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As a part of study on the mechanism of tritium release to the primary coolant in
research and testing reactors, tritium recoil release rate from Li and U impurities in the
neutron reflector made by beryllium, aluminum and graphite were calculated by PHITS
code. On the other hand, the tritium production from Li and U impurities in beryllium
neutron reflectors for JMTR and JRR-3M were calculated by MCNP6 and ORIGEN2 code.
By using both results, the amount of recoiled tritium from beryllium neutron reflectors were
estimated. It is clear that the amount of recoiled tritium from Li and U impurities in
beryllium neutron reflectors are negligible, and 2 and 5 orders smaller than that from

beryllium itself, respectively.
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BRI ZE 12361 D 1R I EIRA ~D R T SR B L Tl s - F1 ] M OB 3E 4 B OB
MBHEINTNDD Y 2O HEIEICBIL CEREIH O RSN TCND, 20T | Ais
TIE, R AR O — B LU T, THEF BAHE T O A 0O KB SN DR F 7 LIZDN T
N B R N B Sl

TRGEFF ~OR)F 7 Lg%z Fig. 1.1 127, ZOFNE, 1 AHREL TRUUT L4
LCWAH BRI (JMTR : Japan Materials Testing Reactor) @& ® T&H A, JRR-3M (Japan
Research Reactor—3M) %5 CH [RIERIZ IR 1-5F OEHR LS TR EKH ORI F-07 L5 B B8N A e
RBENTVSE Y, ZOFREDO—2EL TRUT APLD N F T LD L 9235 2 5 TH5 03, X
VU LRI F T LHIREL TEFUIE ZFH L TWDD, VU ALSMIE N F U A IZE 5L T
WEHLDRHDDDIT DOV TIEALNIZSIV TR, 20728 2013 0D, —RIBEIKHF~DRTF
U LRI B T AR 2 E LA T A2 KPR ERAEL . IMTR KUY JRR-3M DR T —H7)>
SY A7 NVEORNFULREREELDHEEEBIZ P PHITS (Particle and Heavy lon Transport code
System) V& =YY 205D KRR T A R O G F TR OWTRETL Y, 2R R,
HAHCEITSH IMTR 2 T JRR-3 ORI F U A EZ BT DL 010, VYT AHPET- RO K%
B BE AT HE N T A B —REIAR T 92032 D% OEHRIZ - TSI 72 O N
FT5ZE (Fig.1.2 i)V, PHITS ThUR#RIEZ W CEHE 3 AU N 0 A Sk i H 236 % LL B A £
HZEHlCE 528 YEHBMNIC L,

RN F 0 LS R EEDOREREIZ OV T, ZNETOR AEL LIZE LD T=# % Table 1.1 1237 Y, B
FULBHIREL T, T AR THL VI ABEROMIZ Li R Es (n, o) KRR U
FH D ZAREE 3 BN E 2 HINDN, ZOFENEDOREE L TODEITIHALNIT > TR, &
DI RHEFETIL, Li KO U RHLAERLT DN F LB 1TRGEHAKFIZE DR EDOE|IAT
BB 32 M2 DWW TR R LT, BHE G IEOBE%EA Fig. 1.3 1R,

F2ETIE LD M, o) IGK U O KSR TRAETINTFUVLOTFLFX—%EFL TR
FoRRIREL , PHITS TRBEMRAR DTz, OB NVUD AH - RAHEADHIZ T W I=0 L KT
BEALHPE T SIHAL L T SN TODZEND, TARI=0 AR RS RLO M1 SUFHAIZ DV T
HEFRE LT, 26 3 BT JMTR K OY JRR-3M O_UYT AHE - KAHAH O Li OV U RffimmnsE
T HRF T L% MCNP6 KT ORIGEN2 CTEEL, 5 4 T CIEATE CRO Bk T R LA &
. NF LD KB EERD -, 728, IMTR Ti&, XU AR O dipk K EHARE LT, FbE
XA DHEBHI AR D RVYT A (ARYYT L H F D) & 72 HRR O RYIY ARHER D L3,
REE IR TRV L RAHA LR T T 26D LT D,

2. FHEFEEHRD Li OV U RSO R F 7 Bk H =R

- RCEHAD S DO R F 7 AR BRI 28 1% . PHITS TRYRABRIR A O U el il Bz sk 0 %
TEMNTES Y LI RO (n, o) FOSCEL TIEE % ik 8 LRBEICEIE TEAN, U R =
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B TERTHN TV LAOZFNF X, ORIV TR AT A/ THART ML
(272 %R0 ‘Li(n, o) RORERRD, =R HTAERT LN F U LOTLF—IZEHL T,
1960 AEAR25 1980 AEARITONT THFZES I TS, AREHR CIIE LTI S S 72 P.D hundt fliod
il 0% v, PHITS (WD R RRRIRE D= 3L F—% LR LX—8.4 MeV, Y-fENE 6.7 MeV @
HYAGHE LT, Fo, NF U LARBRH R OFE BT, 2X 10" (triton/cm®)FRED R M #
FEETHRETIUI, AET 2 HOHRERKENGLNDZENHLNLRoTNDIEND ¥ KRR
IZBVTH 2X10* (triton/cm®) A EDRIRAE ERGHNLE TR A LIz, 7035, FHRIZIT Mac mini
(Mid 2011, MacOS 10.10, 2.7 GHz Intel Core i7, 8GB 133MHz DDR3)%% Vv iz,

