000377

Te-..nte fleran Tlme: 25 years

Estimated
Canister usage

18 x10t
11 67

II Enetimotes - s m x. Xb -- b Y. Y. Gamma Sources

- CUMWd From
Radionuclide --Template

Photon Total

Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Fuel Bumup (MWd)' Bumup (MWd) (Cn inventonies(Ci) riventories(Ci) Group (bounding)
------ - ~ 00fl~ -1 r2F-O I AV. MeV

Ac-227 54 35243 24 6b0,46J I 3. :5E+0

Am-241 35,243 24 03.25E+02 6231E+15
1328E+s15

Am-242m
Am-243
G-14

35,243 24 0 OOE+00 4 72E.02

35,243 24 0 OOE+00 1 1 I1 32E+15

I O OOE+00 0 0575 t.z08E+t15
^ z = A r ^ noe

4441E-31 35,243.24 66,46311 0 DOE+00 1-57E-26 0 0b850b I UtibS

iO498E-06 3524324 66.46311 0 000 t1.78E-O1 3 36E-01 0120
72A69E+14

243.24 66,463.11

Co-60 35,243.24 66,463 1
IAbLE+02 ZA96 L+ uz
8 89E-01 1 68E+00
6 99E+01 1.32E+02

Cs-134 35243 24 66,463 1 :+DO

0375 ...414
03750 2716E+14
085750 4-'04E,15

0 8500 8 871E+13
12500 2 987E+13Cs-135

- Cs-137
I Eu-154

3 35243 24 E+00 1 SOE-01

E+00 35.243 24 0 OOE+00

E 42 35,243 24 000E+00

--03c.. sc

- Fe-55 3 5790E-04
I H-3 3 4945E-03

U 1-129 6 6403E-07

b Kr-85 7 8250E-02
Nr-237 3 1567E-05

66,46311 O .OOE+00
66,463 11 0 OE+00
66,463 11 0 OOE+00
66.463 11 0 OOE+00

2

i39E+u^4
1 7500 2 473E.12

E+02
2.W3E+01 27500 0 1948E+0

22500 1 3361E+08

2.32E+02 3 5000 3 9420+v6

2 4 41E402 50000
3.24 66,463 11 2.76E+03 5 20E+03

11 000035,24324
35,24324

I 11E+Oo 2 1

Pa-231 t

\ Pb-210 30644E-11
~ Pm-147 6 51 6E-03

- Pu-238 1 4769E-01
Pu-239 6 9502E604
Pu-240 3 7928E-04

31 0 OOoE+O 471E-0s
3 00 0 O6OE+0 1 08E-06
311 0 OOE+00 2 30E+02
3 11 0 OOE+00 5 21 E+03

4 33E.02
9 82E+03

35 243 24 66 463 11 0 OOE+00 24 +01 4 62E+01

Pu-241
Pu-242
Ra-226
Ra-228
Ru-106

Se-79
Sn-l 26
Sr-90
Tc-99
Th-229
Th-230
Th-232
TI-208
I U-232
U-233
U-234
U-235
U3-236
I U-238
Y-90

no fOther Radionuc

35,243.24 66,463 11
35,243.24 66,463 11
3524't24 66.463 11
35 24324 66,463.1 1

)OCOE+Oo 1.34E:+Ot 2E+V I

OOE+00 3 72E+03 7 02E+03
OOOE+00 1 09E-01 2 05E-01
3006+00 39E-06 737E6-
3OOE+00 747-10 1 41E-09

35.24 I 0 OOE+00
I 0 OOE+00 E-0t

I 2.rt9E4

t 0194E-05 3 5 .A44 6. 1 000+0 3 59E-01 678E-01
.c- I 111r..

1 6932E+00 35.243 24

3 8056E6-4 35,243 24

9 1252E-12 35,243U24

1 5407E-08 35,243.24

2 8937E-14 35,24324

4.7272E-08 35,24324

1.2855E-07 35,243,24

5 1470E 09 35,24324

5 6069E-05 35243 24

-286616-06 35.243 24

. .z.-

66,463 1 E+00 1 34E+01 2.53E+01
E+00 3.22E-07 6 06E-07
E+00 543E-04 1 02E-03

6,463 t1 0 00E+00 1

6,463 11 0 D0E+00 1

,.46311 0 00E+00 4
6,463 11 O OOE+00 1

5

i 6701E-05 35,243 24

6,463 11 06OOE+00
0 00 14A5E-01

3,463 11 0006+00

0 00 1.66E-03
3,46311 0 OOE+00

-03 3 146-3

-03 8.54E-03 Thermal Power

E-04 3 42E-04 Noninal Heat r Bounding
+00 373E+00 Output ' Heat Output

E-02 1.45E-01 (wafts) (Wafts)
E-O 1.11E+00 9 14E+02 1 72E.03

E-03 1 66E-03 Total Total
+04 1 13E+05
+04 1.15E+05

51

-9 4194E-09 35,2432
1 6932E+00 35,243.2

ides
,,J, .. , , � - -,, �

,BU

I.-
- I -_. -- .^ee Odlerece

IA .EV WAEr .

Reactor ModeratorF HEAVY WATER _ HEAVY WATER
I ... ._. .

A1 IIN kPAUMFuael ce^gI ' r-u
BOL HM Consttueints . U

ROL Fnehimet % 931743019L _

sMun- Su-me (M Vd) I18515 fur uurnup ubcu

From SFD 0
i, .1-, - ra -froe the aw i.el nast desryeNominal

Bounding

Checks

4329 ., E Iondig rimli cacialed assnuig at BOL heavy mretal bined

�*1

Bum
Nominal [

Bounding-|

1 12 81405

I.111 I

Reactor shutdown. core removal storage shipprig or other date contimNng that Inadiation ceased for fuel

7Total bumup for all tuel associated with ths worksteet must be dvided by BOL heavy metal mass to get Speofic bumup values (MWd1AT)

March 2003
DOEISNF/REP-078 
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Fuel Radionuclide Inventory Worksheet
L Fuel and Temrplate Informnation,, -

Fuel Name OHIO STATE (HEU)
SNF ID #U 157

Fuel Units & Desen 24-18 FLAT PLATES
Heavy Metal Mass: B0W=3.41kg. EOL=3 41kg
ROD Storage Sne SRS

'Fuel decay start datde 1995
Estimates as of. 2030

Template ATR (t1-ght Water Alum .60 to 100%, U)
'Temptlate Bumup(MWd): 3672

Template SO Heavy Metal Mass (tT) 0 00116689
Tempriate Decay Time 35 years

Estimated
Canister usage

18 x10
067

IL Esfimattes m x X, b Y | Gamma Sources

CiIMWd From Nominal Bounding Fuel Initral Activity Nominal Fuel Bounding Fuel
Template Fuel Bumup (MWr)' Bumup (MWdV (Ci) inventones(Ci) Inventornes(Ci)

Photon Total
Energy Photons/sec
Group (bounding)Radionuclide

Ac-227
Am-2411
Am-242m
Am-243

0 WOE.00 30E-07 59E-07 I Avg Mev
00WE+00 63E-01 26E-01 I 00150 9 15E412

12E-05 0 0250 1.S76E,122
1.4880E-06 64S
5 7053E-09 64 S

92E-04 00375 t177Ev12
C-14
Cl-36 1.3124E-32 64 59 129 19

I 348E 12
1 114E,12

Cm-243 1.1419E-07 64 59 12919 0 OOE+C
Cm-244 1 6522E-05 64 59 12919 0 OOE+0W 1 07E-03 13E-03
Co-60 7 4047E-07 64 59 12919 0 WE+00 4 78E-05 9 57E-05 803750
Cs-134 2 0455E-05 64 59 12919 0 00E+00 1 32E-03 2 64E-03 0 5750 S913E.12

0 WE+00 2 23E-04 4 45E-04 I 0 8500 8.445E+10
9 28E+01 1 86E+02 1 12500 4 084E.10

2.2S9E8.09
Eu-155 5 9259E-04 64 59 129 19
Fe-55 22791E-06 6459 12919 0 OOE+00 1
H-3 1 9698E-03 64 59 12919 0 00E+00 1.27E-01 2.54E-01
1-129 7 5300E-07 64 S9 12919 OOE+WD 4 86E-05 9.73E-05 5 sooC0 4 368E+01 LI64 S9 129.19 0 OOE+OO 2 66E+00 5 32E+00 700Co 4 781 E+00

I 0 06E+00 6.19E-04 1 24E-03 I t 0000 5331E-1
2 54E-07 5 09E-07

4 28E-08
Pni-147 9 2402E-04
PU-238 1 6217E-02 64 59 129 19 b
Pu-239 42810E-04 6459 12919 0 OOE+00 2 77E-02 5 53E-02

12919 0006+00 1 57E-02 314E-02
1 05E+00 2 10E+00

Ra-226 90114E-10 64.59 129 1 U UOOE+OJ 5 82E-08 1 16E-07
OOE+00 2 00E-12 4 01E-12Ra-228 3.1019E-14 64.59 129 19

2.1225E-1 0 64 59 129 19 OOE+00 1 37E608 2 74E-08
64 59 12919 0 OOE+00 835E-04 1 67E-03

-

-

747E-04 1 49E-03
70E+01 1.74E+02

Tc-99 4 2239E-04 S 46E-02 I
Th-229 1 2407E-11I 64 59 r

Th-230 8 3497E-08 64 59 129 19
Th-232 3 8371E-14 64 59 129.19 0 OOE+00 2 48E-12
Ti-208 40414E-08 6459 129.19 6OOE+00 2.61E-06 5.22E-06
U-232 1 0948E-07 6459 12919 0 OOE+00 7.07E-06 1.41E-05
U-233 3 6275E-09 64 59 129 19 0 OE+00 2.34E-07 4 69E-07

Thermal Power

1 8562E-04 6459 12919 0OE+0O 120E-02 240E-02
Nominal Heat Bounding

Output Heat Output
(Watts) (Watts)-2 7235E-06 64 59 000 687E-03 A 70E4-3 A 87E-03q

1 5493E-05 64 59 12919 00DE+00 1 00E-03 2.00E-03 1 08E.00 216E+00
:-05 7 70E-05 7 73E-05
E+00 8 70E+01 1 74E+02

8 84E+01 1 77E+02

Total Totai -

Other Radiornuctdes

181. Template Selection Surnmory. Burnup Suaunarv, and Checks -- 4 -« -, --
Template Selection Summary

From SFD Used Basis for Parameter Dtfferences:
Reactor Modrrato UGHT WATER UGHT WATER

Fuel Cladding I AtM ALUM
BOL HM Constituents:| U U

BOL Enrtchment % 9325425219 60t to tOO

Bumup Summary (MWd)` Basis for bumup used in estimate:
From SFD Esmated

Nominal | t6459 Nomrnal baurvu assured lo be 2% ot 8CL heay metal mass
Boding | 129 19 Smrdng burW atsoim b to be Woe sornealusi.

pChecks |

Ii
1U

Estirnated Bumupf
Given BurmupBumup Multptlier Estimated EOL HU/Given EOL HM

o0981Nominal
Brounding I

'Reactor shutdown, core removal. storage. shipping or other date confirming that Irradiation ceased for tuei

'Total bumup lor all tuei associated with this worftheet must be diMded by 80L heavy metal mass to get specific bumnup values (MWd/MT)
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Fuel Radionuclide Inventory Worksheet

1.Funel andlTemplate Informaatinff
Fuel Name- OHIO STATE (LEU)

SNF ID # 158
Fuel Units & Descr. 30 -18 FLAT PLATES

Heavy Metal Mass 801E26 151kg EOL=26 151kg
ROD Storage Site SRS

'Fuel decay start date 2035
Eatimates as of 2030

Template ATR (Ughlt Water Alum .60 to 100-. U)

Template Bumup(MWd) 3672
Template OL Heavy Metal Mass (MlR: 0 00116689

Template Decay Time 5 years

Estimated
Canister usage

18X102

I Gamma Sources
. __ ._ s .. rn X_ D 1"

__ . . .. . __ _ . __ _

I ~ Photon Total

Radionuclide
Ac-227
Am-241
Arn-242m

CU1MWd From - Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWd) Burnup (MWd)
2  

(C) Inventones(CI) Inventones(CI)

1 4545E-10 495.31 990 62 0 OOE.00 7 20E-08 1 44E-07

1 I190E-03 49531 990 62 000E+00 554E-01 1 11E+00

Energy Photons/sec
Group (bounding)

Avg I
jool

5S31 99O06 2 25E-04 4 5 4 117E+13
I 3799E813

49531 990 2 0 O0E+00 7.39E-04
Am-243 1 4

C-14 495 31 99062 0008.100 2 84E-06

Cl-36 495 31

OCx-243 495 31
O 62 0 OCE+wU 6 5r-Jt3
e 62 0 WE+00 17E-04
e 62 O00E+00 2.58E-02
362 008E+00 1 89E-02

_ 0 0575 3 736E+13

_ 0 0850 2.382E+13

_ 01250 2063E+13
= 0.2250 20198.13

Crr-244
Co-60
Cs-134

495.31
3 78E-02 03750 9 771E+12

4 -
. n^

4 8693E-01 495.31 99062 0 WE+w 3 28-+03 0 5750 1 342E+U4

^nc. 3 42E-03 Q3 4477E-06 990 62z u WM+

2 990 62 0 0 +03
+01

Eu-1 54 990 62
4953 990 62 0 0-E+00 1 94E+01

Eu-15b

2 85E+03
8 13E+01
3 88E+01
6 63E+00
17.SE+01
7 46E-04

3 076E+1 I

i

Fe-55 495 31 OOE+OO 3 34E+OO
1OE+00 5.25E+00.0+0

1 77011+09

35000 19 l63E+o8
F-31 0599E-02 495 31 990V 2 U a

I-t29 75300E-07 49531 99062 01

- Kr-85 2 8595E-01 495.31 990 62 0 1

Np-237 9.5479E-06 495.31 99062 01

Pa-231 8 92978-10 495.31 990 62 0 1

\ Pb-210 37609E-12 49531 99062 0C

Pm-147 25452E+00 495 31 990 62 0 1

Pu-2I3 2 0550E-02 495 31 990 62 0 t

Pu-239 4 2838E-04 495 31 990 62 0 I

Pu-240 2 4401 E-04 495 31 990 62 0 1

Pu-241 6 8764E-02 495 31 990 62 0 1

)0OE+OO 7 0000 6 OSOE+02
2 83E+02 7 oroo

E-03 9 46E-03 I I1li=00

--07 8 85 1

I86-09 373E-09

26E+03 2 52E+03
a- t02E+Ot

.OE+OO 2.12E-01
IOE+OO 121 E-1
08E+OO 3 41 E+01 E+01

- Pu-242
Ra-15226

- Ra-228
- ut-106

Se-79
Sn-126

3 6329E-07
3 8045E-11 1

990 62 0 OOE+00
990 62 O.OOE+O0

360E044
77E-08
.96E-12495 31 990 62

495.31 990 62
495.31 990 62
495.31 990 62

0 OOE+00 1 48E-12
0 OOE+00 9 44E+01
0 OOE+00 6 41 E-3
0 OOE+00 S.73E43

i Sr-90
Tc-99
Th-229
Th-230
Th-232
T1--208
U-232
U-233

2 7505E+OO 4 0 62 0 OOE+00 1

4 2239E-04 495 31 990 62

1 8848E-12 495 31 99062
0

; nj

209E-01 4 18E-01
9 34E-10 187E-09
8 44E-06 1 69E-5
3 87E-12 7.74E-12
2 18E-05 4.36E-05

1.70
7.81

_ 4 40

495 31 990 62 V L

495 31 990 62 0 e
495.31 990 62 0 0

- As_##
-

1.31 49531 99062 0008+00 61 E4-5 1 30E4-04
1 94E406

u-o

I U-236

1 49531 S
14 495 31 S
6 495.31
5 495 31 S
9 495 31
0 495 31 S

O OOE+OO 9 69-07
0 0OE+CO 9 lOE-02
I 12E-02 9 82E-03
0 OOE+00 7 67E-03
7 05E-03 7 05E-03
0 OE+OO 1 368+03

Thermal Power

Nommial Heat Sounding
Output Heat Output

(watts) I (Watts)
2 51E+01 5 02E+0-1

Total Total
m90

U-238
Y-90

- Other Radionuctides
E+O E+03

E+03

IJ II 1FtLIemplate Selection Senngr, Burna
remplate Selection Summary

From SFD

Reactor Moderator LIGHT WATER
Fuel Cladding ALUM

BOL HM Constituents U
BOL EnrIchment % 19 765783

lui - .u....... --.----.

-

I I - , V,

e. _. i
GHTWATER

ALUM
U

This Temate was ued!frtellw tr teasons

The Wat malcies ATR Template on at btt One parameter (eichmet) makng AT. a reasabable

nsc

_ 6010100 b I

R: . ,< f i* * *ttUD In *tirnatW
B3urnup, Surnrnary jMWO) a .r S,,,

Fromr SFD)
tNoinal [-

bounding

Cthecks

II ~ 95.3lNominal bermup aswmed Io be 21% of Ot heavy metal mass
I990 6fjoad Scuncli p assord lo be twice soecrnal bUstle

Estimated Burnupt
GIwen BumupBurnup Multiplier Estimated ErOL HMGiven EOL HM

I 098Nominal 006
n 12

-oun Iy _ -- _

'Reactor shutdown core removal, storage. shipping Or other date confirsnng Ithal IrraiaOn ceased for B

aTotal burnup tor an fuel assoatled wits this worksheet must be divilded by 0OL heavy metal ma-s to get speific burnup values (MWdSVT)

March 2003

DOE/SNFIREP-078
RevisionI 0
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Fuel Rladionuclide Inventory Worksheet
L Fuel and Template lnfurmmdori~, l,j

Fuel Nun. OMEGA WEST (204)
SHIP ID #, 406

Fuel Units ADescr~ 16 -18 OR19 FLATPLATES
Heavy Metal Mass: SOL=3264Rg EOL=2.SZ5kg
ROD Storage Site. SRS

'Fuel decay start date. 1992
Estimnattes aps owf 203

TepaeATR (tUgh Water, Alum .60 to 100%. UI)
5
Template Bumiup(M Wd): 367.2

Template 1301. Heavy Metal Mass (MII: 0 00116689
Temptate Decay Thyme: 35 veass

Estimated
Canister usage:

18X10,

11. F~sfinates~ ,, , ' mn 5. 5 b Y.yb Gamma Sources

CI/MWd From Nominal Bounding Fuel initial Activity Nominal Fuel Bounding Fuel IEneg Photons/see
Template -, Fuel Burmup (AWd) Burnup (MWd? (Ci l1 nventories(Ct) lnventones(Ci) Group (bounding)Radionuclide

Ac-227 U LFJ+ive ].IUr-mJ z Ub1-0
Am-241 3 2.14E+00 2 5BE+00 C
Arn-242m 3 9624E-07 3.36E-04 4 05E-04 0 0250 1 562E+13
Arn-243 1 4880E-06 84 I 52E-03 0.0375 1.358E.13
r-14 5 7053E-09 848 64 --06
CI-36
Cm-243
Cm-244
Ca-60
Cs-1 34

I 3124E-32 848 64 1,021 63 0 OOE+00
0.0575 1 462E*13
0 0850 8408E.12

-01250 --- 5,818E.12I 1419E-07 848464 1.021 63 0008E+00 I 69E-(
848 64 1.021 63 0OO0E+00 40E-02 69E-C

1 63 0 OOE+00 6 28E-04 7 56E-04
0 008+00 1 74E-02 2 09E-02 C

Cs-135 3 4477E-06 2 93E-03 3 52E-03 08$50o
Cs-I137 1 4365E+00 I 47E+03 1 2500 3.230E+ 11
Eu-i154 7 3230E-03 848 64 7 48E+00 1 7500 1 8188.10
Eu-155
Fe-55
H-3
1-1 29
Kr-85

5

7

9259E-04 848 64 1.021 1
848 64 1.021 63 O OOE+00

22500 1 520E.06
2 7500 1 451E.06
3 5000 8 4068E02848.64 1,021 63 0008E+00 1 67E+00

848 64 _ 1,021 63 O OOE+00 6 398.04 7 69E-04 I1,021 63 O OOE+00 3 49E+01 4 21 E+01
ND-237 8 13E.03 9 788.03 1I C
Pa-2311 3 93798.09 B48 ( 3 348.06 4 02E.06
Pb-21 0 3 3115E-10 B48 64

V-Ulm- 04a b4 1.021 63 0 OO8+00
1 6217E-02 848 64 1,021 63 0008E+00 7

3
2

81 E-07 3 388.07
84E-01 9 448.011

38E+01 1-66E+01
638.01 4.37E-01

t7

IWjI 63 0008E+00
PU-240
PU-241
Pu-242
Ra-226_

1 6242E.02 848 f
068-01 2498.01
288E+01 1 66E+01
088.04 3.71 8.043 6329E-07 848 64

9 01114E-10 848 64
3 10198-14 848 64

1,021 63 -0 00E+00 -71
1,021 63 0 00E+00 2 (

Se-79
Sn-1 26
Sr-90
Tc-99
Th-229
Th-230
Th-232
Tl.208
U-232

848864 1,021 63 0008E+00 1 80E-07
848 64 1.021 63 0008E+00 1108.-02
848 64 1.021 63 0008E+00 9 828.031 1571E-05

1 3472E+00

2178.07-
1_328.02
1188.-02
1 388+03
4 32E-0114.2239E-04 848 64

I12407E-11I 848 64 1.021 63 0 DDE+1
I - 1.021 63 0 00E+00 7 098E4

1,021 63 0008E+00 3 26E-1 1 3 92E-11I
1.021 63 000DE+00 3 438.05 4.138-05
1,021 63 0 OOE+00 9-29E-05 11.1212-043648 Thermal Power

U-233 3 6275E-09
UJ-234 1 8562E-04
U-235 -2 7235E-06
U-236 1 5493E-05
tU-238 -4 2a51E-09
Y-90 1 34758+00
Other Radiouclides

i~lL Template Sellection Suusmrvi, Burrow
Template Selection Summary

From SF0
Reactor Moderator. LIGHT WATER

Fuel Cladding ALU
BOt. HUd Constituents

.021 63 0008E+00 3 088-06 3.718E-06 aoinJHetBounding

.021 63 0 008+00 1.588-01' 1 90E-01 lOmuntpu~t'"Heat Output
0 00 6.578-03 4.26E-03 6 5782-03 (Watts) (Watts)

V-wm.w 1 bbt-(Jz I 1 42E+01 1 71E.01
f 3jc-Vo 1 6E-05 7 53E-05 Total Total

Summry. and Checks'

- 1 ii-- I

1.021 63 0008E+00 1 14E+03 I 38E+03 I
1 16E+03 1 408+03

lJG*{TWATERI

113asis for bumup used In estimate:

Aj
Bumup Summary (MWd)' J

700.04
1 400.07

N oeiea bom lake ciea y from SF 0 ( onverled tD Wivd)
ftirdin tomm aken drect from SR) (corierled is MW4)1 021 63

I' 8
Estimated Burnup?

Gvn- uR.-u.Burnu. Muftlotier
Nominal F , 0.831

0 991

Estimated EOL HM/Given 801 HMd
09

'Reactor shutdown, core removal. storage. skepping or DOWhe dale conhirming that irroaclaon ceased for fuel.

'Total burnu4p for atl fuel associated with thit workshwee must be divided by BOt, heavy metal mass to gel speaki bunnup values (MWO/?Al) -- 8-

DOE/SNF/EREP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet

I L Fuel ana TenplateInfornuation ,_

L Fuel Name OMEGAWEST(236)
SNF r D 407

Fuel Units a&Decr 44 -18 OR 19FLATPPLATES

Heavy Metal Mass BOL.10.384kg EOLr7264kg
ROD Storage Site SRS

'Fuel decay start date 1992
Estamates as of 2030

Template ATR (Light Waler. Alum, 60 to 100%, U)

'Template Bumup(MoVd) 3672
Template BOL Heavy Metal Mass (MD 0 001166B9

Temptate Decay Time 35 years

Estimated
Canister usage

18,X10
183

I �I r-..-- -z--
. . . ,

n Y_ D Ib . . . ....

,li. k:51turntes - - m -. .- - Photon Total

CrlMWd From Nominal Bounding Fuel initial Activity Nominal Fuel Bounding Fuel

Radionuclide Template Fuel Burnup (MWd)
2 

Bumnup (MWd)' (CO ) lnventones(Ci) Inventorles(Ci)
- ----- I r - Mpn 7266F-06 8 98E-06

I Photon Total
Energy Photons/sec
Gnoup -(boundng)

Ac-227
Am-241

2 Uw6bt-0

2 5251E-03
3 9624E-07

4,475.50 0 006+00 92

4,475 50 0 LOE+00 1
4,47550 0O)OE+00 5 .
A A75 s0n 0 E+W00 2.1

I 13E+01

2

77E-03 I 0 0250 6S845E913

1 vg UeV

_ 00150 3296E+14

i 65E03 I0 0375 s5949E+13
14
57 55E-05 I 0 0575 6 404E+13

C-14
Cl-36 4,475 50

5 4,475 50

E-29 5 87E-29 o 01

- Cm-243 3.665 5' 4 19E-04 5 IIE-04 I 01

Cm-244 5 3,665 55
17 3,665 55

A 6 06E 02

Co-60
Cs-134
Cs-135
Cs-137
Eu-t 54

,0 00E+00 271E-03
i 0 OOE+00 7 50E-02
3 0 00E+00 t 26E-02

0.3750 t1449E+13
0.5750 2.395E+14
05o500 2.925E+1215

3 4477E-06
4,475.50 0 0E+00
4,475 50 0 00E+00

6 43E+03 1250 1 415E+12
11 3.28E+01 1 7500

Eu-t 55 3.665 55 4,475 50 217E+00 2 65E+00 229500

^S 65 5 A 78 35E-03 I 02E-02
Fe-55

- H-3
U 1-129
,- I Kr-85

vbVw ;,4 -

3,665 55 4
3,665 55 4

0 00E+00 722E+00 8 82E+00

0 00E+00 2.76E-03 3 37E-03
1 00E+00 1t51E+02 184E+02

1 OE+00 351E-02 4'29E-02
I 0 006+6

50000 1 505E+03
70000 1 647E+02
110000 1 836E+01E-02 3.665 55

9.5752E-06 3,665 5
3 03709-110 0 0 00E+00 5

- m-z~ IW0; 48EW
Pb-210 3 3115E-10 3,665.55 4,475 50 000E+00 1216-06 1486-06

n Pm-147 9 2402E-04 3,665 55 4,475 50 0 00E+00 3 39E+00 4 14E+00

Pu-238 1 6217E-02 3,665 55 4,475.50 000E+00 5 94E+01 7,26E+01

1 Pu-239 4 2810E-04 3,66555 4.47550 0006+00 1 57E+00 1 92E+00

Pu-240
Pu-241

E-04 3,665 55
-02 3,665 55

3 6329E-07

4,475 50 0 006+00 S 956+01
4,475 50 0 006+00 1,33E-03

4,475 50 0 00E+00 3 30E-06
4.47550 000E+00 1 14E-10

9 0114E-10
4 03E-06
1,39E-1 0

Ru-106
Se-79
Sn- 126
Sr-9O

ThTc-99
Th-229

3 1019E-14 3,665 55
2 1225E-10 3,665 55
1t2930E-05 3,665 55
1 1571E-05 3,665S5
1 3472E+00 3,665.55
4 2239E-04 3,665 55
1 2407E-11 3,665 55
8 3497E-08 3.665 55

4,475 50 0 00E+00 7 7E-07 9 50E-07

4,475 50 4 74E-02 5 79E-02
4 24E402 5 18E-02

44
4.475,50 0 00E+00 4 94E+03

4.475.50 000E+00 1 55E+00
1,475 50 00E+00 4,55E-08

,475 50 O00E+00 3.06E-04

Tl-208
U-232

3 8371E-14
- 4.0414E-08

1 0948E-07

4 i,475 50 0 O^E+O
S 4,475 SO 0 O0E+0
5 4.475 50 0 0DE+C

5 4,475 50 0 00E+(
i 4,475 50 0 00E+0 6

t.72E-10
11I-04 1 81.. P..,
4 90E-04 Therma Power
1 62E-05 _Nommnat Heat Bounding

-

U-233 3 f
U-9234 1 f
U-235 .

U-236 If1
U-238 1

3.665 S' ; 8E-01 8 31 E-01
,, _ _ 00_

3,665 55
3.665,55

0400 5
_4,475 50 e

U UU
! 3.66555
,- Y-90 4.475,50

2 1 09E-02 2 09E-02
0O 5 68E-02 6 93E-02

4 2,21E-04 2 37E-04
00 4 94E+03 6 03E+03

5 02E+03 612E+03

Outpuit * Heat Output
(Watts) . (Watts)
b 13E+01 7A49E+01

Total Total

I

V

I

V
I ,i

r

Template Selection Summary
From SFD

Reactor Moderator LIHTWATER

Fuel Caddng ALUM

BOL NM Constituents U
OL Enrichment % 9322033898

Basis for Parameter Differences:

ALUM
U _

601t0o100

I
.ases -s uu r ..- sa....wSu-mup Summary (MWd)'

Nominal F
Bounding-F

Eatm-ate-
roem SFD

3 665.
4 475.50

Estimated

2 954.32
5S90w.64

Nwwlial furnup Skee dectly tari SFD (CueVWWe is MWd)

BardNe bizeyp 5km lirecty from SFD (cmueverie is MWd

Checks

R -m.u Mufticlier

=1
Estimated Burnup

Given Burnup Estimated EOL HNMGiven EOL HU
I` 0 931__-. .. nas

II . .
Ionm =13ii~ 132

'Reactor shutd6wn, core removaj. storage. shipping or oiler date confirmiing that trradabon ceased Ior fuel

'Total burmup tor all fuel assodated wtih tNs worksheet must be divded by OL heavy metal mass to get sPeciltc bwup values (LfW0MT)

March 2003l
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Fuel Radionuclide Inventory Worksheet
L Fue and Template Intrtiort don>:

Fuel Name: OMEGA WEST (250)
SNF ID 4 408

Fuel Units & Dewr 27 - 18 OR 19 FLAT PLATES

Heavy Metal Mass: BOL.6 75kg, EOL+5.2kg
ROD Storage Site: SRS

'Fuel decay start date: 1992
Estimates as oft 2030

Template ATR (tight Water. Alum. 60 to 100V, U)
"Templat. Bumup(MWd)r 3672

Template 60 Heavy Metal Mass (MT): 0 00116689
Template Decay lime 35 years

Estimated
Canister usage

18'x 0'
r 113

U.Esmanktes-.- - m x xb b Y. Yb GammaSources

Radionuclide
Ac-227

CrJMWd Fror
Template

2 0068E-09
2 5251 E-03
3 9624E-07

mI

Am-241
Am-242r
Am-243
C-14
CI-36

1,559 25 2,949 75
1,559 25 2.949 75
1,559.25 Z949 75 C

Nominal Bounding Fuel lonital ACtvity Nominal Fuel Bounding Fuel
Fuel Bumup (MWd)' Bumup (MWd)' (CO) inventones(Ci) InventoriesiCil

w.

Photon Total
Energy Photonsrsec
Group (bounding)

Avg MeV
00150 2173E+14
0.0250 4511E+E13
0 0375 3 921E+ 13
0 0575 4221E+13

) OOE+00 6 1
1,559.25 Z949 75 0 00E+00 2 32E-03

9 75 0 00E+00 8 90E-06 1 68E-05
9 75 0 OOEE+00 2 05E-29 3 87E-29 0 0850

Cm-243 +00 I 7R8E04 3 37E-0A 0 1zso t ^.,^,-

tCm-244 +00 2 58E-02 4 87E-02 I 0 2o Z195E+13
Co-60 7 4047E-07 1 15E-03 2 1BE-03 0 3750 9551E+12
Cs-134 2 0455E-05 1,559.25 0 5750 1 579E+14
Cs-135 3 4477E-06 1,55925 2,949 75
Cs- 137
Eu-154
Eu-155
Fe-55
H-3

1 4365E+00 1,559 25 2,949 75 0 OOE+00
0 8500 1 9285E12
1.-500 93261+11

7 3230E-03 1,559 25 2,949 75 0 00E+00 1.14E+01
2,949 75 0 OOE_00 9 24E-01 1.75E+00

0 00E+00 3 55E-3 6 72E-03 2 7500
3 07E+00 r 04 c . ^A

1-129 7 530WE-07
Kr-85 41176E-02 1.5t925 2.949 75
Np-237
Pa-231
Pt-210
Pn-147
Pu-238
Pu-239
Pu-240

9 5752E-06 1,55925 2949 75

s B1i E+UW a 3soo 2 427E+03
2.22E-03 s OO 9 91SE+02
121E+02 70000 10 IOSE+02
2 82E-02 11.00I 0 1210E.01
1.16E-05
9.77E-07

9379E-09
311SE-10
32402E-04
6217E-02
.2810E-04
4333E-04

1,55925 2,949 75 OOCE+00 6.14E-06
1,5925 2,949 75 0 OOE+00 5 1 6E-07

2,94975 0 o0E+00 1 44E+00 73E+00
2.949 75 0 OOE+00 2 53E+01 i 78E+01 I i

fbi6 68E-Ot

Pu-241
PU-242
Ra-226
Ra-228
Ru- 06

.6242E-02 1.559 25 2.94975 oa

1 26E+00
7 18E-01
4 79E+01
1 07E-03
2 66E-06

6329E-07
0114E-10
1019E-14
1225E-10
2930E-05

1,559 25 2,949 75 0 coE+00
1,559 25 2,949 75 0COE+O0 1 41E-06

0 OOE+C0 4 84E-t 1 9 15E-11

Se-79 I .t
fSn-126 I 1571E-O5

3472E+00
1,559 25
1,55925

2,949 75 0 OoE+00 3 31 E-07
2.949.75 0 OOE+00 2 02E-02
Z949 75 0 OE+00 t.80E-02
2.949 75 0 OOE+00 2 1 OE+03
2,94975 0 00E+00 6.59E-0O

6 26E-07
3 S1E-02

1t25E+00
Th-229 t 2407E-11 1.55.9
Th-230 8 3497E-08 1.559
Th-232 3 837tE-14 1t559,
TI-208 4 0414E-08 1,5592
1-232 1 0948E-07 1,5592:
U-233 3 6275E-09 1,5592~
U-234 1 8562E-04 1,5592
U-235 -2.7235E-06 1.5592

2,94975 0OOE+00 1 93E-08 3 66E-08
2,94975 0 00E+00 1 30E-04 2 46E-04
2,94975 A AAE00 598E-11 1.13E-10

00wE+00 6 30E-05
0 OoE+00 1.71 E-04

1.19E-04
323E-04 Thermal Power

f5 66E-06 1 07E-05 I Nominal Heat Bounding
2 89E-01 5 48E-01 Output Heat Output
9 33E-03 t 36E-02 (Watts) (Wafts)25 000 t3

U-236 t.5493E-05 1.559 25
U-238 -4 2851 E-09 1,559 25
Y-90 t.3475E+00 1,55925

2 42E-02 I 57E-02 2.61 E+01 4 94E+01

58E-04 Total Total
2.949 75

Terpiate Selection Summary
From SFD

Reactor Moderator LIGHT WATER
Fuel Cladding ALUM

SOL HU Constituents U
BOL Enrichment % 93 048

1Burnup Summary (MWdi`
From SFD

[Basis for Parameter Difterences: J3UGHTr WATER

ALUM

Estin

I

Basis for burnup used in estimate: j
Nril brie laken drecfy less SFD (aie.4 to MW4).
SaUMt bunup liken drectly hmi SFD t(mmved is tWd)C--

Nominal F
Sourndlnru

1 55925

2.949 75

I Estagniied Bumupl
Bumup Multiplier Given Bumup Estimated EOL HMWGlven EOL H0

100Nombaul
Sounding_

0 73
1 39 1 00

'Reactor shutdown, core removal. storage, sthpping or other date confiming thiat inadabon ceased tor tuel

Total bumrup for all fuel associated wei this worksheet must be dvided by 80L heavy metal mass to get specific burmup values (MWdIMT)

I

DOE/SNF/REP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet

IL Fuel and Template Informations _ ._

- Fuel Name ORR (U308 HEU)
SNF ID* 903

Fuel Units & Descr 97 - 19 CURVED PLATES

I Heavy Metal Mass BOL-29 643kg EOL=20 777kg

ROD Storage Site: SRS

'Fuel decay statt date 1966

Estimates as of. 2030
Template: ATR (Ught Water.Alum .60to100-,. U)

ITemplate Bumup(MWd) 367.2

Template BOL .Heavy MeUtl Mass (MT) 000116689
ieriipeieu-cv ii.- -0ver

Estimated
Canister usage:

18"x10'
2 69

ll.Estimates min - X. X, b Y. Yb I Gamma Sources
EnerI Photon Totac

Ct/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWd)
5 

Buup (MWd)` (Cn ) l nventories(CI) Inventories(Ci)
.. ....-- n.1, A w419-05

.JJiUI 1t.t~1Ftadionuclide

Energy Photonsdsec

Avg MeV
0.0150 8 652E+14
0 0250 1796E+14

2 9739E-C .,39bw0 t iK .

Am-241 2 5986E-03

Am-242m 3 701 OE-07

Am-243 1 4858E-06

C-14 S 6944E-09

3.396 08
3008wE00 2 1 8E+01

0 wE+00 3 t 1 E-03
0 00E+00 1 25E-02

E-+Ot_

E-03
8.396 08

0 0375
8 -ion 08

8,396 08 16.7921 0 wOE+w 4 78E-05 9 96 6E 4

Cl-36 E-32z

Cm-243 E-08

18,79217 0 0E+00
16,79217 0 wE+00

16,792 17 0 00wE+00
16,792.17 0 w0E+wU

2.20E-28
1.3E-0

t1012E+14
6611E+13
8 728E+13i 56E4

Cm-244 9 3083E-06
Co-60 1 0310E-07

Cs-134 1 3254E-07
Cs-135 3 4477E-06
Cs-137 1 0161E+00

Eu-154 2 1879E-03

Eu-155 72930E-05

8 66E-04

Il I 1 11E-03
0 2 89E-02

0.3750 3 802E+13
0 5750 6.352E+14
0 8500 6.805E+12

8.396 08 t

8.396 08 16.792 17 0 00E+00 I E+04 12500

8,396 08 0 w0E+w0 1 8 3 67E+01 t 7500

8,396 08 0 08E+00 612E-01 1.22E+00

Fe-55 I

VI

H-3
1-129

18,92 17 0wOE+00
16.792 17 0.008E+w
16,792.17 0 w0E+wO
16.792 17 0 00E+00

0O i
7 04E-04

143E+01

E-03

2 7500 2.065E+07
3 5000 1 133E+04
5 0000 4 605E+03
7 0000 5007E+02
11 0000 5.562E+01

1.318E+02
Kr-85 1 5615E-02

NpD237 95661 E-06

Pa-231 5 0790E-09

3 16,792 17 8 05E402

IS16,7921t7
68538.5E

+0O 4 26545 811E-05
E+OO 556E .1 t1EO

I Pb-210 6 6176E-1 0

Pm-t47 t1.7606E-05
Pm7238 I 4406E-02

8,396 08
8,396 08 1 6,79217 - 0O0E+00 1 48E-01 2 96E-O

8,396.08 16.792 17 0O0E+O0 121E+02 242E+02

Pu-239
Pu-240 2 4297E-04
Pu-241 7 8949E-03
Pu-242 3 6329E-07

Ra-226 51.169E-09

Ra-228 42429E-14

Ru-106 7 0833E-15

Sr-79 12928E-OS

16,792 17
16,792 17
16.792 17
t6792t 17

E+w0 2 048+00 4OeE+w0

E+00 305S-03 6 10E403

E+Ow 1 27E-05 2 558-05
a 3c9 AR

3908 16,792.17 00+0 356E-10 7 12E-10

8,396 08 16,79217 00 1+0 5.95S-11 119E-10

8,39608 16,792.17 0OOE+O0 1 09E-0 217E-01

Sn-126 t tS11tE4Ei 257 0 OOE+i0 9 72E-80 1.588+04
i2 7 0 nnF~Dc 7 ̂ a2E+03 tS58E+D. 679.

Sr-90 9 4jteE-US ov-w * a
TC-99 422391-04 8,396w 1679217 0O8E+0O 355E+

170A9 -t11 8.39608 16,79217 - 0O00E+OO 1.S1E-07

1.0855E47
4 9809E-14

0 3961 AA 0 9 ttE-44
v,3a8v 16,792 17 0OOE+OD 41-10 8 36E-10

.- , -s.i2 588 v-04I Th-23Z
T1-208

__ U-232

I
3 4995E4w ,;8 wv

.
_ _ _ _ 16,792.17 0OOE+OO 7 1.59E-03 Thermal Poer

94798E-08 8.396 08

iU-233 4.25 -E4
U-234 1 8617E-04

U-235 -2 7235E-06

U-236 tS493E45

U-238 -4 2f51E-09

Y-90 9 430E801

Other Radronuctides
JU. empate~e~~taoi cai~.~v .~.. ..- ~...-. ,

8-v6A t6792 17 0 OOE+00 3 57E405 If t4E-05

8 3968 10679217 000^+OO 1 56E+00 3138+00
_INouinal eeat Bounding

Output eWat Output
9Wa.ts) (Wafts)
9 siotal 1.ssE+028.396 08

8396 08
5 97E-02 3

7 e OOE+OO t; 2 60E-0

8.396 08 0 00 6 82E-04 6 46E4 6 82E-04

8,396.08 16,792 17 0OOE+00 7.928+03 1.58E+04z- - - --- ---'

Total ITolal

I -,,, �a

-+W I

ILs. Aemptlae 2iecto I~ Ir -r -. , _

Template Selection Summiry
Fronm SFD Used I

Reactor Moderktor I ULITW^tSR UGrr WATER

Fuel Cladds ALU ALUllit

OL HMM Constituents U U

BOL Ennrchment % 931 5626243 60 to 100

-1- -- �.--
.. s.. -

rv-- ;- . I
Front .SVF Estimated
Ffrom SFC Estinsted

IBasis for btumup used In estimate:

Nominal 8 A =IL
I

- 71
Est==ae==umI t,/
Estarnated Sumupf

Bumup Multipier GIven Burnup Estimated E0L HMGIven EOL HNM
I - 021komial| 0 90_

I 8n lrfOUr-.9 1 _

- Reactor shutdown. core removal.,storage sipptig or other date confirming iat Irraiatonr ceased tor tuel

"Touta burnup tar aSl flut assoctated with 84is wodroheet must be civlded by 601. heavy metal mass to get specitc bumup values (MWdI41
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Informatlion ,

Fuel Name ORR (U308 HEU)
SNF IDe : 753

Fuel Units & Descr. 4 -19 CURVED PLATES
Heavy Metal Mass: OL0 716kg, EOt10 308kg
ROD Storage Site, SRS

'Fuel decay start date. 1966
Estimates as of 2030

Template: ATR (Uight Water, Alumn, 60 to 100%,. U)
'Template Bumup{MWd): 3672

Template BOt Heavy Metal Mass (MT): 0 00116689
Template Decay Trrne: 50 years

Estimated
Canister usage

18'x10'

011 1

IL. &timates - m aX. x. b Y Yb Gamma Sources

Photon Total
Ci/rMWd From Nominal Bounding Fuel Initial Activity Nom~nal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWd)` Bumup (MWd)W (Ci) Inventones(Ci) Inventones(CI) Group (bounding)
- - - - - - - - o- n^ ^^ _ O___ __

Radionuclid,

386 lb b07Uf 000LE+00 1 15E4-6
386 76 67807 000E+00 1 01E+00 3 494E.13 -

Am-242rr
Am-243
C-14

678 07 0 00E+00 1 43E-04 2 51E-C
3 07 0 00E+00 5 75E-04 01E-03 o

0 00E+00 220E-06 86E-06 0 0575
CI-36 1 3124E-32 5 08E-30 90E-30 0 0850 4 086E+12
Crr-243 7 9303E-08 386.76
Cm-244 9 3083E-06 386.76
Co-60 1 0310E-07 38676

3 07E-05 38E-05 I 01250 2 670E+12

678 C
1 3254E-07 386 76 678 07 0 00E+00 513E-05
34477E-06 38676 678 07 000E+00 1 33E-03
1 0161E+00 38676 67807 000E+00 393E+02

31 E-03 0 2250 3 524E+12
99E-05 0 3750 1 535E+12
99E-05 0 5750 2 565E+13

.34E-03 0 8500 2 748E411
89E+02 12500 1111E+11

678 07 0 00E+00 8 46E-01 1 4 _,

Eu-1 55 0 00E+00 2 82E-02 4.95E-02
Fe-55 4 1912E-( 1 62E-05 2 84E-05 2.7500 8,337E+^5
H-3 8 4913E-04 386 ;
1-129 5300E-07 386 76 678 07

5615E-02 386 76 678 07

5 76E-01
5 11E-04
1 06E+01
6 50E-03
3 44E-06
4 49E-07

5s0000 1 859E+02
7 o0oo 2 021 E+01
1 0000 2.245E600

3.5000 4572E602

9 5861 E-06 386 76 678 07 0 00E+00 3 71 E-03

Pb-21 0
PM-147
Pu-238

386.76
386.76
386.76
38676
386 76
386 76

678 07 0 00E+00 1.96E-06
U
L

678 07 0 00E+00 2.56E-07
78 07 0 00E+00 6 81 E-03 1.19E-02

0 00E+00 5 57E+00 9.77E+00
Pu-239 4.2783E-04

2 4297E-04 678 07
2 90E-01
1 65E-01
5 35E+00
2 46E-04

386 76 67807 0 00E+00 3 05E+t
386 76 67807 0 00E+00 1 41E-04

Ra- 7 0 00E+00 5 87E-07 1 03E-06
Ra-228 4 2429E-14
Ru-1 06 7 0833E-15
Se-79 1 29281-05
Sn-126 1 1571E-05
sr-90 9 4308E-01
Tc-99 4.2239E-04
Th-229 1.7968E-1 1
Th-230 1.0855E-07
Th-232 4 9809E-14

I 1 64E-11 2 88E-1 1
4 80E-12

386 76 678 07 0 0
386 76 678 07 0 00E+00 4 4

678 07 0 00E+00 3 65E+02 6 39E+02
678 07 0 00E+00 1.63E-01 2 86E-01

0 00E+00 6 95E-09
0 00E+00 420E-05

1 22E-08
7 36E-05

TI-208 34995E-08 386 76 67ao07
U-232 9 4798E-08 386 76 678 07
U-233 4 2538E-09 386 76 678 07
1-234 1 8617E-04 38676 67807
U-235 -2 7235E-06 386 76 0 00
U-236 1 5493E-05 386 76 678 07

1 93E-11 3 38E-t i
1 35E-05 2.37E-05

E+00 67E-05 6 43E-05
65E-06 2.88E-06
20E-02 126E-01
90E-04 1 44E-03

Thermal Power
Nominal Heat Bounding

Output Heat Output
(Watts) (Watts)
4 55E.00 8 04E.00

Total Total-2B51 t-O9 386 lb
386 76

0 0 1 61E-05 1 45E-05
678 07 0 00E+00 3 65E+02 6

3t 75E+02 6

05E-02
61E-05
39E+02
I $F -0,other

-------
_Checks ;' - J I ' ' M .

From SFD
Reactor Moderator- L UGHTWATER

Fuel Cladding- _ ALiUM
BOL HM Constituenls

BOIL Enrichment % I 932960893 1

Used

UGKT WATER

Basis for Parameter Differences:

1J'
tiO 0 1 00

Burnup Summary (M Wd)_ Basis for bumup used In estimate:
From 5FD Estimated

Homina 386 76 Narai bV calated tmr te iheavy metal mass des"yr
Boundmg | 678 07 Rtrdn bhrnu caloiaWed assur-er at EBL heavy eital burri e

Checks

Estimated Bumup
Bumup Multiler Given Bumup Estimated EOL HNMGen EOL HM

Nominal 1 72 _ _ _ _ _ _ _ 0
Bounding- 3 01

'React"r shutdown, core remnoval. storage. shppirg or other date confifrorag Vtt irradabon ceased tor fuel

'Total burnup for atl fuel associated with this worksheet must be dviced by E0L heavy metal mass to get specific burniup values (MWd'MT)

J
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Revision 0
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Fuel Radionuclide Inventory Worksheet

I.lFuel and Template Jnforulatiwt I -
Fuel Name- ORR (U3SI2 LEU)

SNF ID - 165
Fuel Units & Descr 52 -19 CURVED Ft.ATES

Heavy Metal Mass BOL=87.953kg, EOLd3294kg
ROD Storage Ste SRS

'Fuel decay start date 1987

Estinates as of 2030
Template ATR (Ught Water, Akiun * 60 to 100 %. U)

'Template Bumup[UWd) - 367.2
Template BOL heavy metal mass (UT) 000116689

Temiste Decay lime 35 years

Estmated
Canister usage

18'x10'
| t-4-4-

-

IF~shmttqes e - m Inx. Xb b Y. Yb - Gamma Sources
. I PhAt Total

Radionuclide
Ac-227

CiMWd From N hominal Bounding Fuel Inrial Activrty Nominal Fuel Bounding Fuel

- Template - Fuel Bumup (MWdf Bumup (MWd)2 (Ci) - f nventones(Ci) InventoesCi)

2 0068E-09 4 412.35 86824 71 0 OOE+00 8.85E-06 1.77E-05

2 5251E-03 4,412.35 8682471 000E+00 1t11E+Ot 223E+01-

Energy Photons/sec
Group (bounding)

I Avg 16eV
I Avg Uev

Am-241
Am-242m 4A12.75 8, 24 71

Am-243 4,412.35

C-14 4,412 35

0 00E+00 Yt 7E4
0 00E+00 6 57E-03

0 00E+00 2 52E-05
o 00E+00 5 79E-29
0 00E+00 5 04E-04__

-05 0 0575 1263E+14
E-28 00850 7.608E+13

-03 01250 5025E+13CI-36 t 3124E-2 4,412 35

Cm-243
Cm-244

t 1419E-07 4,412 35
1 6522E-05 0 00E+00 7 E01 02350 6 568E+13

7 4047E-07 4 71 0 00E+00 :037 0 3750 24857E.13

2 0455E-05 8.82471 0 O0E+00 1 81E-01 0 5750 4 722E654

3 4477 8,82471 0C 3 04E402 0 6500

Cs-137 14 8,82471 0C 6 346.03 1.27E+04

Eu-1 54 4,412.35 8,624 71 3-23E+Ot 6 46E+01

Eu-155 4,412.35

Fe-55
H-3
1-129
Kr-95
Np-237
Pa-231

b8 4,412 35
0 00E+00 2 61 E+00
0 00E+00 1 01E-02
0 00E+00 6 69E+00

27500 1253.E+0
35000 7I 840E+3

= 5 0000 3 020E+03
3 4

7 53UOE-07
4 1176E-02 4,412 35 8.824 71

4,412 35 8,82471
4,412 35 8,824 71
4.412 35 8,824 71

h7 ym 3 300E+02

t 1 u= 3 &'OE17^,1it Al F.A9

1.74E-05 3 48E-05
1A6E-06 2.92E-06

E44 4,412.35
E.02 4 412235
-04 4,412.35

8,824 71 0 0DE+00 4 06E+00
0 00E+00 7.16E+01
0 00E+00 1 89E+00
0 00E+00 I 07E+00
0 00E+00 717E+01
0 00E+00 1 60E-03

8.15E+00
I 43E+02
3 78E+00
2 15E+00
1 43E+02
3.21 E-03
7.95E-06

Pu-"
PU-4
PU2.

2 4333E-04
1 6242E-02
3 6329E-07

4,4
4,4

Ra-226 9 0114
Ra-228 3 1019

Ru-10 6 2.1225

8,824.71
8824 714,412 35

4,412 35
4.412.35

1.37E-10 2,74E-10__

O000E+00 9,37E-07
0 00E+00 5 71 E-2
0 00E+00 5 1IE-02

Se-79
Sn-1 26

1 14E-01
1 02E-01
1 19E+04

1 1571E-05
1.3472E+00
4.2239E-04
1.2407E-1 1
8 3497E-08

8,824 71 0 00E+00
8,824 71 0 00E+00
8,824 71 0 00E+00
86824 71 0 00E+00
R8.24.71 0 00E+00

Th-229
Th-=3
Th-232

tI

5
3

3373E+00
10SE407

68E404 7.37E-04
69E-10 3 39E-10I 40 21

U-233
U2 34
U-235
U-236
U-238
Y-90

-I Other Ra

I 4,412 35 8,824.71

3 4,412.35 8.824 71

4 4 412AA5 8,624 71

6 4,412.35 0 D

5 4.412-35 8,824 71

9 4.412,35 000

0 4,412 35 8,824 71

I 1A.784

0006E+0 4.83E404 966E604
0WE+W0 1 60E460 320E-05
0 00E+W0 8 19-01 1 64E+0
381E42 2 61-42 3 81 E-02

Thermal Power
Nominal Heat Bouncdig

Output - Hieat Output
(Waft) ' (Waets)

7.38E+01 1A8E+02

Total Total

3-57E044

E4
-0 WOE+W0 6 84E402

2 36E-02 2 36E-02
0 WE+00 5 95E+031 3475E+D

IM '-�

E+04

.. _ I
- Usa IDaSis li v. rWW7

Reactor Moderatj UGOrYT
Fuel Cladng ALL

SOL HM Constituets

BO Enrichment % 20-08

- ......- ^

LIGHT WATER

ALUM

Tht mTte as ;aL r ahe erexet ma i

Th.; WS maie on &I paarieer exep w

H 60 to100 _ _ _ _ _ _ _ _

RCIC b..U. 7 UeC . in es.tmate-
Eaumnup tiurninary flainO) -------.---

F^ SFD rlrnateu .-.- 5 -
4.412-3�

Nominal [
Bounding

[Checks

."2471
N W tXre cakiat trt te h mea mass dessyed

taid bursn assutred lo be tWc ,re baV

-,

Esternated BumupJ
Given BumupBumup Multpler .

