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Flow of nuclear data

EXFOR,

NRDF,...
JENDL, Reactor Constant,
ENDF, Reaction rate
JEFF,.. MACS

Core calculation,
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Doppler Reactivity and Nuclear Data



Fast breeder reactor calculation

®* Complicated inhomogeneous structure
pellet, cladding tube, wrapper tube etc.)
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Fast breeder reactor and nuclear data

®* Energy spectrum of fast breeder reactor

(Self-shielding
by 2>Na)

Neutron Flux (arbitrary unit)

10 10 10*10 101 10° 10' 107 10° 10* 10° 10° 107
Neutron Energy (e\-— )

Nuclear data in wide neutron energy (102 eV ~ 10° eV)
also could be a source of uncertainty in prediction
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Reactor core parameters

® Criticality (k.¢) (+/- 3%, 10)
®* Sodium void reactivity worth (+/- 20%, 20)
®* Doppler reactivity worth (+/- 14%, 20)

Doppler reactivity is an important safety parameter in
of reactors.
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Criticality and reactivity worth (Definition)

® Criticality (k.g):

ratio of

# of incoming neutron per unit time (e.g. fission neutron)
to
# of expended neutron per unit time (e.g. fission, capture)

k. ~ jdEV(E) Gfission(E)¢(E)
o jdE [Jcapt“fe(E) +inssion(E)]¢(E)

K. =1 (critical), <1 (subcritical), >1 (supercritical)

ol
JAEA Nuclear Data Centre ME#;. Sioe



Criticality and reactivity worth (Definition)

® Reactivity worth (p) - change of reactivity:

11
keff (1) keff (2)

for Temperature change 1—2
Example: 1 1

B keff (Tlow) keff (Thigh)

for Temperature change T, —T.i.n

p =Ap

Doppler reactivity worth
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e
Sensitivity for a Sample Doppler

Reactivity (ZPPR-9)

4 p o R B = MM kB - mM L8 = m B E 3 - @ o® =@ ooop e R

(* Sample material: Natural uranium dioxide, app. 1 kg) i i

090 = df/dT of U-238 capture : ﬁﬁ

L~ i A

~ goo of U-238 capture e

L 020 | ~ goo of Pu-239 fission R S

2 ~ goo of Oxygen elastic T : -
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50 10
o Doppler Sample ractivity

©-0.20 - (298 — 1087 K) | S

0 (ZPPR-9: Core Center Position) (by MIShlkawa)

Neutron Energy [ev]

JAEA Nuclear Data Centre m%m



Covariance Evaluation of a-value
for Doppler Reactivity Uncertainty

N. Otuka, A. Zukeran, H. Takano, G. Chiba, M. Ishikawa,
J.Nucl.Sci.Technol.Vol.45 No.3 (in press)
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Temperature dependence of cross section

®* Doppler broadening (single-level Breit-Wigner)

o, (E.T)= 00( ]\/7 2;szJ [2((ECEJO) O - Q

1_‘tOt j
'JENDL-3.3 238U(n,y) 2*Ucross section

l «}  Broadening I

(0K —300K
Change in self-shielding effect f: . ;| ( )

f9(T,0,) = eff (T,op)
O eft TO’Gb =00)

6.7 eV resonance

jdEa(E,T)¢(E,T,Ub) 100;3

, where oy - [dEG(E. T, o)
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Example: #8U(n,y) ©°U @ 800 deg-K

10°
. = 10
Cross section =
’ 10"‘
102
f=1 (no self-sheilding) =fp 10°

Self-shielding :
factor (f-factor) = |

— L Self-shielding effect at resonance peaks

10‘3:5:::::“ : ————t+++] ——+—+—+ : =

Temperature = —10*}
gradientof & I
f-factor (a-value):
T T T —
T) o~

L=
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Example of f and a (38U capture, ~1 keV)

Temperature gradient ct {10°%) ']

| ' ' f&fmun: '
(800 K) ——
a [(E00K) -
/ flexp) —e—
f
................................. ,
0
0a
| £(1000 K) .
0ag
05
. o={1/fdfidT) at T=B00 K I
..... = f (300 K, Exp: Oigawa et al.) {03
1[FI | 1D2 I 1“4 | "|DE I 1”3 -1n‘||:|