PHITS OFHEET /VIE, BARORVI T LK FICELES b DEL, 8% 0.05, 0.2, 1.0, 4.0,
20.0, 50.0cm LU TEHR LTz, F7z, PHITS OFFREFE R LKA LD AT o7, 1EkA& AV 72hY
F o AR R A AT AL ISR 102 R A (T A—H LU CEHE LB I, FfHERAL.2) XD
BRICH SRR A AR (B0 X E &) O TEEDZENHALNIT>TNDIEMNE, PHITS DFf
BAERNE CHEEN > QDI L E R T D120 Th D, £z, ZOBBERSIIE, RESLFIR
WEIp S TN THNF U AR B R E RO DZENTED, 728, ALV AOYIEEIT S S
SCik 13 Je ON 14 O % vz,

F2E 0.2cm DERRAVIT LOFHEIZIBNT, XYV LEKEDFEFRATTD1IRITCII N 7Ty 7 A
A% Fig. 2.1 12737, R K RO, EAE LI O (n, o) S K TNU O = K855 204 3
DRIR R FXF—ZARREL CHE LB O T, S ZITH Y TN =X =D 503 (n, o)
FOGED @z, K0im HICBIEL TODIENT DD,

AYYT AHYE T REHRICETS Li KON U A oo M F o AR Bk 3 O3 H A5 R4 Fig.
2.2 1R, [Al(a) B QX)L B R ER MMM ORI, HE CTEHELIZLOTH, T
A1 DAL REFRRITHRIE Lia o7z, F72, PHITS O R #E R EGER DN F o LR Bk e o b
ZBIL TR U O =R D F 5 Li O (n, o) USRI WFE R L7225 7208 (AL2)RUTART LR
DB R — RS L TORNZENB R R ERIZRNE D LZ X DILDA Z2TIEHRD
D HZEDOBRE N TRIL TS,

RIEEIZ, T A= A K VRS TP SOHARIZE 15D Li LN U Ao DR) F 7 ARk =R
DFHREFERE Fig. 2.3 X 2.4 1777, Li @D (n, o) FIGIZBEL T, /ERON F 7 AR Bk H XD
J5H% PHITS OFHHE SR LOBUENS IHTRRE REWRER L2 > D, 7ods, B b 7 R FHA I B
9% PHITS OFHFEET /LT, HTTR 24808 U CHRER I RAHA DS AMPa O~Y L T7AHZ B E S
NTCWDHEDELTZ, U D =R R KON F U AR BB 25 R 3 5F8 D PHITS O AJ) 7 — 42145
ATk A2 1R,

3. ANYVY LT FUR R O Li KU ARSI DR F 7 LA R

AREETIL, BAREIZ JMTR KO JRR-3M DO~_YY 7 Ak - SO AR ZAEE L, Li O U Rflins
ST AN T UL EZ TG LT,
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JMTR K& O JRR-3M DYV S-SR O B - R i F X Ol 2 Z 41 € 4L Table 3.1 }&
O 3.2 \ZRT, IMTR OARDY Y A SO R E & K R EREIT S S SR 1 OfEE2FEL7b 0T
BHHM, JRR-3M DY L7 A & K ORI, [ZEAE DR 8 KONYIT LTT
T RTEIEM UK TITONIZZEND BB 1 OEIZ 8 Koy DRV LT T 7 O B K UFE
HAEZME LA AL,

U R BIL T, IMTR O_YY D AP 7R T 30ppm O RIRT T BAMMEL TH E
N TCUD, JRR-3 D_YY D Ak - REHARIZBIL T, JIE T — 2032008 IMTR O~_Y Yty A -
FOHARLRRICKE DT Ty av= <y (BifE4 v T VA ) ThHZ L ZNETORET —
A3 9.6~42ppm EMESNTNDIEMNS D IMTR DRV i+ K AL [RIFREE D KR T
DRFHLEL TEENTODEDOEAEL T 30ppm ELT-, 723, Li AL T, M RALLT
THD57 3ppm (PLi &L TIX 0.2ppm) EAE LT, ZOMEIZ, JMTR &Y JRR-3M (ZRWTRYYT LD
(e, @)BURTAERMT D °Li OFIFIED 5~21ppm? THHZEEBET DL, LIRGEIK P ~DN T
L T GBS ITENCE LR THHLE TR TED,

Li RFHD (n, o ) S KO U RE ORI L TR T DR F 7 A% ORIGEN2'9 TR 5
ZENTEDN, TOFHEITY > TULi#E )72 ORIGEN2 A7 7V & WAL NRH D, ORIGEN2 (2
1L, BRI ZIXCD ELTEREBEIRIF DASRT UK T HT7A4 7 ZURNHEIIVTODN, JMTR KO
JRR=3M DYy AH P R R SEIR I DUV CRIFE 35720 121%, HE AT VR R D7D ff
RATER, 207D IMTR K O JRR-3M O~_YYT A HH - IRGHAREIR IC# L 7= ORIGEN2 7477
VEAERLT DL ER B D,

ORIGEN2 747 ZYDVERR K N F 7 A E R B DR FIEZ LL T IR T,

(1) MCNP6'VTHA LN E_Y Uy A - SRR & Ee (R R DB L EH AT _UU D A1 B
(RO HPE 7o Gifaseh i) & 200 BERRE D ZREFIE T AT MLV ERD D, ZOB, iR GHR Cldd
PEFIRDOFATHEL NGO oD | IF L O 3 A 22— L T, o, BikDB) D72
(2 HF DR EARYY S I RO R BRSSO TRE R - SR D FE A5 TEs<,