Nominal L
Boundng1

01fC
Om: -j

'Reactor shut1own. core removal storage. 1shppbig or Other date confiimng VWat irradialon ceased for fuel

eTotal burasip tor all foel associated with this wsrksheet must be dvided by 80 heavy metal mass to get spedfic bumup values (MWd/v1T)

March 2003

DOEISNF/REP-078 
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Information *

Fuel Nam. ORR (U3S12 LEU)
SNF D # 850

Fuel Units & Descr: II -ASSEMBLY
Heavy Metal Mass B01=11 076kg, EOL-9 908kg
ROD Storage Site. SRS

'Fuel decay start date: 1966
Estimates as of: 2030

Template: ATR (Light Water. Alun, 60 to 100%. U)
'Template Bumup(MWd) 3672

Template BOL Heavy Metal Mass (1f : 000116689
Template Decay Tame 50 years

Estimated
Canister usage

18 x10'
031

11. Estimates m xX. x b Y. - Yb Gamma Sources

Photon Total
Ci/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Fladionucltide Template Fuel Bumup (MWd)f Bumup (MWd)' (Cl) lnventones(Ci) Invenlones(Ci) Group (bounding)
Ac-227 2 9739E-09 1.10631 2.21262 0 00E+00 3 29E-06 6 58E-06 Avg MeV
Am-241 25986E-03 1,10631 2,21262 6OOE+00 287E+00 575E+600 0010 1140E+14
Am-242m 37010E-07 1,10631 2,21262 0 06E+00 409E404 &19E-04 00250 2.366E+13
Arr-243 14858E-06 1.10631 2,21262 OOOE+00 164E-03 329E-03 00375 2056E+13
C-14 56944E-09 1.10631 2,21262 OOOE+00 630E-06 1.26E-05 00575 2215E+13
CI-36 13124E-32 1,106 31 2,212 62 0OOE+00 1 45E-29 290E-29 00850 1333E+13
Cm-243 79303E-08 1,10631 2,21262 0OOE+00 877E-05 1.75E-04 01250 8711E612
Cm-244 93083E606 1,10631 2,21262 6OOE+O0 103E-02 2.06E-02 02250 1 150E+13
Co-60 1 0310E-07 1,10631 2,21262 0OOE+OO 1.14E-04 228E-04 03750 5010E12
Cs-134 13254E-07 1,10631 2.21262 0OOE+00 147E-04 293E-04 05750 8.370E.13
Cs-135 34477E-06 1,10631 2,21262 6OOE+00 381E-03 763E-03 0850D 8967E+11
Cs-137 1 0161E+00 1,10631 2,212 62 OOOE+00 1 12E+03 2256+03 1 2500 3626E+11
Eu-154 2 1879E-03 1,10631 2,21262 6OOE+O 242E+00 484E+00 17500 2.375E.10
Eu-155 72930E-05 1,106 31 2,212 62 0OOE+00 807E602 1 61E01 225O 2304E+06
Fe-55 41912E-08 1,106 31 2,212 62 0OOE+00 464E605 9-27E-05 27500 2721E.06
H-3 8 4913E-04 1,10631 2,212 62 000E+00 939E-01 1 88E+00 3 5000 1 508E+03
1-129 75300E-07 1,106 31 2,212 62 0OOE+00 833E-04 1 67E-03 50000 6134E.02
Kr-85 15615E-02 1,106 31 2,212 62 0 OOE+00 173E+01 3346E+01 7600i 6674E+01
Np-237 945861E06 1.10631 2,212 62 0 OOE+00 1 06E-042 212E-02 11e0000 7416E+
Pa-231 530790E09 1.106 31 2,21262 OOE+00 5462E-06 1 12E ou5
PU-210 6 6176E-10 1.10631 2,21262 0 0E+00 732E07 1 46E-06
Pm-147 I17606E-05 1.106<31 20212002 47 1 95E402 3490Ets2
Pu-238 1 4406E-02 1,106.3 2,21262 000E+00 1.a59E701 3619E201
Pu-239 4 2783E404 1,106.31 2,212862 OOOE+OO 4 73E-01 9 47E-01
PU-240 24297E-04 1.106.31 20212062 OO9 2986-3 69E201 5.36E-01
Pu-241 7 6949E403 1.106 31 2,212 62 0 OOE+00 8 73E+00 2 75E+01
Pu-242 3 6329E407 1.106 31 2,212862 O OOE+OO 4 02E404 8 041E44

ra-226 I 5169E09e 106 31 2212 62 0 OE+OO I 68E406 3 36E06
R8-728 4.2429E-14 1,106 31 2,212862 O OOE+OO 4 69E-11I 9 39E-11I
Ru-106 7S0833E-15 1,106u31 2,212B62 u OOE+Os 7e84E-12 I 57E-11
Se-79 Nt2928E-05 1,106.31 21212i62 atOOE+t O It43E4m2 2m86E402
Sn-126 1.1571E4g5 1,106231 2,212t62 OiOOE+Oe 1e28E4r2 2i56Et02
Sr-90 9 4308E-01 1,106 31 2,212 62 0 OOE+OO 1 04E+03 2.09E+03
Tc-99 4-2239E404 1,106 31 2,212 62 O OOE+OO 4 67E-01 9 35E-01
Th-Z29 1.7968E-1 1 1,106 31 2,212 62 O OOE+OO 1.99E408 3 98E408
Th-Z30 1 0855E407 1,106 31 2,212 662 0 OOE+OO 1.20E404 2 40E044
Th-Z32 4 9809E-14 1,106 31 2,212 62 O OOE+OO S51 E-11I 1.10E-10
TI208 34995E-08 1t106 31 2,212 62 O OOE+OO 3-87E405 7.74E405
U-232 94798E46 1.10631 2,21262 OOOE+OO 105E44 Z10E44 ThermalPower
U-233 4N2538E409 1,106o31 2,212162 OOE+0 4171E46 941E46 NominlH Bounding
U-234 1 8617E404 1,106 31 2,212 62 0 OOE+OO 2 06E-01 4.12Et - Output Hekat output
U-235 -Z.7235E406 1,106 31 0 00 4 74E403 1 73E403 4.74E403 (Watts) (Watts)
U-236 I 54931E45 1.106.31 2,212 62 0 OOE+OO 1.71E402 3.43E402 1JtE+01t 2.2E+01
U-238 -4.2a~lE409 1,106.31 0 00 2 99E403 2 98E403 2.99E403 Total Total
Y-90 9 4308E-01 1,16.31 2,212 62 0 OOE+OO 1 04E+03 2 O9E+03
Other Radionucides 1 07E+03 2 15SE+03
IIL Trnplite Selection 9_ntury, BUnRIP Summar, and Checks ! J->, z;^

Templatfe Selection Summary
Fro~m SFD Used Basis for Parameterferences:

Reator Moderetor vLGHT WstrAR LGHT WATER Tha Teniaioe was used tor tihe ltd reasos
Fuel Ct adding ALUM ALb M Ths maltes ATR Tentspe cin at bermuoe pvarauew (en 'mnal ATR a reasonabls

BOL HM Constituents U U matth
BOL Enrickhment % 19 8t3Zs83t 60 to tOO

Bumnup Summary (MWd)' Basis for bumnup used in estimate:
From SFtD Estimated

Homial X .1 t 06 3 b tnu rakdaed tmm the heay metal nas destroeil
Boulding- 2.212 6. buiriuv assurned to eb wre I trp.l u

Che~cks

Estimaed Bumupf
smp Mu It Mr GiveR Bumup Estimatedt EOL MM/Given EO9L Hts

Nominal 0 32| 1o
Boulding] 0 63

'Reactor shutdovrn, core removal. storage. shipplrg or ott er date corlfinning thrrdatiidon ceased for fuel

'Total burnu for at kWs assocaaled wtt this wofksheet must be dlvidled by BOL heavy metal mass to get spedific bumup values (MWdlUT)

-

i U

j

J

L

DOEtSNF/REP-078
Revrsioni 0
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Page D-520 ot D-585



Fuel Radionuclide Inventory Worksheet

L Furl and Teinplate Iliforutfio '.
_ Fuel Name. ORR (U3SI2 LEU)

SNF ID 11: 944
Fuel Units & De0cr 33 - 19 CURVED PLATES

Heavy Metal Mass B0L.56 539kg EOL53 655kg

ROD Storage Site SRS
I :

'Fuel decay start date 1987
Estimates as of 2030

Temptate ATR (Light Water, Ahm, 60 to 100%. U)

'Template Bumup(MWd). 3672

Template BOL Heavy Metal Mass (MT) 000116689
Temolate Decavy Time 35 years

Estimated
Canister usage

18'x10'
1t38

-5I -.- X . X. b yn Yb Gamma Sources
g. rsu^XfiAzro , . . 5._ ,,,

CtlMWd From
Template

_,Photon Total

Nominal Bounding Fuel Ingital Ahrtivty . Nominal Fuel Bounding Fuel Energy ' Z Photons/sec

Fuel Bumup (MWd)
2 

Bumup (MWd)c' (Ci) ' Inventones4Ci) Inventories(Ci) Group (boundig)

2,731.39 5,46279 0 OOE+00 5 48E-06 1 10E-05 Avg lieV

2,73139 5.46279 0001+00 690E+00 1,38E+01 00150 4023E+14

Radionuctide
Ac-227
Am-241
Am-242m

2 0068E-09
2.5251E-03
3 9624 1 39 5,462.79 2 16E-0 o 0250

AmF243 2.731 39 5,462.79 406E-03 813E-03

C-14
CI-36

* 2,731 39 1S76E-05 3 1

2,731 39 5,462.79 OOE+00 3 58E-29 7 1 4710E+13
3 111E+13

Cm-243 2,731 39

Cm-244
CO-60

E-O5 2,731.39

E-07

5,462 79 0 OOE+00 3 12E-G4
5,462 79 0 OOE+00 4 51E-02

5,462 79 0 OOE+00 2 0^2E-03
5,462 79 0 uOE+00 5 59E-02
5,462 79 0 0OE+O0 9 42E-03

5.462 79 0 OOE+00 3 92E+03

02250 4 066E+13
0.3750 1 769E+13
05750 2S23E+14

2 0455E-05
I 886E-02 8500 3571E+12

3 4477E-06
7 85E+03 t2500 1 727E+12

1 4365E+00
5,462 79 0 OOE+00 2 006+01 4 00E+01 1 7500

Eu-M54
Eu-155 5,462 79 E+OO 3 24E+OO

F55g 2.731 39 5,4 6.23E-03 t2

I H-3

KJr-8Li Nn23

2,731 39 5,462.79 0 00E+0 5,38E+00

2,731 39 5.462 79 0 OOE+00 2 064-03
0 E+O 3.50 4.574E+03

E-03 5.0000 s1871E+03
+02 70000 2 049E+02
E-02 11.0000 2286E+014 1176E-02 2,731 39 5,46279 0OOE+00

9 5752E-06 5,462 79J U UUEr+UU 2

It

Pa-231
L P0-210

if; Pm-147

I- Pu-238
Pu-239
Pu-240
Pu-241
Pu-242

3
3
9.

4

9379E-09 2,731.39 5446279 I
5,462 79 1 1-07 056E06

115E-05

2,731.39
2.731;39
2,731.39
2,731.39

5,462 79
5,462 79

2 52E+00
4 43E+01 I
1.17E+00

;0OE+OO

86E+01
34E+00

1 6242E-02
3 6329E-07
9 0114E-10
3 1019E-14
2 1225E-10

5,462 79 0 006+00 6 65E-01
5,462 79 0 OOE+O 4 44E+01
5,462.79 0 00E+O0 9 92E-04

5,462.79 0 OOE+00 2 46E-06
5.462 79 0 OOE+00 8 47E-11

4.92E-06
1 69E-10
1.16E-06

RU-1 06

Sn-126
sr-90

1 39 5,46279
2,731,39 5,462 7 3 53E-02 7 06E402

1 1571E-05 2,731.39
1,3472E+00 2,731,39
4,2239E-04 2,73139
1.2407E-11 2.73139

0 0O+OO 316E-02

I 0 O0E+00 3 68E+03
9 0 OOE+00 1.15E+00 E+O0

5,46279 06OE+00 339 -08 6 7E8-08

5.462 79 0 OOE+00 2.28E-04 4 56E-04
Th-230 8.3497E-(
Th-232 3 8371E-1
TI-208 4 0414E6-
U-232 1 0948E6-

U-233 3 6275E{-
U-234 1 85621-4
U-235 - -2 72356&

U-236 1.5493E4

, .A"
1 39 5,46279 0 OE+
1.39 5,462.79 0.006+

1 39 5,462.79 0006+

+00 I 05E-10 2-tOE-10
221E-04A

5 98E-04 Thermal Power

1 98E-05 A Nominal Heat Bounding 1
1 39 5,462.79 0 00E+00 9 91E460

2 7',1 9 S A62 79
000

2,731,39
2,731.39
2.731.39

0 00

S,462 79
0000U-238 -4

0 0E+00 5 07E-01 1 01E+00
2 42E-02 1 68E-02 2 42E-02

0 OOE+00 4.23E-02 8 46E-02

1 52E-02 1.52E-02 1.52E-02
0 OOE+00 3.68EO3 7,36E6+3

- 3.74E+03 7 48E+03

Total

- Outut He OutSt
(watts) 1 (W46+)

4t57E+D1 S 14E+1

T otali

Y-90 1_3475E+OO
Other Radionuclides

.Te rt Sellection S Bmur I

Tempate Selection Summa
From SFD

Reactor Moderator UGHTWATER
Fuel Cladding[ A

SOL HMM Constituents
80 Enrichment % 19 818

2,731,39 5,462

ry, ad a ca -

=13asis for Parameter DifferenCa:
A ttirll h a ~dtr8rlaei ee

TWATER

ALUM
U

rha, Tenplate was usead lor rne kiofi reacsos

This Id mathes ATR Terr(ate arnaI bit aie paraietr (ervichvait) matoig ATR a retiabble

math

60 to 11

=B#ass for bumup used In estimate-

IBumup Summary (MWd)
F

NoCheak

Bounding

Chrecks

._ r
SFD Estimated_

Z731 3 cr ia burnup calhiated km to henvy rnetl mass destyd

5 462 7! Sj V basip assestd l be tas iriniiat butn

I
Estimated Burnupt

_ Grven Buryup _Bumup Multiplier
.NM-ma, % 015

Estated EOL HM/Grven Et0L HM
r - 100o

Reactor ashutdownr core removal, storage shapping or other date confirming that Iradalion cea for fulW

5
Total burup tor t antel associated wits this worksheet must be dvkded by OL heavy rretal mass to get specific bumup values (MWvd1T)

Mardi 2003
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Fuel Radionuclide Inventory Worksheet
L Fud iand Tenmpate Infnrmatioiu a

Fuel Namne ORR SPECIAL
SNF ID # 163

Fuel Units & Descr. t1- 19 CURVED PLATES
HeavyMetalMass: B0=22045kg. EOL.1848kg
ROD Storage S.te. SRS

'Fuel decay start date 1966
Esttmates as of: 2030

Template- ATR (Light Water. AlJun .601o too-., U)
'Template Bumup(MWd): 3672

Template BOL Heavy Metal Mass (LIT) 0 00116689
Template Decay Tire 50 years

Estimated
Canister usage

18'xI0'
031

-.-

_ , . _ , _. _-

1. Fstimates - - - m X. X. b y. Yb Gamma Sources

Photon Total
CI/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWd)e Bumup (MWd)' (Ci) Inventones(Ci) Inventones(C) - Group (bounding)
9 .1-a Aa - -7R 00 I ; A nncn n .rA ...

Radionuclide
Ac-227
Am-241
Am-242rn 3 7

b13Z 44 U Wtr+WF 1 0Lxj-u: 2U9t-(05 I Avg MeV
0 WE+00 8 77E+00 1 75E+01 I 00150

'010E-07 1 25E-03 2 50E-03 I 00250 7.921E413
AM-243 I 4858E-06 1 00E-02 I 00375 6.°76E.13
C-14 5 6944E-09 3,376 22
Cl-36 1.3124E-32 3,376 22 6.752 44 1

7.9303E-08 3 376 22 6.752 44 0 O0E+C

3 85E-05
8 86E-29
S 35E-04
6 29E-02
6 96E-04
8 95E-04

0850 4 069'+13
0 0575 6760E+13

-06 3.376 22 6.752 44 0 008.00
2 658E+13
3510E+13

6,752 44 0 00E+00 3 48E-04
Cs-134 44
Cs-135 3 4477E-06

0

00E+00 4 47E-04
-

008.00 1.16E-02 2 33E-02 0 8500 2 737E+12
Cs-1 37 1 0161E+00 6 86E+03 12500 1 107E+12
Eu-i54 2 1879E-03 3.376.2

7 <nc nr e t70 .

7 Z93zo-0o J.J_0 A 6.752 44 C
t 488+01 1 17S0o 7.249E+10

22500 7 031E+06
41912E-08 3,376.22 6.752 44 0 0OE+OO
8 4913E-04 3.37622 6.752 44 0 OOE+00 2

Kr-85 1 5615E-02
N-t237 95861E-06
Pa-23t 5 0790E-09
Pb-2t0 6 6176E-10
Prm-147 1.7606E-05

3,376 22
3,376 22
3.376 22
3,376 22
3,376 22
3.376 22

6.752 44 0 OOE+00 2 5

z7500 8302E+8S
3 5000 45828E+03
5 i.864E.03
7 OO 2.027E+02

II 11 2253E.01 Li6.752 44 0 OOE+00 5 27E+01 1 05E+02
0 OOE+00 3 24E-02 6 47E-02
)OOE+00 1 71E4-5 3 43E-05

4 47E-06
119E-01

I 4406E-02
4.2783E-04
2 4297E-04
7 8949E-03

3,376 22 6.752 44 Ui3.376.22
Pu-240
Pu-241

6,75244 000E+00 I 44E+00 2 89E+00
6,752 44 0 00E+00 8.20E-01 1 64E+00

5 33E+Ot
PU-242 3 6329E-07 3.376.22 2 45E-03

4 A 4 A . . = . .

1 01out-Lu 3,3.722 6.7
4 2429E-14 3,37622 6.752.44 0 OOE+00 1

3,376.22 6,75Z.44 0 OOE+00 12
6,752 44 0 OOE+00 4 36E-02 &73E-02

Sn-I26 2 44 0.00E+00 3 91 E-02 7 81 E-02
Sr-90
Tc-99
Th-229

9 4308E-01
4.2239E-04
1.7968E-1 1
1.0855E-07

3 18E+03 6 37E+03
t.43E+00 2 85E+00
6 07E-08 1t21 E-073,376 22

3.376 22 6.752 44
3,376 22 6,75244 0 008E00 1.68E-1

11-208
U-232
U-233
U-234
U-235
U-236
U-238
Y-90
Other RacPrruclies

111. Teniqlate Seblci
ITernolate Se~lection Si

3,37622 6.752 44 0 OOF+OO I 18E-04 2 36=4

-2.7235E-06
1 5493E-05

3,376.22 6.752 44 000E+00 3.208-04 6 40E-04
3,376.22 6,752 44 0 00E+00 1 44E-05 2 87E-05
3,37622 6,75244 0 00E+00 629E-t 1t26E+00
3,37622 0 00 1.13E-02 2 07E-03 1 13E-02
3.37622 6,75244 000E+00 523E-02 1 05E-01
3,37622 0 00 5 66E-03 5 64E-03 5 66E-03
3,37622 6,75244 000E+00 3 18E+03 6.37E+03

3.27E+03 6 SSE+03
mrv and Caecks -' ..

Thermal Power
Nominal Heat Boundiang

-tiput Heat Ootpot

(Watts) (Watts)
4 OOE+01 8 01E+01

Total Total

-=

ary, Burn

From SFO
Reactor Moderator- UGHT WATER

Fu. Cosdding ALUM
sOL HMt Constn.,s U

BOL Enrichent % 23 64708607_

I Used Basis for Parameter Differences:
i I-- I-.-.-- LI ALUM

U
Zhe im al~det cinat paramelers eswreIM ernrcetm

60t0100 __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

|Bumup Summary (MWd)'

Bounding

UI Estimated jn
3.37620
6.75244

Ncarmna bunv calojte batD he tavy netW eass desfroyed
8amk9 bumv assuited to be tw'a rsear bumin

Checka

Estimated Bumupt
Given BumupBumup Mutinler Estimated EOL HM/Glven EOL HM

I ~ 1 o0l

I

Nom=ial|
Bounding.

'Reactor shutdown, core removal, storage. shipping or other date confirming Mtha Iradabon ceased tor hue

'Total burnsp tor alt uel associated wai this wokt-iheet must be dvided by BOL heavy metal mass to get specmf butp valuies (MWd/IhT)
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L Fuel and Tenplate Infirf rma.9_o:. I r

Fuel Nawe, ORR-BW-1 (MOX)
SNF ID# 160

Fuel Units a Descr 1 -19 CURVED PLATES

Heavy metal Mass 60= ; EOL0007-0g
ROD Storge Site INEEL

'Fuel decay start date 1966
Estimates as of: 2030

Template (Worsl Case)

'Ternplate Bumup(MWd) 6z5

Template OL Heavy Metal Mass (MT) 000186665

Estimated
Canister usage

I 003 I

I

T empisne uecay .me u - 1

11. iEstimatnes - m X. - Xb b Y. Yb I Gamma Sources

Ii E ussesmXI 
Photon Total

I Radionuclide

1=- Ac-227
AM-241
Am-2421n-

- Am-2,13

Ci/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Burnup (MWd)O Bumup (9AWd)o (Ci) Inventones(Ci) Inventones(Ci)

2 5200E-06 66 52 66 52 0 00E+00 1 68E-04 1 68E-04

8 6432E+00 66 52 66 52 0 00E+i0 5 75E+02 5 75E+02

15728E-02 6652 6652 0 00E+00 .O5E+DO - 05E+00
66.5 0 0E+0.iUOIUi

Energy Pbotonsisec
Group (bounding)

Avg 63V9+
0 0150 5 639E+13
00250 1 114E+13
0 0375 9417E+12

1 6288E-02 66S52

C-I4 t420

Ci-36 2 284
Cm-243 6 014

0 00E+00 1.08E+W)
0 00E+00 80'iE+00
0 O0E+0O 1 52E-01

0 0575 1 778E+13
01250 41596+12

66 52
6652 6652 0 0.E00U IA~t+SI

-02 01250 4 218E+12

631 E+00
Cm-244
C^-6

.-02 66 52 O Oruumu

E.00 66 52 2 60E+02

Cs-134 22139E-06 6652 6652 0 006+00 2A7E-0

Cs-135 4.3976E-04 6652 6652 0 00E+00 2 93-02

_ Cs-137 I 4387E+01 66 52 66 52 0 00E+00 9 9(E+02

Eu-154 3 7342E-01 66 52 66 52 0 00.E00 2 48E+01

Eu-155 8 4893E-03 66.52 66 52 0 00+00 5 65E-01

Fe-55 5 3750E-03 66 52 66 52 0 0OE+00 3 58E-01

3 04726-01 66 52 66 52 0 D0E+00 6 97E+00

1-129 1 0618E-05 66 52 6652 0 006+00 7.06-4

Xr-85 22717E-01 6652 66.52 000E+00 1.E16+01

Np-237 1 64C0E-04 6652 52 2 0006+00 1 09E-02

Pa-231 286i8E-06 6652 6652 0006.00 1 916E4

I Pb-210 47312E-08 66 52 6652 0 00E+0 315S-06

-pm147 32198E-04 6652 66 52 000E+0 2 14E-02

Pu-238 -1 1924E+00 66 52 0n00 1680E+01 00E+00

2 47EA-0
2 93E402 0 8500 8094E+11

1 2500 1 984E+13
1 7500 23-84E+10
22500 1 031E+08

2 750 1 775E+08
+00 3 500o 9 862E+04

7 06E-04 5 0070

1 51E+01 71

1.09E-02 I 11 2

1 9iE4-04
3 115E406

2
Pu-239
Pu-240

62 78w+00
1 8E+0w
78E+00

66 52 2 78E+w0

Pu-241
Pu-242
Ra-226
Pa-228
Ru-i 06
Se-79
Sn-126
Sr-90
Tc-99
Th-229
Th-230
Th-232
TI-208
U-232

E+02 000 7
000 1

7.1 SE+02
E-03 1.20E-02

-1 1381E-G4
1 0760E-07 6652 66 52 OC 7 16E-0 7.16E46

4 OOEE05 4
6 0160E-07 66 51Z

1 36E-1 E+OO 8 91E-12
E+OO 1.28E-0266 52

66 52 66 52 0 OOE+00
t .+01 66 52

-03 66 52
0 OE+00

20 OOE+OO

9 22E+02
4 50E-01
1 50E-04
5 05E-04

2 2592E-06 6652 6652 - 00wE+OO 1 SOuE4i4

-7.S955E6 06 66 52 66 52 0 006.0 5 05-04

205

6652 66 52
66 52 66 52
66 52 66 52

66 52 6652
66 s2 66S-2

21 E-04

E+wo 5 04E-03
E+w t.37E02

0E+00 2402-02
E+00 851E-01

n 4 01 EV5

_ Thermal Power

U-233
U-234

U-235
-236

-- 238
YI90

M Other 0

I I iii. '

1~ Re

) , Sc

I 1

361
127
5 74
2 34
1 t'

- _ uopunal eatt Boundtng
Outpu Heat Output

I (Watts) (Watts)
_ 3 57E+01 3 65E+01

66 52 6652 6 02E4-5 383E62 3 83E-02
n asosaA o tS642 1S56E-02

85E-04 6652! wM
7A9E4-6 7.71 E-03

6652 6 52 0 00E+w
IE3 Total Total

!+02
6+03J

snip Suarmaury, anal Checks

ate Selection Summnary -
From SFD

aector Moderator UGVT WATER
Fuel Cladding [ ST

HM Constituents FuadU

X.e Enrichrnent #,

Us Basis for Parameter DrfteecOs

S/Wnm Co Tel ladn osely math any es&it enars teelsre bie rst case eWlate was us ed

. U. Th b Fu !
.0O100

o...C q iu.n u.,sed in estimate:p Summary (MWd)F

Nominal
Bounding

I i Estimated I

i --ZA

Noaral faurrup set eual o bWsuIir burruip
°avd tsl esW ad by aso ig 8Ct BLheasy rital s was tweie ECL

.

Estimated BuMup/
Burnup Multiplier Given 6umnup -Estaimated E01 HMIGrven EOL HM

Nominal 142t
lilounchri�3 I 1.�'j

'Reactor shutdown. core removal. storage, sh pping or other date confimng that irradiation ceased for e

'Total bumup for ae hid assooated with this worksheet must be divided by 60L heavy metal mass to get specific burnup values (Mwr'T

March2003
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I

Fuel Radionuclide Inventory Worksheet
L Fuel and Template Infornationlt _l

Fuel Namea PRR-t (UALX-HEU) PHIUPI'IINES
SNF ID t: 638

Fuel Units & Descxr 21 -18 FLAT PLATES
Heavy Metal Mass: BOL=3286kg. EOL=3286kg
ROD Storage Site SRS

'Fuel decay start date. 1998
Estimates as oft 2030

Template. TRIGA-AI (LWlU-Zrx. Akim 10 to 20%, U)
5
Template Bumup(MWd): 6 65

Template BOL Heavy Metal Mass (MT). 0.00018
Template Decay Time 25 years

Estimated
Canister usage

18,x100
088

11. Estimates .- ^ m X.l Xb b Y. Yb Gamma Sources

CLiMWd From Nominal Bounding Fuel Initial ActIvity Nominal Fuel Bounding Fuel
Radionuctide Template Fuel Bumup (MWd)' Burmup (i
Ac-227 38271E-09 6274 1254
Am-241 44195E-03 6274 1254
Am-242m 1 B195E-06 62 74 125 A
Am2439 2 378E47 69 7A t 254

WWd)w (Ci) InventoneelCill lnventiones(Ce)

Photon Total
Energy Photons/sec
Group (bounding)

Avg MeV
00150 I 134E+13
0 0250 2 343E+1248 000E+00 1 14E-04

48 0 00E+00 I 46E-05...__ E . wo. ,_ , - o S
4.3203E-05 62 74 125 48 0 00E+00 2 71 E-03 5 42E.03

62 74
62 74
62 74
62.74
62.74
62.74

125 48 0 00E+00 2 70E-06 5 40E-06 00
125 48 0 00E+00 1 06E-05 2 12E-05 0 1250

0 00E+00 9 20E-05 1 84E-04 I 02250 1.t25E+12
Co-60
Cs-134

1 40E-01 2 81E-01 0 3750 5093E+11
1.2525E-04

Cs-135 3.1549E-05 1254
0

0

E-02

Cs-137 t 7368E+00 62.74 125 48 00E+(

0 5750 8237E+12
0 850 6 798E+11
12500 7 134E+t1
1 7500 2.184E+10
22500 3.350E+05
z7500 7 716E+04

Eu-154 2 6947E-01 62.74 125 48 0 00E+00 1 69E+01
62 74
62 74
62 74
62 74
62 74

125 48 0 00E+00 I 69E+00 3.37E+00
125 48 0 00E+00 2 64E-03 5 28E-03

0 00E+00 2 21E-01 441E-01 3.5000 1 809E602
1-129 926E-05 s 0800 7 058E+01
Kr-85 6 9263E-02

-

Np-237 1 4752E-06 62 74 I,
7 DO 7 960.00

11 OwO 9 048E-01
ra-L3s 8 3970E 09 62 74 125 48 0 OOE+

U
ID

Pb-210 1 4995E-13 6274 12548 0 OOE+00 9 41
0567E-02 62 74 125 48 0 w6E+w 6 63E-01 33E+00

62 74 12548 O6E+00 724E-02 45E-01
0 0E+00 3 57E-01 714E-01

Pu-240 22602E-03 4-01
Pu-241 62.74 125 4
Pu-242 62.74 12548 0 OOE+00

5.1293E-13 62.74 12548 O0E+00 3.22E-1t 6 4E-1 i
2 3323E-10 3 00E+00 1 46E-08 2 93E-08

Ru- 06 1 0075E-07
Se-79
Sn-126 62 74 125 48

0

0

6 32E-06 126E-05

54-90
Tc-99
Th-229__

1 6165E+00
4 4120E-04
4 5684E-10

62 74
62 74
62 74
62 74

125 48 6OOE+(
125 48 0 OOE+00 2 77E-02
125.48 0 0E+00 2 87E-08
125.48 0 0E+00 4 28E-09

5.73E-08
8 57E609

125 48 0 0E+0 I 49E-08 2 98E-08
Tf-208 12548 OwE+00 1 9E-06 18E-06

t -- -
1~~~~~ za4hUWtWZ ol6tzo i nefmal i'ower -ot

c

) 4d 0 Wtr+WX 8.25-06 t1165-Ob
1 61E605 323E605

Nominal Heat Bounding
Output Heat Output
(Watts) (Watts)U-235 -2 6159E-06 62.74

U-236 1 2719E605 62.74
U-238 -3 8857E608 62.74
Y-90 1 6165E+00 62 74
Other Radhionuckides

6.45E-03 I 62E-03
60E-03 1 40E.00 2.79E600

Total Total
125 48 0 OWE+(

1 18E+02 2.36E+02
11 TemplateSdectionSu _*,Bu n .and, d -Chedck'r"'d -
Template Selection Summary

From SFD Used Basis for Parameter Differences:
Reactor Moderator LW AND U ZRC HYDRIDE LW AND U ZIRC HYDRIDE Trhs Tenatew as; used tha lolN si.

Fuel Cladding ALUM ALUM Ths fuel mathesm on al parareLers except emrstmeii
BOL HM Constituents U U

BOL Enrichment % 9114680552 1010201

Bumup Summary (MWd) Basis for bumup used in estimate:
From S'FD Estimated

Nomnal 6274 Nornnal seax s _to ie 2% of SOL bea nmt mnass,
Boundzint 12548 Bcunung b awep sred bt bettwece rsoril bturr

Checks

Estimated Bumupf
Burnup Multiplier Given Burmup Estimated EOL HWGilven EOL HM

Nomninat O . 02
Boundeng 103

'Reactor shtAdown. core removal. storage. shippng or other date confirrwng that iradiataon ceased for fuel.

'TotaL buanup for all fuel associated wWI thws worksheet must be dcvkded by BOL heavy metal mass to get specific bumup values (MWdMT)

J
J2

-r
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Fuel Radionuclide Inventory Worksheet

' L Fuel anid Te"ite IrnforabOn11 0 3

Fuel Name PRR-l (UALX-LEU) PHtIIPPINES
SNF ID 8. 558

Fuel Units & Descr- 30 - 17 FLAT PLATES

H eavy Metal Mass BOL-20 32819. EO119 713kg
! ROD Storage Site SRS

'Fuel decay s1art date 1998
Estimates as of. 2030

Template: TRIGA-Al (LWAJ-Zrx Alum .10 to 20% U)

'Template Bumup(MWd) 6 65

Template BOL Heavy Metal Mass (MT) 000018
Template Decay lime 25 years

Estimated
Canister usage

18"x10
1 25

1- IT r7-- - .. m In Xb b Y. Y. I Gamma SourcesI P... Tota
-11-111- - Lw

Ci/MWd From Nominal Bounding Fuel Initial Activity 'Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWd)O Burnup (MWd)
2  

(Ci) Inventfories(C) Inventones(Cl)
,--- I n nr4i8

IPhioton Total

Radionuclide
Ac-227
Am-241
Am-242m
Am-243

i Avg MeV
2
4

8271 E-09 t. 174 ur^ I

1.174 06 c

1,174 06 1 07E-03 2 14E-03 C

2 587 03
58703
587.03

1.17i
1,174

1.37E404 2 73E-(
5

587 03
0 0 OOE+00 2.53E-05

16 OOOE+00 9 90E-05
1 0OOOE+00 861E-04
NS OOOE+00 131E+00

2 105E+13
1 260E+13
1287E+13

0 2250 t 147E+13
Cm-244 1 4660E-06

2.2376E-03
1.2525E-044

E+OD 0 3750 4765E.12

1.174 06 O 5750

3 154 7 03 1,174 06

I Cs-137 587 03 1,174 06

L
1
1
11

02E+03 2 04E+03
3 704-02

587 03 158E+02 31
F ̂ 00 1 58E+O587.03 c

Lu-lb5 _ ------- v

Fe-55 -.05 587.03

Ij I-3- 35173E-03

1 1-129 7.3805E-07
- Kr-85 69263E-02

I Np-237 14I752E-06
Pa-211 8.3970E-09 ______

1,174 06 0OOE+00 2.47E-02
1,174 06 OOOE+00 2.06E+00
1,174 06 0 OOE+00 4 33E-G4
1.174 06 0 00E+00 4 07E+01

1.174 06 0 0OE+00 8 66E-04

1 7500 2 043E4 1t

22500 3 135E+06

2 7500 7 219E+05

3 8000 1 716E+03

5 0000 6 706E+02

113E+01 7 0000 7S66E+01

1 73E-03 I 11 000 8 602E.0

1,174 06 0 00E+00 4 93E406 9 86E-06
1.17--06--

Pu-238
Pu-239
Pu-240
Pu-241
PU-242

I Ra-226
Ra-228
Ru-106
Se-79

I Sn-126
i Sr-9O

Tc-99

1.0
1.174 06 E-11

-02 587 03
E.03 587 03
E-03 587 03

E-03 s870

1,174 c 0 OOE+00 6 20E+00
0 00E+00 6.78E-01
0 OOE+00 3 34E+00

6 0 OE+00 1.33E+00

1 MrE-lu
1 24E+01
1 36E+00
6 68E+00
2 65E+00
5 64E+014 8045E-02

3 0602E-07
5.1293E-13
2.3230E-10

1,174 06 (
1,174 06 1
1,174 06 (
1.174 06
1,174 06 I

1 80E-04 3 59E-04
3 01E-10 6 02E-10
1 37E-07 2 74E-07
591E-05 1 18E004

587.03
587 03
587 03
587 03

0 00E+00 7.59E-03
6 0 OoE+00 7.18E-03
6 0 0OE+00 9 49E+021 6165E+00

4 4120E044
4 5684E-10
6 8271 E-11

1,174 06 0 00E+00
1,174 06 0 OOE+00
1,174 06 0 OOE+00
1,174 06 000E+00

+ AACr oOO mO

4

5.18E-01
5.36E-07

01E-08 8 02E-08
39E-07 2 79E-07
102E45 2 04E05Th-232 2 37440-10

TI-208 1.7368E-08

U-232 4 6797E-08

U-233 1.3146E-07
U-234 2 5729E-07
U-235 -2 6159E-06
U-236 12719E-05

U-238 3 8857E-08

587 03
587.03 _--.w_ ___

587.03
587.03
587.03
587 03
587 03

1,174 06 0 OOE+00 2 75E-05
0 ooE+00 7 72E-05
0 OOE+00 1.51 E-04
8 73E-03 7.20E-03

S 49E-45 Thermal Power
Nominal Hat - Bounding

Output -' Heat Output

(watts) (watts)
131E+01 2z51E+01

15174406 0E+0 7547E-03 14

Y-90
MiOlle

T1l.7

587 03
587 03

Bp Summoury, and Cecks -r

47E403 5 45E03
.

T olal

OoE+oo 9 19E+020 1
l IlOE+03

T otal

F
Used asia tor raraine, .

Reactor Moderator LW AND U. ZIRC HYDRI[r LW AND U ZIRC HYDRIDE

Fuel Cladd-ag ALUM ALUM

SOL HM Constituents U U

BOL Enrichment % 19 87821382 100 201

Li
I

'1
3unmup Summaty (MWd)' - ltsasis Tor burnup Useog

From SFDi t nne Iq.rMg hyrip caktoate hmn te heMt seta mmas destroYt

toundeig tbrmopassuiated to be Wmc ecednal biwup
l I t r

--- - -I--

i
Estamated Bumup/

Sinup Muliplier I Given Sumup

coo smDnY I _,,,__ _ At - L. . _ _ _ _ _ _



Fuel Radlonuclide Inventory Worksheet
L Fuel and Template Iinlrnmation i_'

Fuel Name. PURDUE UNIVERSITY (U-ALX HEU)
SNF tD # 177

Fuel Units & Descr. 124 - ELEMENT
Heavy Metal Mass B01=222kg EOL=222kg
ROD Storage Site SRS

2035'Fuel decay stirt dale:
Estenates as of. 2030

Template: ATR (Ught Water, Alum. 60 to 100%, U)
'Template Bumup(MWd): 367.2

Template BOL Heavy Metal Mass (MT). 000116689

Estimated
Canister usage

18"x10
F 344

Template Decay Time 5 years
II. Estinmtes< m X. xb b Y. Yb _ Gamma Sources

Cu/MWd From Nominal Bounding Fuel Inital Activity Nominal Fuel Bounding Fuel
Tem-lat. FulBru Mdt8rn-uoIWdt2 iC, nf.%rlt Ivnrs

Photon Total
Energy Photons/sec
Group (bounding)Rad4o-ucidw

Ac-227 1 4545E-1O 42 04 84 08
Am-241 1 1190E-03 4204 8408
Am-242m 4 5425E-07 42 04 8408
Am-243 1 492IE-06 42 04 84 08

.-.-�--.,.
_ _ _ . _

I 22E-08 Avg MeV
00150 1 622E+13
0 0250 3495E+12
0 0375 3225E+12
00575 3171E+12
o 0850 2 022E.12

0OE+00 6 27E-05 1
1:~~~~~~~~~ ---A -- nA A O An rnA nsrn

5 lz44tcJ 4z u4 84 M0 U0 OO+O 2 41 E-07
42 04 84 08 0 OOE+00 5 52E-31 1.10E-30
42 04 84 08 0 OOE+00 9 95E-06 1.99E-05 0 1250

84 08 OOE+00 219E-03 4.38E-03 02250
Co-60
Cs-134

)OOE+00 I 61E-03 321 E-03 0.3750 8293E+11
4 8693E-01

Cs-135 3 4477E-06
Cs-1 37 2 8731 E+00 42 04 84 08

05E+01 4 09E+01 0.5750 1 139E+13
AS5E-04 2 90E-04 08500 1.595E+12
21 E+02 2 42E+02 12800 2 968E+11
45E+00 6 90E+00 1 7500 1245E+10
65E+00 3 29E+00 22500 26iiF10

Eu-154
Eu-1 55
Fe-55
H-3

42 04 84 08 0 OE+(
42 04 84 08 0 OE+00

8408 0 OoE+00 83E-01 67E-01 2
0 OOE+00 46E-01 8 91 E-01 3 5000 1 666E+07

1-129 7 5300-E1 6 33E-05 5 0000 4 999E+01
Kr-85 2 8595E-01 U2 40E+01
ND-237 9 5479E-06 42 04

7 0000 5 573E+00
11 0000 6 82E-01

Pa-231 8 9297E-10 42 04 84 08 C
Pb-21 0 3 7609E-12 42 04 84 08 0 OOE+00 I E

2.5452E+00 42 04 84 08 0 OOE+00 1.07E+02
42 04 84 08 0 OOE+00 8 64E-01 1 73E+00

84 08 OOE+00 I 80E-02 3 60E-02
Pu-240 84 08
Pu-241 6 8764E-02 42 04 84 08

I 03E-02 2 05E-02
2 89E+00 5 78E+00
1 53E-05 3 05E-05
1 60E-09 3 20E-09

FUIJ-Z4 j b67zS27- 42 04 84 08
8045E-1 I
9902E-15
9055E-01
2936E-05

42 04 84 08 0 OE+00
2 04 8408 0 O0E+0O 1 26E-13 2 51E-13

Ru-1 06 1 60E+01
Se-79 1 09E-03
SnwI26 1574E-05 42 04 4
Sr-90
Tc-99
Th-229
Th-230
Th-232
TI-208
U-232
U-233
L1-234

2 7505E+00 42 04 84 08 O.OOE+00
4.2239E-04 42 04 84 08 0 OOE+00 78E-C

42.04 84 08 0 ooE+00 '92E-11 I 58E-10
84 08 0 OOE+00 716E-07 1 43E-06
84 08 0 OOE+00 3286E13 6 57E-13
84 08 0 00E+00 1 85E-06 3.70E-0644

I -
14M UJ Wt+W - 1.11 t-U0 i nermai Power

1 8371E-04
3OwE+00 8.22E-08 1 64E-07 __Nominal Heat Bounding
w00E+00 7.72E-03 1 54E-02 I Output Heat Output

4 41 E-03 4 30E-03 4 41 E-03 (Watts) (Watts)1-235 -27235E-06
U-236 1 5493E-05
U-zt8
Y-90

-42itS1 E,-0
2 7505E+00

OOE+00 6 51 E-04
5 97E-05 5 95E-OS
0 00E+00 1.16E+02

1 30E-0 2 13E+00 4.26E+00
Total Total

42 04 84 08
uclkies

Selection Su-iar. Bu-n S-na-ry- and Checks _ _ .
Template Selection Summary

Front SFD
Reactor Moderator UGHTWATER

Fuel Chdding ALUM
BOL HM Constituents U

BOL Enrichment %- 92 00D45093

8umup Summary (MWd)
0

From SF0
Norinal |

BoundChe

lCbrtks

Used IBasis for Parameter Differences- I
_ ALUM

_U
_ eo to 100

1Basis for bumun used in estimate: JEsat

-I
Eslnmated Bumupr

Bumu Multpi r I Gwven Bumup

0121

Esttrated EOL HMIGiven EOL HtM
0 -98i

'Reactor shutdowr, core removal storage. shappaig or other date corfirming that iroadcation ceased for huel

'Total banuo for ait tfue associated wmi this worksheet must be divided by t01L heavy metal mass to get specitc burnup values (MWdMT)

DOEISNF/REP-078
Rr"on 0

March 2003
Page D-526 of D-585



Fuel Radionuclide Inventory Worksheet

L Fuel and Tenmpate Infrolioas
Fuel Name PURDUE UNIVERSITY.MTR-SI

SNF ID# 178
Fuel Units & Descr 16 -10 FLAT PLATES

HeavyMetalMass BOL-18182kg, EOL-18182kg
nOD Storage Site: SRS

'Fuel decay tart date 2035
Estimates as of. 2030

Template ATR (Light Water. Alum .60 to 100M- U)

Template Bumup(MWd) 3672
Template BOL Heavy Metal Mass (UIT) 000116689

Termlate Decav Time 5 years

Estirated
Canister usage

18 x10
044

I d'-. -z-.-
- x_ D Yn . . .....u1.YkA~timistes -- ; m Ia. Tna

CilMWd From
Template

I 4545E-10
1 1190E-03
4 5425E-07

Nominal Bounding Fuel Initial Actvity Nominal Fuel Bounding Fuel

Fuel Bumup (MWd)
2 

Bumup (MWd)
0  

(Ci) Inventories(Ci) Inventones(Ci)

344 38 688 76 0 00E+00 5 01E-08 1 OOE-07

344.38 68876 0C0E+00 385E-01 771E-01

68876 OC 113-04

I0tE-03
AM-243 1A. 344 38 688 76 0 u D4

6 3 94E-06

Energy Photons/sec
Group (bounding)

Avg MeV

00150 1.329E+14
00250 2.863E.13
0 0375 2642E+13
0 0675 2 598E+13
00850 1 656E+13
01250 1 434E+13
02250 1 404E+13
0 3750 6 794E612
0.5750 93326E13
0 8500 1.307E+13

C-14
C1-36

L- Cm-243

344 38 68 76
344 38 688 7 4.52E-30 9 04E-3C

344 38 +00 I 15E-05 163E044

Crm-244 344 38 30 0E+00 t79E402

Co-60 344 38 0 w0E+00 1 32E-02
000E+00 I 68E+02

Cs-134
Cs-135
Cs-137
Eu-154
Eu-155

IJ Fe-55

-i 1-129
AJ Kr-85

i Np-237
Pa-231
Pb-21 0

lb Prn-147

IC Pu-238

34
3 4477E-06 0 00E+00 I
2 8731t E+00 344.38 688 76 0 00 E+03 172500 2A31E+12

5 65E+01 1 7500 1 020E+11
8.2053E-02 6M f6

391 688 76 2 70E+01 2.2500

674 344 38 688 76 4 6AE+Oo

344 38 3 65E+00

344 38
344

688 76 0 COE+00 2.59E44
688 76 0306.00 9 886+01
688.76 0 00E+00 3 29E-03

3 5000 1 365E+08
s v03 4 193E02
7.000O 4 679E.01
11 000 5277E+00

9 54794-06
8 9297E-10
3 7609E-12
2 5452E+00
2.055se-02
428386E-04
2 4401E41
6 8764E-02

8 68876 O00E+O
3 688 76 0 O0E+C
3 688 76 0 O0E+(

3 308E-07 615E-07
3 1 30E-09 2 59E-09

8 77E+02 175E+03
1 708E+00 i 42E+01
3 1.48E-01 2 95E-01
3 8.40E-02 1 68E-01Pu-239

Pu-240
Pu-241

34438
344.38
344 38
344 38

688 76

...
I Pu-242 3 6329E-07

I Ra-226 3 8045E-1 I
Ra-228 2 9902E-15
Ru-106 1 905SE-01

344 u

688 76 0 00E+00 2.37E+01
688 76 0 00E+00 125E44
688 76 0 00E+00 1 31E-08
688.76 0 00E+00 1 03E-12
688 76 0 00E+00 6 56E+01

2 06E-12
1.31 E+02

Se-79
Sr-126
Sr-9O

- Tc-99

t E-05 344 38 68876
E-05 344 38 68876
.+00 344.38 68876

e44 344.3 688 76

0 00E+00 4 45E-03 8 91 E-03
O00E+00 3 99E-03 7 97E-03

000E+00 947E+02 1 89e+03
00.E+00 1 45E-01 291E-01
000E+00 6A9E-10 1.30E-09j 8848E-12 344.38 688 76

TP208

1 7042E-08
7 8132E-15
4 4063E-08
1 3151E-07
i Q5fiAE4-

688 76 0 00E+00
688 76 0 00E+00

34438 688 76 0 00E+00

E46 1.17E-05
E-12 5.33E-12
E45 3 03E-05 _ ._

688 76 0 OC6+0 4 53E-05l 9 06E-05
43 .0. 0 -C w

o Therlal Power

U-234 1 8371-044

U-23s -27235E6-0

U-236 1.5493E405

U 238 2 7505E+uO

sw Oher Radraonuclides

I1. Template Selection Su ar. Bnrnup Sn

Template Selection Summary

Reactor Moderator LIGHr WATER

Fuel Cladding ALUM
SOL HMA Conshtwunts U

_ OL Enrichment% 19 0001402

' Burnup Summary (MWd)
5

I ~From SfD0

34438 68876 C

344 38 0 00 I

34438 68876 C

344.38 , 000
344.38 688 76 C

nsruuiy.adlChecks _______ _.

E-02 1 27E-01
E3 7 47E43

NomiEal Heart Boun/ding

' Output Heat Output
Iwfstl (Watts). _w _lFt _ .1 460

mR4F.0 1 07E42 It 7sE4ra1 3 49E+ul
,

gE-03 4 95E-0 I lo Total

+00 9 47E+02 1 89e+03
1.77E+03 3 54E+03

wsused tor 1ie loltwi fersorS.
matchsskfes ATR Tem*at tn al bt one parafelere (eialdnoie4) maIksV ATR a reasonable

U
t0 100 . I

-i - ... *.se- In r m a-
_ stim t ed wr . . ... -.- :

Nomkial [.
_ jjdng - ftrrbrimp assuirned lo be twoc rieisrd SoMp

_ _-,__ _ I "'"-

Estmated Burnupl
Bunnup Multiplier Given Bumiup

.NMoI- IL
0 06
0,;1X9

rsoun.agng I v -
iReactor shutdowk core removal, storage, shPPrig or other date Confimling tat Irradaton ceased for fuel

aTotal bumup for at luel associated with this worksheet must be divided by BOL heavy metal mass to gel speafic bwnup values (MWdM)

I March 2003

D OE/SNF/RE6P-078
Revrsion 0

Mae h 2003
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Fuel Radionuclide Inventory Worksheet
L.Fueland TemplateInforni-onn: - _

Fuel Name. R 2 SVTR (U3S12 LEU) SWEDEN
SNF ID J' 942

Fuel Units & Descr 183. MTR TYPE
Heavy Metal Mass: BOL=351 47kg, EOL=308 977kg
ROD Storage Stte SRS

'Fuel decay strt dale. 1996
Estamates as of. 2030

Template ATR (0.ght Water, Ahrm , 60 to 100%, U\
'Templaite BuvnupMWd): 367.2

Template BO. Heavy Metal Mass (iT): 000116689
Ternoate Decav Time 2 years

Estimated
Canister usage

18-x1o
1 508

11. Estunaes m X. X b - . Yb Gamma Sources
Photon Total

Ci/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec
Radionuctlide Template Fuel Bumup (MWd) Bumup (MWd)

2  
(Cl) Inventories(Ci) Inventones(Ci) Group (bounding)

AC-227 1 1465E-09 40,241 32 80,482 63 0 00E+00 461E-05 9.23E-05 Avg MeV
Am-241 23056E-03 40,24132 80,48263 OOOE+00 9.28E+01 1 886E+02 00150 7531E+15

-

4 1476E-07 40,241 32 80,482 63 0 00E+00 I 67E-02 3 34E-02
14 40,241 32 80,482 63 0 00E+00 5 99E-02 I 20E-01 0 0375

0 O0E+00 2 30E-04 4 60E-04 0 0575 1 463E+15
C-36 5.28E-28 1 06E-27 I 0 0850 8 828E+14
Cm-243
Cmn-244 2 4221 E-05
Co-60 2 7560E-06 40.241 32 80.482 63

117E-02
1 95E+00
2 22E-01
4 74E+01
2 77E-01

01250 5913E+14
0 2250 7622E+14
0 3750 3314E+14
0 5750 5432E215

0 8500 7 8288,13

5 8851 E-04 40,241 32 80,482 63 0 00E+00
3 4477E-06 40,241 32 80,48263 000E+O0 1 39E-01

1 32 80,482 63 0 00E+00 7 28E+04 1 46E+05
Eu-1 54
Eu-1 5S

2 63 0.00E+00 6 59E+02 1 32E+03 1 7500 2151E+12
9 64E+01 1.93E+02 I 22500 I 533E.08

Fe-55
H-3 3 4504E-03 40241tZ
1-129 7 5300E-07 40241 32 80.4

2 63E+00
2.78E+02
6 06E-02
6.32E+03
7.70E-01

27500 1255E+08
3 5000 9 520E+04
5 ODOo 3.207E+04

Kr-85 7 8540E-02 40.241 32 80.482 63 0 00E+00 3.1 II
Np-237 9 5615E-06 40,241 32 80,482 63 0 00E+00 3 856E01

2 7968E-09 40,241.32 80,48263 000E+O0 1.13E-04 2.25E-04
40,241 32 80,482 63 0 wE+0 5 08E4- 1.02E-05

5 21 E+02 1 04E+03
Pu-238 1 41E+03 J1PU-239 4.2810E-04 A

2 4357E-04 40,241 32 80,482 63 0 0E+00 80E+00
06E+0340,241 32 80,482 63 0w0E+w0 2 11E+03
46E-02 2 92E-02

Ra-226 79E-05
Ra-228 1 9714E-14

3 58E-05
1 59E-09

Ru-106 2 0477E-07 40241.32 80.4
Se-79 1 2933E-05 40241.32 80.482 63 0 C
Sn-126 1 1574E-05 40.241 32 80,482 63 0 00E+00 4

1 7092E+00 40,241.32 80,482 63 0 w0E+W0 6.88E+04 1.38E+05
80,482 63 0 006+00 1.70E+01 3&40E+01

Th-229
Th-230
Th-232
T1-208
U-232
I1.21-9

000E+00 3.1 E-07 6 22E-07

2 6906E-14 4
4 4336E-08 40.241 32

-

12037E-07
3 011 El9o

40.241 32 
8

0s482 63 0006+00 -
An 'JAI 59 5ftA"9t fliviai

- - - - - -- - -I--
U-234 I RAQ7F-04 A4 0A.1 59 8n AA. 63 n m00E+00 7 c4vt-

4 71 E-03
217E-09
3 57E-03
9 69E-03
2 42E-04
1 49E+01
1 51E-01
1 25E+00
9 47E-02
1 38E+05
1 39_+05

U-235 -27235E-06 40,24132 000 1.51E-01 411E-02
U-236 1.5493E-05 40,241.32 80.482 63 0 0E+00 6 23E-01
U-238 -42851E-09 40,241 32 000 947E-02 945E-02
Y-90 17094E+00 40241.32 80,482 63 O0E+00 688E+04

Thermal Power
Nominal Heat Bounding

Output Heat Output
(Watts) (Watts)
85iE+.02 70E+03

Total Total

6 93E+04

Template Svelectton Sunmr

From SFD
Reectvr Movderstor: UIGHT WATER

Fuel Cbdding- ALUM
BOL HUt Conrsituentrs- U

BOL Enrichment Nk 19 84262055

I Basis for Parameter Differences: JUGHT WATER The Terrilte was uced t tfioisheM teasom
Ths lue maadies ATR Terlavt at al tae paramietet (eia nerleet) makir9 ATR a reasonable
maidN

_ _

Bumup Summary (UWdf Basis for bumup used in estimate:
From SFD Estimated

Nominal 40241 o b' caliated tarn the heavy etal ss dlestryed
Bounding |80 482 63 Bo g brtm assumed it be teue nrinal thriV

Checks

Estimated Bumupf

Bumup MuN Ae Given Bumup Estimated EOL Ht/Given EOL HiU
Norninal 0 _36 101

Bounding 0 73

Reactor sttldown, core removal, storage, shipping or other date confirming that Irradation ceased for fuel
5
Tota biuvep for all fuel associated ,t h tus woidsieet must be dvided by 01L heavy metal mass to get specific burnup values (UWdMT)

J

-r.

