
OECD/NEA 
Burnup Credit Criticality Benchmark 

Phase IIIB 

Nuclide Composition and 
Neutron Multiplication Factor 
of BWR Spent Fuel Assembly 

Yoshitaka NAITO’ 

Hiroshi OKUNO” 

November 1996 

Japan Atomic Energy Research Institute 

‘e-mail naitoc~popsvr.t,okai.jacri.go.jp 
‘e-ma.il okllno~(:!:~lorle.tok;ti.jarri.go.jp 



1 Introduction 

We have st,udicd a.n effect of a hurnup profile on the criticality calculation through 

benchmarks Phase II. In t’hese benchmarks, the type of fuels has been limited only to that 

for PWRs. 

Considering tJhe situation that BWRs are extensively used in some major countries, it 

is also important1 to evaluate an effect of t’he burnup profile of BWR fuels. It is, l~cwevc~., 

cumbersome to ca,lculate the hurnup profile of l3WR on a.ccount of presence of void ;lnd 

insert,ed control rods, complicated design of the fuel and usage of gadolinium(Gd). 

Special difficulties in evaluating burnup profile of BWR fuels come from the last, one, 

because Gd is intensively used for suppressing t,he initial excess reactivity. Burnup of Gd 

result,s in an increase in reactivitSy during burnup of fuel for up t,o about, 10 GWd/tIIM. 

This has given a good reason for Phase III exercises that treat burnup credit bench- 

marks for criticalit,y ca,lculations of burnup B%‘R fuels. Phase TIIA has inbended to 

evaluate the neutron multiplication factor considering an axial burnup profile: Phase ITIB 

intends to demon&rate the evaluation t,ools of the nuclide composition are appropriate. 

2 Geometry Specification 

Figure 1 shows a horizontal cross section of a BWR fuel assembly of a t,ypical 8 by 

8 t,ype. A large water rod is located iu the center of the fuel assembly. The dimensions 

of the fuel msembly are shown in Table 1. 
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Table 1 Dimensions of Assembly, Fuel and LVater Rods [cm] 
Assembly Pitch 1m-i 

Thickness of Channel Box 0.2.54 
l/2 Thickness of Water Gap 0.846 

Cell Pitch 1.63 - 
Out.er R.adius of Fuel R.od 0.615 
Inner Radius of Fuel Rod 0.529 
Cladding Thickness of Fuel Rod 0.08G 1 --- 
Outer Radius of 1Vatcr Rod 1.6 
Inner Radius of Water Rod 1.5 
Cladding Thickness of Water Rod 0.1 

3 Material Specification 

The design of the fuel assembly of BWR is complicated compared wit’11 PVVR assem- 

bly. As shown in Figure 1, it consist,s of five kinds of fuel rods, 4.9 ? 3.6 , 3.0 and 2.3 

wt 7% U-235-enriched UO2 rods Mhout Gd and 3.0 wt,% U-235 - enriched U(L)2 rods witah 

4.5 wt% Gd, and a water rod. 

Table 2 shows nuclidc densit.ies of each fresh rod. In this tabie, the number densities 

shown are the values averaged over bhe entire inner rod region (pellet -t gap), These of 

cladding and moderator are shown in Tables 3 and 4, respectively. 



Fuel Rod Confieuration 
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@ gj : In-channel Moderator 

t q : Out-channel Moderator 

Rod Type ID : Channel Box 

0.529 cm 

Fuel Rod : 

0.006 an 

Water Rod : 

Geometry Data 

Assembly Pitch = 15.24 cm 
Cell Fitch = 1.63 cm 
OuterRadius of Fuel Rod =0.615 cm 
lnner Radius of Puel Rod =0.529 cm 
Cladding Thickness of Fuel Rod =a.086 cm 
Outer Radius of Water Rod = 1.6 cm 
Inner Radius of Water Rod = 1.5 cm 
Cladding Thickness of Water Rod = 0.1 cm 
Channel Thickness = 0.254 cm 
In-Thickness of Water Gap =0.846 cm 

Figure 1 Fuel Asscrrhly of BWR 
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Table 2 Initial Isotopic Composition of’ Fuel and Water Rods(Temperature: Fuel rods at 