(2) ZREFBALWI R T A7 TV &2 P AR MLV CTLERIZMER T 52812 0 U A it - SO
{REL A3 (2B LT ORIGEN2 1547 SV AR5 1819,

() JR T HF DIERR H ) JEIENS | SHARFEIR CO P RA BH)OEREZ (D THEI-F R ot
MHROH D,

(4) (2 THERK L ORIGEN2 ZA4 7 ZV AL T, G)DHPE T RIBIEICE T, NIFULE K EE
RIS,

AYY7 AP R RIS 31T 5 P AR ML O EEICBIL TR, JMTR &Y JRR-3M O¥F L
Z MCNP6 TREFHAEL, NV L H SR D 72 190 FED 7 AT L ZsRD T2, ZOfE
% Fig. 3.1 L OMTEk A3 17T, IMTR O_YUD A HPET-REHAIL, JRR-3M L0 8 fF K&\ /-
D, BYLORENIDKEBLNTND, 2B, NV LOEFEIZOWTIL, HBEA 1.8477 g/cm® L
T Table 3.1 OEENHRDT-, FHHE THELNIZHME T AT VI, 25 3CHk 1 O 137 BEAZ R
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JVETRRR L T2 o7 M3, JRR-3M D6 RV AT Z7 OIEFEEZ B B LIZZEn D 1 BIRRE/ S
RSy

SFONTZA_RYY T AHPE AR D i - AT L EfE L, YYD A M- SRR 50 1 2 Rl
L7- ORIGEN2 HIO1HEW a7 A7 7V & L RS LG FE 7 A 7 VB ER LTz, 1R LT
ORIGEN2 A4 77U & Table 3.3 |Z/Rk7 Li MOV U OARMY EEA T, Li X ONU R b4 K
FTEHNF U LREZFHETHIENTEEN, TORNT U REEHEEZHRTILENHDLEE X T, =
DI U Ok HEE MCNP6 J Y ORIGEN2 TRHARL TH#k L7, ZO#ER%E Fig. 3.2 IR, 72
¥, MCNP6 (255 #°U BREEFH R, 3R TR ELHEERZ D U EAROEIZT A7 L DRYYT LH
YEF B RDPAEIZ AT L, IRDIEEEH AV V4D 2P0 Bia R D5 AV IRT 7L THEMmL
7o F72. ORIGEN2 12k5 U BREBEFHRIL, T REL T, ZNZE4L JMTR KON JRR-3M O H
F- 2T MR DTAE, 2.63X 101 K TN 1.29 X 10 (n/cm?/s) &A=, ZORS, fia—RIz k53
B, RITF U L0 (12,32 4) 23 A 7V 045 IR IR (o B ) K0+ ISR <GHRAE RIS
L7RNZEnn | A5 IR A2 R CERS ) CHlEERR L 72b DL L CRER LT,

Fig. 3.2 OFHHEAE RN, ORIGEN2 FHEIZED 25U BREEEEE X, MCNP6 OFFHH#E R LT
WZERHBIEIR STz, —MHKIT, MCNP6 DFFEFE RO T PG E B Em WS D LB I HILHIEND,
ORIGEN2 DFFH%Z MCNP6 (28 EHZEEL, 20728, LIk D ORIGEN2 OFHHE TiX JMTR O
JRR=3M DO HIMET- 3% 2.99 X 10" K TN 1.88 X 10" (n/cm?/s) &L, ORIGEN2 (2% 55U $RKER H %
MCNP6 |Z& HE DI L TEE LTZ, ORIGEN2 D A S5 — & il 2k A4 (TR T,

ORIGENZ2 (2% Li Z N U A4 R T D OGRS R KX O Be 304 25 °Li DFHE
FERA Fig. 3.3 L 3.4 \RT, IMTR IZBFD U Rl bA T DO FHEFE RIT, 235X
ik 15 LIZIERILE 72572, ORIGEN2 (ZE VYT AHEFFHA R D HICE b Li L TVU
TR SR T DI F 7 LDOFFAE B% Fig. 3.5 B 3.6 ITRT, 2k, NIFULAERK&EIT, XY
VI BB AERESNDN F UL 5720, RV ANGAERTHN T U LARNIIITRFMEICEL
ECTHAELL TERRLTND, ZOFERND, NV LHRYEFRAHARICE 5 L KO U Al
HAERTHNF T LT, NVITLLLARSNDON FULLD ZEIL 2 M1 KDY 6 MR/ SN e
MBS TZ,

4. NYUTLHPEF R RO Li OV U Rlidn60 M) F 0 LB

AT DORE RN, NV AR ERICE 5 L YU RE0oAEK T AR T 0 L8N
HDNE7Ro7c12 | Fig. 2.2 I[TRLIENF U ARBEA SR OFHRAE R 2 T _UUD A 7
FHED OIS IVA BN T D& RO HZEINTES,

JMTR ~SUYY AH A SO N F 7 A B H=RICBL Tk, REEEEEO NG, XY
U7 L O Li A D (n, o ) BUSOHE 1.5 X107 U R O (KR OGA 8.9X 101 L7ed,
ZNHDMEE Fig. 3.5 \RLIENF U LA ENORBEN F U L% RDHE Fig. 4.1 725, [RERIZ,
JRR=3M VY7 5 GRS D N F 0 AR BRAL HHRIZBEIL T, NV A O LIASH# O (n,
) SIEDYE 2.1X 107 U A O K 253 KOG 1.2 X107 £70%, ZIHOfEE Fig. 3.6 127
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LT=NF U LE R ENS K BEN T L% RO DHE Fig. 4.2 £72b, 728, Fig. 3.5 &L\ Fig.3.6 1%, XU
VD LA RLT DN F U LANEIZEAFMEIZE LB THRAS L L TRRL TS,

PLEDFER MG, NV AHRVEFRAHAICE 05 Li KO U RED B T2 F 7 A
E ANVIT IS RE TR F 7 LK0 | EE I 2 M NS MR EE NSV ENR I B Gl o7z,

5. &

AR TEIR O — IR IG AR ~D R F 0 L AR O —BREL T, e R o Li KU
AR OB BE I DR F T A OWTRHI L 72 K5 R, LR 23S E7no T,

(1) Li ®(n,a) KISKOU O =R ZUFIYE T DRI b F =2 e L, VU A TV
=LK OB AR 7 SR ARG SCBE i 3H R F U A% PHITS TRFE LR, N F
U AR IR RO E R R ERE, AR (B T E &) SRIEBRICH DL,
SR R E DN R VX =D S8 (n, o ) SUG LD EW e KBKN) F 7 A58 51T
BlETHIENHDNER ST,