Background cross section [b]

Self-ahielding factor f
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Error of reactivity worth and nuclear data

* Doppler reactivity worth: p=p0 (0 «(T,), f(T), a (T),...)
Error propagation
from temperature gradient a to Doppler reactivity worth o

Ap _ o Aa
p "«

S , can be calculated from sensitivity of criticality at high
temperature S (Thign):

, where
S = O eft (Thigh) — Ot (Tlow) 5 1 5 Skei‘f (Thigh)
“ Tt (Thign) P Kt (Thign) AK g (Thigh) =S, (T ) AC o (Thigh)
= Oxeff \high
Kt (Thigh) o eff (Thigh)

A a(T): from uncertainty in nuclear data (Our work!)
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Uncertainty in temperature gradient

® Error propagation from nuclear data to
temperature gradient a

Aa® i eg . A DX Ad®
~Y'5959,, A0
o ,ZJ: Py Xi X o°

~ 9-%
_;S '~

0 iiji ij . covariance of resonance parameter (E,, [, [,

)
... evaluated in JENDL (?%°U, 238U, 239Py, 240Pu,...)
S0, _ X. 0o
S;: Sensitivity coefficient of x; to « a’ Ox
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Covariance of resonance parameter

(U, Np, Pu)
Nuclide Library
233 JENDL-3.3, JEFF-3.1
235 JENDL-3.3
2331 JENDL-3.3
23TNp JENDL-3.3
238py JENDL-3.3
239py JENDL-3.3
240py JENDL-3.3, ENDF-B/VI
241py JENDL-3.3
242py JENDL-3.3, ENDF-B/VI
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Flow of calculation to obtain Aa (ERRORF)

recent

.. repeat for all resonances (561 s-wave levels for 238U)

" (] gt

X; ]

(0 ;Ax; Ax; are from covariance in JENDL)
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BT, T [%]

8T, T, [%]

Ar, and Ar', of °°U in JENDL-3.3

i _|l...lL M{L A
j: L Ll 1ﬂm MMMUMMMM“&

0 1 2 3 4 5 & 7 a8 9 10
Resonance enaergy E, [keV]
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Aa9/a9 (in JFS 60 group structures)

from variance

80 55 50 45
T T T T T L I R L T
101 ja) ardid
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?__ i =
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107 | — , | :
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Aa%/a? (in JFS 60 group structures)

B f S99 W] 0K dadfad (Y]
G [eV] tot VT tot var
.. .. Unresolved resonance regon Aqg/qg
27 | 1.5034E+04
25 | LITOOE+04 | 00444 00280 0.0437 (LAE13 10054 10776
20 | G 1188E4+03 | 09258 01017 0.14090 04481 14260  1.67506
an | TAI0MTE403 | 0R7O2 0 01488 (0.3142 07400 12854 17108
31 | S.R30RE403 | 08013 01080 02258 06600 1.0125  1.3370
32 | 4.3074E4+03 | 07721 03064 0.4182 11065 1.4537  1.6364
32 | 3.3MAE4+03 | OTETT 0 02242 0.3687 12258 1.0435  1.3204
34 | 26126E4+03 | 06534 06841 0.0353 14786 1.5242 16700
A5 12 084TEA405 1 05200 13005 1 0059 =030 1 AR 16645
36 | LAMABE403 | 05724 06365 1.0202 17635 0.0150 22203
Sensitive to FBR AT | L2M1E+03 | 05227 01913 0.2321 1.6270 02856 0.2004
Doppler reactivity 38 | OG112E4+02 | 04546 05104 0.0475 23185 01907 00847
30| TARLIEA402 | 04065 05080 0.85058 24033 06442 05627
40 | 5.RA5E4+02 [ 041564 17276 3.7440 25072 04120 1.0645
41 | 4.5400E+4+02 | 05170 07790 1.0278 26600 02084 03675

var+cov var

T=800K, 0,=37 barn



Covariance of a (in JFS 60 group structures)