900 K. wat,er rod i 559 K) 
Enrichment 

4.9 wt% 

Rod Type ID 
1 

Gadolin% 

--- 

--___ 
Isotope 
U-234 - 
u-235 
U-23G 
U-238 
O-16 
LJ-23.1 
u-235 
U-236 
U-238 
O-16 
l-J-234 
U-235 
U-236 
U-238 
O-16 
u-234 
11-235 
11-236 
LJ-238 
O-16 
17-234 
u-235 
U-236 
U-238 
O-16 
Cd-154 
Gd-155 
Gd-156 
Gd- 157 
Gd-158 
Gd- 160 --- 
H-l 
0-16 

%zDensity( lO?“/cm”) -___ -. 
1.0443E-5 
1.1284E3 
6.93173-6 
2.1606E-2 
4.5504E-2 --...------- --.-. ____ 
7.5720E-6 
8.2904E-1 
5.17OlE-6 
2.19073-2 
4.5497E-2 --- 
6.24683-6 
6.9087EA 
4.35703-6 
%.2046E-2 
4.54943-2 

4. i'008E-6 
5.2968E-4 
3.4X333-6 
2.2208E-2 
4.5391E-2 -__ ----. ..~ ___ 
5.8824E-6 
6.50573-4 
4.1028E-6 
2.0759E-2 
4.5095E-2 
3.22533-5 
2.214lE-4 
3.0778E-4 
2.3576%4 
3.7393E-4 
3.3200E-4 --- 
4.9316E-2 
2.4658E-2 -- -____ 



& i/'L ‘d 

Ta\h 3 Cladding and Channel Box - Zircalloy-4( at 559K) 

Table 4 Modcrat.or - W&x ( at, 559K) 

---. 
70 

' --tip- -------_ 
1.6.512E-2 

t O-16 1 8.2712E-3 



4 Parameters of the Calculation 

4.1 Case Names and Burnup Parameters 

The nuclide composition and k,,,,f are requested t,o be evaluat,cd for t,hrce void fraction. 

Specific power is 25.6 M$V/tHM for all cases, fuel burnup is 40 GWd/tHM? and t,he cooling 

time after burnup is 0 and 5 years. The relation of t!he case name and burnup pararnctcrs 

is shown in Table 5. Note that t,he temyerat,ures of fuel and &her componems of t,lie 

assembly are assumed to remain in t,he hot. condition even throughout t,he cooling period. 

Case Name Void Fraction 
[‘r,] --- ___-. - --__ 

l-f---- 

1 0 
2 40 
3 70 -_-_A 

* Assembly Value 

4.2 Benchmarked Nuclides 

Nuclides that, should be benchmarked are 12 actinides and 20 FPs, as shown in Table 

6. 

Table 6 Bcnchrnarkt!d Nuclides 
L 

Pu-23S,239?2~0,2i11?232 
Am-241,Am-243 

I_.- 
Mo-9.5,Tc-99,Ru-1C)l,Rh-lO3,Ag-10! 
cs-1.33 

sm-147,149,150,151,152 
Nd-143,Nd-145 
Eu-153,Eu-155 



5 Requested Data 

For the 8 by 8 assemblyl participa.nt~s arc requested to evaluat,e t,he following quanti- 

tics. 

1. Number densities of nuclides specified in Table 6. which are averaged over all fuel 

rods, in t,hc unit, of 102”/cm3 

2. Burnup of each pin in t,he unit, of GkVd/tHM. 

3. Neut.ron multiplication factors for t,hc burnup of 0, 0.2 , 10 , 20, 30, 40 GWd/tHM. 

4. Ma.ximum neutrou nmlt~iplication fact,or and t.hr corresponding burnup? which should 

be evaluated by each pa.rti(:ipant . 

5. Burnup of each fuel pin shown in Figure 2 

These set of values are rtquest.ed for 3 casts shower in Table 5. 

6 Results and Media 

Please forward t#he results ONLY via electrical mail to the following address;as floppy 

disks or pa.per writing materials may make some problems t,o treat. 

nea-bc-phase3b(~!c~clorle. tokai.jacri.go.jp 

E-mails to this address are f&-wa~rtlctl to t,he coordinators. AA recommended format, of 

e-mailed data from participams is shown in Table 7. Line numbers from 6 through 41 

should be rcpcatcd for c’ases 2 and 3. The separa.tor of numerical data must he ‘,’ without 

blank. If you have any missing resuhs, you are requested to indicat.e t,hem with the tag 

“NODATA” and t,o keep t.his format for our c~onvcniencc. 