2) (DOFERNE, JMTR LY JRR-3M O A_YYT LH A SRS O N F 07 A SR HO 2R13
AU LR Li SO0, o ) IEDOHA 1.5X101 KON 2.1 X101, U RO =585y
HOLAE 8.9X10" TN 1.2X 10 39:%;0710

(3) JMTR KT JRR-3M DO~_VYT AP RCGHA T D Li OV U RS AERR T DN F U L%
MCNP6 & T ORIGEN2 CaHEL7-fE R, Li X OV U RN SARKR T DR F o AL, <UD A
MOAERISNDN T T LD ZALEI 2 H7 KT 6 MR/ NSNZ e LT,

4) QK UVE)DOFHEFERELEIZ, IMTR & OV JRR-3M O=UY 7 AfPE - AR O Li KO U
ARSI BB TR F 7 DB AR U724 Fe, NUUD 20 BBk 3R F o 880 |
TIEIL 2 M1 L N5 MRS/ NS W ZEMB B 72 o7z,

L EDFERING, NUVT L TARI=0 LR ORI O P BAHAT O Li KON U AR5
B 2R F U L BB LN 72L &I BARRIZ JMTR K OY JRR-3M D~_VUTD AT
SHAZAREL TR T U LR BRAUE BA M L 7265 3. Li R VU R O BT~V U D 276 Bk i
T DRNTF ALY, +53/NENZERBNE/R ST,

e

PHITS OFFHEIZEH > TE, PHITS FH RO DO REZTAVW ., Flo, AMEFELELDDHITY
729, Byung Jin JUN K GeV¥—F 7 xv— Joi@E R IBFFER) o mdhe « 57 800 i 28 BH R 0 P
JFRRFTED mIRAT ARV — T ORS R IR E R B ER T E ATV, UL R FELT
WEEERLET,
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Table 1.1 Summary of tritium release into primary coolant from beryllium neutron reflector

Element Reactions Core components, etc. Release' Cgr'ltrlbutwn to
mechanism tritium release
Negligible?
“H (n, y) Coolant Direct “1Bq/cm®
70.2Bq/Wd (JMTR)
oL e ) Impurity of beryllium Diffusion Negligible: low temp*.
v components Recoil o *
Diffusion Negligible: low temp®.
(n;, o) °He
Be and Beryllium components How to calculate ?
°Li (ni, o) Recoil Calculation method by PHITS
code were proposed?
Contamination of fuel Direct o
plates
: : Diffusion Negligible : low temp®*.
. Ternary Impurity of beryllium glg p
fission components Recoil P
Impurity of other Diffusion Negligible: low temp®.
components (Al, etc.)  Recoil o

* : Coolant temperature < 50°C
sk: MCNP6(Ver.1.0), ORIGEN2(Ver.2upj), PHITS (Particle and Heavy lon Transport

code System, Ver.3.020)
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Table 3.1 Weight and surface area of beryllium neutron reflectors

Reactor Weight (kg) Surface area (cm?)
JMTR 7.50 X102 3.32X10°
JRR-3M 9.13 X 10! 5.68 X 10*

Table 3.2 Impurities of beryllium neutron reflectors

(wt %)
JMTR JRR-3M

Element (Lot No. 5113) (Lot No. 3947)

Top Bottom Top Bottom
Be 99.14 99.01 98.88 99.88
BeO 1.08 1.16 1.52 1.53
Fe 0.1030 0.1050 0.0905 0.0910
C 0.0520 0.0680 0.1460 0.1010
Al 0.0420 0.0260 0.0340 0.0350
Mg 0.0130 0.0160 0.0300 0.0300
Si 0.0280 0.0255 0.0285 0.0290
N 0.0240 0.0235 0.0305 0.0335
Mn 0.0085 0.0100 0.0075 0.0075
Cr 0.0065 0.0065 0.0090 0.100
Ni 0.0125 0.0125 0.0095 0.0095
Co 0.0004 0.0004 0.0005 0.0007
Cu 0.0050 0.0050 0.0020 0.0020
Li <0.0003 <0.0003 <0.0003 <0.0003
U 0.0030 <0.0030 - -

“Top”, “Bottom”  : Sampling position on production lots.

« »

: not measured

Table 3.3 Impurities weight of beryllium neutron reflector

Weight (g)
Reactor Li U
JMTR 2.25X10° 2.25X 10!
JRR-3M 2.74X107! 2.74%10°
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Beryllium neutron reflector Water
I
Ternary fission 3H energy
Center energy : 8.4 MeV
° FWHM : 6.7 MeV
\ 3
U-impurity wewe) H’
3H energy : 2.73 MeV
- -2 H
o > Li-impurity ’
(n,a)
\ J \ J
! !
Neutron flux : MCNP6(Ver.1.0) 3H recoil : PHITS(Ver. 3.020)

3H production : ORIGEN2(Ver.2upj)

Fig. 1.3 Outline of calculation method for impurities in beryllium neutron reflector
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Fig. 2.2  Tritium release rate (R/P) from Li and U impurities in beryllium neutron reflector

,12,



JAEA-Technology 2018-010

100 T T T p T
e
.z'/ .
10-1 F S0 o) _
PR e
/.;.,\ 1 0_2 | L ’ ° _. B
~ ./" O
g_.. - - . 0]
oY 103 ° Ternary fission (Center E=8.4MeV) | -
® :PHITS
O --= : Equation (A1.2)
104 F o) 8Li (n,a) 3H (E=2.73MeV) .
O :PHITS
-~ Equation (A1.2)
| ] | ]