Gr | 28 20 30 a1 32 33 31 35 36 37 35 39 40 a1
t 28 100 O 0 ] ] 0 a0 0 3] 3] 1] a0 il
29 0 100 0 i 0 0 0 0 0 0 1 0 0 0
— 30 0 0 1000 1 0 0 0 0 0 0 1 0 L 0
31 0 o 1 100 O 0 0 0 0 0 0 0 0 0
32 0 0 0 { 100 -13 O 0 1 0 1 0 0 0
33 0 0 0 1 -13 100 1 1] i 0 I 0 0 0
. H 34 0 0 0 0 0 | 10C 0 0 0 0 0 0
A: covariance of a s |o o o o o 0 o fwe0o-1 o o o Jo o
. i s 36 0 1] i 0 0 0 0 Ll 100 -3 0 0 0 1] ays
S: sensitivity ar o o o o o 0 o Jo -3 1o o o o Sensitiveto FBR
. as 0 ] 0 i 0 ) 0 0 0 0 10C 0 0 0 P
V: covariance of (E, r) w|lo o o o o o o o o o o 1ic|loe o Dopplerreactivity
40 0 0 0 il 0 0 0 0 0 1] 1] -92 1100 0
41 0 0 0 0 0 0 0 0 1] 1] 1] 0 0 10C
42 0 Iy 0 0 0 0 0 i i (i (i} (il 1 12
13 o o0 0 0 0 0 O 0 0 0 0 o0 0 0
44 0 0 0 ] ] 0 a0 0 0 0 1] 0 1 1
45 0 ] 0 0 0 0 0 ] (] 0 0 1 0 -3
46 0 0 0 { 0 0 0 0 1 0 1] 1] 0 0
47 0 1] 0 { 0 0 0 0 1] 1] 1] 1] 1] 1]
48 0 1 i il 0 0 1] 1] 1] 0 1] 1] 0 0
49 0 0 0 i 0 0 0 ] i 0 1] 1 0 -3
50 1] 0 0 i 0 0 0 0 { ] 1] ] 1] 0
51 a0 0 0 0 0 g 0 0 0 0o o 0o 0
52 0 i 0 i i 0 i 0 i i ] 0 0 1
52 i i i il i N i i il i 1] i 1] 1]
54 0 0 0 i 0 0 0 0 1] 0 1] 1] 0 0
55 0 i 0 il 1] 0 0 0 0 1] i 0 0 0
56 0 0 0 i 0 0 0 0 (i 0 1] 0 0 1]
57 0 0 0 il 0 0 0 0 0 1] 1] 1] 0 0
a8 o o0 0 o 0 0 g 0 0 0 0 o0 0 0
a0 0 ] 0 0 0 0 0 0 (1] 0 0 0 0 a
T=8OOK O' =37 barn a o o o o o0 O O ©0 OO 0 0 0 0
v ¥Db



Doppler Reactivity Uncertainty Evaluation

(a 600 MWe-Class Sodium-Cooled FBR)
(from Ishikawa-san)
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Specification of a 600 MWe-class FBR

» Thermal power :

1,600MWt
» Operating cycle: 365 days
5 b Axial Blanket S
> Pu ratio (Inner/Outer core) : 2y 53 2
165/ 205 0/0 7 e ol
» Pu composition (238/239
1240/241/242) : 3/53/25/12/7 e
> Burnup reactivity loss : ' - *‘"’3’9”( §
2.5 %dk/kk’/cycle —
- (O Inner Core 108
> Doppler Coefficient © Outer Gore 138
(BOEC) : -8.0E-3 Tdk/dT © 8s Shield 126
(=) B4C Shield 150
> Sodium void reactivity Primary CR 13
Backup CR 6
(whole core, BOEC): 4.6 $ —

» Prompt neutron lifetime A 600MWe-class FBR Core
(BOEC) : 0.41 micro-sec

> Beta effective (BOEC) :
3.8E-3 JAEA Nuclear Data Centre
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Sensitivity of Doppler Reactivity of a
600MWe-class FBR