DOE/SNF/REP-078
RevisIon 0

March 2003
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Fuel Radionuclide Inventory Worksheet

L Fuel and Template Infor 10ma 11tson , -,

Fuel Name R-2 SVTR (UALX HEU) SWEDEN
SNF IDs 801

Fuel Units & Desce 450 - MTR TYPE
HevyyMetalMass BQL-111015kg EOL.5985kg
ROD Storage Site SRS

1. Estimates - m

'Fuel decay start date 1996
Estimates as of 2030

Template- ATR (Light Water, Alum .60 to 100%.- U)

'Templale Bumup(MWd) 3672

Template BOL Heavy Metal Mass IMTI 0 00116689
Temboate Decay vrime 25 years

Estimated
Canister usage

18'x10'
1250

X. x. b Yn Y. Gamma Sources

CVUMWd From Nommal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWd) Burnup (MWd)O M(Di Inventones(CI) Inventories(Ci)

- - - p 5IitF-CIT 1 11E-04

I Photon Total
Energy Phvtonstsec
Group (boundeg)

| RFadionuclide . . . _
01Av 0 9eV

Ac-227 1 14bb6-O9
k Am-241 2.3056E-03
Am-242m 4 1476E-07

96,98 50 0OWE+W1 i
96,908 s0 0 O0E+00
96.908 50 0 WOE+00

E+02= 0 0150 1884E.15
4 02E-02 0 0250 i 8S4E+15S

Am-243 .A8
C-14 571
CI-36 131
Cm-243 1 45
Cm-244 2 42
Co-60 2 75
Cs-134 5 88

1 44E-01 I 00375

8.454 25 96,908 50 0 C E-04 S 53E044 I 0 0575

48.454 25 E-28 127E-27

48,454.25
48,45425

7 06E-03 1 41

48,45425
E-04 4

968908 50 0 00E+00 17E+00
96.908 50 0 00E+00 1 34E-01
96.908 50 0 00E+00 2 85E+01
96,908 50 0 08E+00 1 67E-01

96S908.50 0 00E+00 - 8 77E+04

05750 6541E+15

0 1250 7.120E+14
O 2250 9177E+14
o 3750 3990E+14

E-01 .500 9 425E+13
3 4477E-06

1 75E+05 t12500 5 242E+ 13
I 8099E+00
16 54.25 96,908.50 0 OOE+00 7 94E+02 I 59E+03 I 1 7500

Eu-155 1.454 25 96.908 50 .1 6E+02 2 32E+02

Fe-55 48.454 25 96,908 50 1758E+.0 317E+00

H-37
48,454 25 I 67E+02 3 341

48,454 25
E-02 48,45425

9 5615E-06 48,454.25

96,908 50 0 OOE+00 3 65E-02
96.908 50 0 O0E+00 3 81 E+03
96,908 50 0 O0E+00 4 63E-01
96,908 50 OO0E+00 1 36E-04
96.908 50 000E+O 6 11E-06

5 0000 3.836E+04
7 0000 4220E+03
1 tDDo 4 721 E+02

-

_ __

2 7968E-09
2612E-10

I 22E-05

96.908.50 OOE+00 6 28E+02 1 26E+03

Pu-238
Pu-239
Pu-240
Pu-241
Pui-242

48.454 25 8 50E+02 1 70E+03

48,454 25 96,90850 0 OOE+00 2.07E+01 4 15E+01

48,454 25
48,454 25

0 OOOE+00
0 0 00E+00
i 0 00E+00
0 0 00E+00

t
118E+Ot

2 4 31E-054 4444E-10
1 9714E-14
2 0477E-07

96.90850 0 00E+00 9 558-0 1 91E-09

96.90850 000E+00 992E-03 I 98E-02

Se-79
I Sn-M26

Sr-90
Tc-99
Th-229

1 2933E-05 48,45425 5

1.7092 8+00 4845 2 C

42239E-04 48,454 25 S
7 726E-i12 48.454 25 9

0 00E+O0 627E-01
0 OE+CO 5 61 E-01

0 O0E+00 828E+04
o 0 OOE800 2 05E+01
0 000E+00 3 74E-07

25E+00
t12E+O0

5 8497E-08 48,454 25 96,90850 0s00+00 2 83E03 5 67E-03
GA CM RA n rx)F.pq 1 30E-09 z til t-Vj

Ti-208
U-232

2 6906E-1
4 4336E-C
12037E-C

48,945 25 96,90850 0 0 0 2

48,45425 96,908 50 0 00E+00 5

48,45425 96,90850 0 0E+00 1

.15E-03 4 30E-03 .

F.~ I^E0 t7.17E42 Therrnala Power)~~oia Veat Bounding .____
., ^; ^ n.c

U-233 3 0011E-09
U-234 1 84978-04
U-235 -2.7235E-06

U-236 1.5493E45
U-238 -42851E49
Y-90 1.7094E+00
Other Radionucides
11t. Template Selection Suiraryv. Bur.uip

Ternplate Selection Summa
From SFD

Reactor Moderator UGHT WATER
Fuel Claddng ALUM

BOL HM Considuerits U
BOL Ennrchment % 92 5168132

96E+00 1 79E+0148.45425 96,908 50 8

Nlominal Heat Elounding
Output Heat Output
(WO s) (Waftat

48,45425 000 222E-01 9 OE-02 2-2^2E401

-- -np w 1=2 205I048,45425 96,908 50 0

48,45425 0 00 A
48,454 25 96.90850 C

"ryss, A c ecksl A _ _ _ _ _ .

7s II-0 --1-- -- -J

2 58E43 2 79 -W< I V14" I Ovll

E+-100 8 288+04 1 66E+05
8 35E+04 1 67E+05

1i3asis tfor Parameter DIfferences:

0to1010 I

-Aei --.- ....o usdin etSurnup Summary (MWd)
4

Nominea F
Bo~undi ngI

Estiate s- rv f|A "...,., .
em SF0 Est 48 4at

48 4542ENolniral bAvip calulated I the bavy metal mass iesfyei

B Siig bxnip assumed to be twice rmwi tWp96 908 S

-IlChecks

Burnup Multteher
Estimated Bumupf

Given Burnup Estmiatad EOL HM/Given EOL HM

I 7 o1705Nominal F 1 39
B o u n ch in o l I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __"_ _ _ _ _ _ _ _

Reactor shutdiwsn core removal, storage shlipping or obber date confirming that irradabon ceased for fuel

'Total burnup for alt fuel associated with this worksheet must be dvided by BOL heavy retal mass to get specific btmup values (MW.dMT)

March 2003

DOE/SNFITIEP-078
Revrisio 0

Mag h 20o 3
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Fuel Radionucihde Inventory Worksheet
L Fuel and Template Infontiao, t ,

Fuel Namw RA-3 (UALX-HEU) (ARGENTINA)
SNF ID t- 634

Fuel Unts & Descr 32 - 19 CURVED PLATES
Heavy Metal MassC B015 722kg E80L=4 595kg
ROD Store Site SRS

'Fuel decay stalt date 1987
Estlmates as of 2030

Template: ATR (Ught Water. Alumo 60 to 100°. U)
'Template Bumup(MWd): 3672

Template BOL Heavy Metal Mass (MT). 000116689
Template Decay Time 35 years

Esbmated
Canister usage

18-x10'
133

Ll .Esufmtesk , - m X., Xb b Y Y| Gamma Sources

Photon Total
CUMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWd)f Bumup (MWd)O (Ci) Inventones(Ci) knventorbes(CQ) Group (hounding)
7 -1iRA 1 nx- -- o n U AAFfA OSAI: ANUn

Radionuclide
Ac-227 u z 1 4tvi 4 28E-Ob I Avo MeV
AM-241 5-39E+00 I 00150
Am-242m 3 9624E-07 1.C
Am-243 1 4880E-06 1.066 72 2.

t 8 45E-04 0 0250 3.283E+13
3 17E-03 0 0375 2.836E+13

C-14 5 7053E-09 1.066 72 2.13345 0 0575 3053E+13
L;Wbo 1 31124t-3Z 1.C.10 /Z Z.13Zt 45 0 Uu0+00 1 00850 1 839E+13
Cm-243 1 1419E-07 1,066 72 2,133 45 0 00E+00 1 22E-C

1,066.72 2,133 45 0 00E+00 1 76E-C
01250 1215E+13
02250 1 588E+13

1,066.72 2.133 45 0 OOE+00 7 90E-04 1 58E-03
-

rl A^C. AA O 4 oC A> A orc nx
U wt,+iu Z.1liU-V 4 36b-02

Cs-135 344 0 00E+00 3 68E-03 7 36E-03 0.8500
Cs-1 37 1 4365E+( 3 06E+03 I 12500
Eu-1 54 7 3230E-03 1.066 72
Eu-155 5 9259E-04 1,066 72 2.13345 0C

15E
1.2
4E11.066 72 2,133 45 0 OOE+OO 2 43E-C

i6E+O1
.6E+00
86E-03
.20E+O0
61E-03
'8E801

1.7500 3796E810

22500 3 174E.06

1,066 72 2,13345 008E+O0 210E+00 4.2
2,13345 0 00E+00 803E-04 1
2,133 45 0 OOE+00 4 39E+01 8.7

3 030E+06
1 756E+03

Kr-85 UND-237
Pa-231 3 9379E-09

0

1 02E-02 2.04E-02 11 C
E-06

Pb-210 3 3115E-10
Prn-147 92402E-04 1,068.72

8.40E-06
7.07E-07
1 97E+00
3 46E+01
9 13E-01
5 19E-01

Pu-238 1 6217E-02 1.066 72 2.133 45 0 OOE+00 1
4.2810E-04 1,066 72
2.4333E-04 1,06672
1 6242E-02 1.066 72

2.133 45 0 OOE+00 4 57E-01
2.133 45 0 ooE+00 2 60E-01

Pu-241 ) 00E+00 1 73E+01 3 47E+01
Pu-242 3 6329E-07 7 75E-04
Ra-226 90114E-10 1.06672 2.133 45

1.066 72

Se-79
Snl-126
Sr-90
Tc-99
Th-229

2
2,133.45 OOE+00 3 331E-11
2,133 45 0 OOE+00 2 26E-07
2,133 45 0 OE+00 1 38E-02

1571 EC

4 53E-07
2.76E-02
2 47E-02
2 87E+03
9 01 E-01

1 3472E+00
4 2239E-04
1 2407E-1 1
8 3497E-08

1,066.72
1,066.72
1,066.72

2,133 45 0 OOE+00
2.133 45 0 OOE+00

1,066.72 2.133 45 0 OOE+00 I
I .r0 72 92.1T3 45 0 nnr+n I R 1qF.tt

- - - - -_ -a . . O . Ie|

1.066 72
1.066 72

2,133 45 0 OOE+00 4 31E-05
2,133.45 0 OOE+00 1 17E-04

8 62E-05
2 34E-04

I,Uto rz 7 74E4t6

Thermal Power
Nominal Heat Bounding

Output Heat Output
(Wattsl (Wans1

72 2,133.45 0 00E+00 I 98E-01 3 96E-01
72 0 00 1.11E-02 8 22E-03 I 11E-02U-235

U-236
U-238
Y-90
Other Radionuctidles

.1 - - I -
I 4. U +U I 00tY4z

sa -r= -er
I I otal Total

1 3475E+00 1,066172 2.1 2.87E+03
2 92E+03

- 1- � -- - " 11.

From SFD
Reactor Moderator UGHTWATER

Fuel Clad dng ALU
BOL HU Constetuents l t U

BOL Ennchme.t % I 8 96 - 32138

_ GTWA1ER _

_ ALUM

I U
601O l OD

J
- - ,I __ _ _ _ _ _ _ _

BuMup Summnary (MWd)'

Nomuit nF
JJ 00050 *tfl LJUIISU5, MOCIJ Sn e.,rnaie;

- i.nW -. en - erav - eia eom"e.
Z13345 tcuring burnw assumed ID be Nice nae bhm

I.

Bumup Mumtwe

Nominal 59
Bounding i 118

Estimaled Buinup/
Given Rurnu- Estenated EOL HMtGIven EOL HM

I 101|

'Reactor shutdown, core removal. storage, shtpping or other date confirming that Irradatlon ceased tor fuel

'Total bumup tor aW luel assodated wih this worksheet must be dvided by 1OL heavy metal mass to get specific bumup values (MWdMT)

DOEISNF/REP-078 March 2003
Revision 0 Pa-a D-530 o1-5c85



Fuel Radionuclide Inventory Worksheet

II L Fuel and Template nlfinnation .- ,
Fuel Name RA-3 (UALX-HEU) (ARGENTINA)

SNF ID # 636
Fuel Units & Descr 207 -19 CURVED PLATES

Heavy Metal Mass BOL=37 84kg EOL30 139kg
ROD Storage Site: SRS

'Fuel decay start dats 1987
Estimaies as of 2030

Templale ATR (Ught Water. MAum, 60 to 100%. U)

aTemptate Bumup(MWtd) 3672
Template BOIL Heavy Metal Mass (MT): 000116689

Temolate Deeay Ttme- 35 years

Estimated
Canister usage

18-x1O'
863

_ .

-- - -- .,,. I
- I. . . .

- D
H. l-stimrtes -... .. - -- I

Radionuclide

CilMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWd)' Bumup (MWd)O (Cl) =nventones(Cl) nventones(Ci)

2 0068E-09 7.29243 14.8486 0 OOE+OO 1 46E-OS 2 93E-OS

25251E-03 7,29243 14.58486 OOOE+O) t848+01 368E+Ot

Photon Total
Energy Photons/sec

Group (bounding)

00150 1074E+15
00250 2.231E.14

00375 t.939E+14

AC-227
Arn,241
Am-242

C-14
CI-36

9624E-07 7,292 43 14,584 86 0 O0E+00

4880E-06 14.584 86 0 OOE+00

7053E-4 14.584 86
4 0 0575 2007E+14

2 43 14,584 86 1 91E-28 O OBsW

CM-243 7,292 43 14,584 e
7,292 43 14,584 1

33E-04 1 67E-03
1.20E-Ot 2 i

Cm-244
Co-60
Cs-t34
Cs-135

7,292 43 O OOE+00 5 40E-03 I a 4 723tE+13

OOE+OO 1.A

3 4477E-06 14.584 86 O.OOE+OO
-. . ,_ _ _ .

E-Ot 0 5750 7805E814
-02 1 0.8500 9 534Et+12
E+04 12500 4611E+12
E+02 175010 2 5956E111 4365E+00 14,584 86 0 00+00 . L

7 3230E-03 7,29243 14,58486 0 OOE+OO

5 9259E-04 3 14584 86 0 C I8 4E+OO 22780 2 t70E+07

Fe-55 2 43 14584 86 0 C 3 32E-02

I H-3

tw1129

Ir, Np-237

Pa-231-
I I P5-210

PM14

7,292 43 14.584 86 +01 2 87E+01

7,292 43 5 49E-03 1 1OE-02

2 7500 2.071 E+07

3.5000 1200E+04
5 0000 4 905E+03
7000 5 367E+02

114000 5985E+01
41176E-02 7,292 43
9 5752E-06 7,292 43
3 9379E-09 7.292 43
3 31 tSE-10 7.292 43
9 2402E-04 7.292.43
I 6217E-02 7,292 43
4 2810E-04 7292 43
2 4333E-04 7292 43
1.6242E-02 7,292 43
3 6329E-07 7,292 43
9 0114E-10 7,292 43
31019E-14 7,29243

3 00E+02 6 C
+00 6 98E-02

000E+00 2 87E-C
0008E+W 2 4

14,584 86 I

14,584 86 1
14,584 86 1
14584 86 I

.351E+01

Pu-20 B
Pu-240
Pu-241
Pu-242
>Ra-226

- Ra-228
Ru-1 06
Se-79

I Sn-126

I Sr-90
TC-99

E+00 1 ;8E+02 2 37E+02

E+00 3 12E+00 6 24E+00
+00 1 77E+00 355E+00

E+00 1 18E+02 2 37E+02

14,584 86 0 00DE+00 2 6SE-03
14,584 86 0 00E+00 6 57E-06
14,584 86 0 00E+00 2.26E-10
14,584 86 0 00E+00 1.55E-061225E-1

7.292 43 14,584 86
7.292 43 14.584 86 I
7,292.43 14,584 86

3
i
i

IOE-06

89E-01
69E-1

EW0 9 82E+03
E+00 3 08E+004 2239E-04 7

1.2407E-11 7
8.3497E-08 7
38371E-14 7

Ti-208 4 04148

U-232 I 0948E-07
U-233 3 6275E-09
U-234 1 8562E-04
U-235 -2.7235E-06
U-236 1,5493E-05

2 43 14.584 86 0 00E+00
243 14,584 86 0 O0E+00
2 43 14,584 86 0 00E+00
2 43 14.584 86 0 00E+00
2 43 14,584 86 0 00E+0

243 14,584 86 0 008E+W
2 43 14,584 86 0 008+00

9 05E-08

8 5 89E-04 I _ _ _ _ __ _ _ _

1 96E+04
6 16E+00
1 81E-07
1.22E-03
560E-10

4 t 60E43n Thermal Powver5.9 0 Nomna Het Budn
529E4751

12 7tE+W0
Norrutl Heat et Outdug

Output Heat Output

7,292 43 0 W0 7-36E-C 537E

I

t U-238
Y-90

M Oiher I

-4

292 43 14,584 86 0

292 43 000 1
292 43 14,584 86 0

and Ciecks- -t - . --

E-02 7.36E-02 (Watts) (Watts)
E-01 2.26E-01 1.22E+02 2.44E+02

E-03 1.27E-03 Total Total

+03 1 97E+04
E+03 2 O0E+049 98E1adionuctices

nyatae, selectiont Surnusa
-- Cifl- . t- m n

.

Frram SFD
Reactor Modenlor Urto WATER

Fuel Cladding AU --
BOL HM Constituents U _

BOL Enrihrment % 89 9777340t1 _

jt8asis for Parameter Dtiferences,

601to100 I

.

Bumup Summary (MWd)
From SFD

Nominal |

Checks

R5,0; -^ --.- lE ... t in -11.at

-r Estinated

14 584.

NI i bW p calacdated tsn lie Ieay ml mass destroyed

Boniing bNnip assrted so be twMice nomnrl aint

v

Estenated Burnupf
Gwven Burirupurtnup Multiotlier Estirnated8 EOL HMfGnren EOL HU

I I o1 l
-- Ar

Noinal t 061
i .- _ _ _ _ _ __Bo u n d in g I 1 I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PReactor shutdown core removal. storage sNipPing or other date confirming that Inadabon ceased for fuel

'Tofal burmuiP for at u associated with t is worksheet nrtst be dvided by 801 heavy metal mass to get specific bumrup values (MWdMT)

March 2003

DOE/SNFlREP-078
Revision 0

March 2003
Page D-531 of D-585



Fuel Radionuclide Inventory Worksheet
L Fuwe and Template Inframahonm,-

Fuel Nare, RECH-1 (CHILE)
SNF ID #- 708

Fuel Units & Descr 58. MTR TYPE
Heavy Metal Mass: DOL1-i 873kig, EOL-7 998kg
ROD Storage Sdie: SRS

'Fuel decay start date: 1999
Estimates as of 2030

Template: ATR (Light Water Ahri 60 to 1006. U)
'Template Bumup(UWCd) 3_72

Template BOL Heavy Metal Mass (n): 0 00116689
Template Decay Tine 25 years

Esttmated
Canister usage

2 82x1 0

11. Estimates, b m x xb b Y. yb Gamma Sources

CUMWd From
Template

Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
Fuel Burnup (MWd)' Bumup (MbWd9 (Ci) Inventones(Ct) Inventories(Ci)

Photon Total
Energy Photons/sec
Group (boundina)Radionuclide

Ac-227 1 1465E-09 3.66913 7,338°26 000E+00 4 21E-06 841E46 Avg
Am-241 2 3056E-03 3,669 13 7,338 26 0 0OE+00 8 46E+00 I 69E+01 0O

A ----- n7 -A ,- -- - o Ao
. 14zb0-Ur 3,6b9 1j 7,j33.26 U 004t+00u 1 2bE-03 3 04E4t3 oC

3,669 13 7,338.26 0 00E+00 5 46E-03 09E-02 0 0375
913 7,338 26 0 00E+00 2-1OE-05 19E-05 I 00575 1 I34E+14

7,338 26 0 OOE+00 4 82E-29 63E-29 I 00850 8.049E+13
Cm-243
Cm-244

07E-03 01250 5.392E+13
2 4221 E-05

Co-60 2 7560E-06
r_ ^A = oo=4C hA ;
Us-1]4 S t001 t-4 3.669 13 7.338.26 0 00E+00 2 1

I 78E-01
2 02E-02
4.32E+00
2 53E-02
1.33E+04

02250 6949E+13
0 3750 3 021 E+13

0.5750 4 963E+14
Cs-135 3 4477E-06 3,669 13 7,338.26 0 00E+00 12

t 8099E+00 3,669 13 7,33826 000E+00 6 64E+03
113 7,33826 00DE+00 601E+01 1.20E+02 1 7500

1 76E+01 22500 1 398E+07
Fe-55 3 2707E-05
H-3 3 4504E-03

2 40E-01 2 750 1 144E+07
2 63E+01 35000 8 639E+03
5 53E-03 5 0000 2 906E+031-129 7 5300E-07 3.669 13 7.338 26 0 OE6+00

Kr-sS 7 8540E-02 3,66913 7.338s26 0 OE+00
N3-237 9 5615E-06 3,66913 7.338 26 0 OOE+00 3 51 E-02 7 C

2 7968E-09
1 2612E-10
1 2952E-02
1 7549E-02
4,2810E-04

3.669 13 7,338 26 0 O0E+Oo I 03E-05 2 05E-05

Pu-238
Pu-239

3,669.13
3,669.13
3,669.13
3,66913
3.669 13

7,338 26 0 00E+OO 4 75E+01 9 50E+01
7,338 26 0 ooE+00 4 63E-07 9 25E-07

1 29E+02
3 14E+40
1 79E+00
1.93E+02

2,
II

Pu-240 2 4357E-04
2 6277E-02 3,669 13

3,669 13
3,669 13
3,669 13
3.669 13

7.338.26 0 OOE+00 9 64E+01
7.338 26 0 OE+00 1 33E-03 2 67E-3M

Ra-228 1 9714E-14
3.26E-06
1 45E-10

Ru-106 2 0477E-07
Se-79 1.2933E-05 3,669 13 7.338.26 000E+00 4 75E64

1 1574E-05 3,669 13 7,338 26 0 00E+oo 4 25E-02 8,49E-02
3,669 13 7,338.26 0 00E+00 6-27E+03 1 25E+04

S13 7,33826 0OOE+00 1.55E+00 a1DE+00
2 s3E-08

Th-230 5 4
5 67E-08
4.29E-04

Th-232 2 6906E-14 3,669,1
Ti-208 4 4336E-08 3,669.13 7.338 26
U-232
U-233

3.66913 7.33826 0 ooE+00
3,66913 7.33826 0 OOE+00
3,66913 7.338.26 0 ooE+00

8 83E-04

U-234
U-235
U-236

1 8497E-04

Thermal Power
t4ominal Heat Bounding

Output Heat Output
(Watts) (Watts)

7 76E+01 1,55E+02
Total Total

-2 7235E-06
1.5493E-05

3,669 13
3,66913

0 00 2 05E-02 1 05E-02 2 1
7.33826 0 00E+00 5 68E-02 11

*4 Z0itU." 3.btm 3
3.66 tA

0 t0u 7 w£t8-4 I E3E-04 7.98E-04
7,338,26 0 00E+00 6.27E+03 1,25E+04

6 32E+03 I 26E+04 J
udf Checks - -* .o , I + 4I1. Tenplate Sdeclioe. Sw .nry Brn

Template Selection Summary
From SFD

Reactor Moderator r UGHTWATES
Fuel Claddng ALUM

BOL HM Consttuents U
BOIL Enrichment % | 799939132

Used
.UGHTWATER

ALUM

U

60to 100

tssi lr rme 1rtrnes i

[Burnup Summary (MWd)l Basis for bumup used in estimate iFrom SF0

Boundmg-|

Estimated

366913
7338,26

Lnncks

Estimated Bumupl
Bumup Multiplier Given Bumup Extimated EOL HMvGiven EOL HM

t 031Noinhal _.
Bounding_

098
1 98

Reactor shutdown. core removal, storage, shapping or other date confirmeng VW Irradaltwn ceased tor tuet

'Total bumup for all fuel assocated with this worksheet must be civkled by 6OL heavy metal mass to get speific bunup values (MWdlT).

DOEISNF/REP-078
Revision 0

March 2003
Page D-532 of D-585



Fuel Radionuclide Inventory Worksheet

L Fuel mnd Template If a tio
Fuel Name RHF (FRANCE)

SNF iD s 179
Fuel Units & Descr 4 - 2 CONCENTRIC TUBES

HeavyMeItalMass: SO6136Skg EOL.25.51kg
ROD Storwge Site- SRS

'Fuel decay start date 1989

Estanates as of 2030
Template ATR (tIght Water, Aumn, 60 to 100%. U)

Temnplate Burnup(MWd) 3672

Template BOL Heavy Metal Mass (Ml) 0 00116689
aa , - . Gamma Sources

Estimated
Canister usage

18'x10'
067

I -mP.,. ue-|IeYw ..

.Esi te -- iX.x, b Yn V. Gamma Sources

I Photon Total

C'dMWd From

Radionuclide -, Template

Nominal - Bounding Fuel initial Activity Nominal Fuel Bounding Fuel

Fuel Burnup (MWd)W Bumup MW9 (CD) -nventones(Ci) lnventones(Ci)
10.7-R6 21.57310 000E+^00 216E-05 433E-05

Energy Photonstsec
Group (bounding)

Avg MeV
0 0150 1Su .89E+15
00250 3299E+14
00375 Z868E+14

Ac-227 2C L ,va v .

Am-241 E-03 10,786 55
E07 10.78655Am-242m

Arn-243
C-14
CI-36
Crm-243
Cm-24.4
Co-60

-06 10,786 55

310 0 006E00 2 72E+01
110 0 00E+00 427E-03
110 0006E00 161E-02
3.10 0 OOED00 6.15E-05
110 0 0OE+00 1.42E-28

0 0575 3.087E+14
E-09 1

2 83E-28 0 C850 160E+14
1 3124E-32
1 1419E-07 21,573 10 I 2A6E-03 01:

6522E-( 655 21.57310
6 55 21,573 10
6 SS 21,573 10

t I 78E-01 3 56E-01
7 99E-03 1 6°E-4

1 606E+14
6985E.13
1 154E+l5

Cs-134 10,78t E+00 2 21E-01 4 4

Cs-135 10.786 55 E+00 3 72E+02
E+00 1 SSE+04

1 410E7+113

Cs-137
Eu-1 54

.+00 10,786 55
E-03 10,786 55
E-04 10,786 55
E.06 10,786.55

21,573 10 0 00E+00 71

21.573 10 0 00E+00 6:

21,573 10 0 00E+00 2,

310E+04 1.25Co 6820E+12
1 58E+02 17500 3.839E+1I

1 28E+01 2ZZ500 32106E+07
4.92E-02 z 275oo 3 063E+07Eu-1 55

Fe-55
H-3
1-129
tKr-85

2 27911
1 9698E-03
7 5300E-07

2157310 00t
4625E+01 3 So00

21.573 10 0 C4 1
i
4

44E+02 8 88E+02
3 1 62E-02

936E+02
848E+01

Np237
Pa-231
Pb-210
Pm-147
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Ra-226

03E-01 2 C

31 10,786 55 +00 t25E405

O 0.00E+00
0 OOE+00

O OOE+600

1 99E+01
3 SOE+02

t 6927E42

4 2810E-04 10,786 55 21,573.10 6OOE+O 462E+00 9.24E+00

21,573 10 I
21,573 tO I

2.62E:+00 525E:+W
1 75E+02 3 50E+02

10,78655 21,573t10 006+O 392E-03 7 84E403

3 10,786 55
4 10,786 55

2tS573

Ra-228
Ru-1 06
Se-79
Sn-1126
Sr-90
Tc-99
Th-229
Th-230
Th-232

2 1225E-10 10,766S
12930E-05 10,786 55
1.t1571E-5 10,786 55

tA.372+00 10.786 55

O O0OE+OO 9 72E-Uti
0 OOE+00 3 35E-10
0 006E+00 229E-06
0 OO6E+00 96E-01
0 OOE+00 125E-01

6 69E-10
4 58E-06
2.79E-01
2,506-01

291 E+0421.573 t10

4 n ffi 21.573.1 4.56E+00 9 11E+00

E-11 10,786.55 21,5731
E-08 10,786 55 21,73 1

E-14 10,786 55 21,573 1

0 0OE+0 1 34E-07
0 0E+00 90E-04

* OOE+00 4 14E-10

72-208
I U-232

U--233

4 0414E-08 10,786 55 310 Z OOE+OO 4.36E4C

310 0.00E+00 1.18E6-
-n noroEr+On 3.9-iE

t 1.
2.36E-03 Thertnal Power

1.0948E-07 10,786 55 ._3 0 _ ~ mia _et Budn
7.83E405 I

18562E-04 10,78655 21,57310 000en^ 2wE+00 40E-+00
.. O 95CFI~ 01863 I - -AO V AICJSQuuu ,ec-u~ -

Nona Hea Boundin
Output Heat Outpt
flhl55) tWatts)U-234

U-235
U-236

i U-238
L-z Y-90

1111 Ofthr Radior

I
-2 79q35Ew - 10-786.!

1 St93E-S 10,786 SrI
| :woc BSS

._,. __ __

-4251 E-09 10,786
1 3475E+00 10.786

rainiv. Buip Sainunary. andi

21,573.10 0 0E+00 I

000 872E-4 82

21,57310 00 E+00 1 4
14

-01 3 34E01 1tIE02 3 61E.02

-04 8 72E-04 Total Total

+04 2 91E+04

+04 2 95E+04 j
16s

-
From SFD

Reactor Moderat UTWATER

Fuel Cladding _ ALUM
BOL HM Consituetnts _

BOL Enrichment % 92.97

BuMupl Summary *MWd)L F
Fror, SFD |

UGH4TWATER J
ALUM I

6i t

BBasis for burnup used in estima.te

_ Naal Wurrs caidated from the heavy meta ms d&sbMd

Z to3r bung 1 asasuned ID be bW rial buirn
Nominal

Bouncing-

Checks -I. ==-.

Estimated Bumupt
Given BumupBur.^up tuaitslr Estimated EOL Ht/Grven EOt HM

1.03NB minal
Boun^dl.^

0 93

I Z61

'Reactor shutdewn. core emval storage. nipping or other date c_ rinaing that Gabon ceased lot uel

"Total burmup for anl fuel associated with tNs worksheet must be dvided by BOL heavy metal mass to get spedbc burnup values (3.OWdMT)

Mac 20
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Informtionm , -3

Fuel Name. RINSC
SNF ID 1: t81

Fuel Units a Desr 44 - 1 a FLAT PLATES
Heavy Metal Mass: BOL6= 12kg: EOL60 45kg
ROD Storage Site: SRS

'Fuel decay start date 2035
Estimates as of: 2030

Templates ATR (Ught Water. Alum. 60 to 100%. U)
'Template Bumup(MWd) 3672

Template 80L Heavy Metal Mass (IMT): 0 001166a9
Template Decay Time' 8 years

Estimated
Canister usage

t18,x10'
183

11. Fshmilates u I - m x. X, b Y Y | Gamma Sources

Radionuclide
Cu'MWd From Nomunal Bounding Fucl Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWdf Bumup (MWd)' (Ci) lnventories(Ci) Inventones(Ci)
_ _ _

A ̂_oOAC:ZZ { t 4s4sE:-10 62U 87 _.241 It OOUE+OO
1 1190E-03 620 87 124173 0 OOE+0o

Photon Total
Energy Photons/sec
Group (bounding)

Avg. MeV
0 0150 2.396E+14
0.0250 5161E+13
0.0375 4 763E.1 3
00575 4683E+13
o 0850 2965Et13

4 5425E-07 620 87 1241.73 0 OOE+00
620 87 1,24t.73 0 OOE+00 9 26E-04

C-14
C036
Crm-243

620 87 1,241.73 0 OOE+00 3 55E-06 71
1,24173 OOOE+00 815E-30 1 63E-29

0 OOE+00 1 47E-04 2 94E-04
Cm-244 3.23E-02 6 46E-02 a
CO-60 3 8208E-05 2.37E-02 4 74E-02 03750 1225Et13
Cs-1 34 4 8693E-01 620 87 6 05E+02 0 5750 1 682+t14
Cs-135 3 4477E-06 620 87 E-03

2.8731E+00 620 87 1241 73 0 OOE+00
0 8500 2-356E+13
12500 4353E+12
1 7500 1 833E+lI7 124173 0 OOE+00

Eu-1 55
Fe-55

3 9134E-02
6 7429E-03
1 0599E-02

241 73 0 OOE+00 43E+01 4 86E+01

H-3
0 OOE+00
O OOE+00
0 OOE+00

19E+00 8 37E+OO
58E+00 1 32E+01 3.a0

1-129 7 5300E-07 620 87
Kr-85 2 8595E-01 620 87 1,

95479E-06 620 87 1,241 73

68E-04 9 35E-04
.78E+02 3 S5E+02
593E-03 1.19E-02
554E-07 1.11E-06
L34E-09 4 67E-09
58E+03 3 16E+03

5.W0 7 735E+02

7 000 8 636E+01
11 OWO 9 745E+00

8 9297E-10 620 87 1,241 73 OC

Pm-147
Pu-238
Pu-239

620 87
620 87
620 87
620 87
620 87
620 87

1,241 73 OOOE800
1,241 73 0 0OE+0O

1 73 0 OOE+00 28E+01 2 55E+01 LI4 2838E-(
Pu-240 2 4401 E-04

1,24173 0 OOE+00
1241 73 0 OOE.00
1241.73 0 OOE+00

66E-01 5 32E-01

6 8764E-02
3 03E-01
8 54E+01
4 51E-04
4 72E-08

3 6329E-07
3 8045E-1 1
2 9902E-15
1 9055E-01

620 87 1241.73 0 008E00 2 26E-04
1,241.73 0 OOE+00 2 36E-08

Ra-228
Ru-1 06
Se-79

0 OOE*00 1 86E-12 3 71E-12

2936E-05 620 87
1574E-05 620 87

Sr-90 2 7505E+00 620 87
Tc-99 4 2239E-04 620 87
Th-229 I 8848E-12 62087
Th-230 1.7042E-08 620 87
Th-232 7 8132E-15 620 87
T1-208 4 4063E-08 620 87
U-232 1 3151E-07 62087
U-233 1 9564E-09 620 87
U-234 1 8371E-04 62087

1,241 73 0O8E+00 8 03E-03
1,241 73 0OOE+00 7.19E-03
1,241 73 0 OOE+00 1 718E03
1,241 73 0 00E+O0 2 62E-01
1,24173 0 00E+00 1 17E-09
1241 73 0 00E+00 1 06E-05

2.37E+02
1 61E-02

2 12E-05
3 4 85E-12 9 70E-12
3 2 74E-05 5 47E-05

R~~~ ~ *- .nen n nnewnnI 0. UV VZ+UU a lot-VD I Ib3-U4 I nhrmal Power
s. _.

1.. Z1 - 06 2 'I-06 Nom"nal Hea Bounding
,14801 2 28E-01 I Ouu Heat Output
,4E-02 2 61 E-02 (wSas) (Watts)U-235

U-236
-2.7235E-06
I 5493E-05

620 87 a

620 87 1,241 73 1 92E-02.. - - ti -- 3 15E+01 6 30E+01
Total Total-42W1E:- 09 620i8 a DO I 65E-02

I 121 73 n mnF.ri2 75MF.W 620n 87
- _ - - W -E -S - - - - W t

Otier
TIL Template Selectios Summer
Template Selection Summary

Frc
Reactor Moderator UGH

Fuel Cladding A
BOL HU Constituesnts

BOL Enrichrment % 19 7

lBuumup Summary (MWd)
5

3 19E+u03 6 39E+03

Basis for Parameter DIfferences:Used

!ATER UG WATER
UM ALUU

[Ths Teeptate was useed for the lolioesi reasorks.
bs euel b matid ATR Template at hat re ,paraeter (erndrwil mas ATR a reasonable

Takft

-IBasas for burnup used in estimate: IjFromr SFD, | EsIrntd l---~~ ' j ~ ~
Nominal | o2087 Nomsmal iuncaksiated tom the heavy metal mass dessryed.

Bounding 1 1 241 t7 r B ng tbt assumed to be te rowmuat uirtsp

Checks

Estimated Burnup/
Burnup Muitier Given Burnup Esti mated E0L. HM/Gveen EOL HM

Nornnal 00C3 1 00
Bounding 0 00;

'Reactor shutdown. care remonval storage shipping or other date oonhrmeg thMat irracaton ceased for fuel

'Totatl burnup for al fuel assoCated with thas worksheet must be dvided by OL heavy metal mass to ge specific bumup values (MWdMl)
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Fuel Radionucilde Inventory Worksheet

1. Fuel and Template Information .
Fuel Name: RINSC

SNF ID 4. 180
Fuel Units & Descr 70- 1S FLAT PLATES

Heavy Metal Mass BOL.9 366kg EOL=8 49Skg
ROD Storage Site SRS

'Fuel decay start date- 1992
Esatmates as of 2030

Template. ATR (Ught Water. Alum .60 to 100%.. U)

'Template Bumup(MWd) 3672
Template BOL Heavy Metal Mass (M"): 000116689

T-mite. f-av Time 35 wears

Estimated
Canister usage

18'x10o
i 1.94

lU.Esomates - ., m xT XX b Y. Yb Gamma Sources

Radionucinde
I Ac-227

Am-241
Am-242m
Am-243
C-1 4

CVMWd From tNominal Bounding Fuel - Initial Activity Nominal Fuel Bounding Fuel

- Template - Fuel Burnup (tWd)2 Bumup (UWd)M (Cl) - Inventones(CI) Inventones(CI)

2 0068E-09 822.01 1,644 03 0 00E+00 1 65E-06 3 30E-06

25251E-03 82201 1,64403 OOE--00 208E+00 4 15E+U0

Energy Photons/sec
Group (bounding)

Avg MeV
00150 1.211E+14
0 0250 2.514E+13
0 0375 2185E.13
00575 2.352E+13

3 9624E-07
1 4880E-06

t1,644 03 0 00E+00 326E~t-04
1,64403 000E+00 122E-03
1.644 03 - 000E+00 4 69E-06

0-36 822 01 1,644 03 2.16E-29 0 0Sso 1 417E.113

Crn-243 822 01 1.644 03 000E+00 9 39E-05 I 88E-04 01250 9362E+12

822 n1 i.6U44 03 2 72E-02 02250 t224E+13
Cm-244 -_ . . _ _
Co-60 E-07 822 01 1,644 03 6 09E-04 1.22E-03 0.3750 S 323E+12

Cs-134
Cs-135

E-05 822 01 1 6BE-02 3 36E-02 0.5750

E-06 822 01 0 2 83E-03 S 67E-03

i 4365E+00 00OE+00 I 18E+03

7 3230E-03
5 9259E-04

1,644 03 0 00E+00 6 02E+00
1,644 03 0 00E+00 4.87E-01
1,644 03 0 00E+00 t.87E-03
1,64403 0 00E+00 1.62E+00

17500 2925+10
2.2500 2 446E+06
2 7500 2335E.06
3 5000 1t354E+03

22
H-3

I* I-t29
tKr-85

b N-237

Pa-231
0, Pb-210

1 ; Pm-147
Pu-238

822 01 1,644 03 0 0 1t24E-03 s oooo S5532E+02

822 01 3 38E+01 6.77E+01

822 01 ~+00 7 87E-03 I 57E-02 11J

33115E-10

1,644 03 0 0OE+OO 3 24E-06
1,644 03 0 OOE+O0 2 72E-07
1,644 03 0 OOE+00 7 60E-01
1,644 03 0000E.00 1 33E4-01-

9.2402E-04
I I

Pu-239 4
Pu-240
Pui-241
Pu-242

I Ra-226
. Ra-228

Ru-1106
Se-79
Sn-126

Tc-99

24

1 6
36C

822 01
822 01
822 01
822.01

1.644 03 t
1,644 03 l
1,644 03 t

4
04E-01
OOE-01

E+01 2 67E+01
2.99E-04 5 97E-u4

31019E-14
2.1 225E-10

3 0 OE+00 7.A1 E-07
3 0 OOE+00 255E-1 1
3 0 OOE+00 I 74E-07

t.48E-08
S lOE-11

1,2930E-OS 822 01 1,644 03 0 OOE.00

1 571E-05 822U1
t,3472E+00 822 01
4.2239E-04 822 01
1 2407E- 1 822 01
8 3497E-08 822 01
3 8371E-14 822 01

1.644 03 1
1,644 03 1 I IIE+03 2.21E+03

3 47E-01 6 94E-01
1.644 03 0 OOE+00 1 02E-08
1,644 03 0 OOE+00 6 86E-05
1,64403 0OOE+00 31SE-11
t,644 03 0 0OE+00 3.32E-05

2 G4E-08
1.37E-04
631E-11
6 64E-05
t.80E-04

4 0414E-08
1 0948E-07
3 6275E-09
1.8562E-04

-9 7235E-06

822 0

I 2^,.
<

WU-236
U-238
Y-90

- Other F

U. 
T

e
TernpL

k R4
BOLI

S BC

IB.
t Checok

1t5493E-05

I1 t1,644 03 0 OOE+00 9 OOE-05
01 1,644 03 0 00+00 2 98E-06

0I 1,644 03 0000E+00 53E-01
01 000 1 89E-02 I 66E-02

01 1,64403 000E+00 127E-02

01 0 00 218E-04 2 13E-04

)I 1.64403 OOE+00 1 IE+03
1 12E+03

Checks

Thermal Power

Nornal Helat Bounding
Output NIeet Output
(Waft) (Watts)
13.E+01 Z75E+01

2160-04 Total Total
2 ZE+03
2250E03jladmonuudides

.'- ZFrom Si-D
petor Moderator LrHTWATER

Fuel Cladding ALUM
NM Constituents U
IOL Enrkhment # 9313596185

Basis for Parameter Drierencets

-J.
- I _fie ^ sAA, ,,,,s .t- st

p Summary (MWd) - - .- - 4 aSi5 51 wrul- p u- -C
, _

From n FD

Nominal [Z
Boundmg | t37A4e

Brnup Mullopter

Estlmateo

82 01
1.644 03

Est mated Bumupf
Given Burnup

iNleoninl birew miculated mr the beavy metal nass destsyed
3ancg buisu astuned ltoe Mrie reiaibumu.^p

Estimated EOL HNIGven EOL NM
I1R011r0.28,_._1

Nominal
Boundng O FA 43A8E

'Reactor shutdown, core removal. storage shipping or other date confirming that Irradation ceased for fue

"Total burmup for all tuel associated with lhs worksheet must be divided by SOL heavy metal mass t get spedflic bumup values (MWvdMT)

March 2003

1OEISNF/IREP-078
Revision 0

MarP^h 2003
Pagea D535 of D-585



Fuel Radionuclide Inventory Worksheet
L Fuel and Template Information.

Fuel Name: RPI (UALX-LEU) PORTUGAL
SNF ID r. 943

Fuel Units & Descn 39- ASSEMBLY
HeavyMetal Mass: BOL130381kg EOL=2923kg
ROD Storage Site: SRS

'Fuel decay start date: 1998
Estimates as ro: 2030

Temptte- ATR (L44 Water, Alum .60 to 100% U)
'Template Bumup(MWd). 3672

Template BOL Heavy Metal Mass (MT): 0 00116689
T-Isbte Decay Tme 25 vears

Estimated
Canister usage

t18x10
i 163

11. Estimates .m xb b Y. Gamma Sources

Photron Total
CLtMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuctmde Template Fuel Bumup (MWdp Bumup (MWdO (Cl) - bventones(Cij tnventones(Ci) Group (bounding)
AC-227 1 1465E-09 1.089 55 2.17909 0 00200 1 25E-06 2 50E-06 Avg MeV
Am-241 23056E-03 1,08955 2,17909 OOE+00 251E+00 502E+00 00150 2039E+14
Am-242m 4 1476E-07 1,08955 2,17909 0OOE+00 452E-04 904E-04 00250 4236E+13
Am-243 1 4894E-06 1,08955 2,17909 OOE+00 1 62E-03 3.25E-03 0.0375 3689E+13
C-14 57108E-09 1,08955 2.17909 OOE+0 622E-06 1.24E-05 00575 3961E+13
C1-36 1 3124E-32 1,089 55 217909 0.00E+0 1 43E-29 286E-29 00850 2.390E+13
Cm-243 I 4562E-07 1t089 55 2179 09 OOOE+00 1 59E404 3 17E-04 0 1250 1 601E+13
Cm-244 2 4221E-05 1.089 55 2,179 09 OOE+O 2 64E-02 528E402 02250 2064E+13
Co-60 27560E-06 1,08955 217909 OOE+00 300E-03 601E-03 0.3750 8972E+12
Cs-134 58851E404 1,08955 2.17909 OOE.00 641tE-t 1.28E+00 05750 1471E+14
Cs-t35 34477E-06 108955 217909 OOE+00 376E403 751tE-3 08500 2119E+12
Cs-137 1 8099E+00 1.08955 2.17909 OOE+00 1 97E+03 394E+03 12500 1 179E+12
Eu-154 1 6386E202 1.089 55 2.179 09 0 OOE+00 1.79E+01 3.57E+01 1 7500 5.823E+10
Eu-155 2 3957E-03 1.089 55 217909 I 4 150E+06
Fe-55 3 2707E405 1,089 55
H-3 3 4504E-C
1-129
Kr-85 I1856E+01 1 71E+02 7 0000 9 705E+01

2.179 09 0 OOE+00 1.04E-02 2 08E-02 110000 1 086E+01
2 79688E09 1.089.55 2.17909 0 OOE+00 305E-06 6.09E406

P1-210 1.2612E-10 1.08955 2.179-09 OOE+00 1.37E-07 2.75E-07
Pm-147 12952E-02 1,089.55 2,179 09 OOE+00 141E+01 2 82E+01
Pu-238 17549E-02 1,089 55 2.179 09 0OOE+00 191E+01 3 82E+01
Pu-239 4281OE404 1.089 55 2.17909 0OOE+00 466E-01 933E201
Pu-240 24357E-04 1,089.55 2,17909 0OOE+00 2 65E801 5 31E-01
Pu-241 2 6277E-02 1,089.55 2,179 09 0 00E+00 2 86E+01 5 73E+01
Pu-242 3 6329E-07 1,08955 2,17909 0 OOE+00 3 96E.04 792E-04
Ra-226 44444E-10 1,08955 2.17909 0OOE+00 484E-07 968E-07
Ra-228 19714E-14 1.08955 2,17909 0OE+00 2 15E-11 4.30E-11
Ru-tO6 2.0477E-07 1,08955 2,17909 000E+00 223E204 446E-04
Se-79 1.2933E-05 1,089 55 2,17909 2OOE+00 1 41E-02 282E-02
Sn-126 1.1574E-05 1,089 55 2,179 09 0 OE+00 1 26E202 2 52E-02
Sr-90 1.7092E+00 1,08955 2,17909 02OOE+00 86E+03 372E+03
Tc-99 4.2239E-04 1,089 55 2,179 09 0 OOE+00 4 60E-01 920E-01

I

Th-229 7.7260E-12 1,089 55 2,179 09 0 OOE+00 8 42E-09 1 68E-08
Th-230 5 8497E-08 1,089 55 2,179 09 0 C
Th-232 26906E-14 1,08955 2.17909 OC
71-208 4 4336E-08 1,089 55 2,179 09 0 C
U-232 12037E-07 1,08955 2,17909 0C

6

9 66E-05
2 62E-04

I 127E-06 6 54E-06
Thermal Power

Nominal Heat Bounding
Output Heat Output
(watts) (Watts)

2.179 09 0 OOE+00 202E-01 4 03E-01
U-235 -2 7235E-06 1.089 55 0 00 1.30E-02 t OE4-02 30E-02

1i08955 2,17909 OOOE+00 1 69E402 338E-02 I 2.30E+01 461E.01

S 1.089 55 000 8t19E-03 8t8E4-3 8I1t9E43 Totai Total
E+OD 1.089 55 2.179 09 0OOE+00 1 86E+03 372E+03

t 88E+03 3 75E+03

HI. Template Selection ,.-WY. OhIIq --- umY, ass tanma - I--

ITemplate Selection Summary

IF
From SFD Used Basis for Parameter Differences:

Reactor Mod tor- LGHT WATER

Fuel Cladding A

BOL HM Constituents U
BOL Erikhmnt --I 19 3094182

LIGHT WATER

ALUM
rhs Tenelate wts used M7 the kaerg reasons.

rha t matches ATR Template al di one paramete (erichmnt) mabrq ATR a reasorable

U

600t 100L - - - __ ___

Burnup Summaiy (MWd)f Basis for bumup used in estimate:
From SFD Esaled

Nomfn I 1 089 Neesal tnV calkiated from the heavy metal mas detred.
Boundig- 1 217909 & ndng batnw assed lo be tve rnvral bumul.

lChecks 1

I
Estimated Bumupf

Ghen BumupBumup MutmI1er

Nominal [
Bourning

011

Estimated EOL HM/GIven E0OL NM

I Io001_..-
023
___ .