0-5
102 101 100 101 102 103
SV (1/cm)

(a) Relation of surface and volume

100 T T T T
.
2t . L ] ,-..-"'l.
101 } o o =
- 4 . - @]
- -2 .r"' —
- 1 o bl
& e ¢ g ." O
' 103 | ° Ternary fission (Center E=8.4MeV) |
® :PHITS
O --= :Equation (A1.2)
104}F © 5LJ (n,) *H (E=2.73MeV) -
O :PHITS
e Equation (A1.2)
05 l | | l
101 102 103 104 10° 106

S/W (cm?/kg)

(b) Relation of surface and weight

Fig. 2.3  Tritium release rate (R/P) from Li and U impurities in aluminum neutron reflector

,13,



JAEA-Technology 2018-010

0
10 T T I e T
10" F oo ]
/'/‘.- ’ O
o 102 o i
~ v @]
Q—__ 3 ,-". 'Ho
o 107 ] Ternary fission (Center E=8.4MeV) ]
4 o @® :PHITS
--= : Equation (A1.2)
10 b © oL = }
Li (n,a) *H (E=2.73MeV)
O :PHITS
-------- : Equation (A1.2)
1 0_5 | | ] l
102 101 100 101 102 103
SIV (1/cm)
(a) Relation of surface and volume
100 T T T e T
’-..r
101 F L .
,.’.. 4 o
T 107} L .
~ ra g _"_.-".. O
‘g: * " | o -..."O
o 10 v Ternary fission (Center E=8.4MeV) | ]
® PHITS
O --- :Equation (A1.2)
104 } O 6Li (n,o) 3H (E=2.73MeV) -1
O :PHITS
-------- : Equation (A1.2)
05 1 | I l
107 102 103 104 10° 106

S/W (cm?/kg)

(b) Relation of surface and weight

Fig. 2.4  Tritium release rate (R/P) from Li and U impurities in carbon neutron reflector

714,



Neutron flux unit per lethargy

Amount of 2°U (-)

1013

1012

1011

1010

1000

10"

102 |- -

JAEA-Technology 2018-010

T|T|T|'| IIIIIﬂTI IIIIH|T| IIIIII"’ IIIII|T|'| IIIIIIH| IIIII|'|T| Illlll'l'f’_rmTl'ﬂ!_l_mTl"_l_rrrﬂT'_l_rrr

T TTTT

i
S
_|
A
R

I
B

e

A

2

w

<
I

T T TTT]
-H—
Lol

TTTTT
m

ool vl vl ol 1
102 100 102 104 106 08
Neutron energy (eV)

-_—

Fig. 3.1 Neutron spectrums of beryllium neutron reflectors

ORIGEN2

0 200 400 600 800 1000 1200

Operation day (d)

Fig. 3.2 Change of amount for 2*°U in beryllium neutron reflectors

,15,



Weight (g)

Weight (Q)

JAEA-Technology 2018-010

101

100 -

10-1

102

103 O : 8Li from Be 7]
O : 8Li from Li impurity
A : 235U
104 | 0: 2%Pu -
<> . 241Pu
1 0_5 ] | | | ]
0 100 200 300 400 500 600
Operation day (d)
Fig. 3.3 Change of nuclides in beryllium neutron reflectors (JMTR)
101 1 T T T T
100 | o o O 0 00000 o
O
10-1 = -

~, r
102 F Bmpe Ooem o O = O — T
o7 O D
1 0_3 o \A ‘‘‘‘‘ ‘A-__ —
< | ©: Lifrom Be e
o O : 8Li from Li impurity AN
1 0_4 B A 23y
0:2°Pu
<& 24Py
1 0_5 ] ] | ] ]
0 200 400 600 800 1000

Fig. 3.4 Change of nuclides in beryllium neutron reflectors (JRR-3M)

Operation day (d)

,16,

1200



JAEA-Technology 2018-010

100 B - o o O O o0 —
0 O
O
a
102 | o —O—O0—0—0— O0—0O o—0 4
O : from Be
104} O : from Li impurity .

At from U impurity

106 | .

-
-

108} -

Produced tritium radioactivity* (-)

0 100 200 300 400 500 600
Operation day (d)

* : Accumulated values, and normalized values with produced tritium radioactivity from beryllium at 550 days operation.

Fig. 3.5 Tritium production in beryllium neutron reflectors (JMTR)
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A.2 PHITS =—RK A J157 —44

[Title]
Recoiled Tritium by U impurity from Be Sphere r=1.0cm

[Parameters]

icntl = 0 # (D=0) 3:ECH 5:NOR 6:SRC 7,8:GSH 11:3DSH 12:DUMP
maxcas = 100000 # DilO; number of Earticles per one batch
maxbch = 10000 # (D=10) number of batches
# for nuclear data, cut—off and data max. energy (MeV)
emin(2) = 1.000000000E-10 # neutron cut—off
dmax(2) =20.0000000 # neutron data max.
emin(12) = 1.000000000E-03 # electron cut—off
dmax(12) = 1000.00000 # electron data max.
emin(14) = 1.000000000E—03 # photon cut—off
dmax(14) = 1000.00000 # photon data max.
# only for cut—off energy (MeV)
emin(1) = 1.000000000E-03 # proton
emin(13 = 1.000000000E-03 # positron
emin(15 = 1.000000000E-03 # deuteron
emin(16 = 1.000000000E-06 # triton
emin(18 = 1.000000000E-03 # alpha
# forlow E d-——>Be
esmin = 1.000000000E-06 # min energy of range calculation for charged particle (MeV)
esmax = 3.000000000E5  # max energy of range calculation for charged particle (MeV)
einclmin = 1.000000000E-03 # (D=1.0) cut—off energy of INCL model (MeV)
igamma =1 # éDZO; 0:No, 1:01d, 2:EBITEM, 3:EBITEM+Isomer
ipnint =1 # (D=0) photonuclear GDR

