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Evaluation of Power Distributions Caused by Photoneutrons

Born in the Reflectors of the Upgraded JRR-3 Research Reactor

Takeharu ISE, Takeshi MARUO , Yasuhiko MIYASAKA™
and Hideo NARITA® o

Department of Reactor Engineering,
Tokal Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 2, 1986)

Description is about an evaluation of power distributions caused by
the photoneutrons born in the reflectors, beryllium and-heavy water, of
the upgraded JRR-3 research reactor, which photoneutrons become a neutron
source at restarting of the reactor.

The intensity of gamma-rays after reactor shutdown is calculated by
the ORIGEN, the gamma-ray distribution by the DOT, and the power distribu-

tion due to photoneutrons by the CITATION.

Keywords: Photoneutron, Power, Evaluation, Beryllium, Heavy Water,
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T emEEnEar sy -2l Lai@zsvEF—LboF =T (UTF, #v=
BEPES) 3, ARG ((r, n) KiEETIEAMLNTS W& LTFig. L1E
), :
BRTEEGETE, FryvBiarF-aHE0E 00T, Ko FHERE BRI VSH
ShELET S (Table 1.1 88, #ic, EREEL P~ ) 24 8EFTE, BHOLV <k
ORI TOEGHIEMIC B & 5055,

c®¢%¥ﬁ8@ﬁy7ﬁ®IiW¥—ﬁﬁmmE)ﬁbmn@,&ﬁ@ﬁbéa&ﬁ?%é?

s:f‘gf’“ 6 (E) ¢,(E) dE (1.1)

N, Emx WHVYHEDORRTALF—; B idtdFRIGICBH S L &0 E (threshold
- Q) 0. (ENIERHTHES (7, n) HICHEET, B8 Fig 1L1§Eo5sEDL,

JRR — 32ultaid, ~V ) valBRNARREES LTHOLONTHA (Fig. 1.2 KU Fig.
1L3BR), Lidi-T, PELEE TolRHi%, B2 LSS 6 (FEILIKED & IR
EFHEIC B AFARMFL L), $ARFAFMAEFOL SO ETHELE LTS EFFELE
B E{HBIEBESRAL TG, FL TE LE YD 5.

COHMEETIE, coPETIRLAEFFFEHOHEFRICHATEOTICRT 5, 11,
ZOFEHNE, BTERLEROBN (SHEED OBIRE LTRLTH S,

1
Table 1.1 Important nuclides for photoneutron production )

Important Nuclides for Photoneutron Production

Threshold (MeV)
Nuclide (~— Q value) Reaction
2H 2.225 2H(y, m'H
6Li 3.698 6Li(y, n -+ p)*He
SLi 5.67 SLi(y, n)5Li
7Li 7.251 7Li(y, m)SLi
5Be 1.665 9Be(y, n)8Be

13C 4.946 13C(y, m12C
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{7, n) Cross section (millibarns)
S8 ]
[

Photon energy (MeV)

Energy dependence of the cross section for photoneutron preduc-
tion for three important materials. (Data from Refs. 3 and 11.)

Fig. 1.1 Cross section for photoneutron production for

1}

important nuclides
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2. &t B O ¥,

CoETR, FFEFFEERICBTHRRDOZRIRAERY (F.POLSRELTHET Y
v CObF) OREAINET S, ki, COF. P AY<fE2HELLT, HLEAIDN Y2/
DNEERLEHETRD B, ZON 2 BERBERO <Y ) 9 L KTFEKEEDHERIGIT L D&
HEBEEINBERTLNERD D, BT, COTHTFAEEL LT, HEEHETHEFR2A
R B, Fig. 2. VicthlF5H0OHRE 70 - 2R 7,