'Reactor shutdownt core removal. storage. shipping or other date conairirlg that irradabon ceased tor fuel
5
Total bumup for alt kel assoaated with tils worksheet must be dvrded by BOL heavy metal mass to gel speatic bumup valaes (MWdM5lT)
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I. Fudl and Template Infwrmbon ,
Fuel Name RSG-GAS (UW8-LEU) INDONESIA

SNF ID# 288
Fuel Units & Dexr:. 47 - ASSEMBLY
Heavy Metal Mass BOL=56 188kg EOL.51 479kg

ROD Storage Site SRS

'Fuel decay start date 1999
Estimates as of. 2030

Template ATR (Lk" Water, Alum, 60 b 100°. U)

"Teniplate Burnup(MWd) 3672

Template SOL Heavy Metal Mass (M`T) 000116689
Template Decay Time 25 years

V_ Y I Gamma Sources
II1.EFstimates ' m X., '5 t lnnToa

Radionuclide
Ac-227
Am-241
Am-242m

CifMWd From - Nominal Bounding Fuel initial Activiy Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWdt? Bumup (MWd)' (Ci) inventornes(i) Inventone(Ci)

11465E-09 4.45989 8,91979 00E+00 511E-06 1 02E-05

2 3056E-03 4,459 89 8,919 79 0 00E+00 1 03E+01 2 06E+01

r .. 4 0 It 010 70 000E+00 1 85E-03 3.70E-03

Energy Photonstsec
Group (bounding)

8 347E+14
1 734E.14
1.51 0E+14. 1. �,:. O:r

Am-243 4.459 89 6;64E-03

C-14
Ci-36

4,459 89 8 2 5SE-05

4,459 89

00575 1.622E,14

0)00E+00 6 85E-29

2

o 0850 96754E.13

__ Cm-243 4,459 89 0 00E+00 6 49E-04 0 1250 68454E13
)1I 0 7250 8 447E.13

Cm-244
Co-60
Cs-134

4,459 8

2 7560E-06 4 8,919 79 0 00E+00
8,919 79 0 00E+00

2 46E-02 0 3750 3677E+13

5
o 5750RiAtrt Ff1

; 8851E-04
Cs-135

I Cs-1 37
Eu-1 54

3 4477E-06

4.459 89 8,919 7 O__ 7.31E+01 1.4

1 07E+01 2 1

1,2500 4 825E+12
1 7500 2384E+11
2 2500 1.699E+07
27500 1.391E+07
3 5000 1 058E+04

EU-1 Sb 4,459 89
4,459 89 E+00 1 46

Fe-55
' HF3 34504E-03 4,45989

11 1-129 7 5300E-07 4.459 89 8.919 79 1

Kr-75 8540E-02 4.459 89 8,919 79 1

' Np4237 95615E-06 4,45989 8.91979 1

DO00E+00
O 00E+0V

1.541 E+01
E-03 I OO03V

412SE-02 8.53E-02 *
125E4-5 2 49E-05

2 7968E-(
4,459 89 8,919 79 0.00E+0O 5 bzL-uI

4,459 89 8.91979 000+00 5.78E+01

4,459 89
4,459 89

E+^W 9 .83E+00
E+00

Pu-240
Pu-241

i 1 91E+00
1 09E+V0

t 12E-06
1 16E+02
1.57E+02
3 82E+00
2 17E+00
2 34E+02
3.24E-03

8,919 79 0 0UE+00
8,919 79 0 0OE+O03 632981-07

4 4444E-10

Ru-1 06
Se-79
Sr-126
Sr-90

4,459 89 1
4,459 89
4,459 89 1
4,459 89

0 00E+00 8 798-11
-00.E+00 913E-04

0 00E+00 5 778-02

0 00E+00 5 16E-02

i 76E-10

E-01
1.1574E-05
1 7092E+00
42239E-04
7 7260E-12

9 0 00E+00
8,91979 0C

Th-230 5 8497E
Th-232 2 6906E

I T-208 4 4336E

i U-232 1.2037E
U-233 300111
U-234 1 8497E
U-235 -2 72351

U-236 15493E
U-238 *4 28511

_ Y-90 1 7094E
11 Other Rad^iuctldeS

, 89 8,919 79

7 62E+03 I 52E+04
1 88E+00 3 77E+00
3 45E-08 6.89E-08
2 61E-04 5.22E-04
1,20E-10 2 40E-10
1.98E-04 3 95E-04
5.37-E04 1 07E-03

1.34E-05 2 68E-05

44S989A A.919 79~,Q J891979
4,459 89 8,919 79 j

4.459 89 8,919 79 O WJL+CiO

4,459 89 8,91979 0008+00

4,459 89 8,91979 0008+00 8 25E-01

Thermal Power

Normnall Heat Bounding
Output Neat Output
(Watt) (Watts)

9 43E+01 1.89E+02
Total Total

;.18E-02E-06 4,459 89
:-O5 4,459 89

E-09 4,459 89
E+00 4,459 89

Ftump Stumasryiid Checks -,
I.

z

I 0 0E+00 6 91E-02 1

1 52E-02 1 51E-02 I

0 0 O^E+00 7 62E+03 1 -+04
1-54E+04

Fromn SFD
Reactor Modevrtor L IGHTWATER _

Fuel Claddng ALUM _.
BOL HU Constituents U

BOL Enrichment % 19 68299334 _

Pi540 iasia icr rararr.u.c.
Thu lerrylale was iced beta Itiloseug reasom,

LIG4T WATER
ALUM

U
-t- ---

Bhus w nimaldies AlTR Ternilati on all bti eam paramseter (enrerclaret) rusaldNr AlTR a reasonable
5,16d.

60 to Ivu I

Itumnup Summary (MWd) |Basis for burnup used In estimate:

From SFD I Estimated
Nominal_

Bounding

Checks

_ 4 ~4598_ noroc Bardina hois astiared to be W eracinoinal boral,
I 6 YlY {

_ _ _ _ _ _ _ _ _ _ &

Ml Estpneed Bumupl



Fuel Radionuclide Inventory Worksheet
L Fuel anitTemplate Informaltion - L

Fuel Name, RU-I (UALX LEU) URAGUAY
SNF 10 t. 557

Fuel Units A Descr. 4- ASSEMBLY
HeavyMetal Mass: 601=2.112kg. EOL=2.l1kg
ROD Storage Sits: SRS

'Fuel decay stlr dale: 1988
Estimates as of: 2030

Terripiatat: ATRI(UghlWater.Alum 60to lou..U)
'Template Bumnup(MWd): 367 2

Template S0OL Heavy Metal Mass (PIT): 0 00116689
TenmoLate Decav Tnimm 25 wa-

Estimated
Canister usage

18x10,
I 0 11

U1. Fstimates -I mX b b Y. Yb I Gamma Sources

IPhoton Total
Ci1MWd From Nominal Bounding Fuell Initial Activity Nominal Fuel Bounding Fuel IEnergy Photonstsec

Template IFuel Burnup (MWd9P Burnup (MWd9 (Ci) Inventories(Ci) lnvertricies(Ct) Group (bounding)Radioniuclide

AC-ZZI I 1 4bbt-Uv 1 89i 3 it 0 0OF+0O 2 17E-09
Amn-241 2 3056E-03 1 69 3 79 0 O02+00 4 37E-03
Arn-242nn 4 1476E-07 1 89 379 0 OOE+00 7 66E-07 1 57E-06

1 4894E-06 89 3.79 0 002.00 2 82E-06 5 64E-06
3.79 0 002.00 1 08E-08 2 16E-08 0 0575

3 002.00 2 491E-32 4 97E-32 0 0850 4 1552,10
Crn-243
Cm-244

5 52E-07
2 4221 E-05 89

Crrlii I -,7iC"l no q la n I

0 1250 2-784E+10
02250 3589E,10
0 3750 1 560E.10
0 5750 2 5572.11I
0 8500 3 6846.09
1.2500 20n402.0

I

Cs-1 34 5 88512E-04 1 89 3 79 0002.+00 1 11E-03
Cs-I135 3 4477E-06 89 3 79 0 00E.00 6 53E-06

I 8099E.00 89 3 79 000OE.00 3 432E00 6 86E+00
I 6386E-02 89

Fe-55
H-3

3 79
3 79
3 79
3 79
3 79
379

0002E+00 31l0E-02
z

9

OOE-tOO 4 54E-03 9 O6E-03 2.2500 -- 7221E.03
6 21 E-02

6 19E-05 1242-04 2-7500 5 91 16.03

1-129 7 5300E-07 89
Kr-85 7 8540E-02 89

1 31E-02
2 85E-06
2 9812-01
3 62E-05
1 06E-08

3 500 7 5202.00
5 0000 2.815E+00
7 0000 3 164E-01
11 0000 3 587E-02

I
Np-237 9 5615E-06 89 3.79 0002E+00 1 I
Pa-231 2-7968E-09 89 3.79 0006+00 5 30E-09

379 0002.+00 239E-10 4 78E-10
0 002.00 2 45E-02 4 91 E-02

Pu-238
Ptl-239

65E-02
4.281OE-04 89

PU-240 2 4357E-04 1 89 3 79 0006E+00
Ptj-241
PU-242
Ra-226
Rta-228
Ru-i 06

2 6277E-02 89 3 79 000DE+00 4 98E-02 9 95E-02
3 6329E-07
4 4444E-10
1 9714E-14
2 0477E-07

89 3 79 0006E+00 6 88E-07 1.38E-06
89 3 79
89 3 79
89 3 79
89 3 79

0 002+00 8 42E-10 1 68E-09
:-14 7 47E-14

7 76E-07
Se-79 1 2933E-05
Sn-126 1 1574E-05 1 89 3.79 0002E+00 19E-C

24E.(SF-90 I 7092E.00 89 3.79 0.002+00
Tc-99 4-2239E-04
Th-229 7.7260E-12
Th-230 5 8497E-08
Th-232 2 6906E-1 4

89 3.79 002+00 OOE-04 1 60E-03
0002.00 46E-1 1 2 93E-1It

89 3 79
TI-208 4 4336E-08 18B9 3 79 00OO2.00
U.-232 1.2037E-07 1 89 3 79 0002.+00
U-233 3 0011 E-09 1 89 3 79 0006E+00

i
i
i
i
7

~-07 Thermal Power

U3-234 1 8497E-04 1 89 3 79 0002E+00 3.5
U3-235 -2.7235E-06 1 89 0 DO 9 04E-04 8 99E-04 9 04E-04

Nominal Hea Bounding
Output -Heat Output
(Watts) (Watts)
401 E-02 60D2E-02U3-236 1 5493E-05 1 89 3 79

U3-238 -4.2851E-09 1 89 0 00
5

Total Total
Y-90 I 7094E+00 1 89 3.79 0002E+00 3 24E+i
Otlher Radioniuctides 3 26E+00 6 53E+00
M.L Template Selecitiona Stuamarvy. Burnup Stummairy, and Checks
Temptate Selection Summar

From SFD Used Basis for Parameter Differences:
Reactor Moderator UGHTWATER UIG4T WATER ThsTemplate was mmwlor tie iolowrV reaaaou

Fuel Cladding ALUM ALUM bTWk matches ATR Tespiate oneallt hione parameter (mre maiqe ATR a reasorable
SOL HM Constitueints UU IIi

SOL Enrichsment % 19810600660tlo100

Bunmup Summary (MWd)a 
1
Basis for tbunup used In estimate,

From SF0 Estamated
Nomsin 0.001 18i9 NomwWa b ifrp calculated iha Vie "es metal mms diesuayed.

Bounding79 Bcwing~ bumui assumed lo be twice rnrinal bumul

ChecksI __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Estamaled Sumup/
Burnup Multipler Given Bun Estamated EOL. HMJGirvem EOL HM

Nominal 0 001 448 1 00
Boundmig 00Ol________________________

I
I

Iteacir Snutilown. core removal, storage, shapping or Oitier date conrilming tMa Irradiation ceased for fuel
'rotal bumup, tor atl fuel associated with thsa worksheet must be divided by S0OL heavy metal mass to get specific buffKV values (MWdUTvI.

a

DOE/SNFIREP-078
Revision 0

March 2003
Page D-538 of D-585



Fuel Radionuclide Inventory Worksheet

L Fuel and Template Information
Fuel Name RU-i (UALX LEUW URAGUAY

SNF ID *: 1073
Fuel Units & Descr 15- ASSEMBLY
Heavy Metal Mass BOL=7 g2kg EOL.7 912kg
ROD Storage Site SRS

'Fuel decay start date 1998
Estimates as of 2030

Template ATR (Ught Water. Alumn .60 to 100.. U)

"Temptate Bumup(MWd) 3672
Templata BOL Heavy Metal Mass (MT) 0.001 1689

Tenplate Decay rie 25 years _
_. h. V Y. Gamma Sources

,,. . . . ; .. x D 1.1* asti i Photon Total

CUMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel E

RadionucIide Template - Fuel Bumup (MWd)
2 

Burnup (MWd)W (C) Inventonel(o) lnventouies(Ci)

Ac-227 I 1465E4-9 7.10 14.21 0 00E+00 B 14E-9 1 63E-08

L Am-241 2.3056E-03 7.10 14.21 0 00E+D0 1 64E-02 3 28E-42

Energy Photons/sec
3roup - (bounding)

vg MeV

Am-242m 4t '10 1491

Ari-243 710 1 06E-05 21

i C-14

- Cmo-243
Cm--244
CD-60

I Cs-134
I Cs-135

i. Cs-137
W Eu-1 54

Eu-I155

'10 ) OOE+00 4 06E-08
0 0375 2.405E+11
0 0575 2.582E+11
0 0850 t558E+11
0 1250 t 044E+1t

I1 0 00E+00 9 32E-3
000E+00 11338-C

1 4562E-07 71 14 21

2 4221E-05
2 7560E-06

14 21 0
) WE+00 I M0E-(
DOE+00 02250 1 346E-1 i

14.21 OOE+00 3 91E-05 0 3750 5.849E+10

5 8851 E-04 1421 0 C 8 36E403

3 4477 1421 0 C
1421

710 1421 1 16E-01 2 33E-01

710 I 70E402 3 4 2Z708E+04
Z217E+04

710 0 00E+00 2 32E-04

710 14 21 0 OOE+00 2 45E-4
14 21 0OOEE+00 5.35E-4
14 21 0 OOE+OO 5.58E{-

4 90E-02
t 07E-05
I 12E+00

3.500u Z8208E01
50000 1OS6E+01
70000 1 187E.00

1 1A36E- a t1000o 1-1,ItE401

Pa-231 __ 14

t E-tO 710
E-02 710
E-02 7.10
-04 710

E-4 710t

t4 0 O0E+CO
O OOE+OO
0 00E+00
0 O0E+OO

8
99E-08 3 97E-08
96E-10 1 79E-09
20E-02 1 84E-01
25E-01 2A9E-01

3 04E-03
Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ra-228
Ru-i 06
Se-79
Sn-126

i Sr-90

O OOE+00 I I
0 OOE+00 1.E
O O.OE+O 2 !

36329E-07 7_t_°_.10 14 21 5 16E06
6 31 E-094 4444E-t

1.9714E-1 7.10
7.10
7.t0
7tO

1421
t4.2t

ODE+00 1 40E-13 2 80E-13
O 00E+00 1 45E-06 2 91 E-06
O 00E+O0 9 19-05 1 84E-04

1 7092E+00 1421
000OE+00 8 22E-
OOOE+00 1 21E+t
0 ODE+00 3 OOE-C

1 2.43E+01
3 6 0E003
I 1 IOE-10Tc-99 4 zz

Th-229 7 72
Th-230 5 84
Th-232 2 69
'fl-208 4 43

U-232 1.20
U-233 3 00
U-234 1 84

710
7fi

14 21
14 21
1421

7_ 14.
7.10
7.10
7.10
710

14-21
14.21

0 OOE+O0 4 1SE-07 8 31E-07
0 00E+O 1 91E-13 3 82E-13
0 ODE+00 3 15E-07 6 30E-07
OOOE+00 855E-07 t71E-06

0 OOE+00 2 13E-08 426E-08
0 00E+00 1 31E-03 2 63E-03
339E-03 3 37E-03 3 39E-03
Q.OOE+00 1.10E-04 2 20E-04

Thermal Power

Nominal Heat Bounding
I Output Heat Output

(Watts) - (Wafts)
1.50E-01 3 01E-01

Total Total

E.06 7 rfcU--235
UT-236
U-238

w-r

1
9 7t10
0 710

Il.Temp

TI .4

E+O
0 2 13E-03 2.13E-03
21 0 OOE+00 1.21E+01

122E+01 E+01

I aummary. ala. __m s.

UaaoC[~

I

BOL
BC

lactor Moderator UGHTl%

Fuel Claddingl AU

HM Constituents t

)L Enricihment% 19810

UGHT WATER

ALUM
U

Ths Tefptate was used br tie tiamiln reasons
TW ked mathes ATR Template on at but one parametr (enet m rmakrg ATR a reascebte

matc

60 to 100 -

1 a_ i_ ._ .u u i a
c -z IUa IV

-- --- 7
Frnm SFD c svnavearal wrw 4 __

Noanl

-1
win:w

Estimated Bumupf
Giren BumupBumup Multiprier



Fuel Radionuclide Inventory Worksheet
L Fudi a5st Template Iafocmailou,,r-

Fuel Name RV-1 (UALX LEM) VENEZUELA
SNF D 2: 816

Fuel Units & Descr 56- MTR TYPE
Heavy Metal Mass BOL=39 698g EOL38.713kg
ROD Storage site SRS

'Fuel decay start date: 1997
Estimates as of 2030

Templatier ATR (tght Water Alum. 60 to I.O%, U)
"Template Bumup(MWd)7 3672

Template BOE Heavy Metal Mass (MT): 0 00116689
Template Decay Time, 25 years

Estimated
Canister usage

18,x10'
233

II. Estinates r , 1 m KX. x b Y. Yb I Gamma Sources

CUMWd From
Radionuclide Template
Ac-227 1.1465E-09
Am-241 2-3056E-03
Am-242m 4 1476E-07
Am-243 1 4894E-06

Photon Total
Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photonslsec

Fuel Burnup (MWd)" Bumup (MWdO (CD) Inventones(Ci) Inventornes(Ci) Group (bounding)
933 38 1,866 76 0 OOE+00 1 07E-06 2 14E-06 Avg. MeV
93338 1,866.76 000E+00 215E+w0 430E+00 00150 1747E+14
933.38
933 38

3 87E-04 7 74E-04 0 0250
1.1 2 78E-03 0 0375 3 160E+13

5 7108E-09 933 38 1,866 76 0 OOE+00 5:
93338 1,86876 000E+00 I
933 38 1,868 76 0 001+00 I :

I 07E-05 0 0575 3-394E+13

Cm-243
Cm-244
Co-60

1,866 76 0 O0E+w0 2.26E-02
1,866 76 0 OE-+00 257E-03

0 0850 2.048E+13
01250 1372E+13
02250 1 768E+13
0 3750 7 686E412
05750 1265E414
0 8500 1 816E+12

514
Cs-134 549E-01 1 1OE+00
Cs-135 3 4477E-06 933 38 3 6 44E-03

1 8099E+00 933.38 1.1 3 38E+03 12500 1 010E+12
933.38 1.866.76 0 0 1 7500 4 988E+10
933 38 1 ,866.76 0 00E+00 22500 3 555E+06

Fe-55
H-3

3 38 1,866 76 0 0E+00 3 05E-02
3 38 1,866 76 0 0wE+00 3 22E+00

27500 2 911 E+06

1-129 3 76 0 OE+00 7 03E-04 1 4
2254E+03
7 636E+02

Kr-8s 7 8540E-02 7.33E+01 1.47E+02 JNp-237 9 5615E-06 9333 8 92E-03 1.78E-02 111
2 7968E-09 933 38 5.22E-06
1 2612E-10 933 38 1.866 76 2.35E-07

93338 1,86676 000E+00 t121E+Ot
93338 1,868.76 000E+00 1 64E+01
933 38 1.866.76 0 00E+00 4 00E-01PU-239

Pu-240 2 4357E-04 2 27E-01 4 55E-01
2 6277E-02 933 38

J
933 38 1.866 76

4 91E+01
6 78E-04

Ra-226
Ra-228

933 38 1,866 76 0 00E+00

Ru-I 06
1,866 76 000E+00 1 84E-11
1,866 76 0 00E+00 1.91 E-04
1,866 76 0 00E+00 1.21 E-02Se-79

Sn-it26
Sr-90
Tc-99
Th-229
Th-230
Th-232

1 2933E-05
1 1574E-05
1 7092E+00
4.2239E-04

3 82E-04
2.41 E-02

1 08E-02 2.16E-02
933.38
933.38
933 38
933 38

I 60E+03
1,866.76 0 00E+C
1,866 76 0 0OE+C

3 19E+03
7 88E-01

1,866 76
1 t.6 7R A

00E+00 5 46E85
rnh00E+0 2 S-,I

Tl-208 4 4336E-08 933 38
U-232 1 2037E-07 93338
U-233 30011E-09 93338
U-234 1 8497E-04 933 38
U-235 -2 7235E-06 933 38
U-236 15 493E-05 93338
U-238 -4 2851E-09 933.38
Y-90 1.7094E+00 933 38
Other Radlonucledes

,WW f w w W; W C J I C- | I

1,866 76 0 ]0E+00 4 14E-05 8 28E-05
_ 7A^ n nn=.nn . .^n AA ^ ^= ^.

D0 1. U )Wt+W I 12E-04
- 00E000 2 80E-06 5 60E-06
008E+00 1.73E-01 3 45E-01
1 644-02 1.39E-02 1 64E-02

Thermal Power
Nominal Heat Boundtng

Output Heat Output
IWatts) tWatts)

-

t -
nnc. 14b-UZ Z89Eb4-2z I 1 97E+01 3 95E.01

x ev2 n^, noc
1 uur8. 1 u08E42
1 60E+03 319E+03
1 61E+03 322E+03

lotal Total

11t. Temilate Selection Summarv. Bumma Summ xv. MAn Chek. - -

Template Selection Summary
Fro~m SFD Used

Reactor Moderator LIGHT WATER UGHT WATER
Fuel Cladding ALUM ALUM

BOL HNM Constituents- U U
BOLEnrlchment%.-J 191126847 60tIo100

Basis for Parameter Differences:
Thc Teplate was usedk las Is llowqrg reasons
Ths kWl matches ATR Template n all bt ore parameter (micdmenl) maina;g ATR a reasonable
naidL

I

IBumup Summary (mWd)'
From SFD I Estrn 'IBasis for bumup used in estimate'

4arinal burmu caklerm fahe hea" mertal rmm dekstoyad.
iundmng buriui assried tlo rbeimm ra l bmup

i
Bound r I It 186&7

Estimated Burrupf
Burnup Muitpler I Given Burnup Estimated EOL HMIGiven EOL HM

I I I100Nominal
Broundmg X

007
0151

_ _ _ _

'Reactor shutdown, core removal storage. shipping or Other date confiminig that Irradation ceased lre luel 11
2
Total burmp for a7 fuel associated with tils worksheet must be dvided by BOL heavy metal mass to get specifc bumwiup values (MWdVT)

DOE/SNFIREP-078
Revision 0 March 2003

Page D-540 of D-585



Fuel Radionuclide Inventory Worksheet

L Fuel and Template lnfoirmaion,
Fuel Name SAPHIR U3St2-LEU (SWITZERLAND)

SNF ID# 443
Fuel Units & Descr 39 - WMR TYPE
Heavy Metal Mass BOL.79 732kg EOL=71 191kg
ROD Storage Site. SRS

'Fuel decay start date 1993
Estimates as of 2030

Template AT' (Light Water, Aium .60 t 100%, U)
2
Template Bumup(UWd) 3672

Template BOL Heavy Metal Mass (UT) 000116689
Ternmlate Decay Time 35 years

Estimated

Canister usage
18tx10'

|163t

11. V..ti .te s + - m X. Xb Y. y I Gamma Sources
AE - . e _

I Radionuclide

Photon Total

CUMWd From Nominal Bounding Fuel Initial Activity Nrominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWW)
5 

Burnup (MWd)O (Ci) inventones(CI) Inventories(Ci) Group (bounding)

2 0068E-09 8088 49 16,17699 0 OOE+00 1 62E-05 3 25E-05 Avg Mev

2525tE-03 8.08849 16,17699 006E+00 204E+01 408E+01 00150 1 191E.15
Ac-227
Arn-241
Am-242m
Am-243
C-14

8.088 49 1 320E-03 6 41E-03 0 0250

t-4880E-06 8,088 49 1t20E-02 2 41E-02

S 7053E-09 8,088 49 E+00 4 61 E-05

1.31 24E-32 8,088 4 0 O)E+00 1.06E-28 1 3S5E+14

9 212E+131 1419E-07 6 99 0 00E+00 9.24E-04

1 6522E-05 8,088 49 16,176 99 0 00E+00 t1.34Et- 02250 1 204E+14

Co-60
Cs-134
Cs-135
Cs-137
Eu-154
Eu-155
Fe-SS
H-3
I-129
Kr-85

i p27

74
20
3 4
1_4

047E-07 16,1 76 99 Oj OOEt+n S 99E4C 0o3750 5.238E+13

16,17699 000E+00 0 5750 8657E+14

849 16,17699 0C 58E-02 18500 1 057E+13

,038 49 16,176 99 Of .32E+04 125uD 5114E+72

8,088 49 16,176 9 18E+02 t 7500

8,088 49 4 79E+D0 I 59E+00 I

8,088 49 +00 1 84E-02 3 69E-0
e 6 no (n nn; 1 S9E.t1 9698E-03 DD :RS U WC+W . zvot

7.5300E-07
4 1176E-02
9 5752E-06

16,176 99 0 00E+00
16.176 99 0 00E+00

609E-C

275C0 2297E+u7
35000 3o 1.342E+04
5 0000 5 486E+03
7 0^ 6 006E+02
11.0t00 6696E+01149 16,17699 OC 1.55E-01

Pa-231 8.088 49 16,176 99

Pb-210
Pm 147
Pu-238

8,088 49 16.176 99
8,088 49

006OE00 3 196-05 76.376-05
3006O+00 2 686-06 5.3 66-06
O006+00 7476+00 1 496+01
3006.00 1216E+02 2.62E+02
300OE+Ou 3 466+00 6 936+00

8,088 49
8,088 49Pu-239 4 2810E-04

Pu-241
Pu-242
Ra-226
Ra-228

2 4333E-04 8,08849
1 6242E-02 8,08849
3 6329E-07 8,088 49
9 0114E-10 8 088 49
3 1019E-14 8.088 49
2-1225E-10 8,08849

16,176 99 0OOE+00 1 97E+00
16.176 99 006E+00 1 31E+02
16.176 99 0 00E+00 2 94E-03
16,176 99 0 OE+000 729E-06 1 46E-05

5 02E-10

12930E-05
1.15716E-05
1 21472E+OO

8,088 4
16,176 99 0 006+00 t.72E-06 3 43E-06
16,176 99 0 OOE+00 1.05E-01 2 09E-01
16,176 99 0 00E+00 9 36E-02 1.87E-01
16,17699 00OE+00 1.09E+04 2.18E+04

,, ,b,^,;:>r-ru

Tc-99
Th-229
Th-230
Th-232
TI-208
U-232
U-233
U-234
U-235

4 16,17699 00OE+00
16,176 99 0 00E+008.088 49

8,088 49 16,176 99
E-t4 8,088 49
-08 8,08849

16,176 99
16,176 99

142E+00 6.83E+00 J
1 OE-07 2 016E-07
3 75E-04 1 35E-3
3 10E-10 621E-10
3 27E-04 6 54E-04
8 86E-04 1.77E-03 Thermal Power

2 93E-05 5 87E6-5 Nominal Heat Bounding
8;08849 16,17699 00
8,05849 16.17699 00
8.08849 16.176 99 0 C
8,068 49 0 00 3
8,088 49 16,176 99 0 C
Outlo2 A.. n

I 50E+00 3 OOE+00
1222E-02 3 42E-02

Output Heat Output
(Watts) (Watts)
1,35E.02 271E.03

U-236 1.5493E-05
_, __--tJr

E+00 125E-01 2 51E401
E-02 ~ 14t-* z istn,

iE42 2 1t4-C2*4 285tE49
t 3475E+^uO

U,tL88 49 2 lotwez Total Total

dionucldes

16,176 99 0 00E+00 1 09E+04 2.
1 6E+04 2.

.t n _ t c
iiA_

Dumlmp 0ounesaria, am.

- . .__
l I Use3 ria- -ug

Reetor ioderatork R I UGHt WATER
ALUM

rho Teirplate was uAd tar rIe tatlowtg reaams
;hi tue eath~es ATR Temnplate on ant ha in pariniete (eivc- mwwgl ATR a re-abole

rn;chBOL Hi
SOL 19.83740991 60 to 100 I

[
duw-d%2

r; , .-. - -,

From SFD I tsilerNomtrr l | r 
I

Nomrragl
Bounding I I

Basis for bumup used in estimate:

NaS" tirmit calkdated from the heavy rretaI mass desiroyMd
uesi tuirm assiased b belwie riomra] bummua

Check

Estimated Bumup/
Bumup UultqpiIer Given Bumup / Estimated EOL HWGrven EOL NM

I I 1 01Nomnal |
Bounding - I

'Reactor sautdawnW core removal storage, shipping or other date conrnming tVWt Irradiabon ceased lor luel

'ToW burnup lor all tuel associated witl this worksheet must be dcvided by OL heavy metal mass to get specitf bumup values (MWdItT)

March2003
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template lnformiontioe_ -.

Fuel Name: SAPHIR UALXHEU (SWITZERLAND)
SNF ID # 444

Fuel Units & Descx. 76- MTR TYPE
Heavy Metal Mass. BOL21 447kg; EOL=12kg
ROD Storage Site. SRS

'Fuel decay start date 1993
Estimates as of, 2030

Template. ATR (Light Water, Akrn 6010 100% U)
iremplate Burnup(MWd): 367.2

Template 0OL Heavy Metal Mass (MT. 000116889
Temolate Decay rime 35 years

Estenated
Canister usage

18"x11O'
317

11. Estimates m X. Xb Y. Yb Gamma Sources

CVMWd From Noiunal Bounding Fuel Intial Actrvity Nominal Fuel Bounding Fuel
Radionuclide Template Fuel Bumup (MWd) Burnup (MWd)9 (Ci) nventorCes(i) Inventones(Ci)

Photon Total
Energy Photons/sec
Group (boundinal

Z ici o.toU 3u I rf.0w i 1 U Uut+tx 1 Wtk-t5 3 59E--5
8,946 30 17,89261 OOOE+OO 2.26E+0t 4 52E+01

0 OOE+00 3 54E-03 7.09E-03
AM-243
C-14

0 OOE+00 1 33E-02 2 66E-02 0 0375 2379E.14
E-05 02E-04 0 0575 2.560E,14

1 3124E-32 8.9463 2 35E-28 0 0850 1 543E+14
Cm-243
Cm-244
Co-60
Cs-1 34
Cs-t35
Cs-137
Eu-154

1 1419E-07 8.946 30 E.03
1 6522E-05 8,946 30 17.892 61 0 0E+.O

6

01250 1 0191+14
0 2250 1 332E.14
0 3750 5794E+137 4047E-07

2 0455E-05
3 4477E-06
1 4365E+00
7.3230E-03

8,946 30 17.892 61 0 OOE+OO 62E-03
., --- - ^;A <0eA
17,89Z 61 U WtE+O I 83E-ti 3f

0 OOE+00 308E-02 6 17E-02 I 0 8500
O OOE+00 29E+04 2 57E+04 12500

55E+01 1.31 E+02 17500 3 184E+tt
Eu-155 5 9259E-04 8., 1.06E+01 I 22500 2 862E+07
Fe-5s
H-3
1-129
Kr-85
NP-237
Pa-231
Pb-210

22791 E-06
1.9698E-03
7.5300E-07
4 1176E-02

8.946,30 4 08E-02
8 946 30 3So00 1 472E+04
8,946 30

27500 2 541 E+07

17.89261 000E+00 01 60158E+03
8,946 30 17,892 61 0 00E+00 3 68E+t j8,946 30 17.892 61 0008.00 8 57E-02

0 00E+00 3 52E-05 7 05E-O5
0 00E+00 2.96E-06 5 93E-06

Pm-I47 C

1 65E+01
Pu-238 1 6217E-02 8,94630 1
Pu-239 42810O-04 8,94630 1
PIF240 2 4333E-04 8,946 30 1
Pu-241 1 6242E-02 8,946.30 1
PU-242 3 6329E-07 8,946.30 1
Ra-226 90114E-10 8946.30 1
Ra-228 3 1019E-14 8,946.30 t
Ru-106 Z1225E-10 8.94630 1

7.892Z61 0 C
9261 000E+00 2 84E+00

J

-I

2 61 0 00E+00 I 45E+02 2 91E+02
3 25E-03 6 50E-03

I 61E-05

7.892 61
2 5 55E-10

1.2930E-05 8,946 30 17,892 61 0 00E+00
8,946 30 17,89261 000OE+00 04E-01

Sr-90
TC-99

17,89261 000E+C)0 1.21E+04 241E+04
0 O0E+C0 3.78E+00

Th-229
Th-230

1 2407E-11 - 8,94630
8 3497E-08 8.946 30

7 56E+00
2.22E-07

3 8371-F.t A Q9A 30 178A9261

t414E-08 8,946 30 17,892.61 0 00E+00 3 62E-04
-- --- --

6275E-09 8,946.30
17 .2 01 oU OE+L0 9 79E-U4
17,892.61 0 o0E+00 325E-05
17 .89 Al 0 00E+0 I n=8o.

7.23E044
1 96E-03
6 49E-05

U-Z36 1 5493E-05
8.946.30 0 00 420E-02 1 76E-02 4 20E-02
8,946.30 17,892 61 0 00E+00 1 39E-01 2.77E-01
8.946 30 0 00 6.76E-04 6 38E-04 6 76E-04

Thermal Power
Nominal Heat Bounding

Output Heamt tput
(Watts) (Wats)

150E+02 2 99E+02
Total Total

17,892 61 000E+00 1.21E+04 2A41 E+04
Other Radionuclides
IU. Templtre Selcto Sum

iTnnplaie S'onhir Summary -

122E+04 2 45E+04
I , ,.

1Basis for Parameter Differences:r _ e 
I .,

Fronm 8FD

_I
Reactor Modor LrUGH iATWAER _

Fuel Cladding
BOt. HNM Constituents U

8OL Enrlchment% 90 62318257

_ UGH IALUM
U

60 to 100e

Bumuo SummarY (IMWd) Ft.i. 11- himrnlU .n le-hrnmt- iFrom SFD I Estnuated -…
Nominal I

Bounding _

Checks

8 946830
17 89Z61

Nomeal btaeup caculaled from V* heaq rmetal mass des"ot
6 r&c buetar assumed to be tice rwnmal binig

Estimated Bumupf
Griven BurrupBurrup Multiplier

Nomnal: 133
Bmunding- 265

Estimated EOL HM/GIven EOL HM
I- t A10

'Reactor shutdowrn core removal. storage, shippig or other date confirming VWat irradatlon ceased tor uel

'Total bumup for al huel assodated wit this worksheet must be dvided by 801 heavy metal mass to get specific bumup values (MW rMT)
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Fuel Radionuclide Inventory Worksheet

L Fuel and Template Infnrmation, H
Fuel Name SAPHIR ULAX MEU (SWITZERLAND)

SNF ID t: 945
Fuel Units & Descr 52 - MTR TYPE
Heavy Metal Mass- BOL.35.984kg9 EOL.28 8t8kg
ROD Storage Snie SRS

'Fuel decay starI date 1993
Estimates as of. 2030

Template ATR (Light Water Alum, 60 to 1001.. U)

'Template Bumup(MWd) 3672
Template BOL Heavy Metal Mass (MT) 0t00116889

Template Decay Time 35 years

Estimated
Canister usage

t8 x10
2 217 |

_ .

11. Fstimaties . - m x. X, b Y. Yb Gamma Sources
rnvsn .m,l

Radionuclide
Ac-227
Arn-241

CitMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Bumup (MWd)O Bumup (MWd) (Ci) , tvnentones(Ci) Inventorles(C0)

2 0068E-09 6,79581 13,591 62 0 00E-+00 1 36E-05 2 73E-05

2 5251 E-03 6,795 81 13,591 62 0 008+00 1 72E+01 3 43E+01

3 9624E-07 6,795 81 13,591 62 0 00E800 2 69E-03 5.39E-03

PnDoton I rnaI Energy Photonslsec
Group (bounding)

Avg MeV
00150 1 001E+15
0 0250 2 079E+14
0 0375 t.B07E+141 48tOE-06 6,795 81 I 01L- E4 2 L2-OZ

5 7053E-09 6,795 81 3 88E-05 7 75E-05

CI-36 1 3124E-32 6,795 e E+00 8 92E-29 1 78E-28

Cm-243 1 1419E-07
Cm-244 1 6522E-05
Co-60 7 4047E-07

0 00E+00 7.76E-04 1
1.62 0 OE+00

581 13,591 62 0 OOE+00
5 81 13,591 62 0 00E+00

1 .t2E401
5.03E-03
1.39E-01
2.34E-02
9 76E+03

Cs-I 34
Cs-1 35

o 1250 7740E+13
02250 1.012E+14
o 3750 4 401E+13

1 0 5750 7273E+14

6.795 81 13.591 62 69E-02 1.0 8500 4 8E+12

E+00 6,795 81 13,591 6 95E+04 12s00 4297E+12

7.3230E-03 6,795 81 I 4 98E+01 9 95E+01

5 9259E-04 4 03E+00 8 05E+00

Fe-55 2.2791E-06 0 00E+00 1 55E-02 3 1
0 00E+00 t.34E+01 2 6

LIH-3 1 9698E-03
1-129 7 53u0E-07
Kr-85 4 1176E-02
Np-237 9 5752E-06

1 62 0 00E+00 5 12E-C

3805o0 1 121E+04
5 0000 4 583E+03
7.0000 016E.0213,591 62 0 00E+00

13,591 62 0 00E+0 E1A 11 t000u 5 93.E+01

Pa-231
Po-210

6.795 81 13,591 62 0 C E-05 5 35E-05
E-06 450E-06-10 6,795 81 13,591.62

9 2402E-04 6,795 81 628E+00 1 26E+01

1 6217E-02 6,795 81 +00 1.tOE+02 2 20E+02

PU-239 4.
Pu-240 2

3 00E+00 2 91 E+00
13,591 62 0 00E+00
13,591 62 0 00E+00

1

Pu-241

Pu-242 6,795 81 13,591 62 0 C

Ra-2 E-10 6,795 81 13,591 62 oa

247E03 4 94E-03
6 12E-06 1t22E-05
2 11E-10 422E-101019E-14 6,795 81

1225E-10 6,795 81
2930E-05
1571E-05

6,795 81
SnA-I26
Sr-9O
.c-99

Th-229
Th-230
Th-232
T1-208
U-232
1U-233

UJ-234
Ll-235

13.591 62 0 0+a00 1 44E-06
13.591 62 0 00E+00 8 79E4-2
13,591 62 0oeE+00 786E-02
13,591.62 0 0E+00 916E+03
13,591.62 O00E+00 2 87E+00
13,591.62 O00E+00 8 43E-08
13,591.62 0 OOE+00 5 67E-04

2 88E-06
1 76E-01
1 57E-01
1 83E+04
5 74E+00
1 69E807
1.13E-03

6,795 81
6,795 81
A 705 RI� ."I �_IA

4 0414E-08
1.0948E-07

6,795 81
6,795 81

13,591 6
13,591 6

o

2.61 E-10 522E-10
2.75E-04 5 498-04 [_ _ _ _ _ _ _ _ _ _ _

7.44E-04 1A9E-03 Thermal Power

2 47E-05 4 93E-05 Nominal Heat Bounding3 - ---- -- ^ 1
3 6275E49F
1I524

6795 t31
6. 795 Al E+00 t.26E+00 2 52E+00

-2 7235E-06
U-236 1 5493E-05
U-238 -4,2851 E-09
Y-90 1 3475E+00
Other Rado'uclide5

6,795 81 0.00 3 50E-02 1 65E-02 3 5E-02

6,79581 13,591 62 000E+00 1 05E-01 211E-01

6.795 81 0 00 6 64E-0 6 61 E3 6 64E-03
6,795 81 13,59162 008E+00 9168+03 1 863E04

9308+03 1 86804

Oupt: ' Heat output

(Wa^s) (Watts)
1 14E+02 2.27ET02

Total Total

.adi Cheds - . .

IF It5SD T w Ue"plate was seed icr tie renes
LtGH| kT WTEO

Reactor Moderator
Fuel Cladding

NATER LIGHT WATER

IM J ALUM

This Template was urYI V the lofow reso

Thbs e mathes ATR Terml onal but itre Parametsr (ervichmet!) mtug ATR a reasorable

match_BOL HMConstituents[I- U

BOL Enrfchoent -/ 1 C:1UJO-I 1

~I .ai .o ousupum iiesi-~

IBumup Summary (MWdr
From SFD

Nominal _ __

Bounding

_lBasis lorotorni; ul-uni-I.-nas

'581 Nomnal b calcntated lIsme thed metalt eass destroyed
1 e arBwg bmsrn assuied Is be mtce enal burmvp13

1 1
Estimated Burmsup

hGiven BurrupBurnup Multiplier Estimated EOL HNMGiven EOL HM

11 01Nominal _
Bounding

'Reacor shutdown. core removal, storage shippirg or o*her date corlirming ta raaon ceased for Iel

'Total bumup for alluel associated with Vas Woessheet must be clsided by BOL heavy metal mass to gel specfic bumup values (MWdutl)

March2003
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I

Fuel Radlonuclide Inventory Worksheet
L Furel an Template Infornution .

Fuel Name SAXTON (MOX SST)
SNF OI#: 883

Fuel Units 8 Doer 25 - ELEMENT
Heavy Metal Mass B01- * EOt=95 588kg
ROD Storage Site. INEEL

'Fuel decay start date: 1972
Estimales as *d: 2030

Template, (Worst Case)
'Template Bumup(MWd): 625

Template BOL Heavy Metal Mass (MT). 0 00186865
Template Decay Tlme 50 years

Estimated
Ca^mster usage:

0.78

t

1. Estimates, - _- S. m X. Xb b Y I Gamma Sources

Poton Total
Ci/MWd From Nnminal Bounding Fuel itial Activity Nominal Fuel Bcunding Fuel Energy Photons/sec

Template - Fuel Bumup (MWd)
5

Bumup (MWd)' (Cl) Inventones(Ci) Inventones(CI - Grop (bounding)Radionuclade
AC-227 2 5200E4^ 95 69 9569 0 OOED+W 2.41E-04
Am-241 8 6432E+00 95 69 95 69 0 OOE+00 8.27E+02
Am-242m I 5728E-02 95 69 95 69 0 OOE+00 1 50E+00 1.50E+WO
Amr-243 1 6288E-02
C-14 I 2068E-01
CI-36 2 2849E-03
Cm--243 60144E-04
Cm-244 9 4880E-02
Co-60 3 9052E+00
Cs-134 2.2139E-06

95 69 95 69 0 OOE+00 I 56E+00 1.56E+00 0 0375
95 69 95 69 00WE+00 i 15E+01 1.1 5E+01 0 0575 2.562Et13

0

06E+00 2.19E-01 219E-01 I 00850 8615E+12
OOE+00 5 76E-02 5.76E-02 I 0 1250 6.076E+12

9 08E+00 9 08E+OO _ 02250 7426E+12

95 69
0.3750 3216E+12
0.5750 5.31 5E+13

Cs-135 4.3976E-04 95 69 95 69 0 OWE+(
Cs-137 1 4887E+01 95 69 95 69 0O0E+00 1 42E+03 1 42E+03
Eu-1 54
Eu-1 55
Fe-55
H-3
1-129

95 69 95 69 0 0E+00 3 57E+01 57E+01
9569 OOOE+00 812E-01 I 12E-01

669 OOE+00 514E-01

1 0618E-05 95 69

5 14E-01
I O0E+01
1 02E-03
217E+01
1 57E-02
275E-04

3 50uo t 945E+06
5 0000 8.206E+05
7 0000 9 287E+04

_1 2.750 Z573E+08

UKr-85 2.2717E-01 95 69 956
NP-237 1 6400E-04 95 69 95 69 00 .OOE+ 1 57E-u

- ----- --
Fra-2Z51 2 t388-u 95 9 95 69 U 0L0+00 Z.75E-04
Pb-210 4 7312E-08 95 69 95 69 0 00E+00 4 53E-06 4 53E-06
Pmr-147 3 2198E-04 9569 9569 00 0+00 30E6-02 3 OE-02

000 i
i

23E+04 1.22E+04 1.23E+04 Li
Pu-240 -3 0127E-01

I 48E+03 I 49E+03
1 87E+03 1 90E+03

Pu-241 -1 2917E+02 95 69 000 4 89E+05 4 77E+(
Pu-242 -1 1381E-04 95 69 0 00 8.22E+00 8 21 E+00 8.22E+00

1 0760E-07 95 69 95 69 0 00E+00 03E-05 1 03E-05
O00E+00

0 00E+00
0 00E+00
0 00E+00

76E05

Se-79 1 9179E-04 95 69

76E-05
.28E-11
84E-02
59E-02
33E+03

Sn-126 1 6669E-04 95 69 95 69
Sr-90 1.3859E+01
Tc-99 6.7678E-03
Th-229 2.2592E-06
Th-230 7 5955E-06
Th-232 6 0208E-07

95 69 95 69 0 00E+00 1.33E+03
95 69 95 69 0 00E+00 6 48E-01 6 48E-01
95 69 95 69 0 00E+00 2 16E-04 2 16E-04
95 69 95 69 0 00E+00 727E-04 7 27E-04
95 69 95 69 0 00E+00 5 76E-05 5 76E-05
95 69 95 69 0 006+00 7.25E-03 7 25E-03Tl-208 7 5795E-05

U-232 2 0521E-04
U-233 3 6128E-04
U-234 1 2788E-02

.+00 1.96E-02 1 96E-02 Thermal Power

95 69 9
U-235 5 7486E-04 95 69 95 69
U-236 2 3485E-04 95 69 95 69
U-238 11581E-04 95 69 95 69
Y-90 1.3861E+01 95 69 95 69

41

Nominal Heat Boundng
Output . Heat Output
(Watts) (Watts) -
5.74E+02 5 79E+02

Total Total
of

_-.Other Radtonuckdes 4 92E+03 4 92E+03
JILTemplte Selectiodin S , Burmp Sua n dr m Ces e -s
Te plate Selection Sumn

From SF0D Used Basis for Parameter Dilferences:
Reactor Moderstor UGHTrWATER (Worst Cail

Fuel Claddeig SST SSThan o td This Wnt dosely matd any eamsq tes. tmkrlae the s t cae Ileqwias used
BOt. HM Consnts Pu antd U U. h. & Pu

BOL Enrlcrhment 0 to 100

Bumup Summary (MWdf Basis for bumup used in estimate:
From SFDlEatt d

No9unal Es e 9 N ml set equal to W.NtV boup

Nomuna[i 956s9 6 rag ut tur al from SFt and avwted It MUwd wing 80L8 ss Wg

Checks_

Estimated Bumupl
Burnup ulI Gnen 8u Iup Est140ted EOE HMIven EOt HU

NGra sl 0 03 B 401
diunding 003 _ . . _

'Reactor shutdown, mre removal, storage, sNyping orother date confirming that Irrariabon ceased tor fuel. I.- - A I

'Total bumup tor all uel associated with Vss wodrsheet must be dvided by AOL heavy metal mass to get specific bmup values (MWdVrluT). , 3 l

,II
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Fuel Radionuchde Inventory Worksheet

L Fuel and Template Infor tion ,
Fuel Name sAXTON (MOX ZR)

SNF ID# 787
Fuel Units & Descr: 43 -ELEMENT

Heavy Metal Mass: BOL- . EOL29.88kg
ROD Storage Site- INEEL

'Fuel decay start date 1972
Estenates as of 2030

Tenplate (Worst Case)

"Template Bumup(MWd) 62.5

Template OL Heavy Metal Mass (MT) 0 00186865
-. 75.,. 9O -er

Estimated
Canister usage-

18"x10
134

II F ^ b Y. Y. Gamma Sources
1T. Eslimaites - --- Phioton Total

--- -s.a R ic.- no.A Fuet I,, rn v t atFe oudaFel Ee Photons/sec,
riousna. Ct*uUrit**rue inlual Awuvry rwrmi ru~' wv-.-.e U

Ca/MWd From
TemplateRad1o,!uctide

_ __ --O i
Fuel Bumup (MWdf Bumup (MWd) (Ci) - Iventones(C) lnV entnS,(`Ci)

24013 24013 000E+00 605E-04 605E-04 A

240.13 24013 0 00E+00 2088+03 2 081E03 j
--- -' ~ o~rv `7O.,ii I

Group - (bounding)
AV Mev

Ac-227
Am-241

2 5200E-06
8 6432E+00

0.0i50
o 0250n

Am-242m 1 5728E4
Am-243 1 6288E-{
C-14 1.2068E{-
CI-36 22849E-{
Cmr-243 6 0144E84
Cm-244 9 4880E4

240 13 uu @ vu=tw

240 13 391E+00 391E+00

240 1 2 SOE+01

24013 240 1 0 549E-01

24013 +00 1.44E-01

O 0675 6 429E813
00850 2162E.13
01250 1S.25E+13
0.2250 1.864E413
0.3750 8070E+12

240 13

Co-60 +o00 240 13
E-06 24013

0 00E+00 2.28E+01
0 00E+00 9.38E+02
0 00800 5 32E-04

Cs-134
Cs-135
Cs-i 37

I Eu-154
Eu-M 55
Fe-55

Pm-129
Kr-R6
Nu-237
Pa-231
Pb-210-

i Pmr 147
Pu-238

Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ra-228
Ru-1 06

5.32E404 o 0s750 1 t3ME+14
1 06E-01 08500 2922812

357E+03 12500 7161E+134 3976E-04 0 00E+00

1 4887E+01 240 13 240 13 0 00E+00
8 97E+01 1 7

37 24U.IJ

84 240 13 240 13 2 04E+00 2 04E+00

24013
240 13

0 13 000E+.00 129E+00 I l

013 OOOE+00 2.51E+01 21

013 0 00E+00 2.55E43 2.

013 000E+00 546E+01 5'

6457E+08
4 880E+06

6.0000 2.059E+06
E05 240 1

E+01 711000 2.331 E+05
22717E-01
1 6400E-04 24013 0 00E+00 3 94E-02 1 1 0000 2 654E+C4

2 8688E-06 24013 24013

4 7312E-08
3 2198E-04

-1 1924E+00

013 240.13
013 24013
,013 000

6 89E-04 6 89E-04
1 14E-05 1 14E-05
7 73E-02 7 73E-02
3 06E+04 3 09E.04

-48600E-02 24013

-3 0127E-01 24013
-1.2917E802 240 13
-1.1381E-04 240 13
1 0760E-07 240.13

OC( 3 73E+03 - 3 72E+03
4 77E+03 4.70E+03
123E+06 120E+06
2 06E+01 2 06E+01

3 73E+03

2 06E+01
2 58E-0524013 0 00E+00

60160E-07 24013 24013 0 0
24013 240.13 oe

240 13 240.13 0 a
24013 24013 0 a

+00 1 44E-04 1 44E-04
E+00 321 E-11 3 21E-11
+00 4 61 E-02 4 61 E-02
+00 4 00E-02 4 00E-02Se-79

Sn-126
Sr-go
Tc-99
Th-229
Th-230
Th-232
TI-208

I t U-232

:+01 24013 24013 000E+00

6.7678E4-3 24
2.2592E-06 24
7 5955E-06
6 0208E-07
7.5795E-05
2 0521E-04
3 6128E-04

24013 0 00E+00
24013 0 00E+00
24013 0 00E+00
24013 0 00E+00
240.13 0 00E+00

31.63E+00_

5 43E-04
1 82E-03
1 45E-04
1 82E-02os~._ _ _rFc _hra Powe240 13

013 240.13 0 00E+00

013 24013 0 00E+00

013 24013 0 00E+00

I oE.02 4.F-0 Ttwnmal Power.. OcJ woia Heat.. Bound,,ing
s AA_ AA O AtC-AnAs

8 68E-02e 8 bb.EzZ

U-234 1.2788E-02
U-235 5.7486E4

U-236 2.3485E-04

U-238 1 15818-04

T Y-90 12861 E+0 1
Otter Radion uclides

JU. Teisplate Selection Summary. Iurnup Sum

Templte Selection Summnary_
' From SFD

Reactor Moderator UGHT WATER

Fuel Cladding ZIRC _

SOL HM Constituents Fu And U _

BOL Enrihment %

3 07E+00 3 07E+00
Noumtul Heat Boundtig

Otuqput Heat output
Wa3ts) - 1wat4t0)
tAlEt3 totaSE03

2 AI1E41 2 41 E41240 13 240 13 -

_ _ _ _ A_

_13 24013 000E+00 5 64-02 5 64-02

240 13 2401
2t4Q.13 240 i

rv+wd3ecs t ->u

1 29E402 4 07E4Z . I
0 00E+00 3 33E+03 3a

- - - 1 23E+04 12

TOtAli T ota t

(weNt Cay

SSTdtnrcorsi
U Th,& P

1 dsis ItFo t ad ar sty d t ie sca

et 4 h tWe dabt dosl match w ex*isi Wtesplt, therefore the worst case tem~ak was used

_____ J.

Bumup Summary (Md)
Fron

Chomine
Boumd ng

Checiks

1, -A t r -h t.... us 1i.eh ae

-- .--
D I tstm

24ti 13
I> , I*oi" burnup set etil lo hatiN buri"

30a tlo i baus ta f.rnm SFD and certed to M4d uskt 801240 132kg
2_u O 13

Estimate Bumup"
Bumup Multiplier GIven Bumup Estimated EOL HM/Given EOL HM

i140o
Nominal V _F 003[

Soundlung-l 0j03i - -

'Reador shutdown core removal. storage shipping or other date confirmin that Irradation ceased lor fuel

2
TotaI bnxnup lor all fuel associated with this worksheet must be divided by 8OL heavy metal mass to get spetific burnup values (MWdIMT)

March 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Infomrmlon ,

Fuel Name: SAXTON (U02 SST)
SNF tD # 882

Fuel Units & Descr. 20 - ELEMENT
Heavy Metal Mass BOL EOL.t0 402kg
ROD Storage Site INEEL

'Fuel decay start date: 1972
Estimates as of: 2030

Template Pathfinder (Light Water, SST 60to 100%/ U)
'Termplate Burnup(MWd). 601

Template BOL Heavy Metal Mass (MlT): 0 00012882
Template Decay Time: 50 years

Estimated
Canister usage

18,x10O
069

-j

I I

It. Estinmtes - m X. X - b Y. Yb I Gamma Sources

COAWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Boundir
Radionuclide Template Fuel Bumup (MWd)' Burn
Ac-227 3 4276E-08 16 67
Amn-241 I 1458E-04 16 67
Am-242m 7 9468E-09 16 67

nup (MWd)O (Ci) Inventones(Ci) Invenloi

Photon Total
ig Fuel Energy Photons/sec
wes(Ci) Group (bounding)
E-07 Avg MuV
E43 00150 8698E+ll
E-07 00250 1.807E1tt
E-08 0 0375 1 566E+lt

1667 t
Am-243 9 8386E-10 1667 1667 0OtOE+00 64E-(

2 2978E-04 1667 1667 O OOE+00 3 83E-03
16 67 16 67 0 OOE+00 2.04E-05 2 04E-05

1667 OOOE+00 288E-09 288E-09 0 1250
Cm-244 _ 3058E-09 1667 1667
Co-60 9 8636E-03 16 67 16 67
Cs-134 1 9617E-08 1667 1667
Cs-135 30316E-05 1667 1667

2 1 8F-A4 2 18E4^ n--s 8 R1-E1
- -I tuu U - >l

I 64E-01 1 64E-01 o03750 3 825E*1O
05750 6 369E.11
0.8500 6.288E+090 00E+00

Cs-137 1 0263E+00 1667 1667 0 OOE+00
2 0017E-04 1667 1667 0 0OE+00 3 34E-03
8 5957E-05 1667 1667

1667
0

OOE+OO 1 43E-03 1 43E-C
00E+00 3 76E-04 3 78E-04

6 67 OOE+OO 1 81E-02 1 81 E-02 3 51X1 2 892E+00
1-129
Kr-85

3 OOE+00 1 22E-05 t122E-05 s oooo 1.208E+00 UE-01 2.61E-01 7 oooo I 352E-01
ND-237 1.1494E-06 1667 S 11 o0oo 1s2s9E-02
D_ o<e c on7ne no io e7
ra-231 s owul-io 15 16 t
Pb-210
Pmr-147
Pu-238
Pu-239
PU-240

12985E-12 1667 1667 OOOE+00
16 67 o OOE+00 3 70E-04 3.7pE-04
16.67 O0E+00 4.37E-03 4.37E-03 Li8 670sE-05

0 ooE+00 1.11E-02
0 00E+00 1 45E-03
0 0OE+00 5 79E-03

I IE-02

Pu-241 3 4759E-04 1667 1667
I 9717E-09 1667 16 67 0 00E+00 3.2

1667 16 67 0 ooE+00 00S-1 1 5 OOE-11
1667 1667 0 o0E+00 1 39E-10 1 39E-10

000E+00 1 02E-13 1 02E-13
Se-79 34 2 20E-04
Sn-126 I 1491E-0S
Sr-90 95541E-01 1667 1667
TC-99 4 6656E-04 16 67 16f67 0 ooE+00

1 9085E-11 16 67 16 67 0 ooE+00 18E-10
1667 0 OoE+00 3 65E-09 3 65E-09

OOE+00 1 39E-10 139E-10
T1-208 1 8752E-08 16 67
U-232 5 0782E-08 16 67
U-233 3.2596E-09 16 67

E+00 3 13E-07 3.13E-07
E.47E-07 8.47E-07 Thermal Power

U-234 39817E-07 1667
U-235 -27761 E-06 16 67
U-236 1 61904-05 16 67
U-238 -2 8547E-09 16 67
Y-90 9 5557E-01 16 67
Other Radlonuctjdes

5 43E-08
6 64E-06
2.10E-02

Nominal Heat Bounding
Output Heat Output
(Watts) (Watts)

a 00E+00 2.70E-04 2Z70E-04 I 1 mS-01 1 95E-01
2 28E-04 Total Total

OtL Teintioate SetclioaSanmaurv. Ba-mnu Sanunerv suit Clerks~~
Template Selection Summary

From SFD Used Basis for Parameter Differences:
Reactor Moderator UGHT WATER UGHT WATER Tis Ttntiae usailar it tolirg mesore.