# Shleldmg e-mode =0

e—mode =1 #(D=0) 0: Normal, 1: Event generator mode, 2: New event generator mode
nedisp =0 # (D=0) 0: no, 1: with e stragghng, 10: ATIMA
nspred =1 # (D=0) 0: no, 1:orig. 2:first Moliere, 10: ATIMA
file 6; phits.out # (D=phits.out) general output file name
file(7) = /Users/lsh1/ph1ts/data/xsdlr jnd # (D=xdirs) nuclear data input file name
file 14§ /Users/ishi/phits/data/trxcrd.dat # (D=trxcrd.dat) photon data input file name
file(20) = /Users/ishi/phits/XS/egs # (D=/phits/XS/egs) EGS data folder name
itall =1 # éDZO; 0:no tally at batch, 1:over write, 2:different
# istdev =—1 # (D=0) —1:continuous
[Source]
totfact = 1.0
{source> = 1.0
s—type = 10 # sphere type source (energy distribution)
proj = triton # kind of incident nucleus
x0 = # center position of x—axis [cm
yO= 0.0 # center position of y—axis [cm
0 = 0.0 # center position of z—axis [cm
rl = 0.0 # inner radious |cm
r2 = 0.99999 # outer radious [cm
dir = all # angle of z—direction
e—type = 2 # gaussian type energy
eg0 =28 # center energy [MeV/u] 8.4/3
egl =2.23 # FWHM [MeV/u] 6.7/3
eg?2 =1.0E-6 # min cut off energy [MeV/ul
egd =7.0 # man cut off energy [MeV/u]

[Materiall]
ml #Hzf (0.19 g/cmS)

m2 & BSB(I .85 g/cmS)O
m3 # HZO (0.99 g/Cm3 at 50C)

6
m4 # BSO (3.02 g/cm?))
160 1 0
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[ Mat Name Color ]
mat name
1 He
2 Be
3 H20
4 BeO

[Surface]
1 SO
110 SO

120 SO
130  so

[Cell]
50 -1

20 2
30 3
40 3
50 -1

[Volume]
reg
20

500.
1.0
1.5
100.0

-1.85 -110
110

120

vol
4.19E+00
30 9.94E+00
40 4.19E+6

[T-Gshow]

JAEA-Technology 2018-010

color
pastelyellow
pastelmagenta
pastelcyan
pastelgreen

size

— i — O

-120
-130

#20
20 #30

#20 #30 #40

title = Recoiled Tritium by U impurity from Be Sphere r=1.0cm

mesh = xyz
X—type = 2
nx = 100
xmin = —-2.0
xmax = 2.0
z—type = 1
nz = 1
-0.001 0.001
y-type = 2
ny = 100
ymin = -2.0
ymax = 2.0
axis = xy
output = 6
file = gshow.dat
epsout = 1

[T-Product]

title = Triton source energy (Recoiled Tritium by U impurity from Be Sphere r=1.0cm)

mesh = reg

reg = 20

part = triton
e—type = 2

ne = 100

emin = 0.

emax = 30.

axis = eng )
output = source axis = eng

unit = 1

file = Nsource—energy.dat
epsout = 1

[T-Product]

title = Source check geometry (Recoiled Tritium by U impurity from Be Sphere r=1.0cm)

mesh = xyz
x—type = 2
nx = 100
xmin = —-2.0
xmax = 2.0
z—type = 1
nz =1
-0.001 0.001
y—type =
ny = 100
ymin = -2.0
ymax = 2.0
e—type = 1
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ne =1
0. 30.

axis = xy
output = source

unit = 1

file = source—geometry.dat
epsout = 1
gshow =

[T-Product] . . . _
title = Nuclear geometry (Recoiled Tritium by U impurity from Be Sphere r=1.0cm)
mesh = xyz
x—type = 2
nx = 100
xmin = —2.0
xmax = 2.0

z—type = 1

nz =1

-0.001 0.001

y—type =

ny = 100

ymin = -2.0

ymax = 2.0
e—type = 1

ne =1

30.

axis = xy
output = nuclear

unit = 2

file = nuclear—geometry.dat
epsout = 1
gshow =

[T-Track]

i[i‘ble =) Triton flux (0.67MeV-30MeV) (Recoiled Tritium by U impurity from Be Sphere
r=1.0cm

mesh = xyz

x—type = 2

nx = 100

xmin = —-2.0

xmax = 2.0
z—type = 1

nz =1

-0.001 0.001

y-type = 2

ny = 100

ymin = -2.0

ymax = 2.0
part = triton
e—type =1

ne =1

0.67 30.0

unit = 1

axis = xy

file = flux1.dat
epsout = 1

angel = cmin[2.E-3] cmax[2.E+03]
gshow = 1
[T-Track]

{itole = Triton flux (0.683eV-0.67MeV) (Recoiled Tritium by U impurity from Be Sphere
r=1.0cm
mesh = xyz
x—type = 2
nx = 100
xmin = —-2.0
xmax = 2.0

-0.001 0.001

2.0
ymax = 2.0
part = triton
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e—type =1

ne =1

0.683E-06 0.67

unit = 1

axis = xy

file = flux2.dat
epsout = 1

angel = cmin[2.E-3] cmax[2.E+03]
gshow =
[T-Track

]
title = Triton flux (0-0.683eV) (Recoiled Tritium by U impurity from Be Sphere r=1.0cm)
mesh = xyz