2.1 AUV @REFREOHE

E RS FBOBEF. P. ho0n vERER, Fig. 2.210RT L5, ZOBEFIRHERE
*%if@ﬁk%%%%&f%bﬁi5#4?w®ny YTBEINDZELTRD S, FTH2
— Mgt E 2 — FORIGEN— w%ﬂméoORMmN 79 2 — FOANT~ 5 & L THE
MHHET- A=Y bav e 4 V7w 7 R, Wﬁ%wﬁﬁ(EMe21%@)@bu$®;vﬂtf
KW B,

m 29116 (18 °C)
THERM = T = 0.8417
4 325.0(51.84°C)
11.3232 1
RES = .
3. 4065 £n (8.2085 x 10°/4.6912 % 107")
= 0.2312
6. 1485
FAST = 145 X ~——- o = 2617
3. 4085

2.2 HUovHIHOHHE
ﬁb@@®ﬁ77ﬁﬁﬁﬁ,RZ%%?EMLTDOT&S3—#%@@TﬁﬁﬁéoF@.
23RFOHEEZRETRT, TANF -—HERIGHET, FOHEMEITable 2.21T79, DSy
Bkt EIc B S M EEITS 48, ﬁﬁ%@%@L@mﬁe%%&?ﬁPgﬁ£&)ﬁV?@@
R AT E 4 B0 ¥ v ~HEERE, MUGS - 2ANTHHET 5,

2.3 RhMUFREHEELRFXTHTFREREOHHE

2)
~ Yy aeTHEEREREDHFE, KO (r, n) BIERicL - THERENS .

._.5_
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‘Be + v —— ®Be + 1n — 1 666MeV (2.1

7, EREINERRFOI A LF -E (MeV) i, i vE- S EHRORFERD S, KA
THALNS,

A-1 2 +E2 2
E = {Er Q - } (2.2)

931 (A~ 1)

T~ g,
A ENBEOEER CBe) THHFEEEODLH.
Q EDLEVETHLF- Be= 1.666 MeV; (2.1) XBH).
E, i #Hv=#HoxzirEF- (MeV)
YN AR THE T BT O S (neutrons /cm?®. sec) ik, DOT:EHE GIE&HFRIL
Fig. 2.3 28) TR ohi- NV r~#Ewms (r, n) ECHEREE»S, BTl LTxX
ot b

Sy = N-Sum 0% 9%, (2.3)

g,
Sij DOTEHETOHREERA » v a (i, DIRBOTRELLOHTFOH (neutrons/

cm®. sec J,

N @ e FREAE4TE OB FHER (atoms /cm?®) (*Be : 0.10352 x 10 *atoms
cm®. sec),
$2.: DOTERTHEONK, EERA v va (1, j) TOZaVvE - gDH V< BEE
{ photons / cm?® « sec ),
0k | TFAF-—HgTD (7, n) FUGKHERET, ~J )72t LTEUTFOL LT
"o b,
ifmg24®Wﬂ%ﬁ%ﬁé&UA%MMQW%£%74vf4V7Lﬁ%,E
HEEBLLOTEEILL THRD S, ZOEITable 2.3 TH B, NN ) 7 LDES
HoWmER 1.30mb T©H 0, FARKIEOL S WEN, (2.1) Kickd 1.666 MeV T
BHEDT, #OLFALF—MEOIEEEEL T,
1.30x (1.8~ 1.666) / (1.8—1.35) = 0.38 mb
D& HIZEEL DA Table 2.3 i28HEHTH 5.
—7F, (r, n)} RISk EhiosthmmErozsrs—3, (2.2) £2HOTRH 50,
Table 2.4z L Tdh 3,
BAKPTEENSGAPHETIROVTS, ) I 740L L& FARICRHLT LB TE S,
BIEBHETAHIS<E L, EKFTCHTE (r, n) KR, (2.1) Kogbrrlts
ALY SR
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‘D + ¢y — 'H + n — 2226 MeV, (2.1a)

S FO LA F—E (MeV) i, (2.2) KTHALNED, TOBALQREKRED S
DI E>TES, THbE,

A EESEKRE DICHT 2 HEE.