Fuel Claddig SST SST j tl mathes en at paranetns except ererictit r uebuikwm)
BOL HtA Coznstdnts U U

UOL Enrichment % r60 to 1C00

Bumup Summary (MWde Basis for bumup used in estimate:
From SFit Entated

Nomina 16 67 N bunvset equal teMaIg b p
Bound1ng6 B tptokm SFDandaedeto MWdmgBOL.10.4ag

Checks

Estimated Bumupt
Bum Mulpl Gwven Bnup Estimated EOL HMGlven EOL HU

Nominal O -311 o
Bounding [O 010

'Reactor shuldown. core removal. storage. siipping or other date onrifirig tuat Irradalion oeased for fuel

'Total buiup for al tuel assodated with ths worksheet must be dsided by 6OL heavy metal mass to get specific bumup values (MWd/MT)

i

DOEISNF/REP-078
Revtslon 0
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Fuel Radionuclide Inventory Worksheet

L Fl and Temnpate Info tion --- ' S-
Fuel Name. SAXTON (U02 ZR)

SNF tD C1 788
Fuel Units & Descr 9- ELEMENT

Heavy Metal Mass BOL= EOL=41 482ag

ROD Storage Site INEEL

'Fuel decay start date 1972
Estmates as of 2030

Template PWR (ight Water Zirc, 0 to 5S. U)

'Temptate Burnup(MWd) 61 92

Template BOL Heavy Metal Mass (MT): 0 00176911
Tempiate Decay Tme 50 years

Estimated
Canister usage

18,x10
013

hVV Y I Gamma Sources
u 

__, . . _

11. Estimates m 5 - - m XI ° Photon Total

- Ct/MWd From Nominal Bounding Fuel Initial Activity _Nommal Fuel Bounding Fuel

Radionuclide Template Fuel Bumup (MWd? Bumup (MWd)? (Cl) tnventones(Ci) Inventones(Ci)

Ac-227 t0733E-09 6648 6648 0 00E6+00 714E-08 7 14E-08

Am-241 14751E-01 6648 6648 000E+00 981E+00 981E+00

Am-242m 2 6809E-04 6648 66 48 0 OOE+00 i 78E-02 1 78E02

Energy Photonstsec
Group (bounding)

Avg. MeV
o o1 50 2 5340E+1 2
0 0250 5 070E+11
0 0375 4 777E+11
o 0575 5978E.11
0 0050 2 793E411

ee sn ee J 4 15E-UZ
Am-243 8 66 48 t56

C-14 6648 +00 3 18E-C

CI-36 66 48 0 OOE+00 5 34E-4 6

Cm-243 _6 48 50 00E+00 1 01250 1 858E+11

0 00E+00 1 84E+00 I 84E+00 02250
Cm-244
Co-60
Cs-1 34
Cs-135

66 48
3 5610O-04 3 48 0 OOE+00 2 37E402

2 6260E407 6648 66 48

_ A7cn

I O -05 1 75E-05

6648 00 9 60E4(

__ Cs-i 37
1 Eu-t54

Eu-155

I e-i55

1-129

t, ±NL-&75

6 48 66 4 E+00 6 57E+01
E+00 4 01E41

O5 75 I 2 U30t+11
0_5750 2425E+12
0 8500 25368E+10
12500 1 S57E+10
1 7500 6 625E+08
22500 1 090E+05
2 7500 3 0nE+05

66 48 66 44 4 01 E-01
1 45E-0266 48 E+00 1 i

-07 6648 664 AR 0+0 5.27E-05 bzt-t
66 48 6648 0 wE+OO 52701 5 95E-O1

66 W 66 W O OOE6+OO r,0~n 35000
E.03

9 8288E-07 6648 66 48 OOwE+00 . 23-OS S OO0u

I 0707E-02 6648 66 48 O w0E+OO 7.12E-01
04 7.93E-04 I I

tt927E-05 66w 486648
9 77E-8 9 7E-08 _4703E-09 66 48

66.48
6648

;i PFt-21
t Pm-i47

Pu-23S
I' Pu-239

Pu-240
Pu-241

-1' Pu-242
Ra-226
Ra-228
Ru-t 06

6648
6648
66w4
66 48

0OE+00 1.12E-08
0 00E+00 4 63E-04
00E+00 4 41 E+00

00wE+00 7 72E-01

1 12E-08

0O6E+w0 1 01E60 1 01E+00
-

t.
3766E-01

6 4260E-05

6648
66 48
66.48

+00( 291tE+01 ~- 2SlE+Ol
E00 4 27E-03 4.27E-03

+00 2.56E48 2 56E-OS
E+w 352E-10 3 52E-t
+00 1 36E-12 1.36E-12

6648
66.48

66 4

-Ara .L ni~C rWIP E044
Se-79 1.2376E-OSb 060 W c o u

2 Sn-i26 2 5210E-05 66 48 66 48 0 E+00 1 6E-03 1.68E43

Sr-90 64163E41 6648 6648 0OwE+00 427E+1 4.27E+01

- Tc-99 3 9357E44 6648 6648 0 OOE.-nn 2 E-02 2 62E-02
Tc-99 3 6644

- - i 86E:-06
Th-229 15644E-10
Th-230 2.7972E-8

Th-232 S 3036E-12

TI-208 1 5136E-07
U-232 4_1005E-07

U-233 2 5856E-08

66w4 | .wcso

6648 6648 OE+ t 86E-06

6648 6648 000.00 3 53E-10
1 86E406

66 48 66 48
6648 6648
66 W48 ~ 66w4

0.00E+00 2 73E-05 2

0 006E0w 1 72E-06 1
0wE6w00 350E-03 36

Thermal Power

Nomisnal Heat Bounding
Output Heat Output
(watts) (Watts)

3
U-234
U-235
U-236
t-238
Y-90

-05 66 48 66 48
E-06 6648 000
-06 6648 66 4

2 87E403 2J78E403 287E403

0 00E+00 5 05E-04 5 05-04

1.35t-02 1 35E4-2 13SE-02
T Eota 12o tal

_ Total Total
6648
6648

L
I
A

.

Other Radionucides

MiLTesiplate Selection SumnaryA
Template Seeoton SummayI

From

Reactor Moderator UHnTV
Fuel Cladding ZF

BOL HM Consbtuents t
BOL Enrichment %

[Bu -up Summ-ry (MWd)f

4648 0.wE+00 4 27E+0
6 34 6 + 0

1427E+01
1 62f4E+Ot

maryr, mas LDCCm5

- Usert ias.s u a-- --
LK3HTWATER

ZIRC
U

lies Tuelm was used arale t c esn (s
Tx bel nalak onallY pwaets exczep bfilfli (-kn-n)

I OtoS -

a..i. #- i-,n, used In estimate:

_cn I wnste
Fromb 5FD - - .

Nominal1

Bounding

Checks

66 481 p aete " a b bng canq

1  66 48a ane ien Iran SFD and roeetd to lWd uint BOLn41 Ssa3i

-I_
Estenated Burmupt

Burnup Multiplier Given Bumup Estmated EOL NM/Given EOL MM

I 1o00oNominal [

Soundina

e

'Reactor shutdown, core moval storage shpping e otrer date confinnirg that Irnadation ceased tor luel

sTotal bunup Ior an kNW associated wth this worksheet must be dvided by SOL heavy metal mass to get specific burrnup values (MWd'MT)

March 2003

-r DOE/SNF/REP-078
Revision 0
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Fuel Radionucilde Inventory Worksheet
L Fuel and Tenplate Informatwioo

Fuel Nams'. SHIPPINGPORT PWR C1 UCKT (RODS)
SNFID *- 189

Fuel Units & Descr 2 *ROO
Heavy Metal Mas 4 OL=16.891kg EOL.16108kg
ROD Storage Site INEEL

'Fuel decay start date 1959
Estimates as of. 2030

Template PWR (1ght Water, Zrc 0 to 5., U)
"Temrpate Burnup(MWd): 61 92

Template 0OL Heavy Metal Mass (MT): 0 00176911
Temotate Decay Tine 65 years

Estimated
Canister usage

18sx1S
007

11. Estimates . m xX x, b y. y, Gamma Sources

Photon Total
Ci/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide Template Fuel Bumup (MWd>
t 

Bumup (MWWd)
2  

(Ci) Inventories(CI) Inventones(Ci) Group (bounding)
Ac-227 1 2581E-09 744 60 1,48919 0 OOE+00 9 37E-07 1 87E-06 Avg. MeV
Am-241 I 4761E-01 74460 1,489.19 000E+00 1.10E+02 220E+02 00150 4032E+13
Am-242m 25032E-04 74460 1,489.19 0.00E+00 I 86E-01 373E-01 00250 8008E+12
Am-243 62387E-04 74460 148919 000E+00 465E-01 929E-01 00375 7486E+12
C-14 47739E-05 74460 1,48919 0000E+0 355E-02 7t1E-02 00575 1027E+13
Cl-36 8 0297E-07 744 60 1,48919 0 00E+00 5-98E-04 1 20E-03 00850 4 32E+12
Cm-243 19209E4-0 74460 1.48919 000E;00 901E-042 14B8-0E1 01250 2859E+12
Cn-244 i 5560E402 74460 1,48919 0 00E+00 71t6E+0t 2 32E+0t 072250 3727E+12
Co-60 4 95498-05 74460 1,48919 000E+00 32 6-04 738E-042 037m 1613E+12
Cs-134 2 6647E-08 74460 1,489.19 0E+OD 1.27E-O2 39 -06 N Heat Boundin13
Cs-135 14433E-05 74460 1,489.19 000E+00 107E-02 2815E-02 Outoo 3e0auEt11
Cs-137 649929E-01 74460 0,48919 02E+00 5 21E+02 .04EW3 1 )2500 (t439E+1
Eu-1 54 t 8023E403 744 60 1,489t19 000OE+00 1 34E+00 2 68E+C0 1 7500 8279E+0
Eu-155 26793E5-0 74460 1,48919 000E+00 199E-02 3199E-02 212500 21458E+06
Fe-SS It4580E408 744 60 1,489t19 000DE+40 1 09E405 2t17E405 2 7500 7252E+06
H-3 3 8566E403 744-60 1,489t19 000DE+00 2 87E+C0 5 74E+00 3 5000 35S99E+OS
1-t29 9-8298E-07 744 60 000 5 ODE-0 7532E4-04 46E-03 5T0000 ota37E+

9r-85 4 0617E-03 74460 1.48919 0 00E+00 3302E+00 6 05E+00 70000 2769E04
0w237 1R2645E45 74460 .489t9 00E+40 9421E403 I88E02 t10000 2031E+03
Pa-231 1 6376E-09 744 60 1.489 19 0 O00E+00 1 22E486 2 44E486
Pb-210 2 8795E-1 0 744 60 1.489 19 oooE+oo 2 14E407 4.29E407
Pnn-147 I 3264E407 744 60 1,489-19 0 00E+00 9 BBE405 1 98E044
Pu-238 S B88E402 744 60 1,489.19 0 00E+00 4.38E+01 8 77E+01
Pu-239 1 1613E402 744 60 1,48919 000OE+C0 8 65E+00 I 73E+01
Pu-240 I15142E-02 744 60 1,489 19 00E0 .3xt 25+0i
Pu-24t 21269E-01 744 60 1,489 19 000OE+00 1~58E+02 - 3t17E+02
Pu-242 6 4260E-05 744 60 1,489 19 000OE+00 4 78E402 9 57E402
Ra-226 5 8689E-10 744 60 1,489 19 00O0E+00 4.37E407 8 74E407
Ra-228 5 3036E-12 744 60 1,489 19 00O0E+00 3.95E409 7 90E409
Ru-106 6B8136E-19 744 60 1.489 19 000OE+00 5 07E-16 I101E-15
Sr 79 t.2372E405 744 60 1,489 19 0 00E+00 9.21E403 1 84E402
Sn-t26 2.5194E405 744 60 1.489 19 0 00E+00 1 88E402 3 75E402
Sr-90 4 4913E-01 744 60 1.489 19 000DE+00 3 34E+02 6 69E+02
Tc-99 a.93s7E404 744 60 1.489 19 0 00E+00 2 93E-01 S 86E-01
Th-229 I 9331E-10 744 60 1,489 19 0 00E+C0 I 44E407 2 B8E407
Th-230 3 5223E408 744 60 1.489 19 0 00E+40 2 62E4-5 5.25E405
Th-232 S 3085E-12 744 60 1,489 19 0 00E+C0 3 951E49 7.91E409
Tl-208 I 3102E407 744 60 1.489.19 000GE+C0 9 76E45S I 95E044
U-232 3 5497E407 744 60 1.489 19 0 00E+C0 2 64E404 529E404 Thermal Power
U-233 2l6647E4n 8 744 60 1,489.19 000E+0 96E-5 397E45 NominalHe t Bounding
U-234 5 5023E-45 744 60 1,489.19 000OE+40 410E4-2 8.19E outpu Hea10Output
U-235 *1 4485E486 744 60 0 00 Z.60E404 0 00E+00 Z-60E404 (Watts) (Watts)
U-236 7 5969E486 744 60 1,489 19 000E+C0 5 66E403 1.13E402 i.osE.ot 2.19+0;
U-23d .2 6129E407 744 60 0 00 5 64E403 5 44E403 5 64E403 Total Total
Y-90 4 4913E-01 744 60 1,489 19 000OE+00 3.34E+02 6 69E+02
OtherRaclionucilkes 5 04E+02 1 OtE+03
111. Template Sdedeion, Srrv Rrrwum .ad Checks .<t
Template Selection Summary _

From SFD Used Basis for Parameter Ditferences
Reactor Moderator UGHTWATER UGHTWATER

Fuel Cladding ZRC ZIRC
BOL HM Constituents U U

BOL Enrkchmient % 0 7199907 o to S

Bumup Summary (MWd)' Basis for burnup used in estimate:
From SFD Esteed

Nominal | 744 60 Nwmr turup calJaled hi te heaq rietl anss desboyed
Bounding 304 04 1 489 i9 9SdN baro assured to be trsnmmr d barne

Checks

Estimated Bumup
Bumup Multlr Given Bumup Estnmated EOL HMIGlven EOL HM

Nominal 1[26 12
Bounding 2 52 4 i__

'Reador shutdownr core removal siorge, shipping or other date confinng tat Irradiaton ceased for fuel

'Total burnup for at fuel assodated wih this worksheet must be drvded by BOL heavy metal mass to get speoitc buntips values (MWdMT)

J

U

-1

A
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Fuel Radionuclide Inventory Worksheet

LI Fuel and Template 1nfbrm~toa ...

Fuel Name SLOWPOKE (HEtU) CANADA

SNF iD 2 296
Fuel Units & Deser: 1 - 297 ROD ARRAY

Heavy Metal Mass- iOb.0875kg. EOL.0.87kg

ROD Storage Site SRS

'Fuel decay start date- 2010

Estimates as of. 2030
Template ATR (ght Water Aturn 60 to 100% U)

'Template Bumup(MWd) 3672

Template BOL Heavy Metal Mass (MT) 000116689

Temotate Decay Time 20 yest

Esbtmated
Canister usage

18"xI0
004

I

11s - m X X. - - b Yn Y. Gamma Sources

CIlMWd From Nominal Bounding Fuel initial Activity Nominal Fuel Bounding Fuel

Radionuclide - Template Fuel Bumup (MWd)O Burnup (MWd)
2  

(Ci) Inventoies(Ci) Inventorine(Ci)

Ac-227 66313E-10 1253 25 06 0 00E+00 8.31 E-09 1 66E-08

Am-241 2w50E-03 1253 2506 noE+00 3251 t6 1 06E-02- nRli t9-" 1 06ES

Pihoton Toztal
Energy Pholons/sec

. Group - (bounding)

A01 t5eV
o 0150 2645E+12

I 0 0250
Am-242rn 1253 _ _6 UUlIu I

Arn-243 I 12 53 5 06 0 E+00
5S06 0^w+

7^i, tc. -
1 3E47- C

C-14
C1-36
Crn-243

- Cm-244
Co-60
_ Cs-134

-- Cs-135
I Cs-137

1253
>5 06 1t

25 06 0 0wE+00 2.06E-06 t.

129E-30
t12E406

0 0575 5138E.11
o 0850 3 1t05E.11
o 1250 2101E+11
0 2250 2.679E+11

2 9=3-4° 0 12 53 25°06 0WE+D0 3 67E-04
b1 Ott OOEE.DO 6 66E-05 05.750 1 166E+11

5 31 tVbm< I

31 1253 E+W0 3 9 7 91 E-02 0o5750 3 902E112

t2 53 25.06 0 00+00 4 8 64E405 0s350

;2 53 25 06 0 OOE+00 2.54E+01 5 09E+01 I I

Eu-1 54 12.53 0 0wE+00 14tE-01

3216E.10
1 834E+00
8 429E+08
74 *4E+04
4 182E404Eu-t55 E-03 1 e I 12E-01

3 311 E-03.^s 06
Fe-55 12397E-04 1. w.

H-3 4 5697E-03 12 53 256 O OOE+O 5 73E-02

I-129 7 5300E-07 12 53 2506 0 OOE+00 9 43E-06

Kr-85 1 0850E-01 1253 2506 OOE+OO 136E+OO

Np-237 9 5561E-06 12.53 250 OOE+OO 120E-4

Pa-231 2 0359E-09 12 53 25 06 O OOE+ 2558-08

Pb-210 49728E-11 1253 25w06 OE+OO 623E-10

147 48502E-02 12 53 25 0008OE+00 6 08E-01

Pu-238 1 8254-2 12 53 25 06 0 OOE+00 2 29E-01

Pu-239 4 2810E-04 1253 250 OOOE+OO 538E-03

Pu-2402 4368E-04 10253 2506 O0E+OO 3.05E-03
Pu-40 nA 0008+00 4119E-01

It 35000 1922E1+B2
5 0000 1 092E+01
7 0000 1.206E+00
11 0000 1.351E-01

5.10E-08
1.25E-09
122E+00
4 57E-01
1 07E-02
6 l1E-03
837E-01
9 I3E-0Pu-241

-Pu-242

Ra-226
Ra-228

3.341s~t-uz sv w

3 E+OO

212 53 2506 0 00E+OO

1 t2 53 25 06 O 0E+OO t 56E-13
t ,73E-09

11E-13
59E-04

*Ru-106
Se-79

-i Sn-126

I Sr-go0 -
Tc-99
Th-229
Th-230
Th-232
T-208
U-232

U-233
U-234
U-235
U-236
U-238
Y-90

.-06
:-05

O OOE+OO
O OOE+OOm 1.62E-04 324E-04

t 45E-04 2.90E-0425 06

t19248E+00 1253 2506 00OE+0 241E+01 482E+01

12.53 25 6 0 5 29E-03 1 06E-02

1253 250 0008+00 6 38E-11 1 28E-10

1253 2506 0008+00 525E-07 1 05E-06
12532506 OOE+O 2.41E-13 483E-13t4

I.

11

12.53

E-09 12.5
E-04 12S

E-w5 12 S
E OS - tZS4

E+OO 12 S.+00 2

25 06 0 00E+00

2506 0 OE+00
25 06w OOOE+00
05 1w O8OE+O

ooo0 1J78E-03

1 58E-06 3 ISE-06
324E-08 6 47E-08

2 31E-03 4 62E-03
1.75E-03 1 J8E-03. _OOU.

Thennal Power
Nominal Heat Bounding

Output Heat Output
(Watts) (Watts)
2.99E-01 5 978-011

Toa oa< R>r.53 2506 0OOE+0 1.94E-04 I J Wt-U

53 25000
532506

1 68E-05 t 68E-05 1.68E-05

0OOE+00 2418+01 4.82E+Ot
Total ITotal

Oth

I l l .

lI r

I
~ri

kg > ~-stw
2 42E+Ot 4 85E+01 I

Krrup .,

l I Ue «r Basis or Parameter Differences:

Reactor Moderstoi. UGHTwATER I UiH r wR

Fuel Claddg ALUMR 7L
OL NM ConsttuentS

BOL.Ennchmrnmt%# 9281429 6--o

m-r 1umaar{Wd)2

k _____

. . .....
Basis lor bumup used In estimate:

led

4 b7Uap taen directy hm SFD (Cxvelld to UWd)

2506 B bu ut sstire ID betfce rhormnl burr

…-.- I
1253

Nominal
B o u nd a

12S3

I-
*wex

Estimated Bumup/
Bumup Multiplier GivEn H Buinup Estymated EOL HM/Grven EOL HM

r o089
SNo2miPal

Boundin

0 1

-_ - ....

Reactor hiutdown core removal storage shpping or other date contrinlg that radatlon ceased for fue

2Total burnu tor an fuel assodated witt this worksheet must be dvided by BOL heavy metal mass to get spedfic burinup values (MWidMT)

March 2003

DOE/SNF/REP-078
RevisIon 0

March 2003
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Fuel Radionuclide Inventory Worksheet
L Fuel anduTemplate Informebosi>

Fuel Namr SLOWPOKE (HEU) CANADA
SNF ID C. 1065

Fue Units & Descr 1- 297 ROD ARRAY
Heavy Metal Mass: BOLW0 875kg; EOL=0 S7kg
ROD Storage Site: SRS

'Fuel decay strt date. 2010
Estimates as of: 2030

Template: ATR (Ught Water. Alum, 0 to 1o00%. U)
2Template Burnup(MWd): 3672

Template 0OL Heavy Metal Mass (M): 0 00116689
Template Decay Tkne 20 years

Estimated
Canister usage

t18-x10o
004

1I.Fsdimates , d ' m Xa bY Yb I Gamma Sources

Photon Total
CiMWd From Nominal - Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWde Bumup (MWd9 (Ci) Inventornes(Ci) lnventonre(Ci) Group (bounding)Radionuclide
Ac-227
Am-241
Am-242m
Am-243
C-14
Ck-6

a wit c-ou 125j 2soe UUOE+OU 831E-09 1 I
2 0060E-03 12 53 25 06 0 00E+00 2 51 E-02 5 C
42429E-07 12 53 25 06 0 OOE+00 5 32E-06 1 I

+12

25 06 0 oOE+00 1 87E-05 3 73E-05 0 0375
7 16E-08 1 43E-07 0 0575

I 3124E-32 1 64E31 3 29E-31 0 0850 3105E+11
Cm-243 t 6443E-07 12 53 25 06
Cm-244 2 9330E-05 12 53 25 06
Co-60 5 3186E-06 12 53 25 06

2 06E-06 412E-06 0 1250 2.101E+11
7 35E-04 02250 2.679E+11

3 1563E-03 12 53 25 06 0 oOE+O
34477E-06 1253 25 06 0 00E4-00 4.32E-05

03750 1 I66E+11
05750 1 902E+12
0 8500 32161+10
12500 1 836.E10
1 7500 8 429.0Eo

Eu-155

25 06
25 06
25 06O
25 06
25 06

0
0 OOE+00 3 07E-01 6144-01

IOE+00 2 54E+01

Fe-55 I 2397E-C
0 OoE+00 6 04E-02 1t21 E-01 22500 7 394E.04

3 11E-03 2.7500 4 1 80.+04
H-4 4 5697E-03 12 53 I 15E-01
1-129 7 5300E-07 1253 25 06 C

1 0850E-01 12 53 25 06 0 00E+00 1.
9 5561E-06 1253 25 06 0 OOE+00 1I

2506 OOOE+00 255E-08 5

3S500t 1 922E.02 _
S o000 I 092E+01
70000 12 05E+00
110000 1 351E-01

U

Pb-210
Prn-147
Pu-238

25 06 000E+00 623E-10 1 25E-09
000E+00 6 08E-01 1 22E+00

1 8254E-C 2 29E-01 4 57E-01
Pu-239 42810O-04 12 53 1 07E-02

12 53 25 06 0 006.E
12 53 25 06 0 00E+00

6 11 E-03
419E-01 8 37E-01

0 00E+00 4 55E-06 9 10E-06
Ra-226
Ra-228 1 2426E-14 125
Ru-106 6 3589E-06 12 53 25 06

2 86E-09
1 56E-13
7 97E-05
1 62E-04
1.45E-04

3 11E-13
5 73E-09

1 2933E4-5 12.53 25 06 0 00E+00
25 06 0 00E+00

Sr-90
Tc-99
Th-229

25 06 0 00E+00 2 41 E+01 4 82E+01
0)00E+00 529E-03 1106E-02

S 0953E-12
Th-230 4 1885E-08

12 53
1253
1253Th-232 1 9270E-14

Ti-208 4 6024E-08 12 53 25 06 0 00E+00
U-232 1.2582E-07 12 53 25 06 0 00E+00
U-233 2.5825E-09 12 53 25 06 0 00E+00
U-234 1.8450E-04 12 53 25 06 0 00E+00
U-235 -2-7235E-06 12 53 0 00 1 78E-03
U-236 1 5493E-05 12 53 25 06 0 00E+00

6.38E-11 128E-10
525E-07 1 05E-06
2 41E-13 4 83E-13
5 77E-07 1 15E-06
1.58E-06 3.15E-06
3 24E-08 6 47E-08
2 31 E-3 4 P62-E3

Thermal Power
Nominal Heat Bounding

Output Heat Output
(wafts) - (watts)
2.E6-01 5 97E-01

Tota0 Total

I
tb7-C

94E-C 1 4-

ss1 cQ n ne * ene nc ; on_;

1 Z3 O W5 1 b6E4-5

25 06 0 00E+00
1

2 41 E+01 4 82E+01
Other Radio 2 42E+01 4 85E+01
Ill. Template Selection Surnmairy. Burnmp Sunimnarr. and Checks -___________________________

Template Selection Summary _

From SFD Used Basis for Parameter Differences:
Reactor Moderator UGHT WATER UGHT WATER

Fuel Cladding ALU ALUM
8OL .MM Constituents U U

BOL Enrichment % 9428571429 60to 100 D

Burnup Summary (MWd)f Basis for burnup used in estimate:
From SFD Estimated

Nominal 12S3 4 74 Nomai bWsp talWe diecty hoit SFD (carweeed t toWd
Boundng 2 z5,60 BJrt bup assed lo sbe twam Isr butnr

Checks_

Estimated Bumup
Buupmuti | Given Bumu p  Estimated EOL Ht/Grven EOL M

Nominal. o 0 38099
Bounding 0091

'Reactor shutnewn, core osmoval storage, shipping or other date cocemhng that Irradai.on ceated for fuei

'Total buinup for ait tuel associated with is worksheet must be dvided by 80, heavy metal mass to get speatic burrsp values (MWdMT)

DOE/SNF/REP-078
Revision 0

March 2003
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Fuel Radionuclide Inventory Worksheet

;L Fel and Template Information ' .
Fuel Name SPERT-III

SNF ID I2 209
Fuel Units & Descr 3 - CANISTER OF SCRAP

Heavy Metal Mass 8L0 : EOL=9 74kg
ROD Storage Sne INEEL

'Fuel decay start date 1966
Estimates as of 2030

Temptate: PWR (Llg Water Zrc.^Oto5% U)

'Template Sumup(MWd) 61.92

Template OL Heavy Metal Mass (MT) 000176911
An -r

Estimated
Canister usage

HIC
1t0w0

II. Estimates -, m In xX. Xb b Y. Yb P Gamma Sources

CUMWd From Nominal Bounding Fuel Initial Activity Nommal Fuel Boundtng Fuel

Template Fuel Burnup (MWd)
5 Burnup (MWd) C niventories(Ci) - inventories(CI)

- - .. 06 n~z, ~ OaF4ar 994E-06

Energy Photons/sec
Group (bounding)

Radionuclide
Ac-227

Av0 MeV
U.2Z04-i

Am-241 9.262-37 7 0 0E+00 1.37E+03
0 OOE+00 2 48E+00

7 0 .E+00 5 79E+00

+03 0 0150 3 524E+14
E+0 0.035

Am-242m1
Arn-243
C-14
CI-36
Crn-243
Cm-244

5 79E+00 0 0375

47820E5 9,262.37 9,26237 0 0E+00 4 43E-01 4 43E-01

- ----- 1 '~"~ -- 0 91 -5 n nIOFP.0 7 44E-03 7 44E-03
C

8s 02S7E-07 *,ouo

74 2 37 9,262 37 t 61 E+00 I e
3 89IE+13
26s9E+13
3.32E+13

9,262 37 C

Co-60 9,262 37

-1

Cs-134 2 626047L-
Cs-t35 1.4433E-06

9,262 37

0 00E+00 2 56E+02
0 08E+00 3 30E+00
0 008E+0 2 43E-03
0 O0E+00 1t 34E-01
0 00E+00 9 16E+03

0.3750 1 435E.13

012500 3299E+12
0.750 3 279E+14

9.16E+03 1 72500
^- 4 <7 Cs-37> _{=,. 

_ _. ___

Eu-154 6 0320E43 9,26237 9,262 37 0 OOE+00 5 59E+01 5 59E+ 19,26 21 ULAL+W____________________
1 7500

Eu-1 55 2 1770E-04 9,262 Lit o W z -734-03
nIAAe B 7 34E403

Fe-55 7 9296E-07 9,26221 3 i6ru

11H-3 89486E43 9,262 37 9,262 37 0 0

1-129 9 8288E-07 9.262 37 9,262.37 0 C

* Kr-P5 1 0707E-02 9,26237 9,262.37 0C

Np-237 1.1927E-05 9,262.37 926237 0 0

Pa-231 1 4703E-09 926237 926237 0

Pta210 1 6828E-10 906237 9,262 37 0

Prn-147 69606-0 9,26237 9,26237 0a

Pu-238 6 62638-2 9,26237 9,262 37 0 C

Pu-239 1 1618-2 9,262.37 9,262.37 oa

Pu-240 15142E-02 9,262.37 1 O

8 29E+01 E
9 I1E0E3

2.7500 5.347E+07
35000 3S815E+06
5.0000 1 630E+06
7 0000 1,878E+05

11 0000 2 157E+04
OE+00 9 92E801
08E+00 1 10E-01
08E+00 1 36E-06

OE+00 1 56EW 1 56E-06
6 45E-02

G 14E+02 6 14E+02
11.0dE02 I 08E+02

)0E+00 1.40E+02
000+0 n^ A +iJJn

1AI

Pu-241
Pu-242

__ Ra-226-
Ra -i-2-28

Ru-1106
I 6S-79

- Sn-126
I Sr-90
L- Tc-99

Th-229-
Th-230

4

5
2

E105 9,262.37
E-10 9,26237
E-12 9,262 37

9,262.37 r OOOE+00 4 B6E+u3
O.OOE+00 5 95E-01

7 000E+00 3 57E-06
1 0 008+00 49 08-0

357E-06
4 90E-08
1.89E-10
t.15E-01

0413E-14 9,26237 9,26237

1 2376E45 9262 37 9,262 37
2.34E-01 234E-01

252108E-
6 4163E-(

U,zoz231

9,262.37
9,26237

2.37 OOE.00 594E+03
237 OOOE+00 3 65E+00
i237 0 OOE+00 1t458E06
2 37 0 00E+00 259E-04

5 94E+03
3 65E+00
1 45E-06
2 59E-04

c erri,.Iui53036E-12 9,26237 9,26237 000E+00 491808 491E-08
-- --- I A!IFftq'I Th-232

TI-208
I- U-232

U-233
U-234
11-235-
U-236
U1-238
Y-90

ow OthesrR.

I. Tell

I Temtpta

B. OL F

BC,=,,

1 5136E-07
4 1005E-07
2.856E-08

9,2623a7 9,262.37 - u U--
9,262.37 9,262.37 000E+00

9,262 37 9,262.37 0OOE+00

__ __ __ 4 -->W

q AfIr-M 3 80E43 Thrermal Power

5.2665E05 9,26237 9,26237 OC

-1 4487E-06 9,262.37
7S888E-06 9.26237

-26129E-07 9 726237
6 4180E-01 9,262 37

0 00 t135E-03
926237 0 8OE+00

0 00 633E-03
9,262 37 000E+00

"w7'. -

I

2 391-04 2 39E-04 Nominal Heat Bounding

4 8E-01 4 8E-01 output 'NHeatOutput
300E+00 1.35E-03 (watts) (watts)
7 03E-02 7.03E-02 1.6aE+02 1168E+02

391E-03 6.33E-03 Total Total

594E+03 594E+03

adlonuclides
8 8311+03 8 83E+03 I

_ From SFD =

actor Moderator UGUTWATER L

Fuel Cladding ZI___RC
IM Constituents
OL Enrichment %

Jd B.asis or Parameter Ditfferences:
'WATER IThi Thrielate was used tcr Vw Utims reasons

!IRC Ths I uel natches on al parareters exe4 ervltc (uet-)

to05

4 - b , ... A I., .i . n

I Summary (Mwdr
From SFD I Estn"td

Nomnal salLZ9=.37
Sound" I - -912631

_

Netal hWal ret eqal I bcurdN t aS t

oardrn thnW estnlted IN gSSUN BOL hwaVy metal mas aas lAce ECL

11.58

_. ...

I Estarnated B=UW
-tmmmulfmlier . Given Sumup

Nominal C
RBwndmq

t3 Ss
13.581 _ _ _ _ _ _ _

17m hut rwn .cre nnnoval, storage, shipping or other date contrming that Irradiabon ceased or fuel

2TotaW burrn for alt iuel assodated with this worilSheet must be tivided by OL heavy metal mass to get specific bumrrp values (MW'T4)

March 2003

-~ DOE/SNF/PEP-078
Revision 0

March 2053
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Infornatio -a

Fuel Namwe THOR (UALX-HEU) TAIWAN
SNF ID t 629

Fuel Units & Descr 35- MTR TYPE
Heavy Metal Mass: SOL.5 061kg EOL.4098kg
ROD Storage Site SRS

'Fuel decay stalt dater 1997
Estimates as of 2030

Template TRIGA-At (LW-Zrx. Akun , 1010 20%., U)
Template Bumup(MWd): 6 65

Template OL Heavy Metal Mass (MT) 0 00018
- Teimplate Decay Time 25 years

Estimated
Canister usage

18'x a0
1 146

I1. Estimates - - m 5X. x b Y. Yb I Gamma Sources

CLiMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
Template Fuel Bumnup (MWd)' Burmup (MWd)

2
(ci) lnventones(CI) Inventones(Cil)

Photon Total
Energy Photons/sec
Group (bounding)Radionuclide

Ac-227 3 8271 E-09 918.72 1,83745 0 00E+00 3 52E406 7.03E476 _
Am-241 4 4195E-03 91&72 1,a3745 000E+00 4 06E+00 812E+00
An-242m 1 8195E-06 91&72 1,a3745 0 00E+OO 1 67E-03 3.34E-03

E-07 918 72 1,837 45 0 00E+00 2 14E-04 4.28E-04 00375 3436E+13
918,72 1,837 45 0 00E+00 97E-02 7 94E-02 I o 0575 3295E+13

7 45 0 00E+00 95E-05 7 91E-05 0.0850 1 982E+13
Cm-243
Cm-244

55E-04 3 OE-04 I 0 120 2 015E+13
2 69E-03 1 02250 I 793E+13

Co-60 2-2376E-03 7 458E+12
Cs-134 1.2525E-04 918 72 1.837 45 0 00E+00
Cs-135 3.1549E-05 918 72 1,837 45 0 00E+00 2 9

t 7368E+00 91872 1,83745 000E+00 160E+03 319E+03 t2
6947E-01 91872 1,83745 0 00E+00 2 48E+02 4 95E+02 1 7500 3 198E+tt

2 47E+01 4 93E801 2.2500 4 306E+06
Fe-55 E402 7 74E-02 2.7500 I 130E+06
H-3 2 640E+03
1-129 3805E407 91872 1.837 45 t UKr-85 9263E-02 918.72 1.837 45 0 OOE+CO
Np-237 47524-06 918&72 1,837 45 0 O0E+00 1 36E-03
Pa-231 3970E-09 918.72 1,83745 00OE+00 771E-06 I 54E-05

4995E-13 918.72 1,837 45 0OOE+00 1 38E-10 2.76E-10
7 45 O OOE+00 9 71 E+OO 94E+01

S OOOE+l00 1 06E+00 212E+00

IUPu-239
Pu-240 2-2602E-03 918 72
Pu-241 4 8045E-02 918 72 1.837 45 0 OOE+00 4 41 E+01

3 0602E407 918 72 1,837 45 0 OOE+00 2 81 E-04 5 62E-04
1.837 45 0 OOE+OO 471E-10 942E-10

Ra-228 7
Ru-106
Se-79 1

0075E-07 91872 1.,
.2935E-05 91872 1,837.45 0 OOE+00

Sn-126 22384-05 918 72 1.83745 000E+00 1 12E-02 225E-02
Sr-90 1 6165E+00 91872 1.83745 OOOE+00 1 49E+03 297E+03
Tc-99 441208404 91872 1.83745 00OE+DO 405E-01 811E-01
Th-229 45684E-10 918.72 1.83745 000E+8O 420E807 839E-07
Th-230 6 8271E-11 91&72 1.83745 0 0-E+-O 6 27E408 1.25E-07
Th-232 2 3744E-10 91&72 1,83745 Oo0oE+O0 2 18E407 4 36E-07
Tl-208 1 7368E408 91872 1.837 45 008E+ao 1 60E-05 3a19E-05
U-232 46797E-08 91872 1,83745 0O0E+OO 430E405 860E-05
U-233 13146E-07 91872 1.837 45 OOOE+00 1 21E404 2.42E804
U-234 2-5729E-07 918 72 1,837 45 0 OOE+00 2 36E404 4.73E-04
U-235 -2 6159E-06 918 72 0 00 1 02E-02 7 79E-03 1.02E-02
U-236 1.2719E-05 918 72 1,837 45 0 OOE+00 1 17E-02 2.34E-02
U-238 -3 8857E-08 91872 000 1 16E804 8 06E-05 1 16E-04
Y-90 1.6165E+00 91872 1.83745 8OOE+00 1 49E+03 2 97E+03

Thermal Power
Nominal Heat Bounding

Output - Heat Output
(Watts) (Watts)
2.05E.01 4 09E.01

Total Total

1.73E+03 3 46E+03 I

Template Selecton Summary
From SF0

Reactor Moderator LWANUZIRCHYDRIDE

Fuel Claddng ALUBt HA Constituents
80OL Enrichment % 93 16330608

Used
LW AND U ZIRC HYDRIDE

Basis for Parameter Differences:
Ths Template was eed for the olig reaseio
The 1uel manahes n ai paraneter exDt erlvkhmart.

_ ........

Basis for burnup used in estimate:Burnup Summary (MWd)
- -� 7 - S
From SFD

Nominal [
Boundinst

Estunated

918 72

1B3745
Nornnal bumnp calcdateit tiom the heavy met mass destroyedt.
Beltrdig bmuoi asamed bt be tNie nomina buing

r shutdown. core removal, storage, shipping or other date confirming that I

iTotal bumnup for all utel associated with this worksheet must be chided by 0OL heavy metal mass to get spedhc burnru values (MWrfMT)

DOE/SNF/REP-078
RevIsion 0

March 2003
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Fuel Radionuclide Inventory Worksheet

XL Fuel and TemlAte Infrfornt ,ia n
Fuel Name TRR-1 (UALX-HEU) THAILAND

SNF ID 8 633
Fuel Units & Descr. 31 - MTR TYPE
HeavyMetallMass: BOL=S295kg EO14771kg
ROD Storage Site- SRS

'Fuel decay start date 1998
EstAnates as of 2030

Template TRIGA-AJ (LWIU-Z Alumn 10 to 20r U)

aTemptate Bumup(MWd) 6 65
Template BOL Heavy Metal Mass (MT) 0 00018

Temielate Decay Tme 25 years

Estimated
Canister usage

18"xlOt
1.29i

.

D. ESbakilteS . .- m 11[6 x,. b y Y Gamma Sources

Ci/MWd From Nominal Bounding Fuel Initial Activity Norinal Fuel Bounding Fuel

Radionuclide Template - Fuel Bumup (MWd)` Burnup (MWd)
2

(Ci) lnventones(Ci) lnventories(Ci)

I Photon Total
Energy Photonstsec

. Group (boundcing)
_ A_teV

Ac-227 38271 E-09
Arn-241 4_4195E03
Am-242m 1 8195E-06
Am-243 2 3278E-07
C-14 4 3203E-05

t,00 14 O WEt+w
N ISO~~; 93E1__:~ ~M~; ft 0025011t000 4 0 C

1,000 4 0 0
500 07 1,00014

E-04 1 82E-03
:-04 2M3E-04
.-02 4 32E-02 I

o 0250

500 07 1,000 14 2 16E

CI-36
Crm-243
Crn-244
Co-60
Cs-t 34
Cs-135
Cs-137

500 07 1.0001 2 15E-05 4 30E-

500 07 O 8 44E-05

16 500 07
3 500 07

0 00E+00 7M33E-04
0 00E+00 1 12E+00

01250 1 097E+13
0 2250 9760E.12
o.3750 4 059E+12

1.2525E-04 500C )14 0 OOE+00 6 26E-02 1.25L-Ul I 05750 8585E+13
0.8500 5419E+12

3 1549E-05 1.00014 0 wE+00
1,00014 0 0E+CO 1.74E+03 12500 4686E+12

1 7368E+00
Eu-I 54 2 694 1,000 14 I 12 2 70E+02

Eu-155 500.07 t1.34E+01 2 8

500 07 1,000.14 0 00E+00 2. 1t- E02
I i Fe-65

I H-3
1-129
Kr-&
Np-237
Pa-231

I m-147
UbP-238

t 7500 1 741E+I11

22500 2 670E+06
27500 6150E+05
35000 1 438E+03
5 0000 5610E02
70000 68t6327E+01

E-03 500 07 0 00E+00 t.76E+9O
100E+WO 3 69E044713805E-07 500 07

6 92634-02 4 0 00E+00 3 4 I

1.4752E-06
8 3970E-09

1,000 4 0 00E+00
1.000 4 0 W0E+0
1.00014 0 0E+00

I 48E-03
E-06 8 40E-06
0E-11 1.50E-1 0
E+OD 1.06E+01

11 ODDO 7.192E+C0

1 4995E-t
tC 0 07 1,00014

2 07 1,000 I I 577E-01 1.15E+00
2 85E+00 5 69E+00

Pu-239
Pu-240

500 07
50007

t

4 8045E-02
3 0602E-07
5 1293E-13

1,000 14 0 00000 1.13E+00
1,000 14 0 00E+00 2 40E+01
1,000 14 0 00E+0 1.53E-04
1,000.14 0 00E+00 2 57E-10

E-04
E-lO

Ra-228
Ru-t 06
Se-79
Sn-t26

500 07
500 07
500 07
500 07

1,W0 14 0 00+00 1 17E-07 233E-07

1,000 4 0 000E+ 504E-05 1010-04
1 00 14 0 00E+00 6 47E-03 129E-02

I 6165E+00
4 4120E-04

1,000 14 0 00E+0 6 12E-03
1t000 14 0 00E+W 8 08E+02
1,00014 OWE+00 221tE-01
1,00014 OWE+00 228E-07
1,000 14 000E+00 341E-08

4

2

5684E-10
8271 E-11
3744E-1 0Th232

TP-208 1.73680-C
7 1,WDO 14 0 C

1,000W14 0C
1,000W14 0C
1,00014 01

1.74E-05 1 T.. Power
i_ 4_68E-05 Thermal Power

1.31E-04 ANomnmal Heat Bounding

2.37E-07

U-232
U-233
tJ-234
U-235
U-236
U-238
Y-90
Other RadonuclIdes

4.6797E408
t146E-07

500 07
5Wnn 07

1,00014
O.W

1 29E-04 2 5 7E044

tOOG 14
5 500 07 t.0W0 14

E-02 a 98E-3 t 03E-02
E+00 6 36E-03 I 27E-02
E-04 1 60E404 I 80E-04
E+00 808E+02 1 62E+03

Out~ut H eat Output
(Watts)' (Watts)
1.11E+01 2.23E+01

Total Total
E-08 500 07
E00 500 07 t

9 41 E+02

I I teSelec-ion s ;B h

i i Template Selection Summary
From SF0

Reactor Moderator LW AND u ZIRC HDRIDE

V Fuel Claddang ALUM
SOL HM Constituents U

BOL Enrkchnent % 89 90758798

idC

LW,0 70E
Basis for Paranetur urerencw.:

*i Template was ised for li blowt reasons
Th. Juel malches onla paameters except erlhnert

10t0201

urnup Summary (MWd)_ Basis for bumup used in estmate:

| Fro. SFD0 Eatamated

Bounding-| 1 00 014 bVn ti0Vl asstimed to be K e M remal uMVt

(Checkes_
Estimated Bumnup

Bumup Multiober Given Bumup Estnmated EOL HM/Given EOL HM

NomAnal 100v
Bounding 511 I

'Reador sirtdown. core removal, storage shipping or other date confirming that lirravabwri ceased for hue

2Total bumrsup fer an luel assoaated with this worksheet must be dvlded by S0L heavy metal mass to get specific burnru values (MWC'MT)

March2000

D0E/SNF/RP-078
RevIsion 0
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Fuel Radionuclide Inventory Worksheet
L Fewl and Template Infr iy, .a,,

Fuel Namar UMRR (HEU) ROLLA
SNF tD r 881

Fuel Units & Desct 28 - 24 CURVED PLATES
Heavy Metal Mass: 30015 096kg. EOL=4 771kg
ROD Storage Sdt- SRS

'Fuel decay start date 1996
Estimates as of: 2030

Template ATR (tight Water, Alum, 60 to 100t.. U)
'Template Bumup(MWd): 3672

Template BOL Heavy Metal Mass (Iffl- 000116689

Estimated
Canister usage:

1 8'x1 0'
1 t.17

Template Decay Time 25 years t

U. Estimates M< X. xX, b Y. Yb Gamma Sources

pheton Total
CilMWd From Nominal Bounding Fuel Initial Actrvity Nominal Fuel Bounding Fuel Energy Photonstsee

Radionuclide Template Fuel Bumup (MWd) Bumnup (MWd)' (CI) Inventones(Ci) Inventornes(Ci) Group (bounding)
AC-227 I 1465E-07 307.59 61518 000E+00 353E-07 705E-07 Av015 Mev
Am-241 2 3056E-03 307.59 615 18 0 00E+00 7.09E-01 I 42E+00 00150 5.756E+13
Amn-242mn 4t1476E-07 307.59 615 t8 000DE+00 It28E-04 2 55E-04 0 0250 1 19617+13
Am-243 74894E-06 30759 61518 000E+00 458E-04 9t16E-04 00375 12051E+13
C-14 57108E-09 30759 61518 000E+00 1.76E-06 35tE-06 00575 1 tt8E+13
Cl-36 It3124E-32 307 59 615 t8 000OE+00 4 04E-30 8 07E-30 00850 6743E+12
Cm-243 It4562E-07 307 59 615S18 0 00E+00 4 48E-05 8 96E-05 0 1250 4 520E+12
Cm-244 2 4221 E-05 307 59 615 18 000OE+00 7.45E-03 It49E-02 02250 5826E-12
Crw60 2.7560E-06 307 59 615S18 000OE+00 8 48E-04 t.70E-u3 0 3750 2 533E.t2
Cs-t34 5 8351 E-04 307 59 615t18 0OWE+00 t.81 E-01 3.62E401 0 5750 4 152E+13
Cs-135 34477E-06 30759 615.18 000E+00 1.06E-03 2.12E-03 08500 5 983E+11
Cs-137 1 8099E+00 30759 615.18 000E+00 557E+02 1 11E+03 12500 3327E+11

E-03 307 S
Fe-55 32707E-05 307.59 615.18 000E+00 01E-02
H-3 34504E-03 30759 615.18 0 00E+00 06E+00 2 12E+00

1 644E+10
1 172E.06
9 594E+05
7247E+02
2 438E+02
2 683E+01
3 001 F+00

1-129 7.5300E-07 307 59 615 18 0 00E+00 2 32E-04 4 63E-04 5 0000
Kr-85 7 8540E-02 307 59 615 18 000E+00 42E+01 4 53E+01 O 7 0000

94E-03 5 8BE-03
60E-07 1 72E-06
88E-08 7 76E-08
98E+00 7 97E+00

11 OO0 - w, ctuu

E-10 307 S
Pm-147 t 2952E-02 30759 615 18 0 00E+00
Pu-238 I 7549E-02 30759 61518 000E+00 540E+00 1 08E+0O
Pu-239 42810E-04 307.59 61518 000E+00 132E-01 263E-01
Pu-240 2 4357E-04 307.59 615 18 0 00E+00 7 49E-02 1 50E-01
Pu-241 26277E-02 307.59 61518 000E+00 808E+00 162E+01
Pu-242 36329E-07 307.59 615.18 003E+00 1 12E04 223E-04
Ra-226 4 4444E-10 307.59 615 18 0 00E+00 I 37E-07 2 73E-07
Ra-228 1 9714E-14 307 59 615 18 000DE+00 6 06E-12 1 21E-11
Ru-10D6 2 04T7E-07 307 59 615 18 0 00E+00 6 30E-05 1 26E04
Se79 It2933E-05 307 59 615 18 003DE+00 3 98E-0 7 9611-0
Sn126 I 1574E405 307 59 61518 000OE+00 3 56E-03 7 12E-03
Sr-90 1 7092E+03 307 59 615t18 000OE+00 5.26E+02 I10SE+03
Tc-99 4.2239E-04 307 59 615t8s 000OE+00 t.30E-01 2 6DE-01
Th-Z^9 7 7260E2-12 307 59 615 t8 0 00E+00 2-38E09 4 75E-09
Th-230 S r^497E-08 307 59 615.18 0 00E+00 t.80E-05 3 60E 05
Th-232 2 6906E-1t4 307 59 615.18 0 00E+00 8.28E-t2 I 66E-1 I

L

TE-208 4 4336E-08 307 59 615 18 0 00E+00 1.36E-05 2.73E-05
U-232 t.2037E-07 30759 615.18 0 00E+00 3.70E-05 7 40E-05 Thermal Power
U-233 30010E-09 30759 61518 000E+00 923E-07 1 85E-06 Nominal Heat Bounding
U-234 1.8497E-04 30759 61518 0 00E+00 569E-02 1.14E-01 tOutput HeatOutput
U-235 -2 723510-06 307 59 0 00 1 03E-02 9 45E-M 03E-02 (Watts)' (Watts)
U-236 1.5493E-05 30759 615 18 000E+00 477E-03 953E-03 GE1.00 1.306+01
U-238 428514E-09 30759 0600 113E-04 12E604 .13E04 To Total
Y-90 1-7094E+00 307.59 600 11 0 -0E+00 1 26E+02 1 05E+-0
Other Radionucides 5 30E+02 1 06E+03
Ill. Termpate Selecton Sumrary, Burnup Sum.nary, and Checkcs,
Template Selection Summary _

From SFD Used Basis for Parameter Differences:

Reactor Modert UGHT WATR UGHTWATER
Fuel Cloctid. ALUM AL..

