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"A MCNP Analysis of PWR/B¥R Critical
Benchmarks by using JEF-2.2 and ENDF/B-VI~

® The purpose of this summary is to present a preliminary
benchmark result of JEF-2.2 and ENDF/B-VI data.

® The validation of data libraries has been done by using
the MCNP code to simulate critical experiments with
core configurations typical of those of PWR and BWR.

® The NIOY system has been used to process the JEF-2.2
and ENDF/B-VI into continuous-energy ACE-format,

@ In addition, calculated values of ke and pin power
density distribution are compared with corresponding
. results from ENDF/B-V data,
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© Benchmark Problems

o Thermal reactor benchmark problems
(PNL-series)

o VENUS PWR engineering mockup experiment
(Reference : ORNL/TM-9238, 1984)

o General Electric BWR critical benchmarks
(Reference @ Nucl, Sci. Eng., 113, 239-250, 1993)

© Data Processing
o NJOY91.91 system
Figure 1>
o Generation of ACE-format continuous energy data

- ENDF/B-VI (Cyber 960-31)
- JEF-2.2 {HP-710 workstation)

. o Interpolation and thinning tolerance @ 0. 5%
o Temperature : 300° K

o Scattering Law Data : ENDF/B-VI

14070262



T he JEF-2.2
Nuclear Data Library

JEF 2-2

Table 1. The Results of MCNP Calculation in PNL-series

Problems

JEF-2.2

ENDF/B-VI

ENDF/B-V

PNL-6B
PNL-7B

PNL-8B

. PNL-12B

1.0106(0. 0024)
1.0078(0. 0019)
1,0138(0. 0022)

1.0089(0, 0018)

0. 9984(0. 0026)
1.0024(0.0018)
1. 0036(0.0021)

1.0024(0,0015)

1.0030(0.0028)
1,0112(0. 0020)
1.0121(0. 0023)

1.0120(0.0017)
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Fig. 1. Flow Diagram for Processing MCNP Library
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© MCNP-4A Calculations

o Thermal reactor benchmark problems

o

o

PNL-6B, PNL-7B, PNL-8B, PNL-12B

Table 1 shows effective multiplication factors
with different data library

o VENUS PWR engineering mockup experiment

-

Figure 2 shows the MCNP calculational model
of VENUS critical facility

752 fuel rods with zircaloy clad of 3.3% U-235 enrichment
1,800 fuel rods with steel clad of 4% U-235 enrichment
42 pyrex rods are distributed

The k-effective and (C/E - 1) x 100
of relative power distribution is shown in Table 2

relative power distribution
- about 1.5% uncertainty in the measurements

- about 1.5% fractional standard deviation
in MCNP results
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1 : Central Hole VI : Reflector

II : Inner Baffle VII : Barrel

11T : 3.3% Fuel VIII: Watergap

IV : 4% Fuel IX : Neutron Pad

V : Outer Baffle X : Jacket Inner Wall

{1
I

Fig. 2. MCNP Calculational Model of VENUS Core
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TABLE 4. Power Distributions in the VENUS Core
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2.2
1.321] 1.333| 1.317] 1.263| 1.198| 1.244; 1.250| 1.172| 1.150| 1.380| 1.303] 1.263( 1.222| 1.193] 1.136| 1.107| 1.022| .962| .870| .840] .752| .669| .579; .458
165| 1.3m 1.265 1.168 - 450
g2 - -1 2.1 1.8
Hgg 1,284 1.301} 1,280| 1.217| 1.258| 1.295) 1.266| 1.149| 1.148| 1,420| 1.376| 1.302| 1.263| 1.222| 1.173| 1.121| 1.055| .985{ .9%07| .832| .755| .686| .605] .474
8
1.053] 1.224| 1.279] 1.225 1,201 1.281] 1.216 1.112] 1.440] 1,360} 1.313| 1.278] 1.235| 1.176| 1.128| 1.088| 1.016] .953| .879| .801! .708| .605 .475
1,992 1.242) 1.3031 1.2286 1.118 478
1.0 3.3) i -8 -8 -.8
991 1,194] 1,241) 1.242 Hgg 1,242| 1.293] 1.265] 1.163} 1.185| 1.474] 1,382| 1.336] 1.300] 1.233| 1.213} 1.158| 1.110f 1.046] .978| .889| .807| .723| .628] .504
1.3
.997] 1.181| 31.218{ 1,221} 1.198] 1.265| 1.294| 1.256] 1,153} 1.190{ 1.478| 1.405| 1.339| 1.312| 1.262| 1.218} 1.175| 1.119] 1.037| .974| .905| .815{ .750| .841| .517
1963 1.274 1.205| 1.958 1499
35 4.4 -7 .6 3.6
1,004 1.182| 1.236] 1,178 1,218 1.285] 1.205 1,120( 1.471] 1.394] 1.335] 1.320] 1.289| 1.230] 1.174] 1.109] 1.070{ .998| .922| .827| .755| .688] .515
9031 1.178] 1.202| 1.211] 1.165( 1.249( 1.323} 1.265{ 1.178] 1.161] 1.482| 1.301( 1.373 1.324] 1.275| 1.251] 1.199] 1.133| 1.047| .975] .g908| .842| .738| .645| .519
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TABLE 2. (Continued)