Q EAE DTS LEsWlEz ALy~ = 2226 MeV,

(2.3) ROEFEEEN (atoms /cm®) THLTH,

NCD) : 0.086493 x 10*
&1 5,

x5ic, (r, n) REHEREORAED TIZFig. 2.4 0blic, FofRid Table 2. 31T, K
Uk FO Lz e —iz o0 T E Table 2.4, FNFRRLTH B,

2.4 XPHFICRLSFOLEDIHOHE

F2.38FTOREREBT, ~) v KEERUGEKRIED OOXDHFERFERENKE - 70
wic, CITATION 7 —FZHOTO 3R HEHTEETV, Hodl-FRaAm R RN 5
AR B,
W%@S%@lﬂ%@@?ﬁﬁ%ﬁﬁolﬁwﬁ—ﬁﬁMSTJ?®¥%ﬁ%ﬁMeZSKﬁio
S FRE A R BEEMRE, BB THE LA bORERH L, ZoBskh T&EE, DOT
HEDORZ KM 5 CITATIONGTEDXY Z R EARICR LTHM IR E T 5 LB B D
BOT, T EhEFREEEX 208 SMRESNL I OFEFERET -/, T4
Y, CITATIONHE®D & & o THRFE®RE 4TS (neutrons /cm?®) L 35E, ZOHMEHE
BRREKRTEZ 5N 3,

Sum Sy ¢ Vi
T = 5 . (2.4)

Sum Vi
1]

I iz,
Sy DOTHEBEBHARFEFEFER A v v a (1, j)Oskd# FHIESRE(neutrons
/em?) T, (2.3) A THEASHHHD,
Vi DOTHREIC B ARBEEPERBERA v 2 (1, jlo
T OB (<) Uy A REERUEREEHA &, BOCh~TEERL DELAEICE
WOT (Fig. 1.3 [BER), 6o HHEAR &AM 2 8, EhmIC ] fills Lo
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2.1 Spectral indexes of ORIGEN calculations

Neutron fluxes” Spectral
Energy range(eV) .
(arbitrary) indexes
Fast group 107 8.2085x10% 5.1485 2.617
Epithermael gr. | 8.2085x10° —4.6912x1071 11.3232 0.2312
Thermal gr.## 4.6912x1071 —1.0010x1072 3. 4065 0.8417

# These values are the results {rom the nuclear calculations

using the SRAC and CITATION codes.u)

## Thermal neutron temperature in the fuel is 325 K,

Table 2.2

Energy group structure of
gamm-ray transport calculations

{ See also Table 3.1)

Group nc. | Upper energy(MeV)
1 3.5
2 3.0
3 2.6
i 2.2
5 1.8
67 1.35

# Lower energy: 0.02 MeV.
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Table 2.3 Photoneutron c¢ross sections arranged for calculations

~ ) (mb)
Group no. engifmi;igg(MeV) Berillium Deuterium

1 3.5 — 3.0 0.65 2.09
2 3.0 — 2.6 0.52 1.60
3 2.6 —— 2.2 0.38 0.70
) 2.2 —— 1.8 0.67 -—
5 1.8 — 1.35 0.38(1.3007]  ---
6 1.35 — 0.02 - -—-

# Although the result from direct arrangement is 1.30 mb,
this value was corrected 0.38 mb considering the energy
rarige corresponding tc its threshold energy 1.666 MeV.
That is, 1.30x(1.8-1.666)/(1.8-1.35)=0.38.

Table 2.4 Photoneutron energies arranged for calculations

(MeV)
Group no. engiémi;EZZ(MeV) Berillium Deuterium
1 3.5 — 3.0 1.407 0.509
2 3.0 —m 2.6 1.008 0.285
3 2.6 — 2.2 0.652 0.025
4 2.2 .— 1.8 0.297 0.085
5 1.8 —1.3% 0.059 -—
6 1.35 —0.02 ——- -
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Table 2.5 Enérgy group structure
for CITATION calculaticns

Group no. Upper energyl(eV)
1 1.0 x 107
2 1.83156x10°
3# 6.55216x101

Lower energy structure: 1.0 x 1072 ev.
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! ESFQ!\(: | Production of the group constants of neutrons