SOL HM Consthuents:| U I U
BOL Enrichment %- 93 40659341 60 to 100

Bumup Summary (MWdO . |Basis for burnup used in estimate:
From SFD Estimated

Nomial 307 SeINonul bu11 cawatetd tam it theavy metal toass destyevd
Bounding 615 1 8 ftg bumuassumed tobe tuo ra

Checks

Estimated Bumupt
Bw.up Multplier Given Bumup Estimated EOL HtGive.i EaL HM

Nominal 0191 I 100

Bounding 0 38
'Reactor shutdown. core removal storage. sh pping or ot6er date confirmuing that irradia^on ceased lor tuel.

;Total bumnup for al fuel assodated woth tis worksheel must be divided by 0OL heavy metal mass to get specfic bumup values (MWdUT)

U

DOEISNF/REP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet

X Fuel and Template Information_-, , -,
Fuel Name UMRR (LEU) ROLLA

SNFID0 146
Fuel Units & Descr 28 - 24 CURVED PLATES
Heavy Metal Mass BOL-31t-98kg EOLt26.46kg
ROD Storge Site SRS

Fuel decay start date 2035
Estinmtes as of 2030

Template ATR (Light Water, Alum , *60 to 100%, U)

aTemptate Burnup(MWd) 3672
Template BOL Heavy Metal Mass (MT) 000116689

Template Decavy Tr e 5 years

Estmated
Canister usage

18ax10
0 78

1. Fstimates m X. x. b Yn Y.', Gamma Sources

Photon Total

CiUMWd From - Nominal Bounding Ful Initial Acvity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide I . Template Fuel Burnup (MWd) Bumrup (MWdO (Ci) Inventories(Ci) Inventories(CI) Group (bounding)

Ac-227 1A545E-10 5.149 51 10,29902 0 DE+00 7 49E-07 1 50E-06 Avg WeV

Am-241 1.1190E-03 5,14951 10,29902 0 00E+00 576E+00 1.15E+01 00150 1.587E+15

Ani-242m 45425E-07 5,14951 1029902 OOOE*00 234E-03 468E-03 00250 4281E+14
1A921E-06 5.14951 10299 1 54E -02 o 0375 3 95OE+14

5 7244E-09 5.149 51 E.05 5 90E-05 0 0575 3 884E+14

Cl-36 13124E-32 5,14 E+O 6 76E-29 1 35E-28 0 0850 2476E+14

Cm,243 2.3676E-07 ) OOE+OO 22E4-3 2 44E-03 0 1250 2 144Et14

Crn,244 5.204 0,299 02 0 00E+O0 68E-01 5 36E-01

Co-60 10299 02 0 OOE+00

_ Cs-134 5.149 51 10,299 02 0 00E+00
97E-01 3 94E-01
51E+03 5 01E+03
78E-02 3 SSE-02
48E+04 2 96E+04

02250 2099E+14
03750 1016E+14
0 5750 1.395E+15
0 8500 1 54E.14
1A2500 3 636E+13

3 5149 51 10,299 02 0 a
2 8731E+00 5,149 51 10,299 C
8 2053E-02 5,149 51 8 45E+02 1 7500 1 525E.12

Eu-155 3 9134E-02 E+00 2 02E+02 4 03E+02 22500 31,8E+12

Fe-S5 6 7429E-C )OOE+00 3 47E+01 6 94E+01 27500 1 840E+10

H-3
1-129

i Kr-85
liN.-'17

0 00E+00 5 46E+01 10 9E+02 3.5000 2 0400EE
10.29902 0 OOE+00 3 88E-03 7.76E-(
10.299 02 0 OuE+00 1 47E+03

5.149 51 10,29902 0 OOE+00
' 'F6 

' '7

E-10 5.149 51 10,299 02 e c
3 7609E-12 5,14951
2 5452E+00 5,14951 E+04 2 62E+04

Pu-238 2 0550E-02 5,1495 1.06E+02 2 12E+02

PU-239
Pu-240
PU-241

4.2838E-04 0 0OE+00 221E+00 4 41E+00
2 0 0OE+00 126E+00 2 510E+00

Ru-1 06
Se-79

-- Sn-126

3 8045E-1 1
2.9902E-15
1.9055E-01
12936E-05
1 1574E-05

5,149 51
5,149 51
5,149 51
5.149 51
5 149 51

10,299 02 0 00E+00
10,299 02 0 00E+00

3 08E-1 1
OOOE+OO 9 81E+02

0 ODE+00 6 66E-02
0 0OE+O0 5 96E-02

1 96E+03
1 33E-01

3541

1 19E-01

Tc-99 4.2239E-04 5,149 51
1 8848E-12 5,149 51
1 7042E-08 5,149 51
7 8132E-15 5,149 51

10.299 02 0 OOE+00
10,299 02 0 OOE+00
10299 02 0 00E+00
10299 02 0 OOE+00
10,299 02 0 00E+00
10,299 02 0 OOE+00
10.299 02 0 OOE+00O

1 42E+04
2 18E+00

2 83E+04
4 35E+00
1.94E-08
1.76E-04
8 05E-11

TI-208 A 4063E-08 5,149 51
S _wo _, _

227E4-4 4 54E-04
6 77E-04 1.35E-031 3151E-07 5 14951 Thermal Power

1 9564E-09 5,1 E+00 1.01E-05 2010E05
+C00 9 46E-01 89E+00U-234 1 8371E-04

U-235 -2.7235E006
U-236 I 5493E-05
U-238 -4.2851 E-09
Y-90 2 7505E+O0
Other Radionuclides
ilL T psiate Selection Sumunarv. Bnp Sulme

Nomimal Heat Bounding
Output Heat Output
(Watts) (Watts)I 36E-D O OOE+O 1.3-0-2r -

---- -v_ v_ w w .
-

5,149 51 2 0 00E+00 7.98E-02 1 600-01 I 2.61E 02 5.22E+02
0 00 8 60E-03 8 58E403 8 60E-03 I Total Total

10,299 02 0 00E+00 1A2E+04 2 83E+04
2 65E+04 5 30E+04 I

Ras-s for Parameter Dfierences:F in Summary
From SFD rn orw I w C * �-�'''�-� 

-- -. _ ___.

IThe Tuvip Iste wa use - e - i taosi ua

I
Reactor Moderator UGtrER

Fuel Cading ALUM
SOL HU Constituents U

BOL EnrIchment % i 97500075

LIGHT WATER
ALUM

U

Th Template was used ror the usltobtr ruasert
The Wu mathes ATR Terplate or. d~ tot one parameter (edwrrrq "nlr ATR a rrableat
match.

i-

Butnup Summary (MWd)f
Froni SFD-

Nomnal _

Bounding

Basis for bumup used in estimate,
Estimated

5.14951 Ntmst himsp caloiated fromile heavy metal mass destryed
10.299 02 1mmilg bump assured tI be tce m nmnal tuarm-

i
Estimated Burnupv

Given Burnup Estnatled EOL HMIGrven EOL HM
1 02Nominal

Boundmig I
fReactor shutdown, core removal storage. shipping or other date confirming at Irradahon ceased tor l Is

.Total bumup tor as hlst associated wit this worksheet must be dvided by 8OL heavy metal mass to get specific bumrup values (MWd/MT)

DOE/SNF/REP-078
Revision 0
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Fuel Radionuclide Inventory Worksheet
L Fuel and Tempilate Inftrnmtion t

Fuel Name UNIV OF FLORIDA (ARGONAUT) HEU
SNF ID t 272

Fuel Units & Descr. 259 - ELEMENT
Heavy Metal Mass 601t4 144kg- EOtL4 092kg
ROD Storage Site. SRS

'Fuel decay strt dater 2035
Estimates as of: 2030

Temptate ATR (Ught Water. Alumn .60 to 100% U)
"Template Burnup(MWd): 3672

Template BOL Heavy Metal Mass (MT): 000116689
Template Decay Tune: 5 years

Estimated
Canister usage

18x10'
7t19

U. Fstibmates i X. xxb b Y. yi, Gamma Sources
Photon Total

CiltWd From Nominal Bounding Fuel Inmttal Activity Nominal Fuel Bounding Fuel EnergY Photonstsec
Rbadtonuclide Template Fuel Bumnup (UWd)f Bumnup (MWd)' (Co) Inventories(C) Inventones(Ci) Group (bounding)
AC-227 2 4545E-10 4906 98.11 0 0OE+00 7.14E-09 1 43E-08 Avg 23+2
Am-241 t.190E4-0 4906 9811 t OOE+00 5549E-02 10E-01 0.0150 1893E+13
Am-242rn 4 5425E407 490 981 00E+00 2.23E405 4 46E405 002.50 4078E+12
Am-243 14921E-06 4906 9811 000E+00 7.32E-05 146E-04 00375 3763E+12
C-14 57244E-09 4906 98.11 O0E+D0 289E07 562E407 00575 3700E+12
Cl-36 I 3124E42 49 06 98.11 00O0E+00 6 44E-31 I 29E-30 008&50 2.359E+12
Cm-243 2 3676E407 49 06 98.tt 00O0E+00 t 16E405 2 32E405 01250 2 043E+12
Cm-24i 5 2042E-05 49 06 98tt1 000OE+00 2 55E403 5 11E403 02250 1 999E+12
Co460 3 8208E405 49 06 98 11 00O0E+00 I187E403 375E403 0.3750 9677E+111
Cs-134 4 8693E-01 49 06 98 11 000OE+00 2 39E+01 4 78E+01 0 5750 1 329E+13
Cs-135 3 4477E-06 49 06 98 11 000E+00 1 69E-04 3 38E-04 0 8500 1 862E412
Cs-137 28731E+00 4906 9811 000OE+00 1 41E+02 2 82E402 12500 3.463E+11
Eu-154 8 2053E-02 49 06 98 11 0 006+00 4 03E+00 8 05E+00 1 7500 1 452E610
Eu-15S 39134E-02 4906 9811 000E+00 1 92E+00 384E+00 22500 3046E+10

6 74 49 06 98 11 0 00E+00 3 31 E-01 6 62E-01 27500 1 753E.08
1 04E+00 1 3 5000 1 944E+07

7
2 U-Kr-85 8595E-01

Np.237 9 5479E-06 49 06 98 11 a 00IE00 4 68E-04
Pa-231 8 9297E-10 49 06 9811 000E+00 4 38E-08 8 76E-08
Pt-210 37609E-12 4906 9811 000E+00 1 84E-10 369E-10
Pm-147 25452E+00 4906 9811 0 00E+00 125E+02 2 50E+02
Pu-238 20550E-02 4906 9811 000E+00 1.01oE+00 2.02E+00
Pu-239 42538E-04 49 06 9811 0 00E+00 210E-02 4 20E-02
Pu-240 24401E-04 4906 98.11 0002.00 12042 2 39E-02
Pu-241 6 8764E-02 49 06 98.11 0.00E+00 3.37E600 6.75E+00
Pu-242 3 6329E-07 4906 98.11 0 00E+00 1.78E-05 3 56E-05
Ra-226 3 8045E-11 49 06 9811 0 00E+00 1.87E-09 3 73E-09
Ra-228 29902E-15 4906 98.11 000E+60 1.47E-13 293E-13
Ru-i06 1 9055E-01 4906 98 11 000E+D0 935E+00 1 87E+01
Se-79 12936E-05 4906 9811 000E+00 6.35E-04 127E-03
Sn-126 I 1574E-05 4906 98.11 000E+00 566E-04 1.14E-03
Sr-90 2 7505E+00 49 06 98.11 0 00E+00 1 35E+02 270E+02
Tc-99 4 2239E-04 a9 06 98 ff 0 02E+00 2 07E42 5.14E402
Th-229 I18848E-12 49 06 98 1t 000DE+00 9.25E-11 I t.85E-10
Th-230 1 70-42E-08 49 06 98 11 0 00E+00 8 36E407 1.67E406
Th-232 7 8132E-15 4906S 9811 000OE+00 38.3E-13 7 67E-13
TP-208 4 4063E408 49 06 9811 000DE+00 2 16E406 4.32E406
U-232 I 3151E407 49 06 98.11 000DE+00 6 45E406 1.29E405
U-233 1 9564E409 49 06 98.11 0 00E+00 9 60E-08 1 92E407
U-234 1 8371E404 49 06 98 11 000OE+00 9 01E403 I 80E402
U-235 2 7235E406 49 06 0 00 8 34E403 8 21E403 8.34E403
U-236 I 5493E-05 49 06 98.11 0 00E+00 7 6DEE44 I 52E403
U-238 -281E94060 00 9 S 4E405 9 52E-05 9 54E405
Y-90 2 7505E+00 49 06 98.11 1 0 00E+00 I 35E+02 2 70E+02
Other Radionuclides 2 52E+02 5 05E+02
lU. Terplate Setectiont Sumutairy. Barnusp Sunsuary, mat Checks,
Tomplate Selection Summary

From SFD Used Basis or Parameter DWferences:
Reactor Moderator UGNr WAT6R UGHT WATER

Fuel Cladding AU ALUM
BOL HU Constituents U U

BOL Enrlchnent l% 9315 60 to 100

Bumup Summary (MWd)a Basis for bumup used In estimate:
From SFD Estimated

Nominal 2818 4908 t-J urip calctiated from te hba meta rust dest
Bounding - & 98 11 b8g up anuired lo be twe reinal t

Checks

Estimated Bumupt
Bumup u Given Bumrup Eatnmated EOL HMlGhven EOL HU

Nominal 0174 17
Boundrng .008 o _ _

LI

Thermal Power
Nommnal Heat Bounding

Output Heat Output
(Watts) (Watts)
2.49E.00 4 97E+00

Total Total

Ij

'Reactor shutdown, rore removal, storage, shipping or o0er date curfirming that Irradation ceased for fuel

'Total burnW for all fuel assodated woa tfls worksheet must be divided by BOL heavy metal mass to get specific bumup values (MWdMT)

DOE/SNF/REP-078
RevisiontO

March 2003
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Fuel Radionuclide Inventory Worksheet

'L Fuel and Template InflormatiOan , I

i Fuel Name UNIV OF FLORIDA (ARGONAUT) LEU
I SNF ID 4: 273

Fuel Units & Deser: t4 1 ELEMENT
Heavy Metal Mass OL.0 995kg EOL=0 995kg
ROD Storage Site SRS

'Fuet decay start date 2035
Estimates as of 2030

Template ATR (Ught Water, Alum.. 601t 100., U)
2

Temptate Burup(MWd): 367.2
Template BOL Heavy Metal Mass (1T) 000116689

Template Decay Time 5 years

Estimated
Canister usage

18xVl0
0 58

- I. tEstates -

Radionuclide

-- .- .- I
rn xb D yu uamma use,- -. -

CVMtWd From I Nominal Bounding Fuel Initial Activity
Template Fuel Bumup (MWd)

2
Bumup (MWd) (C0) -

Photon Total
Nominal Fuel Bounding Fuel Energy Photons/sec

tnventones(C) Inventones(Ct) Group (bounding)

I AC-227
i. Am-2411_ _ __ _ _

060 1 19 OOOE+00 869E-11
0 60 j i9 0.00E+00 6 68E-4
0.60 19 0o 0o0250 4 965E+10

0 0375 4.581E+101.4921 E-06 0 60 19 I 78E-06
- -C0114

L- 01-36

__ Cm-243
* Cm-244

S 724itE.09 0 6n
o g CC V7 V W

0
0

-09 6 84E-09 00575 4 505E+10

1.3124E-32
2 3676E-07

060 7.84E-33 1 57E-2 0.0850 2 872E+10
+00 IA1E-07 2 83E-07

Co-60

5.2042E-05
3 8208E-05

0 OOE+00 3 1I E-5 6 22E-05
19 0 00E+00 2.28E-05 4 56E-05

"" Cs-134 41 19 000E+00 291E-01

01250 2 437E+10
02250 2 435E+10
0.3750 1 178E+10
0.5750 1 618E.11
0 8500 2.266E+10
12500 4 217E+09
1 7500 1 763E+08

Cs-1135 34 iO 19 000E+00 2006E-C
iO 19 000E+00

060 19 OC

060
7429E4't 060

,I Ft4 1 0599E-02

1-129 725300E7-0
U , r-85 2 8595E-01

-- I~ 0 -0rw

0 60

.19 0 00E+00

.19 0 00E+00

.19 0 00E+00

.19 0 00E+00

.19 0 00E+00

4 67E-02 22500 3 709E+08
E-03 8 05E-03

6 33E-03 1127E-02 3 5000 2-366E405
2 7500 2.134E+06

4 50E-07 8 99E407 Sc
1 71E-01

.19 0OOE+00 570E-4ryp-"/v2
060 .19 0OOE+00

a Pb-210 3-7609E-12 060 1 19
Pm-147 2.5452E+00 060 1 19

Y t Pu-238 2.0550E-02 060 1 19

Pu-239 42838E-04 0.60 1 19
Pu-240 24401E-04 0.60 1 19
Pu-241 68764E-02 060 1 19

3.04E+00
2.45E-02

2 56E-04 5 12E-04
I 46E-04 2 91E-04

0 OOE+00 4.11 E-02 821 E-02

Pu-242 119 0 08E+00 2.17E-07 4

Ra-226
__ Ra-228

Ru-10D6
Se-79

I Sn-1126
Sr-90
Tc-99

- Th-229

060 19 0 OOE+00 227E-1
060 19 0 00E+00

E-01 060
2936E-05 0 60
11574E-OS
7505E+00

1 19
1 19
1 19
1 19
1.19

00E+00 691E-06 1 38E-0O
0 O0E+00 1.64E+00 329E+00
0 0OE+00 2.52E-04 5 05E-04

1 55E-05

1 19 0 OOE+00
060 1.19 0 00E+00
nFn 1 10 0 OO+F.00

:- , v w . .. ;.--vv_ -

4 4063E-08 060 1.19 0 OOE800
9 33E-15
526E4S-08
1.57E-07 I Thermal Power0 60 1.19 0 008+00

060 1.19 OOuE+OO
060 1.19 0OOE+00

2.34E-09 .
2 19E-04

Nominal Heat 1Bounmlng
IOtiout I Hemt OutputI 8371E-04

* __ = _ 
A AA

UW235
U-236
U-238
Y-90

u - fOther Radionuclides

-2 72354-06
1-5493E-05

0 60
0.60

000 4
1.19

425E-04 42784 (Wats) (Watts)
9 25E-06 I 85E-05 3 03E4-2 6 OE-02
2 68E-04 2 68E-04 Total -Total--- -- =--a-4 Z8514h-

2 7505E+00
UWrV AIaW649><
0 60

ary. and Checlks'--

WE+00 1 64E+00 329E+00
3 07E+00 6 14E+00

flLI

tiwETO

remaplate Selection Saummar7, Bunwa Sum

I UseO acesis b -- aire

Fetor Moderator UGHT WATER
Fuel Cladding ALUM

OL NM Const=tunts U
SOL Enrichment % 19 8359342

_ _
UGrTrWATER

ALUM
U

This Tempsale was med for th tVleawg reassn
Ths W rl mathes ATR Taerrae on at be orn pararnter (erldrersl makar ATR a reasonable

601t1O00

mup Summary (MWd)2 1Basis for bumup used In estimate:

NormuL[
Noundiri:

From SFD Estimated

0-0
~luwa turst taken d~ed lerr SF0 (conerWleo -uJd)
Saurdng biarnip assursed IDbe Mm riminosal bansy

.

1.
Estimated Bumupf

Bumup Muhiplier Given Bumup

Nominal _
Bounding_

x
Estimated EOL HWGteen EOL NM

100

'Reactor shutdown, coe removal, storage, shipprig or other date confiming that Irradation ceasedf br fuel

_ - Total burnup for an fuel assodated wi this worksheet must be dvded by OL heavy metal mass to get spedlic buirpW values (MWdVT)

__ DOEISNFIREP-078
RevIsIon 0
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Fuel Radionuclide Inventory Worksheet
L Fuel and Template Information.- _

Fuel Name, UNiV OF MASS-LOWELL (HEU)
SNF t0 tl 274

Fuel Units & Descr 34 - 18 FLAT PLATES
Heavy Metal Mass. BO 4 784kg EO1=4 498kg
ROD Storage Site SRS

'Fuel decay start date: 2035
Estimates as of: 2030

Template: ATR (UgWater. Atum 60to10D0. U)
'Template Bmwup(MWd): 3672

Template BOL Heavy Metal Mass (MT): 000116689
Template Decay Time. 5 years

Estimated
Canister usage

18'x10'
094

b-. X, b Y. Yb Gamma Sources

Ct/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel
Template Fuel Burnup (MWd) Burnup (MWd)e (Ci) Inventories(Ci) Inventones(CiI

Photon Total
Energy Photonstsec

I Group (bounding)Radionudide
Z-

AC-ZZ7 I 4545E-tO 27U 47 b4.0 94 U Uu0+uu
Am-241 11190E-03 27047 54094 000E+00
Am-242m 4 5425E-07 270 47 540.94 0 00E+00 1 w

Avg MeV
0 0150

0 0250
0 0375
0 0575
0 0850

I 044E+14

270 47 540 94 0 00E+00 4 04E-04
270 47 540 94 0 00E+00 1 SSE-06 3 10E-06

I 147 540 94 0 00E+00 3,55E-30 7 10E30
Cm-243
Cm-244

6 40E-05 1 28E-04 01250 1 126E,13
b 41E-02 2 82E-02 0295 11026.13

Co-60 3
Cs-134 4
Cs-135 3
Cs-137 2

270 47 540 94 0 00E+00
0 3750 5 336E+12
0 5750 7 329E+13

4477E-06 270 47 540 94 0 OOE+00 9 3
+00 270.47 540 94 0 00E+00 7 77E+02

270.47 540 94 0 00E+00 2 22E+01 4 44E+01
0 00E+00 1 06E+01 2.12E+01 22500

Fi-55
H-3

0 00E+00 1 82E+00 3 65E+00 2 7500 9 663E+08
2 87E+00 - - - - . - --

1-129
4.73E
4 07E

Kr-85 270 47 540 94 0
-04 s 50000 3207E+02

_ 1 70 3.576E+01
:_3 1 10000D 4 0306.00Np-237 9 5479E-06 270 47 540 94 0 OOE+00

Pa-231 &9297E-10 270 47 540 94 0 OOE+00 2 4
E-12 270 47 540 94 0 OOE+00 1 02E-09

270 47 540 94 0 OOE+00 6 8_E+02 1.38E+03 I '5,56E+00 1 11E+01
PU-239 42838E-(
Pu-240 2 4401 E-04 270 47 540 94 C

2 32E-01
1 32E-01
3 72E+01
1 97E-04

E-02 27047 540 94 0 OOE+00 1 86E+01
27047 540 94 0 00E+00 9 83E-05

3 1 03E-08 2 06E-08
Ra-228
Ru-ID06
Se-79

2
9055E-( 15E+01 1 03E+02

809E-13 1 62E-12

2936E-05
Sn-I26 1574E-05 27047
Sr-90 2 7505E+00 27047 540 94 0 OOE+00

7 OE-03
6 26E-03
1 49E+03
2 28E-01
1 02E-09

-04 27047 540 94 OOOE+00 1 14E-01
27047 540 94 0 00E+00 510E-10

54094 000E+00 461E-06 9.22E-06
Th-232 78132E-15 270 47 540 94
T -208 4 4063E-08 270 47 540 94
U-232 13151E-07 27047 54094
U-233 1 9564E-09 270 47 540 94
U-234 1 8371E-04 270 47 540 94

211E-12 423E-12
1 19E-05 2. E:5-05 |
3 56E-05 7.11 E-05

0 00E+00

Thermal Power
iorninal Heat Bounding

Output Heat Output
(Watts) (Watts)
1"7E501 274E+01

J-235 -2.7235E-06 270 47 0 00 9 63E4-
U-236 1 5493E-05 270 47 540.94 0 00E+4
U-238 -4.2851E-09 27047 000 1 10E-C
Y-90 2 7505E+00 270 47 54094 0 00E+4
Other Radionuckdes

)3 8 89E-03 963E-03
30 4.19E-03 8.38E-03

110E-04 Total Total

.. Teml . eSelection Sunmmar. Bun Sunarv. a .Ce.ks tt-.
II ernpate Selection Su

From SFD
Reactor Moderator UGHrWAIE

Fuel Chddang- ALUM
BOL MMt Constitu nts U

BOL Enrkchnent # 93 1632504

ID I Used 1 Basis for Parameter Diferences:
ro I r U
4

ALUM

EBumup Summary (MWd) IiBasis for burnup used in estimate: iL
From SFD Estimated

Norninal:[ 270 47 bumi l caijated hisn te heavy retat ness dmioyed.
Bounding: I5sa 94 iNM m amudto beb twnc nrk bur

Estimnated Bumnup/
[urnup C Given s Bumup Estimated EOL HM/Given EOL HMM

Nominal 0 t8 1 1ol
Bounding 036

'Reactor shutdown. core removal, storage, shippsing or other date continnng that iadaton ceased or twul

'Total bunmup for all fuel assocdated wrth ths worksheel must be dvided by 60L heavy metal mass to get spectdlc bumup values (MWd/MT).

OOEtSNF/REP-078
Revision 0
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Page D-558 o1 0-555



Fuel Radionuclide Inventory Worksheet

L Fuel and Tenplate jnfortion,,.
Fuel Name UNIV OF MASS-LOWELL (LEU)

SNFE)1 275
Fuel Units & Descr- 41 - 18 FLAT PLATES
HeavyMetalMass BOL.14.321kg EOL=14.321kg
ROD Slorvge Sde: SRS

'Fuel decay start date 2035
Estimates as of. 2030

Template ATR (Lght Water AlJum .60 to 100% U)
2

Template Burnup(MWd) 3672
Template BOL Heavy Metal Mass (MT) 0 00116689

TemplateDecayTime 5 years

Estimated
Canister usage

18x10t
| 1 14

i

'11. Fstnuates , , . 2 m x. Xb b Y. Yb Gamma Sources

Radionuclide
Ac-227
Am-241
Arn-242m
Am-243
C-14
Ck36

Photon Total

Ci/MWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Template Fuel Bumup (MWd)
t 

Burntup (MWd)' (CD) lnventories(CI) Inventones(Ci) Group (bounding)

1 4545E-10 271.25 54250 0 00E+00 3 95E-08 7 89E-08 Avg MeV

1 1190E-03 27125 542.50 OOOE+0 304E-01 607E-01 00150 1047E814

45425E-07 27125 542.50 S OOE+00OO 1 23E-04 246E-04 00250 2255+t13

271t25 8 09E-04 0 0375 2081E+13

S 7244E-09 271.25 3 11E-06 I 0 0575 2046E+13

271.25 0 3 56E-30 7.12E-30 I 00850 1.304E+13

- CM-243 O.OOE+00 6 42E-05 128E-04

CM-244 52042E-05 250 0.00E+00 1 41E-02 282E-02

Co-60 542 50 0 00E+00 1.04E-02

01250 1 1300E13
02250 1 105E+13
03750 5 351E+12
0.5750 7 350E+13
0 8500 1 029E+13
12500 1 915E+12

Cs-134 542 50 0 OOE+00 1
54250 0(

E+OO 271.25
8.2053E-02 271.25 2.23E+01 4 45E+01 1 7500 8031E+10

Eu-155 3 9134E-02 1.06E+01 212E+01 2 2500 1 684E011

Fe-SS 6 7429E-03
I H-3 1 0599E-02I 1-129 7 5300E-07

Kr-BS 2 8595E-01
Np-237 9 5479E-06
Pa-231 8 9297E-10

0 OOE+000 83E+00 3 66E+00 2 7500 9 691 E+08
0 OOE+00 2 88E+00 5 75E+00

542 50 0 OOE+00 2 04E-04 4 09E-04
.54250 0S OOE+OO 7 76E+01 1f

i54250 0 OOE+00 2 59E-(
271.25 542.50 0 00E+00

I I Pb-21 0

IU Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Fta-226

- Ra-228
FtU-106-
Se-79
Srn-126

I Sr-90
- Tc-99

Th-229

E-12 27125 542.50
2 5452E+00 27125 1.38E+03

2 0550E-02 271.25 E+eD00 1 1IE+01

42833E-04
2 4401 E-04

2.9902E-15
1 9055E-01
12936E-0O
1 1574E-05

2 7505E+00

27125
27125
27125
27125
27125

542.50 OO0E+00 1 16E.01
542 50 0 OOE+00 6 62E402
54250 0 OOE+00 1 87E+01
542 50 0 OOE+00 9 85E-05
542 50 0 OOE+00 1 03E-08
54250 OOOE+00 811E-13
542 50 0 OOE+00 5 17E,01
542 50 0 00E+00 3 51 E03
542 50 0 00E+00 314E-03
542 50 0 00E+00 7.46E+02

2.32E-01
1.32E-01
3.73E+01
1 97E-04
2 06E-08
1 62E-12
I 03E+02
7 02E-03
6 28E-03
1 49E+03

1 25 542 50
1 25 542 50

0 00E+00

271 25 542 50
0

0

10E+00 E

E-t5 27125 54

15E-01 2.29E-01
11E-10 1 02E-09
62E-06 925E-06
12E-12 424E-12
20E-05 2.39E-05=
57E-05 7.13E-0O Thermal Power

.31E-07 1 06E-06 Nominal Heat Bounding

4063E-08 271.25 542.50
542.50_ 3151E-07 27125

. 5t,4eAA-^U ^
t9564E-09 Z7I1 25

U-234 I 8371E-04 27125
U-235 -27235E-06 27125
U-236 1 5493E-05 27125

O O0E+00 4 98E-02
A 1 nE-03 56E0

9 97E-02
A t1OE-0

iwatiel Heat oupu

ANSiS...fifl AtIAFJl!t H 4flF.O�t I l3aE.o1 275E.Ol
I nOE+OO 420E-03i 8 40E-03 i 1-2Eval 275E+D1
- ------ oa ICli

U-238
' ~ Y-90

Othier Radionluclides

-42851 E-09
2 7505E+00

271 00 a.86E-03 U 13 -
! so 0_00E+00 7 46E-*02

1 490.3
1 49E+03

I otal I owl

1 40E+03 2 79E+03

I -< --S. /* -*on Stuvnmry. isarnup nw y. ano s
Summary

From 5FD I - Useo loas.sso. reranee rm c.s

Reactor Moderator [ UiTU WATER
Fuel Cladding AL

BOL HM Constditents
BOL Enrichment % 1971401492

UGHT WATER
I ....

AUM

iv, i, Inof

Tis Terea ss te eas tVA tie thiise reasemm
Tills el matdchs ATi Templates atd but tre parameter (eri ) marVg ATR a reasoiatle

Wic

[
_ A _ _ _ ...... .. _.2

3umun SummarY iMWdr
From SF0 Estisiaed

Nominal 2712
Boundrg 542i5

Basis for bumup used in estimate:

u Nasnai i assued lo be 2% ot BOL heasy metal mass
S B.i& benssassxried lo be tw lrdnina banus

'I
Estimated Bumupt

Given Burnup Estimated EOL HM/Ghven EOL HM
I os88Nominal [

Bounding _
'Reactor shutdown. ocre rermovat storage shlpping or other date confiming toa Irradiaon ceased for fulb

"Totai burt for ait fuel assocated with this worksheet must be civided by 00L heavy metal mass to get spedfic bumup values (MWdcMT)

l

- DOE/SNF/PIEP-078
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Fuel Radionuclide Inventory Worksheet
L Fuel and Templaht Jinfortion_

Fuel Name: UNIV OF MICHIGAN
SNF iD s: 278

Fuel Units & Descr. 130. 18 CURVED PLATES
Heavy Metal Mass: BOL.100.854kg. EOL=89882g
ROD Storage Site: SRS

'Fueldecay startdster 1992
Estamales as of: 2030

Template: ATR (Ughit Waler, Alum .60 to 100%. U)
'Template Bumup(MWd): 3672

Template SO. Heavy Metal Mass (MT): 0.00116689
TempbIle Dea n 35 years

Estimated
Canister usage

18'x10'
5' 542

11. Fsmates I X. .' mxX, b YRYb Gammla Sources

CiillWd Frozm iNominal -Bounding Fuel nitial Activity Nominal Fuel Bounding Fuel Energy .Photnr/sec
Radionuclide ,Template Fuel Bumup (MWd)f Burnup (MWO) (Ci) Inventones(Ca') Inventories(CI) .Group (bounding)
AC-227 2.0068E-09 1,39070 20,78t39 0OOE+00 209E-05 4217E-0 0 Avg 1ev
Am-241 2 5251E-03 10,39070 20,781 39 0 OOE+OO 2I62E+01 5 25E+01 0.2250 1531E+15
Am-242m 3 9624E-07 10,390 70 20,781 39 OOO0E+OO 4.t2E-03 8 23E403 0 0250 3178E414
Am-243 t4880E-06 10,39070 20,78139 OOOE+00 t55E-02 3 09E-02 00375 6763E+14
C-14 57053E-09 10,39070 20,78139 OOOE+00 5.93E5 1192-04 00575 2973E+14
CF36 t3124E-32 10,39070 20,781 39 0 OOE+00 1336E-28 2 73E-28 0 0o50 1792E+14
Cm-243 1.1419E407 10,39070 20,781 39 0OOE+00 1.19E043 2937E043 01250 1183E+14
Cm-244 16522E-05 10,39070 20,78139 OOOE+00 172E-01 343E-01 02250 1547E+14
Co-60 7 4047E407 10,390 70 20,781 39 OODOE+OO 7 69E403 I154E402 0 3750 6 729E413
Cs-134 2 0455E405 10,390 70 20,781 39 OODOE+OO 2.13E401 425E-01 0 5750 I 112E+15
Cs-135 3.4477E406 10,39070 20,781 39 OODOE+OO 3 58E402 7 16E-02 038500 1358E+t3
Cs-137 14365E+00 10,390 70 20,781-39 OOODE+OO 1 49E+04 Z-99E+04 12500 6570E*12
Eu-154 7 3230E403 10,390 70 20,781t39 OOODE+OO 7 6tE+01 ItS2E+02 It7s00 36s8E+1t
Eu-1 55
FL-55

5 9259E-04
2.2791 E-06
1 9698E-03
7 5300E-07
4 1176E-02

10,390 70 20,781.39 0 OOE+00 6 16E+00 1.235+01 22500 3.092E+07
10390 70 20,781.39 0 0OE+00 2 37E-02
10.390 70 20,78139 0 OOE+00 2 05E+01
10,390 70 20,781,39 0 OOE+00 7 82E403
10,390 70 20,78139 0 OOE+00 4 28E+02

4 74E-02 2.7500 2.951E+07
35000 i 724E+04 La

Ni-237 9 5752E-06 10.390.70 20.78139 0 OOE+00 9 95E-02 1 99E-01
Pa-23t 3 9379E-09 10,390.70 20.781t39 0oooE+co 4 09E405 8t18EOS0 _
P2t10 323t115E-10 10t39070 20.78139 0OOE+00 3244E-06 688E-06
Pm-147 9 2402E-04 10,390.70 20,781.39 0OOE+00 9360E+00 392E+0
Pu-238 I 6217E-02 10,390.70 2078139 4OOE+0O 4 69E+02 337E+02
PU-239 42813-04 10,390.70 20,781.39 OOOE+00 415-01 8390E+1O
Pu-240 2433312-04 10,39070 20,781039 OOE+02 253E+00 5 06E+7 0
Pu-241 1 6242E02 10,390.70 20,781 39 0OOE+00 I 69E+02 3 80E+02
Pu-242 3 6329E407 10,390 70 20,781 39 0 OOE+OO 3 77E403 755E403
Ra-226 9d0414E-10 10,39070 20,78139 OOOE+O 9 36E406 087-0
Ra-228 3tO019E-14 10,390 70 20,781 39 OOOE1+OO 322E-10 6 45E-10
Ru-106 2 1225E-10 10,390 70 20,781 39 O OOE+OO 2.21E406 4 41 E-06
Se-79 It2930E-05 10,390 70 20,781t39 O OOE+OO It34E-01 2 69E-01
Sn-t26 I15t71E-05 10,390 70 20,781 39 OOO0E+OO t.20E-0t 240E-01
Sr-90 t 3472E+00 10,390 70 20,781.39 0 OOE+OO t 40E+04 2 BOE+04
Tc-99 4.2239E404 10 390 70 20,781t39 0 OOE+OO 4 39E+00 8 78E+OO
Th-229 1-2407E-1tt 10,390 70 20,781,39 OOOE1+OO t.29E4G7 258E407
Th-230 B.3497E4B8 10,390 70 20,781 39 OOODE+OO &68E404 1 74E403
Th-232 3B8371 E-1 4 10,390 70 20,781 39 0OOOE+OO 3.99E-10 7 97E-1 0
Ti-208 4 0414E-08 I0,39070 20,781.39 O OOE+OO 4.20E404 8 40E044
U-232 I 0948E407 1Q039070 20,781.39 OOO0E+OO 1.14E43 22BE403 =
U-233 3 6275E409 10390 70 20,781.39 0 OOE+OO 3.77E405 7 54E-05 Nor
U-234 1 aS62E404 10,390 70 20,781.39 0 OOE+OO I 93E+00 3 86E+OO0
U-235 -2.7235E406 tO0390 70 0 00 4 31E402 1 48E402 4 31E402
U-236 I 5493E-05 10Q390.70 20,78t39 O OOE+OO I 61E-01 3 22E-01 t
U-238 -4.2851tE409 10,390.70 0 00 2.72E402 2 71E402 2 72E402
Y-90 I 3475E+00 10,390.70 20.781 39 O OOE+CO I 40E+04 2 BOE+04
Other Radionucildes 1 42E+04 2 B4E+04
IlI. Template Selection Surnasry. Bornup Stmimarv. and Checks , .

Template Selection Summary
From SFD Used Basis for Parameter Differences:

Reactor Moder LIGHT WATER UGHT WATER This Twife was tAer ltthe ta h reasuotn
Fuel Cddmg ALUM ALUM This tel kWmade ATR Temalt n al bui one paramelter (eidwrient makan ATRa reasanable

0OL HM Constituents U U MeW
BOL Enri'chment% 19 7909823 60to 100

Bunnup Summary (MWd)' Basis for burnup used In estimate:
From SF0 Estimalted

Nominal 10,390 7( Nommal ath calrated from te lieavy metal mass destsyet.
Bounding 20 781 39 3Bweq bim inassmed to be twice rmcim bahn

Checks

Estimated Bumupl
8umup umlera _Gben Bumup Estim td EOL HWGlen EOL HM

NomGe E 0 33 I t ot
Boundrng . .

Lii

Thermal Power
srunal Hieat Bozunding
Dutpurt Healt Output
Watts) (Watts)
74E+02 3 48E.02
Total Total

Li
Li

'Reactor shutdown. core removal. storage. shipping or other date confirmirg that Irradabon ceased for tuel
2
Totat bumnu for al fuel associated with this workosheet must be divided by iOL heavy metal mass to get speafic butxif values (MWdUAT).
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Fuel Radionuclide Inventory Worksheet

1L Fuel and Templte Informnation .
Fuel Name UNIV OF MICHIGAN (CONTROL)

SNF ID t. 1O05
Fuel Units & Descr 82 - 9 CURVED PLATES

Heavy Metal Mass BOLU4 67kg EOL=32 866kg
ROD Store Site SRS

'Fuel decay start date 2035
Estimates as of 2030

Template ATR (Lgl Water, Alum. 60 to 100. U)

'Template Burnup(MWd) 3672

Template OL tHeavy Metal Mass (MT), 0 001166as
- T-W. D- tlaDe T-me 5 vears

Estimated
Canister usage

18-x10
342

a.. - .
-1. FAtimete '

Radionuclide

Ac-227
Am-241
Am-242m

- Y. b Yn Yb
ini .. . - - -~ N

Ct/MWd From
Template

Nminal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Fuel Bumup (MWd)' Burnup (MWCd)
t

(Ci) Inventories(C) 'Inventornes(Ci)

tA545E-10

-. 1

Photon Total
Energy , Photons/sec
Group (bounding)

Avg MeV
0 01t0 6592E+14
0.0250 1 420E+14
0.0375 1.311E+14
0 0575 1289E+14

1,708 4 0 D00E+00 2 4i3E-07

1 11901-03
4 5425E-07

3.416 85 0 OOE+00 1 91E+00
3,416 85 0 00E+00 7 76E04
3,416 85 0 O0E+00 2 55E-03

4 Yt-l~t:
3 82E+00
1 55E-03
5 1OE-03
1 96E-05
4 48E-29

Am-243 1 4
C-14 1.708 42 3,41685 00

C -36 1.708 42 3,41685 00 0 5&110 a 215E+13

t;- Cm-243
Cm-244

1,708 42 3,416 85
1,708 42 3,416 85
1,708 42 3,416 85
1,708 42 3,416 85

8 09E-04
8 89E-02 1 78E-01 02250 6 963E+13

0 1250 7114E+13

6.53E-02 1.31E-01 ° 3750 3 370E+1 3
Co-60
Cs-134
Cs-135

8 32E+02 1 66E+03 o

3 4477E-06 1.708 4 0 00E+00 5 89E-03

2 8731 E+00 0 00E+00 4 91 E+03

8 2053E-02
Eu-155 3 91

8 42 3,416 85 0 00E+00 1 40E+02
8.42 3,416 85 0 00E+00 6 69E+01
842 3.416 85 0D0E+00 1 15E+01

1.184-02 o 085o 6493E+13
9 82E+03 12500 1208E+13
2.80E+02 1.7500 5 058E+11
1.34E+02 22500 1 061Et12
2.30E+01 z27500 6 104E+09

Fe-55
H-3
IAI1-29
K-85 -
Npa237

Pa-231
, PfP-210

Pm-147
f_' Pu-238

6.74
1.708 42 3,416 85 t 3 62E+01 35.0 0 709E0M

1,708 42 E-03 2 57E-03 5.0000

1,708 42 E+tO 4 89E+02 9 77E+02

95479E06 E+00 1 63E-02 I

8 9297E-10
3 7609E-12
2 5452E+00

142 3,41685 000E+00 1.53E-06
142 3,41685 OOOE+00 6.43E-09
342 3,41685 000E+00 4.35E+03
3 42 3,416 85 0 00E+00 3 51E+01

Pu-239
Pu-240
Pu-241

Pu-242
Ra-226
Ra-228
Ru-1 06
Se-79
Sn-1 26
Sr-90

E-04 1,708 42
E-04 1,708 42
E-02 1,708 42

3 6329E-07
3 8045E-1 1
2 9902E-15
1.9055E-01

1,708 42

3,416 85 0 00E+00 7 32E-01
3,416 85 - 0 00E+00 417E-01
3,416 85 0 00E+00 1 17E+02
3,416 85 0 00E+00 6 21E-04
3,416 85 0 O0E+00 6 50E-08
3,416.85 0 00E+00 5 16E-12
3,416 85 0 00E+00 3 26E+02

i
i

702E+01
14A6E+00
8.34E-01
2 35E+02

24E-03
130E407

5 42 3,416 85
E-05 1.708 42
.+00 1.708 42

3,416 85 1,98E-02 3 95E-02
4 70E+03 9 40E+03

Tc-99 42239E-04
Th-229 1 8848E-12
Th-230 1 7042E-08
Th-232 7 8132E-15
Tl-208 4 4063E-08
U-232 1 315t8-07
U-233 1 9564E-09
U-234 1 8371E-04
U-235 -2 7235E-06
U-236 1.5493E-05
U-238 42851E-09
Y-90 2.7505E+00
Other Radfionuckdes

1,708 4 3,41685 000E+00 722E-01
3,4168 5 000E+00 322E-09
3,41685 000E+00 291E-05
3,416 85 000E+00 1.33E-11
3,416 85 0 00E+00 7 53E-05
3,416 85 0.00E+00 2 25E-04
3,416 85 0 00E+00 3 34E-06
3,416 85 0 00E+00 3 14E-01

1.44E+00
6 44E4S9

Thermal Power
Nominal Ht Bounding

Output Heat Output
(Watts) (Watts)1.708.42 000 I 48E402 I C 1.48E-02

1
1,70842 3,41685 000E+00
1,70842 0.00 9 35E-03
1708 42 3,416 85 0 00E+00

e, and Checks -__I__- _

-02 1 0,E6801 1 73E.02

+03 9 40E+03
+03 1.76E+04

Total Tota

II lA. I emptate ;secot ~.ns-r.
- I fflemplate Selecbion Suimnary _

Basis for Parameter Orflerences'

LJ From SFD _

Reactor Moderstor UGHT WATER I

Fuel Cladding ALUM
BOL HIM Constituents U

0OL Enrnchment % 19 74999113

.

neThs Aie was usedilortieto. 7ut resasis
rhte We maklices ATR Tenpiate ton fi bii me parameter (errfwlsvit) n81a" AIR a reasonable

0100

Burnup Summary (MWd)
5

From

Nomial ,!
Bounding

Checks

EZ1J708 4ZI
,C..S *Lfl Jtj* ,.ui..

-

Esaated Bumupl
Bum1up Muit tilr Gtven Bumrup Estimated EOL HM/Given EOL HM

100oHomnal = 016 _
031l

-- t. . ,

'Reactor shuttdwn, core removal, storage, shipping or other date confirming that Inladation ceaed lofr e

'Total burnus for al uel associated wih thiss worksheet must be divdted by 80L heavy metal mass io get specific bumup values (MWdMT)

March 2003
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Revision 0
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Fuel Radionuclide Inventory Worksheet
L Ftel and Tenublate Inform oA -,

Fuel Name*. UNIV OF MICHIGAN (REG)
SNF ID - 277

Fuel Units & Descr. 225- 18 CURVED PLATES
Heavy Metal Mass: BOL=190.26kg- EOL=174 082kg
ROD Storage Site SRS

'Fuel decay sart datae 2035
Estimates as of: 2030

Template ATR (Ught Water. Attmn ,60 to 100% U)
t

Template Bumup(MWd): 3672
Template SOL Heavy Metal Mass (MT) 0 00116689

Template Decavy Time, 5 years

Estimated
Canister usage

18'x10'
9 938

11. Fstimates I m x. X b Y. Y. Gamma Sources

Photon Total
CitMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide Template Fuel Burnup (MWd)9 Bumup (MWd) (Ci) Inventories(Ci) Inventories(C) Group (bounding)
Ac-227 I 4545E_10 15.32041 30,64081 0 0600 2 23E-06 4 46E-0 vg. M
Am-241 1_1190E-03 15.32041 30.64081 0 00+00 1.71E+01 343E+01 0.0150 5911E+15
Am-242m 45425E-07 15.320 41 30.64081 0 00E+00 6 96E-03 1.39E-02 0.0250 1.274E+15
Am-243 t4921E-06 15,32041 30,64081 0OE+00 2.29E-02 457E-02 00375 1175E+1 5
C-14 57244E-09 15,32041 30,64081 OOE+00 877E-05 1.75E-04 0.0575 1156E+15
Ci-36 1.3124E-32 15,32041 30,64081 OOE+00 201E-28 402E-28 00850 7.367E+14
Cm-243 2.3676E-07 15,32041 30,64081 0OE+00 3163E-03 725E-03 01250 63sE+14
Crn-22 5-042E-05 15,32041 30,640 81 OOE+00 7.97E-4 0 8 79E+00 02250 62.7E+14
Co-60 348208E-05 15.32041 30,64081 O0E+00 5185Et-01 I 7E+0 03750 302E+14
Cs-t34 4 8693E-01 15,320 41 30,64081 0 OOE+00 746E+03 49E+04 055750 411E+15
Cs-135 34477E-06 15.32041 30,640 81 OOE+00 528E-02 1 06E-07 08500 5814E+14
Cs-137 2 8731E+00 15,32041 30,64081 OOE+00 440E+04 880E+04 12500 10s2E+14
Eu-154 82053E-02 15,32041 30.64081 OOOE+00 326E+03 253E+03 2 7500 4536E+12
Eu-155 39134E-02 15,32041 30,64081 0OOE+00 606E+02 1 20E+03 12500 9514E+12
F6-SS 67429E-03 15,320 41 30,640 81 0 O6E+00 33E+02 207E+02 Z7500 5474E+10
H-3 6 8599E-02 15,32041 30,64081 OOOE+00 1 62E+02 325E+02 35000 6070E+09
I-t29 735329E-07 15,32041 30,640 81 0 OOE+00 5 5E-02 2.31E-02 50000 1826E+04
Kr-85 2 8595E-01 15,32041 30,64081 0 OOE+00 4 38E+03 8 76E+0 76000 2037E+03
Np-237 9 5479E-06 15,32041 30.64081 00OE+00 t46E-01 293E-01 it10OO ZZ96E+02
Pa-231 81997E-10 15,32041 30,64081 OOOE+00 2 37E-03 274E-0
P-210 37609E-02 15,32041 30,64081 OOE+00 5 76E-08 3 15E-07
Pm-147 2 5452E+00 15,32041 30,64081 OOE+00 390E+04 7 80E+04
Pu-238 20550E-02 15,32041 30,64081 0 00E+0O 315E+02 630E+02
Pu-239 4.2838E-04 15,32041 30,64081 O.OOE+00 656E+00 1 32E+01
Pu-240 2 4401 E-04 15.32041 30 640 81 0 OOE+00 3 74E+00 7 48E+-0
Pu-24t 618764E-02 15,32041 30,64081 OOE+00 2 6-E+03 2t-E+03
Pu-242 376329E-07 15.32041 30.64081 0 0 0E+OO 5 57E-03 2 1E02
Ra-Z26 36045E-t8 15,32041 30,64081 0 OOE+00 56 3E-07 1 7E-06
Ra-228 29902E-15 15,32041 30,64081 0 OOOE+00 458E-t 4 9tm6E-1o
Ru-t6 1 9055E-04 15,320 41 30,640 81 0 0OE+O0 2 92E+03 5 84E+03
Se-79 1-2936E-05 15,320 41 30,640 81 0 OOE+00 1 98E-01 3 96E-01
SU-126 4 8574E-05 15,320 41 30,640 8 13 O5E+1 0 5 77E036-02 Ttal Tt1
Sr-90 2.7505E+00 15,32041 30,64081 0 OE+00 421E+04 8 43E+04
Tc-99 4.2239E-04 15,320 41 30,640 8t 0 OOE+OO 6 47E+OO I 29E+Ot
Th-229 a.8848E-12 15,320 47 30,640 88 0 OOE+OO 2 89E-08 1 78E6+
Th-Z30 t.7042E408 15,320 41 30,6408t OOOE+OO 2 61E404 sz22E-04
Th-232 7.8132E-1F5 15,320u41 30,6408 A Ol bitO E t 20E-1O 2 39E-aO
T--208 4-4063E-08 15,320 41 30,640 8t 0 OOE+OO 6 75E-04 I 35E-03
U-232 1.3151tE407 15,320 41 30,6408t OOOE+OO 2 0tE403 4 03E403 Thermal Power

U-r33 S.9S64E-09 15.320 41 30,640 8t 0 OOE+OO 3 DDE-0a 5 99E-fo Nommual deit Boundiag
U-234 1t8371E404 15,320 41 30,6408t OOOE+OO 2 81E+00 5 63E+OO Output Heat Output
U-235 -Z.7235E406 15,320 41 0 00 8 12E402 3 95E402 8 12E402 (Watts) (watts)
U-236 tS5493E405 15,320 41 30,640 8t OOOE+OO Z.37E401 475E-01 7 77E+02 I155E+03

U-2o38 a 428l[ 1E9 15,320 41 0300 a 13Emt 2 St1e3E4m2 Sat3E402 Total Total
Y-90 2 7505E+00 15,320 41 30,640 8b 0 I OE+OO 4 21 E+04 8 43E+04
Other Radionuclides 7 88E+04 I 53E+OS

M. Tenplatte Selfcot 6 SuWIIIyWITumup Sun, § yd Cbeckgi, R4

Template SeleEtaon Summary
From SFD Used Basis mor Parameter Diferences1

Reactor utderars r lGHTWATER LIGHT WATER Tha Terratte wased for el g rens
Fuel Cladding ALUM ALUM This WM maths# ATH Terroate on all bt one paarrelr (enn.+,ment) rnuikg ATR a reasonaWb

BOL HM Constituents U U -d

BOI Enrkchment % 19 74999113 60 to 100

Bumrup Summary (MUWd)4 Basis for bumup, used in estimate.