8921 ,963| .847| 769 .719{ .869| .646] .585| .559) .518| .455| .423F .375| .336) .200] .238
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-‘.2,‘
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.963 1,274 1.206| 1.258 .499
.6 24,0 23,00 -3 1.8
984! 1,148] 1.213] 1.157 1.187| 1.258( 1,260 1.112| 1.454{ 1 392} 1.348( 1.309| 1.291| 1.260| 1.187] 1.135| 1.088; 1.001| .920| .834 .753] .651| .522
1.008| 1.154] 1.202; 1.215f 1.168} 1.253| 1.301| 1.264| 1.152| 1.159| 1.450] 1 393 1.331( 1.303] 1.307| 1.254| 1.205} 1.125| 1.668| .990] .917| .826| .740| .646] .521
-855 1.241 1,19 1.298 1.181| 1,170| 1,473 1.331 1,270 1.1807 .000{ 1,051 .a10 137 .496
5.6 3.2 -1.9 .2 =25 -,9] -1.8 0 2.9 2.1 0l 18 .8 4 5.1




T he JEF-2.2

Nuclear Data Library

JEF 2-2

02 LoLoh)

TABLE 2. {Continued)
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-1.1
%gg% 1.295( 1.223] 1.123| 1.313| 1.169| 1.088} 1.027] .974| .003| .863| .797| .748| .693] .611| .556| .506[ .423| .344
1.0
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o General Electric BWR critical benchmarks
® MCNP calculational model is shown in Fig. 3.
fuel bundles arranged in a2 4 x 4 matrix

° each fuel bundle contained(1.19, 1.67 and
2.42 wt%) U-235 enriched UQ; fuel (7 x 7)

with poison curtain
without poison curtain

° The k-effective and (C/E - 1) x 100
of relative power distribution is shown in Table 3

relative power distribution

- average 0.5 % and locally 2% uncertainty
in the measurements

- about 1.5 % fractional standard deviation
in MCNP calculations

© Results

® The calculated results of PNL-series with JEF-2.2
and ENDF/B-V show high tendency.

° The calculated results with JEF-2.2 of pin power
distributions in the VENUS and BWR cores agree well
with the measured values, compared with those of
ENDF/B-VI,
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Fuel Type
fwi%)

* 1.19 #5U-Enriched U0,
+ 1.67 35U-Enriched UO,

235 -
Blank 2.42 “*U-Enriched U0, x || Aluminum
oy
+
] i
N\ +
A=254cm’ Pt
R — Reflecting Boundary _
(# + i+
’7 + '
A
N L
4' l_ 'TH Zirconium
) I 1+ L,/
+ + + +iox I
x|+ j+1+1+ [+l + 1+ H]+] ] x{x "
S 4 = f1 | .
Zirconiym \\ R'/’{

Stainlass Steel + Stainless
Boron Curtain Steel

Fig 3. Calculational BWR Core Model
and Without Poison Curtain

With Poison Curtain

140702772




T he JEF-2.2
Nuclear Data Library

JEF 2-2

Table 3. Comparison of calcuiation with measured results with
different data in typical BWR with poison curtain

Fission Density Distribution

k-effective

ros * max, err,
JEF-2,2 1.0025 (0.0008) 1.93 3.79
ENDF/B-VI 0.9997 (0.0009) 2.09 3.94
ENDF/B-V 1.0007 (0.0008} 1.92 3.67