Calculation of neutron fluxes for making

r_
I

| CITATION i the spectral indexes in ORIGEN code
L

Calculation of Production of the
OR'GEN_Tg gamma-ray . MUG group constants
source of gamma-rays

\% _ Y

v

Calculation of gamma-ray
DOT3.5

fluxes{ ¢r)

S(r):N‘[Gﬂﬂbyd

|

CITATION Calculation of the criticality

Production of Ogn

" and neutron source

Calculated results: Ketf,

power level and neutron fluxes

Fig. 2.1 Calculational flow of the criticality due to photoneutrons
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Vacuum boundary cond.
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3. B E B R

B B OBHIERS (cooling time) & LTI, 18R, 18, 18 17ARTG65H
EEZ . THLDBHIBRMICHT BELH DT v v #R8E (photons / sec / core ) % Table
3.1ITRd, EBCRDOT 2~ FARWTON =B HoitBEor ;¥ -8 (BfEEr
W T Table 2.2 288) ORESHD, @, @, ®, ®, KUOLFENDE, DT R+ -8
RFEBOTE, BZRAF—fOH v HEEEH, tho i ¥ —FERICETERFITNEL
(10 "4 — ¥ —PT), R FRIE~DHFS &L (Fig. 2458, ORI =¥2 77—
VTHBHLERESE) EHESNZDT, BT 2,

CITATIONZ Bt + a3 EFHEEILE 1B/, 1y BRUF6 7y AL & ORPH TS
A& Fig. 3. 1I0FRT, CHSOME®RER, CITATIONHER B S ¥ (Table
2581 T, H1#HcEBTS CehitRIGK RO Fig. 2.4 ABB TN EEEICHERE TS
%)

CITATIONHEizH 1t AEFZE 7B (Fig. 2.5 XU Fig. 2.6 28) kKR IhipLdut
rToXehAmE (EE, Yéh: 0.965 cm b)), RUY#EAM (BRI, X#: 0,965 cmb)
T, FELR 1B, 148, RU6 5 AICHT 2 FEROE Fig. 3.2 ~ Fig. 3.7 iK%
4, %712, FLHISHA Fig. 3.8 ~Fig. 3. 13 TR ¥, OO E—EiCL 2O Table
3.2 Th %,

B E o g EiEsR, 1AR, 148, RU6 4y Aistd 24.007% Table 3.3 1T
(2, EHRBT20MWiCHTAHERLTHE). BEOETFEERY M1 70 TH, EFF
Eihig l BRI THEH T LN -TWADRT, ZOEEDFELEAEHIB0 7y r&bhs (E
B EDHTIRAX 10™%), 1, &> THOABET L SEOHANOEBICA W I HE
% Table 3. 41TRd, ), HHEFEK.E0.84272 TH - 72
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Table 3[2 List of figures on neutron flux distribution

and power distributions

Cooling time after shutdown

one

week one month six months
X direc.
Fig. 3.2 Fig. 3.3 Fig. 3.4
(Y=0.965cm) | © 5 g3
Neutron fluxes
Y direc.
Fig. 3.5 Fig. 3.6. Fig. 3.7
(X=0.965cm) & g
X direc.
- . -} Fig. 3.6 Fig. 3.9 Fig. 3.10
(Y=0.965em) | © s g
Power distribut.
Y direc. :
Fig. 3.11 Fig. 3.12 fig. 3.13
(X:O.965cm) g
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Table 3.3 Reactor powers at three cooling times

Cooling time | Reactor power(Ww) Reactor power/20MW

‘one week 78.28 - 3.9 x 106
one month 22.24 1.1 % 10'6
six months 0.3967 2.0 x 1078

Table 3.4 Flux-to-power conversion factors

Neutron group name | Conversion factor(W/cm3/flux)
Fast group 1.1774 x 10~14
Epithermal group 1.3053 x 10°13