Following t’hose data, please describe your analysis environment. The description 

should include : 

-i-- 
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Position Number for Evaluation 

.,4 

2 

Rod Type ID 

Figure 2 Pvsit,iun Number of Fuel Rod for Evahmtion. Rod Type ID is &own in Figure 
1 



1. Institut,e and countr) 

2. Part,icipants 

3. Neutron data library 

4. Neutron data processing code or method 

5. Number of neutron energy group 

6. Description of your code system 

7. Geometry modclings 

8. Omitted nuclidcs, if anJ 

9. Emyloycd ~OIIV~~-~~K~CC limit or statistic-al errors for cigcnvaluc calculations 

10. (Xhcr r&ted information 

. 11. References to your code syst,cm or library, if any 

7 Schedule 

End of Ma.rch 199;’ Deadline for participanbs t’o provide their rc:sult,s 
End of May 1997 Deadline for wordinators t,o compile results into tables / figures 



line number -___-- 
1 
2 
3 

4 

5 --_--.- 
6 

7 

8 
9 

IO 

11 
12 
13 
14 
15 
16 
17 
18 

19 

20 

21 

22 

23 

24 

25 
26 

27 

28 

29 

30 
31 

32 

33 

34 

35 

36 

37 

38 

39 
40 

41 

Table 7 Format of e-mailed Data --- 
hta 

Date 
Institute 
Contact person 
E-mail address 

Tclefax number _-.- -- - --_-- 
Case name tag “CASE-l” 
Nuclide densily of’ U-234 for cooling time 0 and 5 years 
Nuclide density of U-235 for cooling t,ime 0 and 5 years 
Nuclide de.nsit,y of U-236 for cooling time 0 and 5 years 
Nuclidr density of U-238 for cooling time 0 and 5 years 
Nuclide densit,y of Pu-238 for cooling time 0 a’nd 5 years 
Nuclide dens&y of Pu-239 for cooling time 0 and 5 pears 
Nuclide density of h-210 for cooling time 0 and 5 years 

Nuclidc density of Pu-241 for cooling time 0 and 5 years 
Nuclide density of h-242 for cooling time 0 and 5 yea,rs 
Nuclide density of Am-241 for cooling time 0 and 5 yea,rs 
Nurlidr den&y of Am-243 for cooling tinrc 0 awl 5 years 
Nuclide density of Np-237 for cooling time 0 and 5 years 
?I:uclide dens&y trf MO-95 for cooling time 0 and 5 years 
Nuclide denshy of Tc-99 for cooling time 0 and 5 years 
Nuclide density of Ru-101 for cooiing time 0 and 5 years 
Nuclide density of Wh-103 for cooling time 0 a’nd 5 years 
Nuclide density of Ag-109 for cooling t.ime 0 and 5 yea.rs 
Nuclide density of h-233 for cooling time 0 and 5 years 
Nuclide densit,y of Sm-137 for cooling t,ime 0 and 5 years 
Nuclide density of SW-l-49 for cooling time 0 and 5 years 
Nuclide density of Sm-1.50 for cooling t,imc 0 and 5 years 
Nwlide density of Sm-151 for cooling time 0 and 5 years 
Nuclide density of SW-152 for cooling time 0 and 5 \wars 
Nuclide density of Nd-143 for cooling time (I and 5 years 
Nuclide densit,!: of Nd-1.15 for cooling time 0 and 5 years 
Nuclide densit.? of Eli-153 for cooling time 0 and 5 years 
Nuclide dcnsifjy of Eu-155 for cooling time 0 and 5 years 
Nuclidc deusity of Gd-155 for cooling time 0 and 5 years 
Nuclide rlcusity of Cd-156 for cooling tirnc, 0 and 5 ?rears 

Nuclide den&y of Cd-157 for cooling time 0 and 5 yea,rs 
Nuclidc der&y of Cd-158 for cooling time 0 and 5 years 
Nuclidc density of Sr-131 for cooling the 0 and 5 years 
ki,?f for each 1~urnt1l~(0,0.2,10,20~30,~0 [GWd/tHM]) 
Peak ki, f autl corl.espolldillg burnup [GWtl/‘tHM] 
Burnup [GWd/tHhljof each pin position 1,:!,....,8 9 _I__ L---- - ~’ 

-lO- 
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