From SFD Estimted

154or tl i w,3zr 41 heavy metal mats tom the heavy rburlt rass estroyed.
Soundn 30 640 81 hmpn assured 0be tetwc nor*W bu

Checks

Estimated Bumnupf
Bumnup Muttubpl Given 3umup Estimated EOI HMIGIven EOL Htt

Horrinal 024 0

BoundPng 0 51
'Reactor shutdown, core remroval storage., shlppng or oti er date rconfirming "- Imrraiation ceased lor lue

'Total bumnup for all tuel assocdatett with thlis works shet must be dividedt by SOL heavy metal mass to gel specifc bumwp values (MWd MT).

U
Li

L,

L
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Fuel Radionuclide Inventory Worksheet

L. Fuel ansd Template Infomtion'-
Fuel Name UNIV OF ViRGtNIA (U3SI2 LEU)

SNF ID #- 952
Fuel Units & Descr. 20 22 FLAT PLATES

Heavy Metal Mass- BOL-2421kg EOL.23964kg
ROD Storag Site SRS

'Fuel decay start date- 1993
Estimates as of 2030

Template- ATR (ight Water. Alurm 60 to 100% U)
5
Template Bumup(MWd) 367.2

Template BOL Heavy Metal Mass (MT): 0 00116689

Estimated
Canister usage

18xt10
083

i

I- --- __ __ __I_ __ __

'I. Estinmtes r- In X. m xii x b y. Y yb-I Gamma Sources
Plhoton Total

Noinl ondngFul IntilAcivty NmialFul Bondn Fuel P ---- I-

CiIMWd From Nommal Boundin1g Fuel Intal Acbvity Nominal Fuel Sounding Fuel

*Template Fuel Bumup (MWdl Bumup(MWd (Cd) lv IentonewsCl) Inventornes(CI)
O .ULU n Ot.-U

E~nergy rhotmnsisec
Group (bounding)

Avg. 94eVIRadionuclide
Ac-227
Am-241
Am-242m
Am-243
C-14
CI-36
Cm-243
Cm-244

= 00681-09 327.67
?.5251 E-03 327.67
3 9624E-07 327 67
1 4880E-06 327 67

4 0.00E+00 8.27E-01

4 0 OOE+00 1 30E-04

0 0150 4F 7E+13

0 0250 1 002E+134

655 34 0 OOE+00
655 34 0 OOE+007053E-09

8

4
74E-06 0 0575 9 37E6.12

0 0375 8712E+12

3124E-32 327 67 65534 - OOE+00 60E-30 0105 5 05OE12

1 655.34 Z481E-05 o01250

655.34 1.08E-02

Ca-60 327 67 655. 2 43E-04 4 85E-04

Cs-1 34 327 67 655 3 0 6 70E-03 I

Cs- 135 327.67

Cs-I37
Eu-1 54
Eu-155

- - Fe-55
_ Nj H-3

|1 * 1-29
Kr-85

I Np-237

1A365E+00 327.67
7.3230E-03 32767
5 9259E-04 327 67

0 008.00 1 13E-03

OOOE+OO 4 71 E+02
0 OOE+00 2 40E+00

0.3750 2122E+12
0.5750 3.507E+13
08500 4284E+11
12500 2 072E+11
1 7500 16E+10

655 34 0 C E-01

655 34 0 C E404 1.A9E-03

655 34 E41l 1 29E+OO

327 67 655.34 2 47E-04 4-93E-(

2.7500 9 306E+05
3.500 5 742E+02
S 0000 2?354E+02
70000 2584Et01
11 0000 2887E+00

327 67 1.35E+01

Pa-231
Pb-210

C Pu-238
Pu-239

Pu-241
Pu-242

9 5752E-06 327 67 655.34
3 9379E-09 327 67 655 34
3.3115E-10 327.67 65534
92402E-04 327.67 655 34
t 6217E-02 327.67 655 34

42810E-04 327 67 655 34

2 4333E-04 327 67 655 34
1 6242E-02 327 67 655.34
3 6329E-07 327 67 655.34

0 OOE+00 3 14E-03
0 OOE+00 129E-06
0 OOE+00 1 09E-07
0 00E+00 3 03E-01
0 OOE+00 5 31 E+00
0 OOE+00 1 408-01

6 06E-01
1 06E+01
2 81E-01

0 7 97E-02 1.59E-01
5 S 32E+00 1.06E+01
1.19E-04 2.38E-04

327 6

3 1019E-14
2-1225E-10

655.34 0 00E+00 2 9
6i5 34 0 OOE+00 I c
655 34 b 00E+00 6 I

1
39E-07

Ru-1
Se-79 1
Sn-126 1I
Sr-90 t
Tc-99 C

2930E405 32767 655 34 a
655 34
655 34

4 24E-03 8 47E-03
3 79E-03 7.58E-03
4 41E+02 8 83E+02

-

Th-229
Th-230
Th-232
TI-208

__ U-232

327 67
327 67
327 67
327 67
327 67

5 34 0 00E+00 38E-01
5 34 0 00E+00 4 07E-09
5 34 0 00E+00 2.74E-05
5.34 000E+00 126E-11
5.34 0 00E+00 1.32E-054 0414E-08

1.0948E-07
3-6275E-09

327 67
327 67

251E-11
2 65E-05 [
7.17E-05 I Thermal Power

2.38E-06 Nominal Heat Bounding
5 34 0 00E+00 3 S9E4(
5.34 0.00E+00

I 8562E-04 327.67 655 34 0 00E+00
1

1.22E-Ot 0~pu ' Heat Outpurt

U-236
U-238
Y-90

"P Other F

-2 7235E-06
1.5493E-05

-42851E-09
1 3475E+00

Padionuc6des

000 I 04E-02
655 34 0 00E+00

0 00 6 55-E3
655 34 0 00E+00

zcksL rlvi X' - D st SS-

_ Rc- tr Pr tr Differeces

.t04E-02 (Watts) (Watts)
I 02E-02 I 4E+00 1t0E+01
6 55E-03 Total Total

4 42E+02 8 83E+02
4 488+02 8 97E+02

F
11.I
Tem

From SFD I| csoas~aten was md fr B frteg resoi.
Reactor Moderator UGHT WATER UGHT WATER lh

Fuel Cladding ALUM ALUM T

BOL HU Constituents U U m

BOLEnnchment % 1977478683 601to00 _

is Itel rmaihes, ATR Tenirqlate on al Sd ems psmant(earichriment) riaiong ATR a reasmamabe

Eur

Chie

3asis for bumup used in estmate:nup Summary (MWd)
0

Noninal [=
Bounding|

From Si

. 1 1 327 6:
655 4

Ncianul burnup catculated Inm me heat nebl rnass m esmsynd
Pcudg b~ assurred t1 be twme mnal teansy

| Estianatd Bumup/
Bumup Multp ler I Given Bumup Estbmaded EOLI HW/Gnven EOL HM

1 00
Nom inal r _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ° 0

. i Boundimg I0

Reactor shutdown, core removal, storage shapping or other date confiming that Irradation ceased for fuel

2Total bumup for an fuel associated with lis wolsoeet must be dvided by 80L heavy metal mass to get specific bun4p Values (MW dMT)

DOE/SNF/tEP-078
_. Revision 0

I

March 2003
Page D-563 of D-585



Fuel Radionuclide Inventory Worksheet
LFwel andTemplateInformasronm ,

Fuel N : UNIV OF VIRGINIA (ULAX HEU)
SNF ID 4: 279

Fuel UnIt & Descr 44 22 FLAT PLATES
Heavy Metal Mass: SOL-7.s24kg. EO16.&85Skg
ROD Storage Sit: SRS

'Fuel decay start date 1966
Estimates as of. 2030

Template: ATR (Ughtt Water, Alum. 60 to 1 00., U)
'Template Buwnup(UWd): 3672

Tempbate BO, Heavy Metal Mass (MT): 0 00116689

Estimaled
Canister usage

18310 _-S

Template Decay Tme: 50 years
11. Estimates - m X. Xb b Y. Yb Gamma Sources

CL/MWd From Nominal Bounding Fuel Intial Activity Nominal Fuel Bounding Fuel
Template Fuel Bumup (MWdp Bumup (MWd)t (CI) Inventories(Ci) Inventones(Ci)

Photon Total
Energy Photonstsec
Group (bounding)Radionuclide

Ac-227
Am-241
Arn-242m
AM.243

1 VI C-06 6 02E{)6- Avg. MeY
+00 5 26E+00 0 0150 1 043E+14

7 49E-D4
1 4858E-06 1.0125

C-t4 56944E-09 101255 2,02511 00OE+o0 577E-06 1 15E-05
CI-36 I 3124E-32 1,012 SS 2,025 11 0 00E+O0 1.33E-29 2 66E-29
Cm-243 7.9303E-08 1,012 55 2,025 11 0 0OE+00 8.03E-05 1 61E-04

0 0250 2166E+13
00375 1 852E413
0 0575 2.027E+13
0 0850 1.220E013

01250 7973E+12
1,01255 2,02511 00E+00 943E-03 1 89E-02 02250

5 11 0C0E+00 1 04E-04 2 09E-04 0.3750 4585Et12
2 68E-04 0.5750 76610E.13

Cs-135
Cs-137

3 4477E-06
1 0161 E+00

E-03
1.012S

0 85J0 8.207E+11
12500 3.319E611
1 7500 2174E+10Eu-t 54 2 1879E-03 1.012 55 2.025 11 0

Eu-155 72930E-05 1,012.55 2.025 11 0 O0E+00
Fe-55 4 1912E-08 1,012.55 2.025.11 000E+00 4240-05 84
H-3 8 4913E-04 1,012.55 2,025.11 0 OOE+00 8 60E-01 1 72E+00

7 5300E-07
I 5615E-02

1,012 55 2,025 11 000+00 7 62E-04 1 52E-03 S. roc L1 58E+01 3 16E+01 7 0000 6 043E+01

Pa-231 !
Pb-21 0 6 6176E-10 1,012 55 2.02511 0 00E+00 6

1 94E-02
1 03E-05
1.34E-06
3S57E-02
2 92E+01

11 0000 6712E+00

Pm-147 1 7606E-05 1,012 55 2.025 11 0wOE+w0 1.78E-(
Pu-238 i 4406E-02 1,012 55 2.025 11 000E+00 1 46E+01 UPu-239 4.2783E-04 1.01255 2,02511 00wE+00 4E4-01 866E-01
Pu-240 2 4297E-04 1,012 55 2,025 11 000E+00 246E-01 492E-01
Pu-241 78949E-03 1,012 55 2.025 11 000E+00 7 99E+00 1 60E+01
Pu-242 3.6329E-07 1,012 55 2.025 11 000E+00 368E-04 736E-04
Ra-226 1 5169E-09 1,012 55 2.025 11 000E+00 1 f
Ra-228 42429E-14

7 0833E-15
1 2928E-05
1 1571E-05
9 4308E-01

1.012 55 2.025.11 000E+00 430E-11 8 59E-11
1,012 55 2,025.11 0 00E+00 7 17E-12 1 43E-11

2,025.11 00wE+00 1 31E-02 2 62E-02
2 34E-02

Sr-90
Tc-99 4 2239E-04 1.012 55 2.025 11 a C
Th-229 1 7968E-11 1,012 55 2,025 11 000E+00 1 82E-C
Th-230 1 0855E-07 1,012 55 2.02511 00wE+00 110.-04 220E-04

1,012 55 2.02511 000E+00 504E-11 101E-10
1.012 55 2.02511 0 0E+00 3 54E-05 7 09E-05

t -
lUlZ X ZU.AC+L 1 1 WI:+Y l0 1 vztu4 i nermal Power

2,02511 0 00E+00 4.31 E-06 861E-06 _Nominal Heal Bounding
2.025 11 0 00E+00 1.89E-01 3 77E-01 Output s Heat Output

0 00 1 59E-02 1*32-02 29E0-02 S9 EWau2 (Watts)
2.02511 00wE+00 157E-02 3.14E-02 I 120Eio+l 2 40E+01

_
_ _ .

I 84E-04
Y-90 9 4308E-01
Other Radionuclldes
1M1. Template Salectina Su 1mary. Buump SumDmw r

[Template Selechton Summary

1 88E-04
1 91E+03
1 96E+03

iotal Total

r- From SFD I Used Basis for Parameter Differences:

I

Reactor Moderator UGHTWATER
Fuel Cladditg AiUM

BO "M Constituents U
BOL Enrichment % 92.93756073

I UrIf WATER ) I
I ALUM

I U
. 60 to 100

Bumup Summary (MWdf)
2  

EBasis for bumnup used in esbtmate:

From SFD Estimated
Nomrina [t 23024 1,01Z5 ixburscaluatedt hun the heavy metal mass deswed

Boundbi 280 84 2 02511 80tidr bsp assurned to be tWice romial bumue

Checks

Estirnned Burnup/

8urnup Mufttpt08 Given Bu fup Estimated EOL HM/Given EOL NM
Nominal 0 41 440 101

Boundrng 081 7 21

-J

'Reactor shtdown. core removal, storage, shppwwg or other dale confirming tia Irradiation ceased for fuel
2
Total burrsip for at fe associalet with fis worksheet must be divided by 80L heavy metal mass to get specific bunzup values (MWdMT)
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Revision 0

March 2003
Page 0-564 of D-585



Fuel Radionuclide Inventory Worksheet

1. Fuel and Ternplate Information
I Fuel Nane VBWR (l.02)

SNF ID I 855
Fuel Units & Desxr 7. ROD

I heavy Metal Mass BOL=6 578kg EOL.4 04kg
ROD Storage Site INEEL

'Fuel decay start date 1962
EsdAtales as of. 2030

Template PWR (Ught Water, Zkrc 0 to 5%, U
'Template Burnup(MWd) 61 92

Template BOL Heavy Metal Mass (MT) 0 00176911

. Eslimated
Canister usage.

18"x1O'
019

11. Fsttmates - I m X. - X. b Y. Y - - - Gam^ma Sources

Photon Total
. .... Oh,,-ne1ca

Radiornuclide
.- Ac-227

Arn-241__

* C/MWd From Nominal nuoun-.M rue- tiai Activity emnai rue, u r
Template Fuel Bumup (MWd)f Bumup (MWd)

2  
(CI) Inventones(Ci) bventonesaCI)

1.2581E-09 2,41371 4,82742 00OE+00 304E-06 607E-06

14761E-01 2,413 71 4,82742 0 00E+00 3 56E.02 7 13E.02

Group (bounding)I Avg MeV
0 0150 1.307E.14

0 0250 2 596E.13
00375 2.427E.13

2 5032E-04
6 2387E-04

4,827 42 0 Avv+WU t

4,827.42 0 00E+00 t

4,827.42 0 00E+00 t

I

2 30E-0O 00575 3.331E2113
4 7739E-05
8 0297E-07 4.827.42 0 00E+ 3 84E-03 010850 t 421E+13

1 2099E-C 4.827 42 5 84E-01 0 1250

Cm-244 2.413 71 4.827 42 :+oi 7.51E+01

2.413 71 4,827 4 1.20E-01 2 39E-01 -

I Cs-134

-= ~ CO-37
__ Eu-i154

Eu-1I5S

I L Fe-55

f il Np-237

Pa-231

Pu-239
Pu-240

2,413 71 4 E+00 4.11 E-06 8 22E-0

2.413 71

I
9929E-01 2,413 71

2 0 00E+00 3 48E-02
o OOE+00 1 69E+03
A00E+00 4 35E+00

05750 1245E+14
0 8500 9 978E+11
12500 4664E+11
1 7500 2 684E+10
22500 4 726E4068023E-03

2 6793E-05 2,413 71 4,827.42 1t29E-01

t 4,827A2 1 7 04E-05

2,413 71 4,827A2 E+00 1 86E+01
2 7500 2.351E+07
3.5000 1 167E+06
5 0000 4 983E+05
7 0000 5 735E+04

2.413.71 4,827 4 O 2 37E-03 4 74E-03

2A41371 4.827 42 0 00E+00 9 80E+00

2.413 71
2.413 71

4.827 42 0 00E+00 3.05E-02
4,827 42 0 00E+00 3 95E-05
4,827 42 0.00E+C0 6 95E-07
4,827 42 0 00E+00 320E-04
4.827A2 0 00E+00 t.A2E+02

6 583E.v3

1.3264E-07
5 8882E-02
1 1613E-02

2 84E+02

4,827A2 0 OOE+00 2 80E+01 5 61 E+01

Pu-241
Pu-242
Ra-226
Ra-228
Ru-1 06
Se-79
Sn-126
Sr-90
Tc-99
Th-229
Th-230
Th-232
TI-208
U-23=

2 2,413 71
2,413 71
2,41371

4,827.42 0 OOE+00
4,827.42 0 OOE+00
4.827 42 0 OOE+00
4,827 42 0 O0E+00
4,827 42 0 OOE+OO
4.827 42 0 OOE+00

E+01 731 E+01
5 13E+02 t 03E+03

3 l0E-01

t.

55E-01
142E-06

S 3036E-12
E-156 8136E-19

1t2372E-05 4.82742 0OOE+00 2.99E-02 5 97E-02

4,827 4
4,827 4

6 08E-02 t.22E-01
I 08E+03 2.1 7E+032.413 71

4 2,413 71 4,827 42 0 OE+00 9 50E-01

0 2,413 71 4,827A2 0 O0E+00 4 67E-07
3.9-E+07

9 33E-07

3 5223E-08 2,413 71
S 3085E-12 2.413 71
1.3102E-07
3 5497E-07
2 E4A7E-08

2,413 71
2,413 71

4,827.42 0 OOE+00 8 50E-05
4,827A2 0 ODE+0 O 128E-08
4,827 42 0 OOE+00 3.16E-04

4,827 42 0 OOE+00 8 57E-04

4.827 42 0 OOE+00 6 43E-05
I Thermal Power

55023E-05 24;371 482742 006+00 1.33E-01 2.66E-01
Nommnal hoo Bounding

Output - Het Output

(Watts) IWatts)

J1111111f

I I

tj

U-236
U-238
Y T90
Olher F

11. Te
ITI:---

-1 4485E-06
7.5969E-06

I 00 329E403
4,827 42 0 OOE+00

0 00 70E-03
3 67E402_ 3.54E+01 7>0iEo01
;5329E-03 I

, .2b, .
44 2.413 71 4,827A2

t 07E403 I 70E 0

1 08E+03 2 17E+03
I 63E+03 3 27E+03

101M I V

Chsecks Ia--r

-- ..al Lee.nau .L
From SF0 Used

Reactor Modetor- UG14HTWATER | GHT WATER

Fuel CTadding ... RC ZIRC

BOL HU ConstituentS U U
OL E.nchmnenl % 2316820093 OtoS

Basis for Parameter Differences:
115s Tempflatewast used Icr tie fsoleimml stess.
[nis luel iralches on al waarelersexeptt enidernst

t-
'Mi

IRlasis fer bhumu used In estimate:

I
Burnup, Summary (MWd

Nominal F
Boundm,,g

Fror
EataneteI Estimallea

4i 2,413 71 IWal binsp Ca farom tie heavy neait mass oesSoyed
4.527 42180adrct bunup asturved to be tWie rn tmnup

Estamated Buunupl
Bumnup Multipl Gwen Bumup

10481

Esatmated EOL HM/Given EOL HM
1 03

Nominal
Bounding I 911 __ I

- - -------------
Reactor sifudown. core removal. storage. slapping or 00w date conlrming Mmat irranason ceasea Joe wei

a
T

otai buamup for aH fuel associated with 1Is worksheet must be dvided by i0L heavy metal mass to get specific bumup values (MWdMT)_

Mac20
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Fuel Radionuclide Inventory Worksheet
L Fuel and Temnlate Infrmnt,,o -

Fuel Name: WORCESTER POLY INSTMJTE
SNF ID #- 287

Fuel Units & Dosr 26 -18 FLAT PLATES
Heavy Metal Mass: BOL322776kg. EOL.22753kg
ROD Storage Sit: SRS

'Fuel decay start date: 2035
Estimates as of: 2030

Template: ATR (tight Water. Alum, 60 to 100% . U)
'Template Bumup(MWd) 3672

Template BOL Heavy Metal Mass (MT)- 0 00116689
Template Decay Time: 5 years

Estimated
Canister usage

18iX1i
072

I. Estimates --m - X X, b Y. Yb Gamma Sources

Photon Total
Ci/ltWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel Energy Photons/sec

Radionuclide Template Fuel Bumup (MWd)' Bumup (MWd)f (Ci) hnventones(Ci) Inventones(Cl) Group (bounding)
AC-227 1 4545E-10 22.16 4432 0OOOE+00 322E-09 645E-09 Avg MeV
Am-241 1 1190E-03 2216 4432 OOE+00 248E-02 496E-02 0.0150 8551E+12
Am-242m 4 5425E-07 22.16 44 32 0 OOE+00 1 OIE-05 201 E-05 00250 1842E+12
An-243 1 4921E-06 2216 4432 0OOE+00 331E-05 661E-05 00375 1700E+12
C-14 57244E-09 2216 4432 OOE+00 1t27E-07 254E-07 00575 1671E+12
Ci-36 1.3124E-32 2216 4432 8OOE+00 291E-31 582E-31 008S0 1066E+12
Cm-243 2.3676E-07 22 16 4432 OOE+00 5.25E-06 1 OSE-05 01250 9228E+1t
Cm-244 52042E-05 2216 4432 OOOE+OO 1.15t-03 2 31E-03 02280 9033E+.1
Co-60 38208E-05 2216 4432 OOOE+00 847E-04 t69E-03 03750 4372E81t
Cs-134 4 8693E-01 2216 4432 0 OOE+00 1 08E+0l 2t16+01 05750 6005E+12
Cs-135 34477E-06 2216 4432 OOE+00 764E-05 I53E-04 08500 8.409E+11
Cs-137 28731E+00 2216 4432 0OOE+00 637E--01 t27E+02 12500 1565E+11
Eu-154 8 2053E-02 22 16 44 32 0 OOE+00 1 82E+00 3 64E+00 1 7500 6.561E+09
Eu-15S 3 9134E-02 22 16 44 32 0 00E+00 8 67E-01 1 73E+00 22500 1 376E+10
Fe-55 67429E-03 22.16 44.32 0008+00 149E-01 299E-01 2Z7500 7917E+07
H-3 1 0599E-02 22 6 44.32 0 00E+iO 235E-01 470E-01 35000 87818+06
1-129 7530OE-07 22.16 44.32 0 OE+0iCO 674-05 334E-05 50000 4043E801
Kr-85 2 8595E-01 2216 4432 8OOE+00 6 34E+00 127E+01 70000 4559E8.0
Np-237 9 5479E-06 2216 44.32 0 OOE+00 2 12E-04 4 23E-04 110000 5175E-01
Pa-231 8 9297E-10 2216 44 32 0 00E+00 1 98E8-0 3 96E-08
Pt-210 3 7609E-12 2216 44 32 0008+00 8 33E-11 1 67E-10
Pm-147 2 5452E+8 o 22.16 44 32 0 00E+00 5 64E+01 1.13E+02
Pu-238 2 0550E-02 22.16 4432 OOE+00 455E-01 9118-01
Pu-239 4 2838E-04 2 1 6 44 32 0 OOE+00 9 49E-03 1 90E-02
Pu-240 24401E-04 22 16 4432 0 OE+0O 541E-03 1.08E-02
Pu-241 68764E-02 22.16 4432 000E+00 1 52E+00 305E+00
Pu-242 3 6329E-07 22.16 44 32 0OOE+O 8 05E-06 1 61E-05
Ra-226 38045E-11 2216 4432 0 OOE+00 843E-10 169E-09
Ra-228 29902E-15 2216 4432 0OOE+00 663E-14 133E-13
Ru-106 1 9055E801 22 16 4432 0 OOE+00 4.22E+00 845E+00
Se-79 12936E-05 2216 4432 008E+00 287E-04 573E-04
Sn-126 1 1574E-05 2216 44.32 008E+00 256E-04 513E804
Sr-9O 27505E+00 22 16 4432 000E+00 610E+01 1 22E+02
Tc-99 42239E-04 2216 44.32 00OE+00 936E-03 1 87E-02
Th-Z29 1 8848E-12 16 44.32 00E+800 4 18E-11 8 35E-11
Th-230 1 7042E-08 22 16 4432 0 OOE+00 378E-07 7 55E-07
Th-232 7 8132E-15 22-16 44 32 0 OOE+00 1 73E-13 3 46E-13
Tl-208 44063E-08 22.16 4432 00OE+00 976E-07 1 95E-06

U-232 13151E-07 2216 4432 000E+00 291E-06 583E-06 ThermialPower
U-233 1 9564E-09 2216 44 32 0 OOE+00 4 34E-08 8 67E-08 Nominal Heat Boundhng
U-234 18371t-04 2216 4432 OOE+00 407E-03 814E-03 Output- HeatOutput
U-235 -2 7235E-06 22.16 0 00 9.78E-03 9 72E-03 9 78E-03 (Watts) (Watts)
U-236 1 5493E-05 22.6 44 32 0OOE+00 3 43E-04 6 87E-04 1 12E+00 2 25E00
U-238 -4285E4-09 22 16 0 00 6.13E-03 6 13E-03 6 13E-03 Total Total
Y-90 27505E+00 22.6 44 32 0OOE+00 610E+01 1.22E+02
Other Radionucldes 1.14E+02 2.28E+02
IlL Template Selection Sunusmar, Burnup Suanary. nd C kecbss -_ _ _ _ _ _ _ . _ _ _

Tenplate Selection Summary

From SF0 Used Basis for Parameter Differences:
Reactor Moderator UGHTWATER UGH WATER Tbs Terlate was aed tr tie lso massn

Fuel Cladding ALUM ALUM 1TNs kWe iuties ATR Termpste an at bltt one paamvter (e1xhi-aol) mak ATR a reaswribie
BOt HM Constituents U U match.

BOL Enrichment % 19 8630137 60 to 100

Bumup Summary (MAWd)_ Basis for bumup used In estimate:
From SFD Ennatd

Nominal 2Z16 N rwd bumri cacliated ts tie heavy metal mass utstyed
sounding 44 32 soux" bnae &wme to be ta mral tu

Checks

Estmated Bumupl
Bumup Multiphier Given Bumup Estimated EOL Ht/Given EOL Ht

Norninal: 0001 100
Bounding-I 0 01

Reactor shutdown. core removali storage shipping or other data contmning that irraciatlon ceased for kied.

iTotal bumrup for at luel assodated with tis wocsheet must be dvided by BOL heavy metal mass to get speacic buanup values (MWIUMT)

Li

L,

L

or
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Fuel Radionuclide Inventory Worksheet

Lf- Fuel andl Teplate fnforati-
Fuel Name ZPRL (UALX-LEU) TAIWAN

SNF ID# 554
Fuel Units & Deser 35 - ASSEMBLY
Heavy Metal Mass BOL23 748kg EOL-23248kg
ROD Storage Site: SRS

'Fuel decay start date: 1997
Eitanates as of 2030

Template ATR (Light Water Alumr 60 1 100% U)

'Template Burnup(MWd) 3672

Template SOL Heavy Metal Mass (MT)- 000116689
Tmn.Iate Dea.vTirne 25 years

Estimated
Canister usage

18x10'
0 97

Il.Fzbmuates m,, X. , b y. Yb Gamma Sources

CiWMWd From Nominal Bounding Fuel Initial Activity Nominal Fuel Bounding Fuel

Template Fuel Burnup (MWd)
2 

Bumup (MWd) n lnventories(Ci) Inventones(Ci)
-- - .. ffl~ A qi~5Z17 x 66F-07Radionuclide

Ac-227

Energy Photon/stec
Group (bounding)

Avg MeV
0 0150 7072E+13
00250 1 469E,13
0 0375 t279E+13

377 86

Am-241
An-242i
Am-243
C-14

377 86 O OOE+00 8 7IE-01
0 ODE+00 1 57E-04

-377
1 4894E-O6
s 7106E-3

2 0 00E+010 f 3

755 72 0 C
755 72 0 0

I 32E-06 0 0575

CI-S3 13
Cm-243 - 1 4
Cm-244 2 4

O 9 92E-30 C
3124E-32

7fi 72 5 5OE-05 1.10E44 -

377 86 755 7 9 15E-03 I 83E-C
5.552E+12
7 157E+12
3 111E+12
5 101Ei13

3l7 0 cc
Co-6_ 377 B61 C'3

Cs-134
Cs-135

E-04 377 86
-06 377 86
.00 377 86

o 00E+00 1 04E-03
0 00E+00 2 22E-01
0 OOE+00 1 30E-03
0 00E+0O 6 84E+02

0 8S00 7 350E+l1
12500 4 083E8 11

2 0.8E4C

Cs-137
Eu-1 54
Eu-1 55
Fe-55
1-13
1-1 29

I 6386E-02 377 0 OE+00 6 19E+00 1 24E+01 1 7500 2-019E+10

2.3957E-03 0 00E+00 1 81E+00 22500 1.439E+06

32707E-05 755.72 2 47E 02 2 7500

3 4504E-03 755 72 E+00 2.61 E+00 3 s5C0

6 755 72 ErA4 5 69E-04 50(

Kr-85 377 86

Np-237
P-9131

377 86
E-09 377

0 OOE+00 2 97E+01 5 S
0 00E+00 3 61E-03 7:

0 OOE+00 1 06E-06 2

0 OOE+00 4.77E-08 9.
0 00E+OO 4 89E+00 9 7

3461E+01
3 877E+00

t Pb-210 12612E-10
I Pm-147 12952E-02

J- Pu-238 1.7549E-02

i Pu-239 4.2810E-04

377
E+OO

7.86 755 72 0
r 86 755 72

r 86 75572 C

6 63E+00 133E+01
1 62E-01 3 24E-01
9 20E-02 1 84E-01
9 93E+00 1 99E+01Pu-240

Pu-241
Pu-242

I_ Ra-226
Ra-228
Ru-t 06
Se-79
Sn-1 26
Sr-90
Tc-99
Th-229
Th-230
Th-232
TI-208
U-232
U-233
U-234
U-235

24

3

2

377 86
377 86
an 86
3a7 86

7557
755 I 0 OOE+00 1.37E-04

0 00E+00 1 68E-07
0 OOE+00 7A5E-12
0 OOE+00 7J4E-05

2 75E-04

0477E-07
12933E-05 377.86
1.1574E-05 377.86
1 7092E+00 377 86
42239E-04 377 86
77260E-12 377 86

755 72 0 OOE+00
755 72 0 00E+00

9 77E-03
8 75E-03

755 72 6 46E+02
1 60E-01

3129E+03

3

-0 3O 077 I

2 6906E-14 3a7.n
474336E-08 3T7n

1.2037E-07 37an

3.0011 E-O9 377 i
1 8497E-04 377 i
-2 7235E-06 . 377

755 72 0 00E+00 2 92E-C

75572 OOE+00 221E-C

755 72 0 0OE+00 1.02E-1

755 72 0 00E+00 1.68E-C

755 72 0 008+0O 4 55E-C

-755.72 0.00E+00 1 13E-4

75572 0 COE+00 699E4

0 00 1 01E-02 911E4

2.03E-11
3 35E-05 d _

910E-05 I Thermal Power
.86

2 270-06
1 40E-01

Nominlgb "eat B~ounlding

Output Heat Output1 01-02 (Wes) (atts

1 5493E-05 377 86

42851E-09 3a7 86
1 7094E+00 377 86

755 72 O OOE+OO

1 01 E-02 I Waft) (watts)
1.17E-02 79.E+00 1 60E01

641E-03 J Total Total
000 64

755 72 0 0

Other Radionuclides

6E+02 1.29E+03 I
I1E+02 1.30E+0

a- _- 4, ~ -- ra.a

ruc - D.-,r + P rrar.^etc -rn

I
I

From SF0 Used

Reactor Moderator | UGHTWATcR ULHTWATER

Fuel Cladding -ALUM ALUM

BOL HM Consft"eIts| U U

BOL Enrichment % 1974998117 ^ to1t100

las. Teplt as use -i oee -e--r

Tns bel malues ATR TVrglae ont al tot rne parameter (ermidrieit) mako" ATR a reasorable

nakh.

Bumup Summary (MWd)
Fr

NoEnalg

am^ SFD

377.86
75572

Basis for burnup used In estimate:

onwd baan eauloated I.i bte hi emltal mass dessy.

kto5 hjrrp asuwed to be.^e. msuirr"a tursnp

Checks
Estimated Bumupt

Bumup Mullpr GhIen Bumup EstImated EO1 HNMGiven EOL HU
110oo

Nominal H
Boundrng

00 _2
o

101 I

'Reactr stodown. core removal storage, slipping or other date confirming al Irradiato ceased for fuel

'Total bunmp for alt uel assocated with tis works must be dvkded by SOL heavy Metal mass to get spedfic bumup values (MiWdv`f)



2030 Summary, Totals for all Spent Fuels

Gamma Sources
Total

Nominal Fuel Bounding Fuel Photon Photons/sec
Radionuclide Inventories(Ci) Inventones(Ci) Energy Group (bounding)
Ac-227 2 96E+02 3 52E+02 Avg. MeV _____3

Am-241 2 81 E+06 4 012E+06 020150 2 404E+18
Am-242m 6 08E+03 9 59E+03 0 0250 4 961E617
Am-243 5 44A+03 8 475+03 0 0375 4 459E+17
C-14 2 92E+04 385E+04 0 0575 5 107E-217
Cl-36 5 09E+02 6 825+02 00+850 2801 E017
Cm-243 1 19E+03 2.12E+03 01250 2 005E+17
Cm-244 1 44E+05 2.52E+05 0 2250 2 407Eeee17
Co-6o 451E+06 8.25E+06 03750 1 062Ei417
Cs-134 6 412E+05 1628E+06 0 5750 1 847E+18
Cs-135 4 OOE+02 5 77E+02 08a500 7 223EE16
Cs-137 2 98E+07 4 77E+07 1 2500 6 333E+17
Eu-I 54 3 97E+05 6 96E+05 1.7500 1 149E315
Eu-155 9 86E+04 I 889+05 2.2500 7.981E+14
Fe-55 2.04E+06 4 07E+06 2.7500 1.512Eeee15
H-3 1.18E+05 I 97E+05 3.5000 5.2042+1.
1-129 2 23E+01 3 28e1+01 500000e 1 6952+09
Kr-85 9 96E+05 1.77E+06 7 0000 1 9472+08
Np-237 2 08E+02 3 222+02 11 0000 2.233E+07
Pa-231 3 412E+02 4 08E+02
Pb-21 0 8 57E-02 9 90E-02
Pm-147 3 412E+06 6.823+06
Pu-238 8 20E+05 1.37E+06
Pu-239 4 80E+05 5 862+05
Pu-240 3 50E+05 4 543+05
Pu-241 1.082+07 2.332+07
Pu-242 4 962+02 7 264+02
Ra-226 1.54E-01 1.78E-01
Ra-228 I 39E+01 1 682+01
Ru-106 2 48E+05 4 972+05
Se-79 3 68E+02 5 32E+02
Srn126 3 88E+02 6 OO2+02
Sr-90 2 52E+07 4 042+07
Tc-99 9 53E+03 1.44E+04
Th-229 2 332+02 2.74E+02
Th-230 8 322+00 9 902+00
Th-232 8 04E+00 8 408+00
Tl-208 3 512E+04 4 29E+04 ________________ _54

U-232 9522+04 1.16E2+05 Thermal Power
U3-233 1.74E+04 2 162+104 Nominal Heat.-e N
U3-234 I 012+04 1 262+04 Output _Bounding Heat
U-235 1.932+02 2 662+02 (Watts) Output (Watts)
U-236 2 83E+02 4.19E+02 5 92E.05 9 40E+05
U-238 7 89E+02 80022+02 Total Total
yg90 2 52E+07 404E+07
Other Radionuclides 4 06E+07 6 382+07

ITotal Canister Usage Summary
I18'X10 18'x 15 I 24' x I 24'x 15' H11 MOO

NumberofCanistersl 14029 1 1446.1 165 3 270 1624 I 403 0

Bare Fuel Transfers
166 Assemblies

L
L

US

DOE/SNF/REP-078
Revision 0

March 2003
Page -568 of D-585



2030 Summary, Totals for 18" x 10' Canister

U Q-.-
.diil . .... - I-. :D

-Total
Nominal Fuel Bounding Fuel 'Photon Photons/see

Radionuclide Inventories(Ci) Inventories(Ci) Energy Group (bounding)

Ac-227 331E+00 7 53E+00 Avg MeV

Amn-241 1 40E+06 t 91E+06 00150 1.117E+18

Am-242m 251 E+03 349E+03 00250 2.334E+17

Am-243 2 60E+03 3 61 E+03 0 0375 2 087E+17

C-14 2 26E+04 291E+04 00575 2396E+17

Cl-36 4 18E+02 5.42E+02 00850 1 321E+17

Cm-243 1.42E+02 221E+02 0.1250 1 017E+17

Cm-244 2.18E+04 3.29E+04 0.2250 1 131E+17

Co-60 9 36E+05 1 29E+06 03750 5 167E+16

Cs-1 34 616E+05 1 23E+06 05750 7.924E+17

Cs-135 9 74E+01 1 47E+02 0 8500 5.598E+16

Cs-137 1 07E+07 1 93E+07 1.2500 1.097E+17

Eu-154 2.29E+05 4 12E+05 17500 6064E+14

Eu-155 6.25E+04 123E+05 2 2500 7.769E+14

Fe-55 4.73E+04 9.18E+04 2 7500 3 302E+13

H-3 4.30E+04 7.10E+04 35000 4994E+11

1-1Z 520E+00 8.83E+00 5.0000 2 349E+08

Kr-85 5 60E+05 1 09E+06 70000 2 663E+07

Np237 7 64E+01 1.29E+02 11 0000 3 066E+06

Pa-231 3 77E+00 8 57E+00

Pb-210 3 65E-02 2 02E-02

Pm-147 3 25E+06 6 50E+06 I

Pu-238 2 57E+05 4 75E+05

Pu-239 .15E+05 t31 E+05

Pu-240 6 08E+04 8 66E+04

Pu-241 3.78E+06 1.04E+07

Pu-242 .51E+02 1.88E+02

Ra-226 3 54E-02 4 36E-02

Ra-228 219E-01 4 29E-01

Ru-106 2 40E+05 4 80E+05

Se-79 9321E+0 1 54E+02

Sn-t 26 8 62E+01 I 47E+02

Sr-90 995E+06 1 80E+07

Tc-99 298E+03 5 19E+03

Th-229 2.60E+00 5.88E+00

Th-230 2.32E+00 2 93E+00

Th-232 5 98E01 6 31 E-01

T208 343E+02 8 012E+02

U-232 9 30E+02 2 20E+03 Thermal Power

U-233 t 85E+03 t 96E+03 Nominal Heat -

U-234 3 90E+03 5 t9E+03 .Output Bounding Heat

U-235 I 09E+02 t 51 E+02 (Wafts) Outout (Watts)

U-236 t.1t1E+02 t.82E+02 Z2t2E+05 3.73E+05

U-238 2 69E+01 3.34E+01 Total Total

Y 90 9 96E+06 I 80E+07

Other Radionuclides I 99E+07 3 32E+07

ITotal Canister Usage Summary
I $-x10 I t8Bx15 24x10- 24x 15' C MOO

Number of Caistersl 1402.9 j 0 o 0 0 0

lBare Fuel Transfers
I ° |Assembbies
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2030 Summary, Totals for 18" x 15' Canister

Gamma Sources
Total

Nominal Fuel Bounding Fuel Photon Photons/sec
Radionuclide Inventories(Ci) Inventories(Ci) Energy Group (bounding)
Ac-227 2 64E+02 2 78E+02 Avg. MeV
Am-241 5 08E+05 7 93E+05 0 0150 7.232E+17
Am-242m 2.30E+03 4 16E+03 0 0250 1 478E+17
Am-243 1.31E+03 220E+03 00375 1.333E+17
C-14 . 3 97E+03 4 44E+03 00575 1 472E+17
CI-36 5OOE+O1 577E+01 00850 8.369E+16
Cm-243 671E+02 124E+03 01250 5640E+16
Cm-244 642E+04 1.13E+05 0.2250 7.211E+16
Co-60 350E+06 6 82E+06 0.3750 3067E+16
Cs-134 2 48E+04 4 72E+04 0.5750 5 807E+17
Cs-135 1 96E+02 276E+02 08500 1 083E+16
Cs-1 37 1 06E+07 1 55E+07 1.2500 5.103E+17
Eu-154 1 23E+05 206E+05 1.7500 3648E+14
Eu-155 322E+04 5 88E+04 22500 2.104E213
Fe-55 1 99E+06 397E+06 2.7500 1.146E+15
H-3 452E+04 729E+04 35000 1.920E+10
1-129 951E+00 1 30E+01 5 0000 7.482E+08
Kr-85 2 89E+05 440E+05 7 0000 8 606E+07
Np-237 5 40E+01 8 29E+01 11.0000 9 874E+06
Pa-231 3 01E+02 3.18E+02
Pb-210 6 33E-02 6 60E-02
Prm-147 1 59E+05 309E+05
Pu-238 319E+05 5.1 0E+05
Pu-239 1 93E+05 244E+05
Pu-240 1 42E+05 1 80E+05
Pu-241 4 55E+06 7 41 E+06
Pu-242 1 38E+02 234E+02
Ra-226 1 08E-01 112E-01
Ra-228 1.23E+01 1 32E+01
Ru-106 8 39E+03 1 68E+04
Se-79 1.71 E+02 2 20E+02
Sn-126 225E+02 3 14E+02
Sr-90 8.90E+06 1 25E+07
Tc-99 3.34E+03 4 73E+03
Th-229 2.11 E+02 2 24E+02
Th-230 5.28E+00 5 55E+00
Th.232 3 48E+00 3 77E+00
Tl-208 3 07E+04 3 26E+04
U-232 8 31 E+04 8 84E+04 Thermal Power
U-233 3 18E+03 6 22E+03 Nominal Heat -
U-234 5 18E+03 5 52E+03 - Output, Bounding Heat
U-235 2 20E+01 315E+01 (Watts) Output (Watts)
U-236 7 84E+01 1 06E+02 2.31E+05 3 56E805
U-238 4 20E+01 4 30E+01 Total Total
Y-90 890E+06 1 25E+07
Other Radionuclides 1 18E+07 1 68E+07

Total Canister Usage Summary
18-xo10 18- x 15 24- x 10 I 24- x It "IC MCO

Number of Camistersn 0 0 446.1 00 00 0 0 oo

[Bare Fuel Trainsfr
0 o Assemblies

-1

[L

I-
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2030 Summary, Totals for 24" x 10' Canister

I

Gamma Sources
Total

Nominal Fuel Bounding Fuel Photon ' Photons/sec

Radionuclide ^ Inventories(Ci) Inventories(Ci) Energy Group (bounding)

Ac-227 1 95E-03 3 89E-03 Avg. MeV

Am-241 245E+03 490E+03 00150 1 428E+17

Am-242m 384E-01 768E-01 00250 2.965E+16

Am-243 1 44E+00 2 88E+00 0.0375 2.577E+16

C-i 4 5 53E-03 1.1tE-02 0.0575 2.774E+16

CI-36 127E-26 2.54E-26 0 0850 1.671E+16

Cm-243 1 11E-01 2 21 E-01 01250 1.104E+16I
Cm-244 1.60E+01 3 20E+01 I 02250 1 443E+16

Co-60 7 1 8E-01 1.44E+00 0 3750 6278E+15

Cs-134 1 98E+01 3 97E+01 a 0 5750 1 037E+17

Cs-i 35 3 34E+00 6 68E+00 0 8500 1t267E+15I f

,II'r
# _. t 97 139E+406 279E+06) t 250u 1 12'9+14

Eu-i 54 7 tOE+03 t
Eu-155 5 74E402

E+04 1 7500 3 450E+13
E+03 A. 02 884_+09

42E+0 2 700 732+0
FArg! 7Z1 E+WU 42E+w0 2 7500 2753E+09

H-3 1 91E+03 382E+03 35000 1.595E+06

1-129 7.30E-01 1 46E+00 50000 6518E+05

Kr-85 3 99E+04 7.98E+04 7.0000 7.132E+04

Np-237 9 28E+00 ° F86E+01 11 0000 7.952E+03
321204 622-0D A0 1. I O;C-U I .- =U

Pb-21 03 21 E 42EU04
P-.1 A7 I5 9bt-+UZ 1 .IWC+UJ

Pu-238 1 57E+04 3 14E+04

Pu-239 4 15E+02 8 30E+02

Pu-240 2 36E+02 4 72E+02
Pu-241 1 57+04 3 15.+04i
D, O.A 3 J l.^u4r-u

Ra-226 8.74E-04 1.75E-03

Ra-228 3 01 E-03 6 01 E03

Ru-I 06 2 06E-04 4 12E-04
Se-79 1.25E+01 2 51E+01

Sn-126 1.12E+01 2.24E+01

Sr-90 1 31 E+06 2 61 E+06

Tc-99 4 09E+02 8 1 9E+02

Th-229 1 20E-05 2 41 E-05

Th-230 8 09E-02 1 62E-01
Th-232 3 72E-08 7 44E-08

Tl-208 ;s W=-ZC/A-u

U-232 1.06E-01 2.12E-01 Thermal Power

U-233 3 52E-03 7.03E-03 Nominal Heat

U-234 1.80E+02 3.60E+02 j Output 'Bounding Heat
A 6A4AEo 72OPFfO (Ifivtts. t Outnut (Watts)UI U-236 1.50E+01 3 OOE+ 1 1.62E+04 3.24E+04

.__4L Ai r.FTn_
tl-233 i f 1t:-z Ctl :Dc-U I -la w

.i- Y-90 t 31E+06 2 61E+06
Other Radionuclides 1 33E+06 2 65E+06

Total Canister Usage Summary I
. -- - - . .. -. …- . I tn- I brn - - -I

1R X In 1. 1 ' x. 15 .. . I. Z4 X. 1 
z 

11I | AA - U

Number of Canisten; I 0 0 i 0 0 1 i1653 1 0 P .I. I 00

|Bare Fuel Transfers
I O IAssemblies
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2030 Summary, Totals for 24" x 15' Canister

*1!
Gamma Sources

Total
Nominal Fuel Bounding Fuel Photon Photons/sec

Radionuclide ' Inventories(Ci) Inventones(Ci) Energy Group (bounding)
Ac-227 2 74E+01 4 84E+01 Avg. MeV
Am-241 6 85E+01 1 21E+02 00150 4 104E+16
Am-242m 4 17E-01 737E-01 00250 8451E+15
Am-243 8 77E-02 1 55E-01 00375 7.223E+15
C-14 260E+01 460E+01 00575 7895E+15
CI-36 510E-01 901E-01 008so 5043E+15
Cm-243 861E-02 1 52E-01 01250 3160E+15
Cm-244 3 98E+00 7 04E+00 0.2250 4 522E+15
Co-60 2 46E+02 4 35E+02 0 3750 1 816E+15
Cs-134 721E+00 1 27E+01 05750 2 773E+16
Cs-1 35 8 06E+00 1 42E+01 08500 4 955E+14
Cs-1 37 416E+05 735E+05 1.2500 2 189E+14
Eu-154 242E+03 428E+03 1 7500 3 413E+13
Eu-155 1 86E+02 329E+02 2.2500 9919E+08
Fe-55 6 48E-01 1 14E+00 2.7500 2 439E+14
H-3 5 99E+02 1 06E+03 35000 9483E+05
1-129 46E4-01 7 89E-01 5 0000 2 968E+05
Kr-85 1.76E+04 312E+04 70000 2 163E+04
Np-237 355E-02 6 28E-02 11.0Doo 1648E203
Pa-231 3 38E+01 5 98E+01
Pb-210 4 01 E-03 7 09E-03
Pm-t47 7.38E+01 1.30E+02
Pu-238 1.20E+02 2 11 E+02
Pu-239 7.75E+00 1.37E+01
Pu-240 4.56E+00 8 05E+00
Pu-241 4.14E+02 7.31 E+02
Pu-242 1.15E-02 2 03E-02
Ra-226 6 03E-03 1 07E-02
Ra-228 1 30E+00 2.30E+00
Ru-106 1.13E-05 2 00E-05
Se-79 9 97E+00 1.76E+01
Sn-126 1.12E+01 1 98E+01
Sr-90 4.20E+05 7 43E+05
Tc-99 9 16E+01 1 62E+02
Th-229 1 82E+01 321E+01
Th-230 3.22E-01 5 69E-01
Th-232 3 60E+00 3 62E+00
Tl-208 3 93E+03 695E+03
U-232 1 06E+04 1 88E+04 Thermal Power
U-233 112E+04 1 22E+04 Nominal Heat
U-234 2 30E+02 4 07E+02 Output Bounding Heat
U-235 I 88E-02 3.13E-02 (Watts) Output (Watts)
U-236 3 74E-02 6 602-02 7.83E+03 1 36E+04
U-238 I 51E-03 1 59E-03 Total Total
Y-90 4 20E+05 7 43E+05
Other Radionuclides 4 702+05 8 30E+05

Total Canister Usage Summary
I 18x10 | 18x15' 24-x 10 j 24-x15' HIC MCO

Nurnber of Canisters 0 0 ; 0 o 0 0 27 0 00 00 ;

Bare Fuel Transfers
P M aAssemblhes

ti

U

DOE/SNF/REP-078
Rension 0
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2030 Summary, Totals for High Integrity Canister (HIC)

Gamma Sources
Total

Nominal Fuel Bounding Fuel Photon Photons/sec

Radionuclide I Inventories(Ci) Inventories(Ci) Energy Group (bounding)
Ac-2+02 I 75E+01 Av. .MeV

IL

Il
Li

Am-241 326E+04 368E+04 00150 3328E+16

Am-242m 315E+02 3 23E+02 0 0250 6 815E+15

Am-243 8 98E+01 1 08E+02 0 0375 6.252E+15

C-14 2.40E+01 410E+01 00575 6814E+15

CI-36 3 43E-01 6.73E-01 0 0850 3.919E+15

Cm-243 7 92E+01 8 55E+01 01250 2 554E+15

Cm-244 4 62E+03 5.76E+03 02250 3 410E+15

Co-60 2 09E+03 3 24E+03 0.3750 1 427E+15

Cs-1 34 2 36E+02 3 09E+02 0 5750 2 899E+16

Cs-i 35 1 42E+01 1 95E+01 0 8500 3 842E+14

Cs-1 37 4 93E+05 7.80E+05 12500 4276E+14

Eu.154 3 69E+03 5 56E+03 17500 1 791E+13

Eu-155 1.79E+03 1 95E+03 22500 1.551E+11

Fe-55 621 E+02 1t20E+03 27500 8 829E+13

H-3 2.65E+03 3 47E+03 3 500 2.316E+08

1-129 4 44E-01 7.40E-01 5 0000 3757E+07

Kr-85 1 05E+04 2.18E+04 7.0000 4322E+06

Np-237 2 13t+00 2 52E+00 110000 4 959E+05
l 1 4bt+UU I IC- I

t

I orI 9 r.PF:-fl
11A - . OVC-V. A0 _v __
1-�... � -=_nq A oqv=lnz
n_- A7. v w { CtVV . -V-- --

Pu-238 9 29E+03 1 15E+04

Pu-239 3 16E+03 8 30E+03

Pu-240 7.15E+03 7 60E+03
7 onr-fA 9 inr:flr

D. .7A t { .VCV.

Pu-242 8.83E+00 1.07E+01

Ra-226 2 96E-04 - 3 91 E-03

Ra-228 5 55E-02 8 33E-01

Ru-106 6 98E+01 1.38E+02
C 4~.fl* i ige=fn4

i
r s. . ,,, c_uu ... ---
be- I V . - 1. - � -C.Al
.s_ . XO 1- v+I - .uc -u-

I

t

.111-W

; I
I

t"

Sr-90 3 07E+05 5 84.+05

Tc-99 1 59E+02 226E+02

Th-229 -7.74E-01 1.16E+01

Th-230 1.70E-02 210E-01

Th-232 _3 55-01 3 56E-01

Ti 208 -1.67E+02 2 51E+0

U-232 4 53E+02 6 81 E+03 Thermal Power

U-233 1.16E+03 1 20E+03 Nominal Heat

U1234 I 70E+01 1 56E+02 Output Bounding Heat

U-231 77-01 3 83E-01 (Watts) Output (Watts)

U-236 2 40E+00 2 67E+00 6.56E+03 1.19E+04

U-238 4.32E-01 4 95E-01 Total Total

Y-90 3 07E+05 5.84E+05

Other RadionuCldes - - 4.96E+05 8 14E+05

ITotal Canister Usage Summary I
I 18sx10 18' x 15' 24- x 10 I 24'x15' I HIC MCO

NumlberofCanistersl 00 00 i 00 00 1624 R00 l

II

lBare Fuel Transfe

I 0 Assemblies

Mac 20
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2030 Summary, Totals for MCO
-

Gamma Sources
- - Total

Nominal Fuel Bounding Fuel Photon Photons/sec
Radionuclide Inventories(Ci) Inventories(Ci) Energy Group (bounding)
Ac-227 4 89E-03 5 94E-03 Avg. MeV
Am-241 5 66E+05 6 96E+05 0 0150 2 296E+17
Am-242m 3 93E+02 5 45E+02 0 0250 4 657E+16
Am-243 5 05E+02 8 07E+02 0 0375 4 304E+16
C-14 4 86E+02 5 68E+02 0 0575 5 228E+16
CI-36 3 48E-01 6 96E-01 0 0850 2 573E+16
Cm-243 7562+01 151E+02 01250 1 687E+16
Cm-244 1 33E+04 2 54E+04 02250 2203E+16
Co-60 1.99E+02 3 60E+02 0 3750 9 543E+15
Cs-134 573E-01 747E-01 05750 2105E+17
Cs-135 5.73E+01 702E+01 0 8500 1 836E+15
Cs-137 4.71E+06 5.70E+06 1.2500 8630E+14
Eu-154 1.27E+04 1-66E+04 1.7500 4947E+13
Eu-155 2.75E+02 3.93E+02 2.2500 5 404E+09
Fe-55 6.11 E-01 9 90E-01 2.7500 5.126E+09
H-3 8.48E+03 1.30E+04 3.sooo 4 631E+08
1-129 4.78E+00 5 78E+00 5.0000 1.973E+08
Kr-85 5 60E+04 6 74E+04 7 0000 2.263E+07
Np-237 509E+01 6.21E+01 11 0000 2.593E+06
Pa-231 1 .04E-02 1 .23E-02
Pb-210 4.57E-04 5 81E-04
Pm-147 6 06E+01 7.12E+01
Pu-238 1.19E+05 I 59E+05
Pu-239 1 51E+05 I 75E+05
Pu-240 1 22E+05 1 44E+05
Pu-241 I 69E+06 2 08E+06
Pu-242 1 oiE+02 1 39E+02
Ra-226 I 34E-03 I 66E-03
Ra-228 2 40E-06 4 71 E-06
Ru-106 1 08E-07 1 30E-07
Se-79 6 06E+01 7 32E+01
Sn-126 1 09E+01 219E+01
Sr-90 3 29E+06 3 96E+06
Tc-99 2 02E+03 2 43E+03
Th-229 8 36E-05 1 53E-04
Th-230 1 40E-01 1 69E-01
Th-232 2 43E-06 4 74E-06
Tl-208 6 56E-02 1 31E-01
U-232 1 78E-01 356E-01 Thermal Power
U-233 1 92E-02 3.14E-02 Nominal Heat
U-234 3-59E+02 4.26E+02 Output Bounding Heat
U-235 4.57E+01 5.25E+01 - (Watts) Output (Watts)
U-236 6.39E+01 7.51 E+01 7 67E+04 9.36E+04
U-238 7 03E+02 7.05E+02 Total Total
Y-9o 3 29E+06 3 96E+06
Other Radionudides 4 54E+06 5 49E+06

|Total Canister Usage Summary -
118-x10' Ix15 24'x10 24=x InC HIO

Number ot Canisters 0o0 0 0 o 0 0 I 00 0 4030 |

Bare Fuel Transfers
O Assemblies

U

U
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2030 Summary, Totals for Bare Fuel Transfers

a C-..-
.a m ..... - :.