Thermal group 1.8949 x 10‘12_
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A
N
2.61 i
6 1.34x10
x10%
Be D20
2.54 4
Core <107 6.03x10
:rx
(a) At cne week after shutdown
A
7.43 ;
<105 3.84x10
Be DZO
7.21
Core L1061 1.75x10%
}> X
(b) At one month after shutdown
Z
A
1.44
W 2 95x101
x10
Be D,0
1.31
Core 8.28x101
xlO5

;>X

(¢) At six months alter shutdown

Fig. 3.1 Photoneutron scurce for CITATION calculations

( unit: neutrons/sec/cms )




JAERI-M 86-155

umopINYs J030RDI JI23JB NeeM eUC 1B STXB-Y JUOTR SUOTINGTIIISIP XNTJ uoIlnayN z7°¢ 314

{WJ) H3AINIJ WO¥d4 IINHISIO
oL 08 0S 0¥

INE!

ZWJd / SNO¥IN3N )

235 -

(



JAERI-M 86-155

UMOPINYS J0310BSI JO1JE YIUoWw JUC 1B SIXxB-Y SUOTE SUOTANQTIISIP XNTJI UOIINaN ('€ -1

(WJ) Y¥AINII HOW4 3JINBISIA
08 oL 0S 0s- 0¥ g€

Xnid

ZHJ 7/ SNOY¥IN3IN 1}

J3s -

{



JAERI-M 86-155

UMOPINYS JOFDESI JIJR SYIUOW XIS 38 STXe-Y JUOTR SUOTANQTJAFSIP XN[J uodineyN '€ *3rg

(WJ) ¥3ILIN3ID WOH4 IFINHLISIA

cl1 001 08 08 oL 09 05 0¥ o€
T, T T
IRAEEH TTHE
NEEREAERE 1
_ _
|
_ N AN
‘__ ML) LTI il
In_.. # _).ul.“ .- /w e "
SHERY REREN FARRANNEE CH N R SEENERRTAS |
| A <
> N ;//
- N _ "R | %././ . - NEEREN
M | X
Jllv/
FRNETIE S BEm AR Al DTN
: T | 1 ] [IERS TN
L -4 | _ (I.r
I N
iiiiii .
N i
Ral |
JRRREAARE /"/ni RERENENR t |
TN
! LU
el ‘ |
...4.!:::1..
1] i ST
T ! i
| i A5 i 1
THHYIHL ——
TYHYIHLILE -
1841 —e—

X014

)

J— 24 —

2W3J /7 SNOYIN3N

38 -

(



JAERI-M 86-155

WAOPpANYUS J010Tad J53JE MO5M U0 4B STXBR-X FUoTR SUOTANQIJIISTP ¥NTJ uolIinsy G ¢ "814

(WJ) , - 30NYlLSICO
06 08 oL 09 0Ss or

.

Xn4d

m _ —
+ - fr oo
““

T
.
1
\!
NE
TN
:

ZHJ / SNOYIN3N

\x\\- i |
M
AT T E _
P’

338

¢
1 LI § -
- 4 -} - -
FlH RN
M N . s - 1
i 1 T T St T
ERW e
* _ i_ _ rxw;-_._l.l..... g

s
T T
o
=
T
T T
3T
i

:
L
i

T




JAERI-M 86-155

UMOP3NYS

JO1DBOJ

J97JB Youow auo 4B STYE-X BUOTB SUOTINQTJISTP XNTJ UCIINBN

(HD) 3INBISIG
08 0oL 09 09 0¥

g°¢ 414

T T T T T
w‘ i _ ,_ __ |
il SRS ENRaRinn LidL AL NN NN RS
I " |
L il BARIENAY
H[ I i
TR R AN} pp LARAE
(KERERIEERERERNS) i RAEEARY
| i
1 L
P M) JEREHENR IO,
RERN AERINERE JRRSEISEZaaREREE
A |
o
‘
Pl L
R _ n L \u\ \\.
e \ - III\‘ﬁ-\
.\\“ \Jm‘ 1
-H W ; e ..\‘,\»_\\%“ !
¥
\\
‘\
y / i Iy ] 1T
‘-id_r".,ﬂ“;(t__\_
_ AH ._.\. REN EBRS
= r_i . . i -.\!\\\LY\\\..‘
L L..,.rld. AER 0%.11.;..._vii‘.‘\..‘:\. L |5
1. T 1
{10
| ! i \ i (i