* root mean square of calculated and measured values
JEF-2.2
**|-1.67 [-1.81 |-2.41 [-1.20 -.71 |-1.60
1,59 | .01 | -.30 |~-1.48 } .26 {-2.11 |-2.19
.04 |-1,99 [-2.10 [-1.18 | .26

2.83 | -.82 {-1.76 -2.95 | -.70 |-1.76

2.35 | .64 {-1,23 |-1,17 |-1,58 | -.41 [-1,76

2.55 | 1.19 | .85 |-1.16 -.37

3.79 | 2.93 | 2.68 | 2.74 1.69 | 2.79
ENDF/B-V1

-2.77 |-1.03 [-1.67 | 1.39 -.98 | -.87

-.02 207 | -71 | .42 -.67 |-1.00 |-2.45

-.03 |-2.95 |-2.00 |-2.11 | -.67

3.29 | -.15 |-3.71 -2.86 | 1.21 | .81

2.23 | -.55 [-1.26 |-3.13 {-2.55 | -.82 [-1.02

. 2,88 | .91 | -.35 | -.49 .43

3.94 | 3.26 | 2.56 | 3.20 .08 | 1.64
ENDF/B-V

-3.20 | -.64 [-2,02 |-1.36 -.16 | -.58

-.33 | -.24 |-1.79 |~1.80 .43 | 1.30 {-1.64
-.84 [-2.14 {-2,72 |-3.00 .43

1.72 | -.13 | -,94 -3.57 {-1.02 |-1.92
3.34 | 1.35 | 2.03 | ~.35 |-1.74 |-1.90 {-1.37
2.36 | 1.41 { 1,56 | -.48 .82
2.81 | 2.74 | 3,67 | 1.63 -.23 1 119

#x (C/E - 1} x 100

14070273



T he JEF-2.2
Nuclear Data Library

JEF 2-2

Table 4. Comparison of calculation with measured results with
different data in typical BWR without poison curtain

Fission Density Distribution

k-effective

rms % max. err,
JEF-2,2 0,9985 {0, 0009} 1.22 4,36
ENDF/B-VI | 0.9965 {(0.0008) 1.44 3.39
ENDF/B-V 0.9998 {0.0008) 1.2% 4,29

% root mean square of calculated and measured values
JEF-2.2

®E} -~ 55 | 1,18 | -.01 .85 .92 | 1.68
1.64 03 1,75 | .18 [ 1.22} .92 ¢ -.77
-.99 | -.57 |-4 36 | -.16 | .52
. .60 |-1.29 | .12 -2.90 | .18 | .07
.42 } -.27 |-2.46 | .66 |-1.23 | 1.86 |-1.80
1.81 | -.68 | -.73 |-1.66 | -.22 | -,15 | .86

93 | -.15 .85 .50 .98 | -.47
ENDF/B-VI
-.69 .66 .98 | 2.09 A3 - 44

2.91 | -.63 |-1.11 .22 | 1.95 |-1.20 |-1.55
-.29 1 1.93 |-2.66 | -.09 | 1.24
.07 [-3.03 [-1.32 -1.17 | .22 | 1.30
.23 | -.43 (-2.25 | -.78 } 1.25 [-1.00 | -.83
3.01 L7941 -.89 [-3.39 | .49 | -.81 .34

. .88 | 1.02 .66 .07 2.24 | -.61
ENDF/B-V
-.16 | -.27 |-2,54 .38 1.03 [-1.67

1.12 | -.63 | -.10 |-1.16 | 1.31 .58 | -.66
.45 | .78 {-2,.98 | -.88 [ .61
.86 | 1.58 | -.43 -1,50 [-1.16 | -.39
-.28 1 2,13 | 1.77 .11 11 .01 [-4.29
200} .19 (1.66}1.20{1.23{-.81] -.59
-.24 .03 | .15 | .86 .46 | -.08
#% (C/E-1) x 100
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T he JEF-2.2
Nuclear Data Library

JEF 2-2

Table Comparison of calculated results with measured values of
pin power distributions in the VENUS and BWR core

Venus Core B¥R Core BWR core
with poison curt. | without poison curt,
Data TmS Eax,err, rms max, err, rms max, err,
JEF-2.2 2.01 -4.723 1.93 3.79 1.22 -4,36
() ENDF/B-VI | 2.32 5.558 2.09 3.9 1.44  -3.39
ENDF/B-V 1.86 5.885 1.92 3.67 1.29 -4.29
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