X—type = 2
nx = 100
xmin = —2.0
xmax = 2.0
z—type = 1
nz =1
-0.001 0.001
y—type = 2
ny = 100
ymin = -2.0
ymax = 2.0
part = triton
e—type = 1
ne =1
0.0 0.683E-06
unit = 1
axis = xy
file = flux3.dat
epsout = 1
angel = cmin[2.E-3] cmax[2.E+03]
gshow =
[T-Cross]
mesh = reg
reg = 2
r-in r—out area
20 30 1.0
30 40 1.0
e—type = 3
ne = 100
emin = 1E-10
emax = 30.0
axis = eng
unit = 1

output = flux
part = triton alpha
file = cross.dat
epsout = 1

[T-Track]
titleh: Tritium line distribution (Recoiled Tritium by U impurity from Be Sphere r=1.0cm)
mesh = xyz

y-type =1
ny= 1
-0.001 0.001
z—type = 1
nz =1
-0.001 0.001
x—type = 2
nx = 300
xmin = 0.9

xmax = 1.3
part = triton

e—type =1

ne =1

0 30.0

unit = 1
axis = x
file = tlinedis.dat # file name of output for the above axis
epsout =

,23,
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[T-Track]
title = Tritium 2D distribution (Recoiled Tritium by U impurity from Be Sphere r=1.0cm)
mesh = xyz
y—type = 2
ny = 100
ymin = —0.2
ymax = 0.2
z—type = 1
nz =1
-0.001 0.001
x—type = 2
nx = 100
xmin = 0.9
xmax = 1.3
part = triton
e—type = 1

ne =1
] 0 30.0

unit = 1
axis = xy
file = t2Ddist.dat # file name of output for the above axis
epsout =1
angel = cmin[2.E-2] cmax[2.E+03]
gshow =

[END]
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A3 AR AHPE A RCEHAR O R - AT RV

IMTR & OV JRR-3M D ¥F 2% MCNP6(Ver.1.0) CEHE L, J7 LN ORIV AZDONW T, SEB O
F ATV ERDTZ, ZOFER%A Table A.3.1 IZRT,

Table A.3.1 Neutron spectrum of beryllium core components (1/7)
Groun Neutron energy (eV) Flux (n/cm?/s)
Lower Upper JMTR JRR-3
1 1.87TE+07 2.12E+07 2.31E+07 2.86E+07
2 1.65E+07 1.87TE+07 1.34E+08 1.68E+08
3 1.45E+07 1.65E+07 5.56E+08 6.64E+08
4 1.28E+07 1.45E+07 1.93E+09 2.23E+09
5 1.13E+07 1.28E+07 5.38E+09 6.34E+09
6 1.00E+07 1.13E+07 1.35E+10 1.55E+10
7 8.82E+06 1.00E+07 3.07E+10 3.46E+10
8 7.78E+06 8.82E+06 5.90E+10 6.65E+10
9 6.87E+06 7.78E+06 1.07E+11 1.19E+11
10 6.06E+06 6.87E+06 1.77E+11 2.02E+11
11 5.35E+06 6.06E+06 2.56E+11 2.96E+11
12 4.72E+06 5.35E+06 3.58E+11 4.18E+11
13 4.17E+06 4.72E+06 4.54E+11 5.29E+11
14 3.68E+06 4.17E+06 5.25E+11 6.30E+11
15 3.24E+06 3.68E+06 5.73E+11 7.21E+11
16 2.86E+06 3.24E+06 6.41E+11 8.73E+11
17 2.53E+06 2.86E+06 7.59E+11 1.03E+12
18 2.23E+06 2.53E+06 1.12E+12 1.35E+12
19 1.97E+06 2.23E+06 1.28E+12 1.36E+12
20 1.74E+06 1.97E+06 1.54E+12 1.53E+12
21 1.53E+06 1.74E+06 1.78E+12 1.67E+12
22 1.35E+06 1.53E+06 1.69E+12 1.57E+12
23 1.19E+06 1.35E+06 1.58E+12 1.47TE+12
24 1.05E+06 1.19E+06 1.47E+12 1.37E+12
25 9.30E+05 1.05E+06 1.36E+12 1.24E+12
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Table A.3.1 Neutron spectrum of beryllium core components (2/7)

Neutron energy (eV) Flux (n/cm?/s)

Group
Lower Upper JMTR JRR-3

26 8.20E+05 9.30E+05 1.48E+12 1.35E+12

27 7.24E+05 8.20E+05 1.48E+12 1.39E+12

28 6.39E+05 7.24E+05 1.41E+12 1.31E+12

29 5.64E+05 6.39E+05 1.11E+12 1.09E+12

30 4.98E+05 5.64E+05 1.46E+12 1.30E+12

31 4.39E+05 4.98E+05 1.47E+12 1.25E+12

32 3.88E+05 4.39E+05 1.41E+12 1.17E+12

33 3.42E+05 3.88E+05 1.41E+12 1.18E+12

34 3.02E+05 3.42E+05 1.35E+12 1.10E+12

35 2.66E+05 3.02E+05 1.33E+12 1.08E+12

36 2.35E+05 2.66E+05 1.24E+12 1.02E+12

37 2.07E+05 2.35E+05 1.19E+12 9.24E+11

38 1.83E+05 2.07E+05 1.12E+12 8.92E+11

39 1.62E+05 1.83E+05 1.08E+12 8.34E+11

40 1.43E+05 1.62E+05 1.05E+12 7.57E+11

41 1.26E+05 1.43E+05 1.07E+12 8.60E+11

42 1.11E+05 1.26E+05 1.03E+12 7.83E+11

43 9.80E+04 1.11E+05 9.82E+11 7.43E+11

44 8.65E+04 9.80E+04 9.47E+11 6.54E+11

45 7.63E+04 8.65E+04 9.40E+11 6.95E+11

46 6.73E+04 7.63E+04 9.34E+11 7.31E+11

47 5.94E+04 6.73E+04 9.04E+11 6.76E+11

48 5.24E+04 5.94E+04 8.88E+11 6.56E+11

49 4.63E+04 5.24E+04 8.60E+11 6.27E+11

50 4.08E+04 4.63E+04 8.59E+11 6.13E+11

51 3.60E+04 4.08E+04 8.30E+11 5.50E+11

52 3.18E+04 3.60E+04 8.07E+11 5.31E+11

53 2.81E+04 3.18E+04 8.15E+11 6.29E+11

54 2.48E+04 2.81E+04 8.09E+11 5.81E+11

55 2.19E+04 2.48E+04 7.91E+11 5.63E+11

56 1.93E+04 2.19E+04 7.96E+11 5.68E+11
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Table A.3.1 Neutron spectrum of beryllium core components (3/7)