Ii
IL

Total
Nominal Fuel Bounding Fuel Photon Photonsasec

Radionuclide Inventories(Ci) Inventories(Ci) Energy Group (bounding)

AC-227 4 49E-02 8 96E-02 Avg UeV

Am-241 3 OOE+05 5.72E+05 0 0150 1 173E+17

Am-242m 5.58E+02 1.07E+03 00250 2344E+16

Am-243 929E+02 1 74E+03 00375 2 162E+16

C-t 4 2 13E+03 4 26E+03 0.0575 2.920E+16

CI-36 402E+01 803E+01 00850 1287E+t6

Cm-243 2.27E+02 421E+02 01250 8849E+15

Cm-244 4 02E+04 7 53E+04 0.2250 t 104E+16

Co-60 6 88E+04 1 38E+05 0 3750 4764E+15

Cs-134 191E+01 382E+01 05750 1031E+17

Cs-1 35 2 29E+01 4 32E+01 0 8500 1 435E+15

Cs-137 1 49E+06 2.79E+06 1.2500 1117E+16

Eu-1 54 1 93E+04 3.75E+04 1.7500 4170E+13

Eu-155 1.10E+03 215E+03 22500 5 828E+10

Fe-55 1.14E+02 2 27E+02 2.7500 1 040E+1I

H-3 1.66E+04 315E+04 3sooo 1.114E+09

1-129 1.21 E+00 2 24E+00 5 0000 4.758E+08

Kr-85 2 34E+04 4 43E+04 7 Ooo0 5 480E+07

Np-237 1.A9E+01 2 75E+01 11 OOO 6291E+06
. -. C~,, i nzr.fli

rD-cO. I I cu- a .wocwv I

I-IJI-401 . -C-

n ox rs ialc I -.o c-u

Pm-147 ; 80E+02 3.59E+02

Pu-238 9 96E+D4 1.802+05

Pu-239 1 70E+04 - 2.77E+04

Pu-240 1.78E+n4 3 592+04
=X.. NA u.rtu ;5 I D+Ul'u-;4q1 I -J1.-
p, ,oao 9 65E:+U1 a a0sc*u4

Ra-226 2.18E-03 4.29E-03

Ra-228 042E-02 2 07E-02

Ru-i 06 2 85E-04 5 712E-04

1-

C--a 01 bt+U1 .3 WC+U1
� n�c-ni 4 -wr�ni

C,_1 0; : "oWttil I - _---V

Sr-90 1 05E+06 1.97E+06

Tc-99 5 31E+02 9 87E+02
Th-929 3.912E-02 7 812E-02
Th-2230 1.57E-01 3 08-01

Th-232 I 04E-02 2 08E-02Th-232

Ir

1.4 { t+W iC Y<C+WI Tl-2
U-232 - 3 99E+00 7 91 E+00 Thermal Power

U-233 6 25E+00 1.252+01 Nominal Heat

U-234 2742E+02 5382E+02 Output Bounding Heat

U-235 . 1 17E+01 2.31E+01 (Watts) Output (Watts)

U-236 1 21 E+01 228E+01 3 16E+04 5 95E+04

U-238 I 62E+01 1 85E+01 Total Total

Y-90 1 05E+06 1 97E+06

Other Radionudides 2 07E+06 3 96E+06

Total Canister Usage Summary
| 18x10i 1rsx15 24'x10 I 24X IS, HIC MCO

Number of Canisters 0 0 0 0°0 00 - 0 0.0

Bare Fuel Transfers BWR PWR
1 866 lAssembiles 87 7 79- I

DOEISNF/REP-078
Revision 0
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2030 Summary, TSPA Category 2: Pu/U Alloy

Gamma Sources
Total

Nominal Fuel Bounding Fuel Photon Photons/sec
Radionuclide Inventories(CI) Inventones(Ci) Energy Group (bounding)
Ac-227 1.81 E-02 313E-02 Avg. MeV
Am-241 1 73E+04 1 96E+04 00150 3010E+16
Am-242m 5 98E+00 1 OOE+01 0 0250 6.220E+15
Am-243 1 53E+01 1.98E+01 00375 5474E.15
C-14 7 45E+02 7.80E+02 00575 6 050E+15
Cl-36 6 31 E-01 1.26E+00 0 0850 3.490E+15
Cm-243 2 69E-01 3 84E-01 0 2250 2.267E+15
Cm-244 1 67E+01 3.14E+01 0 2250 3.003E.15
Co-60 9 63E+02 1.14E+03 0 3750 1.308E+15
Cs-134 565E-04 9 21 E-04 0 5750 2 337E+16
Cs-135 906E+00 1.31E+01 08500 2.216E+14
Cs-137 541E+05 629E+05 12500 1 631E+14
Eu-154 41 8E+02 4 54E+02 1 7500 5 728E+12
Eu-155 214E+01 368E+01 2 2500 1 055E+09
Fe-55 6 22E-02 1.12E-01 2 7500 2 070E+09
H-3 2 94E+03 3 08E+03 3 5000 3 849E+06
1-129 5 77E-01 6 80E-01 50000 1 6132+06
Kr-85 478E+03 6 08E+03 70000 1 812E+05
Np-237 4 02E+00 4 36E+00 110000 2 054E+04
Pa-231 291E-02 513E-02
Pb-210 9 33E-03 9 35E-03
Pm-147 2.14E+00 4 06E+00
Pu-238 3 86E+03 4 52E+03
Pu-239 1.37E+04 1 55E+04
Pu-240 5 35E+03 5 44E+03
Pu-241 2 50E+04 2 81 E+04
Pu-242 1 96E+00 2 63E+00
Ra-226 1 88E-02 1 88E-02
Ra-228 921 E-04 1 09E-03
Ru- 106 892E-10 1 78E-09
Se-79 9 42E+00 1.09E+01
Sn-126 1 09E+01 1 43E+01
Sr-90 4 68E+05 5 44E+05
Tc-99 3 20E+02 3 62E+02
Th-229 514E-03 591E-03
Th-230 1 08E+00 1.09E+00
Th-232 2 34E-03 2 34E-03
TI-208 4 04E-02 5 88E-02
U-232 1 09E-01 1.58E-01 Thermal Power
U-233 6 80E-01 7.79E-01 Nominal Heat
U-234 1.49E+03 1 49E+03 Output Bounding Heat
U-235 2.21 E+00 2 72E+00 (Watts) Output (Watts)
U-236 1 80E+01 1 92E+01 7.11tE+03 8.22E+03
U-238 1.36E+00 1 49E+00 Total Total
Y-90 4 68E+05 5 45E+05
Other Radionuclides 5 31 E+05 6 29E+05

|Total Canister Usage Summary
I 180 x to| 18' x 15' 24' x 10' 245 x S'| HIC I CO

NunmerofCanistersl 80 1 77 00 0 0 5.0 0 0

|Bare Fuel Transfers
I O |Assemblies

J
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2030 Summary, TSPA Category 3: U/Pu Carbide

1i T-
uv --le ovn -:

Total
Nominal Fuel Bounding Fuel Photon Photons/sec

Radionuclide - -"nveftfories(Ci) Inventories(Ci) Energy Group (bounding)

Ac-227 1 99E-03 3 98E-03 Avg MeV

Am-241 t 08E+04 2.13E+04 00150 2713E+16

Am-242m 594E+01 1 17E+02 00250 5306E+15

Am-243 3 81 E+01 7 62E+01 0 0375 4 631E+15

C-14 2.76E+02 5 53E+02 0 0575 4 516E+15

CI-36 5.20E+00 1 04E+01 0 0850 2 451E+15

Cm-243 7.36E+00 1 44E+01 0 1250 2-599E+15

Cm-244 I 22E+03 244E+03 02250 1.657E+15

Co-60 331E+06 662E+06 03750 7.841E+14

Cs-134 1 85E+04 371E+04 05750 1.035E+16

Cs-1 35 1 38E+00 2.73E+00 08500 25r84E+15

Cs-137 1 07E+05 2.13E+05 1.2500 4911E+17

Eu-154 3 20E+04 6 40E+04 1.7500 4464E+13

Eu-155 1 05E+04 2 10E+04 22500 2 094E+13

Fe-55 1 99E+06 397E+06 27500 1 747E+11

H-3 3 01 E+03 6 02E+03 3 5000 1 744E+10

1-129 3 45E-02 6 79E-02 5 OO00 1 582E+07

Kr-85 9 70E+03 1 94E+04 770000 1 820E+06

Np-237 3 86E-01 768E-01 110000 2 089E+05

Pa-231 6 51 E-03 1.30E-02

Ph-210 7 41 E-07 1.48E-06

Pm-147 t 06E+05 2.12E+05

Pu-238 8 71 E+03 1.74E+04

Pu-239 t 91E+03 314E+03

Pu-240 I 47E+03 2 28E+03

Pu-241 4 88E+05 9 68E+05

Pu-242 5-85E+00 1 15E+01

Ra-226 6 94E-06 1.39E-05

Ra-228 1 01E-03 2.03E-03

Ru-106 8 37E+03 1.67E+04

Se-79 518E-01 1.03E+00

Sn-126 7.32E-01 1.43E+00

Sr-90 9 60E+04 1 92E+05

Tc-99 1 86E+01 3 68E+01

Th-229 9 55E-04 1 91 E-03

Th-230 2.89E-03 5 79E-03

Th-232 I 37E-03 2 74E-03

TI-208 2 54E-01 5 08E-01

U-232 7.31 E-01 1 46E+00 Thermal Power

U-233 8 23E-01 1.65E+00 Nominal Heat

U-234 2 91 E+01 5.83E+01 Output Bounding Heat

U-235 1 55E+00 2 86E+00 (Wafts) Output (Watts)

U-236 5 36E-01 1 07E+00 5 67E+04 1.13E+05

U-238 2.84E-01 5 49E-01 Total Total

Y-90 9 61E+04 1 92E+05

Other Radionudides 2.99E+05 5 97E+05

ITotal Canister Usage Summary
18510 I 18x x 15 24'x0 1 | 24' x S' | HIC MMO

Number of canistersi 1 2 82 0 0 00 00

Bre Fuel Trnsfers
I a l Wsmbis

DOE/SNF/REP-078
Revision 0
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2030 Summary, TSPA Category 4: MOX

Gamma Sources
Total

Nominal Fuel Bounding Fuel Photon Photons/sec
Radionuclide Inventories(Ci) Inventories(Ci) Energy Group (bounding)
Ac-227 2 31 E-01 4 03E-01 Avg. MeV
Am-241 9 30E+05 1 61E+06 00150 2002E+17
Am-242m 3 37E+03 5 96E+03 0 0250 3 932E+16
Am-243 161E+03 281E+03 00375 3694E+16
C-t4 1-t2E+04 1t95E+04 00575 5717E+16
CI-36 2.12E+02 3 68E+02 0 0850 2.129E+16
Cm-243 4.55E+02 8.16E+02 01250 1.515E+16
Cm-244 1.12E+04 I 90E+04 02250 1 806E+16
Co-60 6 53E+05 9 29E+05 0 3750 7811E+15
Cs-1 34 1 47E+03 2 70E+03 05750 1 825E+17
Cs-135 879E+01 1 55E+02 08500 3112E+15
Cs-137 2 82E+06 4 94E+06 1.2500 7112E+16
Eu-154 604E+04 989E+04 1.7500 8998E+13
Eu-t 55 1 45E+04 2 60E+04 2.2500 3701 E+11
Fe-55 428E+03 503E+03 2.7500 4 641E+1I
H-3 1 50E+04 2 52E+04 35000 4 173E+08
1-129 2 26E+00 4 00E+00 5s0000 1 652E+08
Kr-85 5 21 E+04 8 96E+04 70000 1 883E+07
Np-237 1 88E+0O 3 30E+01 t1.0000 2150E+06
Pa-231 2 66E-01 4 62E-01
Pb-210 41IE-03 7 33E-03
Pm-147 1.50E+04 2.74E+04
Pu-238 1.51 E+05 2.51 E+05
Pu-239 1.73E+05 2.12E+05
Pu-240 127E+05 1 65E+05
Pu-241 4 56E+06 1 32E+07
Pu-242 I 76E+02 1 96E+02
Ra-226 9 46E-03 t 68E-02
Ra-228 5.57E-02 9 68E-02
Ru-I 06 1 42E+01 2 61E+01
Se-79 2 78E+0 4 88E+01
Sn-i 26 5 89E+01 I 05E+02
Sr-90 1 84E+06 318E+06
Tc-99 1 02E+03 1 79E+03
Th-229 2 03E-01 3 57E-01
Th-230 6 84E-01 1 20E+00
Th-232 5 58E-02 9 69E-02
Tl-208 7 62E+00 1 32E+01
U-232 2 06E+01 3 56E+01 Thermal Power
U-233 3 35E+01 581E+01 Nominal Heat
U-234 1.19E+03 207E+03 Output Bounding Heat
U-235 5 40E+01 9.33E+01 (Watts) Output (Watts)
U-236 2.19E+01 3 81E+01 8.41E+04 1.38E+05
U-238 1.34E+01 215E+01 Total Total
Y-90 1 84E+06 318E+06
Other Radionuclides 6 26E+06 1 09E+07

|Total Canister Usa Summary
I 18xI0 I W xi5' I24'x 10 24' x15' HICMC

Number of Canisterm 13.3 127.5 0 0 0 4 0 OO

Bare Fuel Transfers
3 Assemblies

C,4
Li

j

21

DOE/SNF/REP-078
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2030 Summary, TSPA Category 5: U/Th Carbide

liI <fm :C lrr
.... a I: uu-.1

Total
Nominal Fuel Bounding Fuel Photon Photons/sec

Radionuclide -- * ' Inventories(Ci) Inventories(Ci) Energy Group (bounding)

Ac-227 3.56E+00 521A+00 1 Avg MeV
e~e~jL~uj -4ii-UI

I

I

l.-Al~ Z.t53j+Vj -4 1 a c-+UJ Ovlbw I ->C10

Am-242m 210E+00 301E+00 00250 1613E+16

Am-243 411E+01 596E+01 0M0375 1 404E+16

C-14 2 06E+01 2 99E+01 o 0575 1.513E+16

CI-36 9 53E-01 1 38E+00 _ 00850 9 1302+15~ QACfl ni fl19 A IZ.r.1

_i
OmOA a CW .U - ---- u ---- ----- --

Cm-244 4 95E+03 6 73E+03 02250 7.915E+15

Co-60 2 91 E+02 3 61 E+02 I 0 3750 3.424E+15

Cs-134 232E+01 2.78E+01 05750 5580E+16

Cs-1 35 221E+01 3.20E+01 08500 8157E+14
,; -Cfl H - Ap __ _A

rI j _ 4 <7 1 C/U I AU- I - ;RUU + UCtlS

I i
iJ

t.s- 1.31

Eu-1 54 1.09E+04 1.40E+04 1.7500 2499E+13

Eu-155 6.68E+02 8.26E+02 2.2500 1 914E+09

Fe-55 2 74E-02 3 29E-02 2 7500 2 545E+13

H-3 2 85E+03 3 79E+03 3 500 1 063E+08

I-t29 9 01 E-01 I 31E+OO s oooo 4.5292+107

Kr-85 283E+04 3 71E+04 70000 5.201E+06

Np-237 1 i2E+Oi t 62_+01 11 0000 5.962E+05
D_ AAX -ZJC+U O I-:Z-U

I
ra-231 . AOC n _ O ______
Pb-21 0
Dm.t 4

qv49C-UJi Z Z0taU
1.11 �

9 Zk8t+01 1.1 1 r+Uz

Pu-238 1 40E+05 2.00E+05

Pu-239 121E+02 1.76E+02

Pu-240 2 44E+02 3 54E+02

Pu-241 1.4E+04 1 94E+04~ AIC.- nqactv
II D, LOAO *> - / tU ------

Ra-226 2 88E-03 4 38E-03

Ra-228 8 20E-01 119E+00

Ru-1 06 2 39E-05 3 06E-05

Se-79 1 88E+01 2 73E+01
E 4 OA I1 YO+U !1 - .U

Sr-90 t 02E+06 1 42E+06

TC-99 2 98E+02 4.31 E+02

Th-229 1 03E+01 1.54E+01

Th-230 1.80E-01 2 67E-01~~~~ A a |B_
Th-232 Z cu-
TI-208 5.09E+02 725E+02 |

U-232 1.38E+03 1 96E+03 Thermal Power

U-233 1 84E+03 267E+03 Nominal Heat

U-234 2 60E+02 3 78E+02 Output Bounding Heat

U-235 3 85E+00 5 40E+00 (Watts) Output (Watts)

U-236 7 71E+00 1.12E+01 175+04 2.45E+04

U-238 4 87E-02 5.37E-02 Total Total

Y-9o 1 02E+06 1A2E+O6

Other Radionuclides 1 03E+06 1 44E+06

ITotal Canister Usage Summary
I x81xiO 18- x 15 | 1 24xt10o 24'x t5' HIC MCO

NumberofCanistersl 00 o 567.2 1 o 0 1 00

Bare Fuel TraM
O |Assemblies

; I DOE/SNF/REP-078
._ Revision 0

March 2003
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2030 Summary, TSPA Category 6: UITh Oxide

Gamma Sources

| Total
- - Nominal Fuel Bounding Fuel Photon Photonsasec

Radionuclide Inventories(Ci) Inventories(Ci) Energy Group (bounding)
Ac-227 2 92E+02 346E+02 Avg. MeV
Am-241 266E+04 527E+04 00150 2244E+17
Anm-242m 5 57E+01 1 08E+02 0 0250 4 609E+16
Arn-243 5.10E+01 I 01E+02 00375 3941E+16
C-1 4 6.29E+02 1 05E+03 0 0575 4 371 E+t6
Cl-36 1.21 E+01 2 01 E+01 | 0850 2 763E+ 1 6
Cm-243 3.30E+00 6 12E+00 01250 1718E+16
Cm-244 543E+02 1 07E+03 02250 2486E+16
Co-60 8 69E+04 1 74E+05 0 3750 9 899E+15
Cs-134 1.29E+01 2 70E+01 05750 1 523E+17
Cs-135 8.14E+01 984E+01 08500 2757E+15
Cs-1 37 3.18E+06 4 03E+06 1 2500 1 365E+16
Eu-154 1.37E+04 2 20E+04 17500 2 002E+14
Eu-155 699E+02 1 25E+03 22500 7261E+10
Fe-55 901E+02 1 80E+03 2|7500 1 481E+15
H-3 3 85E+03 5 71 E+03 3 5000 2 263E+07
1-129 4 46E+00 5 36E+00 5 0000 9 005E+06
Kr-85 857E+04 1.20E+05 70000 9599E+05
Np-237 837E-01 1.39E+00 11|0000 1 0512E+5
Pa-231 3 36E+02 4 01 E+02
Pb-210 4 97E-02 5 77E-02
Pm-147 1 81 E+02 3 66E+02
Pu-238 I 02E+04 1.96E+04
Pu-239 1 36E+03 2.65E+03
Pu-240 944E+02 1 85E+03
Pu-241 1 52E+05 3.02E+05
Pu-242 7 66E+00 1.52E+01
Ra-226 7 79E-02 9 01 E-02
Ra-228 1 30E+01 1.55E+01
Ru-I 06 2 65E-03 5 29E-03
Se-79 996E+01 1.19E+02
Sn-126 1.12E+02 1.34E+02
Sr-90 31 8E+06 4 04E+06
TC-99 9 30E+02 113E+03
Th-229 2 22E+02 2 58E+02
Th-230 3 47E+00 412E+00
Th-232 5 34E+00 5 59E+00
Tl-208 3 46E+04 4 22E+04 _

U-232 9 38E+04 t.14E+05 I Thermal Power
U-233 1.55E+04 I 88E+04 |Nominal Heat
U-234 2.32E+03 2 81 E+03 Output Bounding Heat
U-235 1.94E+00 3 73E+00 (Watts) Output (Watts)
U-236 1.09E+00 1 89E+00 6.32E+04 8.110E+04
U-238 3 58E-01 7.14E-01 Total Total
Y-90 3.18E+06 4 04E+06
Other Radionuclides 3 81 E+06 4 89E+06

Total Canister Usage Summary
| 18-x10W | 18x15 s 24'x1 | 24'x1s 5 HIC MCO

Number of Canisters| 118 | 17 0 0 O 270 | 80 | 0 |

|Bare Fuel Transfers
I 0 Assemblies

I

Li

]
I7
I

DOEISNF/REP-078
Revision 0

March 2003
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2030 Summary, TSPA Category 7: U-Metal

Gamma Sources
Total

- Nominal Fuel Bounding Fuel '.Photon Photons/sec

Radionuclide inventories(i) lnventories(C) Energy Group (bounding)

Ac-227 1.77E-02 1 84E-02 Avg MeV

Am-241 541E+05 616E+05 00150 2262E+17

Am-242m 3 03E+02 3 56E+02 0 0250 4 602E+16

Am-243 2.80E+02 349E+02 00375 4.221E+16

C-14 2.89E+03 2 96E+03 0 0575 5 074E+16

CI-36 3 72E+01 3 73E+01 0 0850 2 547E+16

Cm-243 I 21E+01 2 29E+01 0.1250 1 665E+16

Cm-244 3 11E+03 498E+03 0.2250 2 1822E+16

Co-60 1 02E+04 1 02E+04 03750 9461E+15

Cs-134 6 25E-01 7 02E-01 0 5750 2 028E+17

Cs-135 605E+01 681E+01 08500 1.754E+15

Cs-1 37 4 86E+06 5 49E+06 1 2500 1s507E+15

Eu-154 1.08E+04 125E+04 17500 4.675E+13

Eu-i 55 3.43E+02 3 80E+02 22500 8650E+09

Fe55 9 32E+00 9 40E+00 2.7500 1 757E+09

H-3 8 12E+03 9 27E+03 3.5000 1 619E+08

1-129 4 94E+00 5 57E+00 5 0000 6 854E+07

Kr-85 5 92E+04 6 66E+04 7 0000 7 795E+06

Np-237 512E+01 580E+01 110000 8894E+05

Pa-231 3 36E402 3.50E402

Pb-21 0 7 68E-03 7.74E-03

Pm-1 47 t 85E0 1S93E+02

Pu-238 9S92E+04 1.15E+05

Pu-239 1.62E+05 I 82E+05

Pu-240 122E+05 1 38E+05

Pu-241 1 57E+06 1 80E+06

Pu-242 8 01 E+01 9 37E+01

Ra-226 1.59E-02 1 61E-02

Ra-228 5.20E-04 520E-04

Ru-106 316E-05 3 16E-05

Se-79 6 56E+01 7.36E+01

Sn-126 120E+01 1.35E+01

Sr-90 3.50E+06 3 93E+06

Tc-99 2 15E+03 2 41 E+03

Th-229 318E-03 319E-03

Th-230 9 76E-01 9 94E-01

Th-232 5 20E-04 5 20E-04

T1-208 
3 52E-02 4 45E-02

U-232 9-48E42 120E-01 Thermal Power

U-233 429E-01 432E-01 Nominal Heat

U-234 1.50E+03 1 55E+03 Output Bounding Heat

U-235 4.59E+01 5 28E+01 (watts) Output (watts)

U-236 7.59E+01 8 43E+01 7.78E+04 8 79E+04

U-233 7 OOE+02 7.02E+02 Total Total

Y-90 3 50E+06 3 93E+06

Other Radionuclides 5 20E+06 5 80E+06

|Total Canister Usage Summary
18"sx10 18a, x 1 24' x 10 ' 24"x15 1 HIC j MCO

NumberofCanisterst 11 7 1 4 0 0 40 38504

Fuel Transfers

I 0 Aasemb2003

DOE/SNF/REP-078
Revision 0

March 2003
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I

2030 Summary, TSPA Category 8: U-Oxide

Gamma Sources
Total

Nominal Fuel Bounding Fuel Photon Photons/sec
Radionuclide lnventories(Ci) Inventories(Ci) Energy Group (bounding)
Ac-227 31 1 E-02 4 32E-02 Avg. MeY
Am-241 4.76E+05 8 53E+05 0 0150 3 360E+17
Am-242m 8.53E+02 1.56E+03 0 0250 6806E+16
Arr-243 1 92E+03 3.53E+03 00375 6313E+16
C-14 2 74E+03 2 93E+03 0 0575 7 435E+16
Cl-36 392E+01 4.16E+01 0-0850 3779E+16
Cm-243 6 30E+02 1.16E+03 01250 2 540E+16
Cm-244 111 E+05 2 04E+05 0.2250 3.238E+16
Co-60 5 62E+04 7 59E+04 0.3750 1 401E+16
Cs-134 1.11E+03 221E+03 05750 3034E+17
Cs-135 726E+01 1 19E+02 08500 3533E+15
Cs-137 4 93E+06 8 20E+06 1 2500 7 691E+15
Eu-154 373E+04 675E+04 17500 98t1E+13
Eu-155 321E+03 565E+03 22500 1 534E+12
Fe-55 9 59E+03 1 87E+04 2 7500 5 222E+10
H-3 4 66E+04 8 21 E+04 3 5000 4 846E+09
1-129 4 03E+00 6 78E+00 5 0000 1 287E+09
Kr-85 815E+04 1 33E+05 7 0000 1 483E+08
Np-237 412E+01 7.17E+01 110000 1703E+07
Pa-231 5 30E-02 7 30E-02
Pb-210 8 43E-03 8 80E-03
Pm-i 47 9.75E+03 1 90E+04
Pu-238 2.18E+05 3 98E+05
Pu-239 5.05E+04 8 08E+04
Pu-240 5.26E+04 9.17E+04
Pu-241 1.97E+06 3.56E+06
Pu-242 1 99E+02 3 65E+02
Ra-226 1.71 E-02 1.80E-02
Ra-228 5 97E-04 6.14E-04
Ru-106 8 83E+02 1 77E+03
Se-79 5 68E+01 9 26E+01
Sn-126 9 37E+01 1 62E+02
Sr-90 3 57E+06 5 79E+06
Tc-99 1 82E+03 2 97E+03
Th-229 3 94E-03 4 32E-03
Th-230 1 01E+00 1 08E+00
lT-232 5 97E-04 615E-04
T1-208 5 34E-01 9 54E-01
U-232 1 45E+00 2 58E+00 Thermal Power
U-233 5 44E-01 612E-01 Nominal Heat
U-234 1 44E+03 I 57E+03 Output Bounding Heat
U-235 1 01E+01 1 58E+01 (Watts) Output (Watts)
U-236 5 08E+01 7 51 E+01 7.91E+04 1 35E+05
U-238 5.79E+01 5 88E+01 Total Total
Y-90 3.57E+06 5 80E+06
Other Radionuclides 5 43E+06 8 65E+06

ITotal Canister Usage Summary
18sx 10 1s x 15 24'x t 2x x15' HIC | MCO

NumberofCanisters| 250.5 481 2 00 00 132 8 18 0

Bare Fuel Transfers
163 Assemblies

Li
L I

-J

I

DOE/SNFIREP-078
Revnsion 0

March 2003
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2030 Summary, TSPA Category 9: Al-Based Fuel

4I . .... vvv_. _,

Radionuclide

Total
Nominal Fuel Bounding Fuel Photon Photons/sec

- - I . " n I I Inventories(Ci) Inventories(Ci) Energy Group (bounding)

6 27E-03 124E-02 Avg MeV
3 22E+04 6 20E+04 0 0150 1.183E718
O AlF 1~ S404-01 0 0250 2A91E+17

i Ac-227
Am-241

-

I

21,L

Am-242m
Am-243 3 86E+01 6 81 E+01 0 0375 2.230E+17

C-1 4 1.53E+00 303E+00 00575 2307E+17

CI-36 1 45E-03 2 89E-03 00850 1 421E+17

Cm-243 611E+00 1 08E+01 0.1250 1 073E+17

Cm-244 317E+03 523E+03 02250 1 217E+17

Co-60 2 29E+02 4 46E+02 0 3750 5 538E+16

Cs-134 6 09E+05 1 22E+06 05750 8 494E+17

Cs-1 35 2 17E+01 4 21 E+01 0 8500 5 509E+16

Cs-I 37 1 08E+07 2 09E+07 1 2500 1.353E+16

Eu-1 54 1 88E+05 3 62E+05 1 7500 5 877E+14

Eu-155 6.38E+04 124E+05 2.2500 7673E+14

Fe-55 9 98E+03 1 97E+04 2.7500 4425E+12

H-3 2.62E+04 5l1 E+04 3 5000 4 8970E+11
IOA =- fnr ' ¶IA=1RF..fl

, xAq V UvC+W , - -- ~t z VWV

i-i zif

kr-85 6 410E+05 I125E+0 700 4 380006

Np-237 6 48E+01 1 21E+02 1 100 4 982005
. IAO~ Q'iiv) 1

ne ons & WC'VL a VV_-V;
i

L

ra-40 I - l Al r1C~f
no t4A 0.1 UCAW | .v | C-vo

Pro-Z 1U
n I Z1 t w O � - C.W
Pm-147 ------ ._._
Pu-233 1.86E+05 3 34E+05

Pu-239 1.02E+04 2 01 E+04

Pu-240 5.40E+03 1.07E+04

Pu-2411 4 99E+05 9 64E+05

Pu-242 6 09E+00 1 14E+01

Ra-226 2 30E-03 4 56E-03

Ra-228 7 75E-06 1.54E-05

Ru-102 2 35E+05 4.71E+05

Se-79 7 090+01 1.38E+02
A nC n I 9FV-n9

I _A_ OR V VVC-V - I | - V V;

r,-l 1 7
Sr-90 1.0tE+07 1 97E+07

Tc-99 2.32E+03 4 51 E+03

Th-229 5 21 E-05 1 02E-04

Th-230 2 43E-01 4 81 E-01
_ _ 7F Ofi 1 62E.-0

L-
ow

TO O<t o . I CV

I > n - t fl4 A OAC6F-01
.. A^O I ! 1I-UI *.WC-V -

I IZVO

-U-232 5 87E-01 1.13E+00 1 Thermal Power

I i U-233 2 05E-02 3 97E-02 Nominal Heat

U-234 7.82E+02 1.54E+03 I Output Bounding Heat
_ _21 E+0 1 3 71 E+01 anttsi Output (Wattsi

U-235 _._...___ ,--

U-236 848E+01 1 64E+02 1 1.51E+05 2.93E+05
. Re c. - -r.- a1 T..-i Total1~~~ ~ 010+0 1 w7+0

I I.O v bl c+w , -1v *v

1!
Yg90 1 01E+07 5 97E+07

Other Radionucides 1 32E+07 2 59E+07

Total Canister Usage Summary
- i- _ .,..- .-... . I .I I U CIn I

I 13'XIO, I la- x 15' I "- . .. I .. . - I _.__

NumberofCanistersl 10172 I 2358 j 1653 00 | 10 I 00

Bare Fuel Transfers
I 0 Assemblies

DOEISNF/REP-078
Revision 0

March 2003
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2030 Summary, TSPA Category 10: Miscellaneous SNF

.5
Gamma Sources

Total
Nominal Fuel Bounding Fuel Photon Photons/sec

Radionuclide - Inventories(Ci) Inventories(Ci) Energy Group (bounding)
Ac-227 2 23E-01 2 23E-01 Avg. MeV
Am-241 7.75E+05 7 77E+05 00150 7 646E+16
Am-242m 1.42E+03 1 45E+03 00250 1 502E+16
Am-243 1.44E+03 1.45E+03 00375 1 276E+16
C-1 4 1.07E+04 1 07E+04 00575 2 400E+16
CI-36 202E+02 202E+02 00850 8043E+15
Cm-243 587E+01 6 56E+01 01250 5691E+15
Cm-244 8 42E+03 8 45E+03 02250 6955E+15
Co-60 3.46E+05 346E+05 03750 3010E+15
Cs-134 2.10E+01 477E+01 05750 5 074E+16
Cs-i 35 3-96E+01 4 04E+01 0 8500 1 093E+15
Cs-1 37 1.34E+06 1.36E+06 12500 2642E+16
Eu-154 3.33E+04 336E+04 1 7500 3217E+13
Eu-155 9.35E+02 1.17E+03 22500 1 373E+11
Fe-55 481E+02 487E+02 27500 2367E+11
H-3 9.32E+03 9.39E+03 3 5000 1 490E+08
1-129 9 57E-01 979E-01 50000 6 281E+07
Kr-85 2 05E+04 2.1tOE+04 7 0ooo 7153E+06
Np-237 1 46E+01 1.46E+01 11 0000 8 161E+05
Pa-231 2.54E-01 2 54E-01
Pb-210 4.19E-03 4.19E-03
Pm-147 238E+02 507E+02
Pu-238 1 99E+02 244E+04
Pu-239 6 58E+04 6.91 E+04
Pu-240 3 39E+04 3 80E+04
Pu-241 1 49E+06 2 46E+06
Pu-242 1 51E+01 2 53E+01
Ra-226 9 53E-03 9.53E-03
Ra-228 5 33E-02 5.33E-02
Ru-106 201E-01 4-60E-01
Se-79 1 71E+01 1 73E+01
Sn-126 1 53E+01 1 61E+01
Sr-90 I 23E+06 1 24E+06
Tc-99 604E+02 6.11E+02
Th-229 2 OOE-01 2.00E-01
Th-230 6 72E-01 6.72E-01
Th-232 3 40E-03 3 78E-03
T1-208 6 72E+00 6.72E+00
U-232 1 82E+01 I 82E+01 Thermal Power
U-233 320E+01 320E+01 Nominal Heat
U-234 113E+03 113E+03 Output Bounding Heat
U-235 5 10E+01 5 1 OE+01 (Wafts) Output (Watts)
U-236 2 08E+01 2 08E+01 5.11E+04 5.24E+04
U-238 1 12E+01 1 13E+01 Total Total
Y-90 1 23E+06 1 24E+06
Other Radionuclides 4 57E+06 4 592+06

|Total Canister Usage Summary I
I 18-x10 s1, x 15' 24' x 10' 24 x 15 | HIC | CO

Number of Canistersr 26 0 0 00 0 0 0 0 0 0

|Bare Fuel Transters
I O h Assemblies

L
ItI

.- a
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2030 Summary, TSPA Category 11: U-Zr-Hx

EI - - . :…
Gamma Sources

Total
Nominal Fuel Bounding Fuel Photon Photons/sec

Radionuclide Inventones(Ci) Inventories(Ci) Energy Group (bounding)

Ac-227 5 49E-04 7A2E-04 Avg MeV

Am-241 7.30E+02 1.33E+03 0 0150 2.225E+16
Am-242m 8 92E-01 1.74E+00 0 0250 4767E+15

Am-243 1 09E+00 2.16E+O0 0.0375 4 305E+15

C-1 4 1 47E+01 2 57E+01 00575 4341E+15

C1-46 310E-01 539E-01 00850 2686E+15

Cm-243 8 89E-01 1 76E+00 01 250 2 145E+1 5

Cm-244 8 06E+01 1 60E+02 0 2250 2 292E+15

Co-60 4 67E+04 933E+04 03750 1 074E+15

Cs-134 1.1OE+04 219E+04 05750 1637E+16

Cs-t 35 3 49E+00 6 06E+00 0 8500 1.274E+15

Cs-I 37 2.12E+05 4 03E+05 1 2500 7.432E+15

Eu-i 54 1.06E+04 2 13E+04 1 7500 1.848E+13

Eu-155 3 92E+03 7.84E+03 2.2500 7.824E+12

Fe-55 2 60E+04 5.20E+04 2.7500 6 552E+10

H-3 6 00E+02 1.19E+03 3.5000 7 634E+09

1-129 893E-02 i 57E-01 50000 1 108E+06

Kr-85 1 32E+04 2 61 E+04 7 0000 1 271E+05

Np-237 5 41 E-01 1 04E+00 11 0000 1 457E+04

Pa-231 9 96-04 t 46E-03
Pb-210 1 94E-07 3 50E-07
Pm-147 6 86E+04 1 37E+05
Pu-238 1 71 E+03 3 37E+03
Pu-239 5 33E+02 9 08E+02
Pu-240 2.27E+02 3 93E+02
Pu-241 1 20E+04 2 38E+04
Pu-242 1.95E-Ot 3 80E-01
Ra-226 5.20E-07 9 60E-07
Ra-228 2 09E-05 346E-05
Ru-1O6 3 67E+03 7.34E+03
Se-79 1 58E+00 2.79E+00
Sn-126 1 49E+00 2 62E+00
Sr-90 I 98E+05 3 77E+05
Tc-99 5 27E+01 9 25E+01
Th-229 5 30E-05 7.90E-05
Th-230 5 46E205 1 04E-04
Th-232 2.27E-05 3 83E-05
TI-208 5.80E-03 1.12E-02
U-232 1f62E-02 3.13E-02 Thermal Power

U-233 1.32E-02 229E-02 Nominal Heat

U-234 2 07E-01 4 OOE-01 Output Bounding Heat

U-235 849E-01 1.12E+00 (Wafts) Output (Watts)

U-236 1.58E+00 2.79E+00 3 62E+03 7.00E+03

U-238 5 20E-01 5 24E-01 Total Total
Y-90 1 98E+05 3 77E+05
Other Radionudides 2 46E+05 4 70E+05

Total Canister Usage Summary
| 8xt' - x t15 24 0 x 10 I 24 x tS | HIC | MC

Number of Canisters| 86 8 00 6O7 0O

|Bare Fuel Tran:s~fers
| o Assemblies
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Appendix E

Uncertainty Estimates in the Template Source Terms
Spent nuclear fuel (SNF) source terms generated using the template methodology are estimates

based on reasonable assumptions, conservative analyses, and available characterization data. Each
assumption, analysis, and piece of data introduces some level of uncertainty into the final source estimate.
However, to predict an absolute uncertainty associated with each SNF would require knowledge of the
true source term. From the true source terms, comparisons could then be made relative to the template
estimates, and from the comparisons, one could then theoretically predict an uncertainty for the template
estimates.

Unfortunately, the true source terms are unknown and not available for such comparisons, and
therefore, their accuracy cannot be ascertained. But if the true source terms were available, we could
predict absolute uncertainties for the total activity of a specific fuel element, or for a specific radionuclide
within a specific fuel element, or the total activity for elements from one reactor, or the total inventory of I
all U.S. Department of Energy (DOE) SNFs. Of course, if the true source terms were available, there
would be no need for the template methodology and estimation of SNF source terms. It is for this reason
that the template methodology takes the "bounding" approach.

The bounding approach assumes, in those circumstances where bounding or maximum values can
be inserted into the analysis, that the source term will not exceed the estimated value. And although
conservatism is used everywhere possible in the template methodology, there is no guarantee that the final
template source term is indeed conservative. For example, the burnup used in all the templates is
extracted from the National SNF Database, and even the available maximum burnups do not have an
uncertainty associated with the given value. Therefore, one could argue that it is still possible that using
even the maximum burnup would underpredict an element source term.

However, if one were to use the maximum burnup for an entire group of elements, a group with
an associated range of burnups extending from a minimum value to a maximum value, the total source
term estimated for the group would necessarily have to be bounding. The question still remains though as
to uncertainty in the database burnup uncertainty. If the burnups in the database are taken as a given (the
maximum value is ideally the true maximum), then arguments similar to the one here that lead to
bounding source terms are valid. This is the approach taken in the template methodology.

Uncertainties in the template-generated source term estimates can, however, be identified, and a
quantitative value can be assigned to the uncertainty. This should help the reader better understand the
limitations and sources of uncertainties as applied to the template-generated source terms. The discussion
below focuses on this line of reasoning in an attempt to establish the limits of precision in the source term
estimates rather than in their accuracy.

The discussion is broken into two parts: (1) input data uncertainty estimation and (2) estimation
of uncertainties arising from the template methodology. The input data uncertainties arise from data used
primarily in the ORIGEN2 depletion calculation that is used to generate the radionuclide source term for
each SNF. The uncertainties arising from the template methodology are based on validation studies that
provide a confidence level on how well the calculations compare to measured assay data.

An additional complexity associated with the discussion here is because each SNF will
necessarily have a unique set of uncertainties. This is based on the fact that each SNF fuel has a unique
set of available characterization data. Some SNFs do not have a complete set of characterization data (for
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example, a fuel may not have a known burnup). Uncertainties in the available database characterization
data are not known. The quantitative values assigned in the following discussions are based on SNF
experience and are themselves estimates.

INPUT DATA UNCERTAINTY

The SNF fuel input data parameters that have associated uncertainties include the following:
(1) burnup (MWD, MWD/MT, fissions/cc, %FIMA, etc.), (2) beginning-of-life (BOL) heavy metal and
structural mass loadings, and (3) neutron cross sections. The influence of these three parameters and their
uncertainties varies depending on the particular radionuclides selected from the template source term.

Burnup

The source term can be understood to be the gamma energy emission emanating from, or the
decay heat generated by a particular SNF, or the concentration or activity of a particular nuclide. The
source term can be used for a variety of purposes. For example, it is used as input for both shielding and
thermal analyses.

First consider the source term in terms of its gamma energy emission rates over the 5 to 100-year
time span of interest. The gamma energy for the high burnup Advanced Test Reactor and Fort St. Vrain
fuel elements are given in Tables 1 and 2, respectively.

Table 1. Gamma radiation energy emission by component for high burnup Advanced Test Reactor as a
function of decay time.

Component 5-Year Decay 35-Year Decay 100-Year Decay

Activation products 0.02% 0.0002% 4E-6%

Actinides/daughters 0.002% 0.01% 0.04%

Fission products 99.98% 99.99% 99.96%

Table 2. Gamma radiation energy emission by component for high burnup FSV SNF as a function of
decay time.

Component 5-Year Decay 35-Year Decay 100-Year Decay

Activation products 1.69% 0.124% 5.68E-3%

Actinides/daughters 0.1% 1 0.319% 0.82%

Fission products 98.21% 99.56% 99.17%

The table data show that the fission products dominate the gamma energy emission rate across the
5 to 100-year decay times for both reactor SNF elements. Because the fission products dominate, the fuel
element burnup is the key factor in estimating a gamma-ray emission source term.

A similar analysis shows that the decay heat (beta-gamma emission energy) is also dominated by
the fission products, particularly at early times (<50-year decay). Therefore, again the uncertainty in the
burnup is the major contributor to the decay heat source term (see Tables 3 and 4).
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Table 3. Advanced Test Reactor SNF decay heat partitions as a function of decay time.

Component 5-Year Decay 35-Year Decay 1 00-Year Decay

Activation products 0.027% 0.0005% 0.0012%

Actinides/daughters 1.44% 3.84% 11.11%

Fission products 98.53% 96.16% 88.89%

Table 4. Fort St. Vrain SNF decay heat partitions as a function of decay time.

Component 5-Year Decay 35-Year Decay 100-Year Decay

Activation Products 0.756% 0.0366% 0.0016%

Actinides/Daughters 15.77% 29.07% 52.99%

Fission Products 83.47% 70.89% 47.0%

The source term associated with the end-of-life (EOL) actinide concentrations is driven by both J
burnup and neutron cross sections. Uncertainties in both will impact the actinide concentrations.

Therefore, the uncertainty in the burnup is the major contributor to the input data uncertainty for i
gamma-ray emission, decay heat, and actinide/fission product/activation product concentration source
terms. Bumups used in the source term estimates using the template methodology are typically taken
directly from the National SNF Database. For the majority of the SNFs or approximately 88% by mass, a
bumup is provided in the database. In addition to the nominal burnup, a maximum as well as a minimum
bumup is also given. Unfortunately, there is no uncertainty associated with these bumups.

Probably most of the bumups provided in the SNF database are derived from calculations (or in a
small number of cases derived from measurements). The calculations would most likely be based on
actual reactor power histories and estimated fuel element bumups appropriately partitioned based on a
total core power output over the known bumup period. The burnups are probably reasonable, but none (or
very few) are validated. Often, a single bumup is assigned to a group of elements to save time, despite the
fact that no two fuel elements would have identical burnups.

The difference between the database nominal and the maximum, and the difference between the
nominal and the minimum, does provide a quasi-uncertainty band about the nominal. This would be the
spread in bumup for the particular SNF. Use of the maximum bumup would necessarily imply a bounding J
source term. However, one might argue that an uncertainty would still exist based on the calculational
determination using input data with associated uncertainties for the maximum value.

An estimate for the uncertainty associated with a calculated burnup value would be
approximately ±10%, and a _5 to 10% uncertainty assigned to a measured burnup value.

Beginning-of-life Mass Loadings

Another calculation input data field with an associated uncertainty is the BOL heavy metal mass
loading. The BOL heavy metal mass loading of an element could potentially influence the neutron cross
sections used in the depletion calculation. However, typically, the BOL heavy metal masses are quite well
known with typical uncertainties in the range of ± a few percent for the major heavy metal components
(U-235, U-238, Pu-239). For the minor BOL actinides (U-234, U-236, etc.), the uncertainties may be in
the range of 5 to 10% and are typically based on measured data.
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In addition to the heavy metal mass loading, the fuel element structural material masses are also
part of the source term as activation products. BOL concentration uncertainties in the structural materials
are on the order of ±2 to 10% for the major constituents. Structural materials also contain impurities that
can contribute significantly to the source term. Impurities with concentrations in the 0-500 ppm range can
have uncertainties in the range of 10-200%. In order to reduce these uncertainties, the BOL impurity
concentration would have to actually be measured. In the template methodology, the major and impurity
concentrations are provided and referenced. In the conservative approach of the template methodology,
typically the upper limit ppm concentrations were taken for each impurity, and the impurity mass is
assumed to be additional mass relative to the major structural material components. Also, the total mass
of structural materials is slightly overestimated in order to be conservative, particularly for fuel elements
with complex fabrication features (grooves, holes, slots, tapers, etc.).

Neutron Reaction Cross Sections

The neutron cross sections for primarily actinides change as a complex function of core burnup,
mass loading, location in the core relative to targets, safety rods, etc., shim control rod/drum movement,
and other neutron spatial and spectral effects. All the templates, which are based on a particular fuel and
represent a particular fuel type, enrichment, moderator, and clad, have had specific cross sections
developed specially for that fuel and the represented fuel group. Cross sections were specifically
developed for 37 actinides and their (ny), (n,2n), (n,3n), and (n,f) nuclear reactions. The statistical
uncertainty in these cross sections at BOL are less than 1% for the (ny) and (n,f) nuclear reactions,
approximately 5 to 10% for the (n,2n), >10% for the (n,3n) reaction cross sections.

CALCULATIONAL METHODOLOGY UNCERTAINTY

There is an uncertainty associated with the calculational methodology used to generate the
template source terms or radionuclide inventories. The greatest uncertainties typically are the
uncertainties associated with the input data. The methods or computer codes used to estimate radionuclide
depletion, buildup, and decay are, however, quite accurate if the input data are exact. The closest we can
come to demonstrating the uncertainty in the calculational methodology is to perform validation studies.
In validation studies, the calculation input is assumed to be exact, and the calculated source terms are then
compared against measured data. Based on calculated and measured data comparisons, the uncertainty or
level of confidence bands can be determined on a radionuclide-by-radionuclide basis. Integrated values,
such as decay heats and gross gamma dose rates, are also compared in order to draw conclusions relative
to total inventories.

Measured Versus-Calculated

In order to understand the magnitude of expected uncertainty under the best input data conditions,
a limited number of validation studies have been performed to support the template methodology. These
studies compare measured radionuclide concentrations, isotopic ratios, decay heats, or gamma dose rates
with calculated values. The input data for the calculation is based on measured values that would include
burnup data, power or irradiation history information, BOL fuel element heavy metal loadings, and
material constituent impurity concentrations.
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Validation Studies
The following uncertainty estimates are based on generalized results from template validation

studies and represent expected calculated uncertainties for various radionuclides for EOL conditions:

1. +1-5% for U-235, U-238, Pu-239, Th-232 concentrations

2. ±10-30% for U-233, U-234, U-236, Np-237, Pu-240 concentrations

3. ±30-50% for other significant concentration higher-order actinides (Pu-238, Pu-241, Pu-242,
etc.)

4. ±-50-400% for other insignificant concentration higher order actinides and daughter decay
products

5. ±1-5% for direct yield fission products U
6. +5-50% for indirect yield and transmutation fission products

7. ±5-50% for major constituent activation products

8. ± factor of 2-3 for activation product impurities (Co-60, C-14, etc.)

9. _5-10% for decay heat

10. ± factor of 1.2-2.0 gross gamma dose rates.

It should also be remembered that the measurement data used in the comparisons also have
associated measurement uncertainties.

Application of templates to a particular SNF:

1. Burnup uncertainty is the major factor for fission product, actinides, and activation products.

2. If burnup is exact, the only uncertainty in the fission products are the fission yields. The fission
yields are based on best available measurements. Indirect-yield and transmutation fission j
products, although typically very low concentrations in SNFs, have a cross-section dependency
and, therefore, a cross-sectional uncertainty from the calculation.

3. If the bumup is exact, the actinides' cross sections for a particular SNF may not coincide exactly J
with cross sections of the template. However, the template uses a moderator, clad, and enrichment
similar to the SNF and, therefore, should be within a factor of 2. For high burnup fuels, the cross
section can change significantly with burmup, and differences of factors of 2-3 might be possible.

4. If burmup is exact, activation products from particle threshold reactions (high energy neutrons)
will be relatively independent of cross section and a very small cross-section uncertainty could be
expected (<20%). On the other hand, activation products produced from thermal reactions will be
cross-section dependent and may vary by a factor of 2 or more from the template-generated cross
sections.
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CONCLUSIONS

Based on the above discussions, the following conclusions are drawn:

1. The uncertainty for the total DOE SNF inventory activity is estimated to be:

* If, X is the total nominal burnup (MWD) of all DOE SNFs,

* Then, the uncertainty band is given by XeX14, where ±X/4 is then uncertainty in the
nominal burnup and also the total activity.

* If, Y is the total maximum burnup (MWD) of all DOE SNFs,

* Then, the uncertainty band is given by Y±Y/10, where tY/10 is then uncertainty in the
maximum bumup and also the total activity.

2. Uncertainties will vary, however, from radionuclide-to-radionuclide in each of the
template-generated source terms, and between each template source term.

3. In addition to the burnup uncertainty, the template-generated values will also have the following
cross-section uncertainty and are broken out as follows:

* For actinides:

- _5% for U-235, U-238, Pu-239, Th-232

- _50% for U-233, U-234, U-236, Pu-240, Np-237

- +100% for other significant concentration higher order actinides (Pu-238,
Pu-241, Pu-242, etc.)

- +200-400% for other insignificant concentration higher order actinides and
daughter decay products

* For fission products:

- ±1% for all direct yield fission products

- ±5-50% for all indirect/transmutation fission products

* For activation products:

- _5% for high energy threshold particle reactions (n,p), (ncL)

- _5-10% for high energy threshold particle reactions (n,2n)

- ±>I0% for high energy threshold particle reactions (n,3n)

- ±50% for thermal activation products
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4. In addition to the burnup and cross-section uncertainties, the template-generated values will also
have uncertainties in the BOL mass loadings and are broken out as follows:

* For actinides:

- ±<2% for U-233, U-235, U-238, Pu-239, Th-232

- ±10% for U-234, U-236, Pu-240

* For activation products:

- @±2-10% for major structural constituents

- ±10-200% for impurity generated activation products.

L