XN14

)

ZWJ 7/ SNOYLIN3N

J3s -

(



JAERI-M 86-155

UAOPINYS J010BSd J91Je SUSUOL XIS 18 STXB-X SUOTE SUOTANYTAISIP XNTJ uoainayN /€

) (W) JINYISIO
o1t go1 06 08 oL 08 0S 0¥ 0€

-3

T

kA

Xnad

¢W3 / SNOY¥LN3N ]

J3as -

(




JAERI-M 86-155

UMOPINYS T010BSI JILJE NBeM 2UO 3B ST¥BR-Y BUOTE UOTINGTIISIP JI8MOJ

co

I

06

L

08

{H3) ¥3IIN3IJI WOH4 3JINHLSIC

oL

09

0s

.

Oy

g ¢ "31d

[N

[

L

¢-01

g3IMad

}

EWJ / S118M

(

- 28

_
|
m
i




JAERI-M 86-155

UMopaInys Jo1o88d J91J8 YJUOW SUO 18 STX®-¥ SUOTE UOTANGIIISID Ianod

(WJ) ¥31IN3IJ WOHd4 3JINYISIC

6°¢

*8T14

001 0g 08 oL 09 0S 0% o€
“m :<.¢u m ,ﬂm ! 4 _ W.... .m M8 d_.ﬂ f Tmh'_.a_ﬂﬁ_l | .ﬂ,...l-na
HiH | iR il
NN
!
| 1
i
N
I i
L
i
1- I _tefe l_ i AﬂL
./_ |
<
7
. || i
|
f
il
il
i {1t
| RN
HHiHE
| IRhEn
HHI
! T
] i i mv W v_
i | iliimle
HiE : _ I
! | " _# " — “ﬁ

, 01

01

43IMod

!

EWTI /7 S1lluM

{




JAERI-M 86-155

UMOPINYS J040Bd J93]JB SYIUOW XTS 1B STXxe-Y¥ SUOTE UCTANGTILISTD Lahog

\ (W2} ¥3LN3AD WO¥4 3INHISIO
g6 08 0L 08 08 0¥ 0€

0T°¢ "47T4

. " * o: _ " - _ 1r _0_ e
H | [
f T |
w

— "

———— %

43M0d

)

EWJ / SLIEM

(



JAERI-M 86-155

UMOPINYS I01080I JI83Je Y{ooM

U0 9B STX®-i JUOTR UCTANYTIISTP J2MOd

1i-e

*814

. {HJ) JINH1SIA
11 oot g6 g8 oL 09 0s 08 0¢
ﬂ1u uum h _W Orga 2 < g 2 o :
1 | A
H
| | |
t
14.|M|A m _ “ .L..;V -y T
| | |
|
t
N : n Ll ARRRRERN
_ {
_ B L] L L]
L_ m | L L ! .
sl LT T T L 1T ST arT i

o

01

¥3MOd

!

EWJ / S1.1uM

(

31--




JAERI-M 86-155

umopinygs Jcéjoead J231J® yjuow suo 9e

(HJ)

o

0L

09

STXB~} SUCT® UCTINQTJILSTP J9M0g 21§

08

d3NHLSIO
Ot

o€

*314

t

o

-

L

43MBd

]

EW3 7/ S1iYM

(

32 -




JAERI-M 86-155

0tl

UMOpINYs J010BII JSQJR SYJUOW XTS 3B SIXe-f BUOTE UOLINQTJIISTPp J9Mo4 (T1°¢ 214
. (WJ) . JINYLSIC
go1 06 08 oL 09 0S av gt

]

43IM0d

)

EWJ /7 Sl1iYM

(

— 33 —




JAERT-M 86-155

4. » & H %
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4. H & H Z
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