Sensitive neutron energy for o

.___:———l = df/dT of U-238 capture
- g oo of U-238 capture
****************************************************** - goo of Pu-239 fission
o oo of Oxygen elastic
I—-I T - c
e e A SN
fo’ 1T 10° T . 105 [gix__i"j?_ék 1%
e
Doppler ractivity __TL__i——i__g?__
(normal operation temp. —
+500 delta-K)
(600MWe-FBR: Whole Core Region)

Neutron Energy [ev]
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Result of uncertainty in Doppler reactivity

No. |Nuclide and Reaction AR/R (% )| Contribution ( %)
1 [Pu-239 x 1.06 9.7
2 |C-12 Capture 0 Qﬁ-ﬁ)
3 |0-16 Elastic 0.56 2.7
4 [0-16 Inelastic 0.01 0.0
5 [0-16 u 0.02 0.0
6 |[Na-23 Capture 0.26 0.6
7 |Na-23 Elastic 0.63 3.4
8 [Na-23 Inelastic 0.07 0.0
9 |Na-23 u 0.03 0.0
10 |Cr (Nat.) u 0.01 0.0
11 |Fe(Nat.) Capture 0.14 0.2
12 |Fe(Nat.) Elastic 0.34 1.0
13 |Fe(Nat.) Inelastic 0.57 2.8
14 |Fe(Nat.) u 0.05 0.0
15 INi (Nat.) u 0.01 0.0
16 |U-235 Capture 0.03 0.0
17 |U-235 Fission 0.05 0.0
18 |U-235 v 0. 01 0.0
19 |U-235 Inelastic 0. 01 0.0
20 |U-238 Capture 0.24 0.5
21 |U-238 Fission 0. 11 0.1
22 |U-238 v 0.14 0.2
23 |U-238 Elastic 0. 11 0.1
24 |U-238 Inelastic 1.15 11.4
25 |U-238 u 0. 01 0-8
26 |Pu-239 Capture 0.70 Caz D
27 |Pu-239 Fission 1.84 9
28 |Pu-239 v 0.15
29 |Pu-239 Inelastic 0.27 0.6
30 |Pu-239 u 0 0.0
31 |Pu-240 Capture 0.13 0.1
32 |Pu-240 Fission 0.22 0.4
33 |Pu-240 v 0.14 0.2
34 |Pu-241 Capture 0.08 0.1
35 |Pu-241 Fission 0.26 0.6
36 |Pu-241 v 0.02 0.0
37 |U-235 x 0.02 0.0
38 |FP(Pu-239) Capture 0 0.0
39 |U-235 B 0.04 0.0
40 |U-238 B 1.00 *
41 |Pu-239 B 0.74
42 |Pu-240 B 0.35
43 |Pu-241 B 1.36
44 |Pu-242 B 0.23 0.
45 |U-238 Capture F-grad. 0.23 0.5
Total 3.40 100. 0

Total

U-238 Capture F—grad.

Pu-241 B

Pu-240 B

Pu-239 B

u-238 B

Pu-239 Fission

Pu-239 Capture

Nuclide and Reaction

U-238 Inelastic

Fe(Nat.) Inelastic

Na-23 Elastic

0O-16 Elastic

Pu-239 x

(a 600 MWe FBR, 500 delta-K)
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0.95
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0.85
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Measurement

—o— JAEA results

—— CEA results

298 —> 298 -> 298 —> 298 -> 298 —> 298 -> 298 —> Core I Corell
488 K 644K 794K 935K 1087 K 823 K 1073 K with  with
BeO SS.
ZPPR-9 FCA-XVII SEFOR
Whole-core
il I
Small Sample Doppler Experiment

Doppler Experiment



Conclusion



Conclusion

* “ERRORF” code is now available:

To evaluate covariance of temperature
gradient of self-shielding factor (a)

® Covariance of temperature gradient was
obtained for %38U neutron capture in the
JFS-60 group structure.

® Contribution of uncertainty of temperature
gradient of self-shielding factor to a 600
MWe FBR is about 0.23% (total:3.5%)
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