Neutron energy (eV) Flux (n/cm?/s)

Group
Lower Upper JMTR JRR-3

57 1.70E+04 1.93E+04 7.88E+11 5.55E+11

58 1.50E+04 1.70E+04 7. 74E+11 5.39E+11

59 1.33E+04 1.50E+04 7.34E+11 5.10E+11

60 1.17E+04 1.33E+04 T.77E+11 5.37E+11

61 1.03E+04 1.17E+04 7.67E+11 5.27E+11

62 9.11E+03 1.03E+04 7.32E+11 5.02E+11

63 8.04E+03 9.11E+03 7.39E+11 5.04E+11

64 7.10E+03 8.04E+03 7.31E+11 4.98E+11

65 6.26E+03 7.10E+03 7.37E+11 5.00E+11

66 5.53E+03 6.26E+03 7.20E+11 4.81E+11

67 4.88E+03 5.53E+03 7.26E+11 4.93E+11

68 4.31E+03 4.88E+03 7.18E+11 4.80E+11

69 3.80E+03 4.31E+03 7.24E+11 4.84E+11

70 3.35E+03 3.80E+03 7.24E+11 4.84E+11

71 2.96E+03 3.35E+03 7.08E+11 4.71E+11

72 2.61E+03 2.96E+03 7.17E+11 4.78E+11

73 2.30E+03 2.61E+03 7.21E+11 4.78E+11

74 2.03E+03 2.30E+03 7.09E+11 4.70E+11

75 1.79E+03 2.03E+03 7.14E+11 4.71E+11

76 1.58E+03 1.79E+03 7.06E+11 4.66E+11

7 1.40E+03 1.58E+03 6.84E+11 4.49E+11

78 1.23E+03 1.40E+03 7.31E+11 4.79E+11

79 1.09E+03 1.23E+03 6.81E+11 4.46E+11

80 9.61E+02 1.09E+03 7.09E+11 4.63E+11

81 8.48E+02 9.61E+02 7.04E+11 4.59E+11

82 7.48E+02 8.48E+02 7.05E+11 4.56E+11

83 6.60E+02 7.48E+02 7.02E+11 4.55E+11

84 5.83E+02 6.60E+02 6.96E+11 4.49E+11

85 5.14E+02 5.83E+02 7.07E+11 4.55E+11

86 4.54E+02 5.14E+02 6.96E+11 4.47E+11
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Table A.3.1 Neutron spectrum of beryllium core components (4/7)

Neutron energy (eV) Flux (n/cm?/s)

Group
Lower Upper JMTR JRR-3

87 4.00E+02 4.54E+02 7.09E+11 4.53E+11

88 3.53E+02 4.00E+02 6.99E+11 4.47E+11

89 3.12E+02 3.53E+02 6.92E+11 4.41E+11

90 2.75E+02 3.12E+02 7.05E+11 4.49E+11

91 2.43E+02 2.75E+02 6.92E+11 4.39E+11

92 2.14E+02 2.43E+02 7.10E+11 4.49E+11

93 1.89E+02 2.14E+02 6.94E+11 4.38E+11

94 1.67E+02 1.89E+02 6.91E+11 4.36E+11

95 1.47E+02 1.67E+02 7.12E+11 4.48E+11

96 1.30E+02 1.47E+02 6.88E+11 4.31E+11

97 1.15E+02 1.30E+02 6.83E+11 4.28E+11

98 1.01E+02 1.15E+02 7.25E+11 4.53E+11

99 8.94E+01 1.01E+02 6.81E+11 4.24E+11

100 7.89E+01 8.94E+01 6.97E+11 4.32E+11

101 6.96E+01 7.89E+01 6.99E+11 4.33E+11

102 6.14E+01 6.96E+01 6.99E+11 4.31E+11

103 5.42E+01 6.14E+01 6.96E+11 4.26E+11

104 4.78E+01 5.42E+01 7.00E+11 4.26E+11

105 4.22E+01 4.78E+01 6.95E+11 4.24E+11

106 3.72E+01 4.22E+01 7.02E+11 4.27E+11

107 3.29E+01 3.72E+01 6.83E+11 4.12E+11

108 2.90E+01 3.29E+01 7.01E+11 4.25E+11

109 2.56E+01 2.90E+01 6.94E+11 4.17E+11

110 2.26E+01 2.56E+01 6.92E+11 4.17E+11

111 1.99E+01 2.26E+01 7.05E+11 4.20E+11

112 1.76E+01 1.99E+01 6.80E+11 4.05E+11

113 1.55E+01 1.76E+01 7.04E+11 4.19E+11

114 1.37E+01 1.55E+01 6.83E+11 4.06E+11

115 1.21E+01 1.37E+01 6.88E+11 4.05E+11

116 1.07E+01 1.21E+01 6.81E+11 4.01E+11
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Table A.3.1 Neutron spectrum of beryllium core components (5/7)

Neutron energy (eV) Flux (n/cm?/s)

Group
Lower Upper JMTR JRR-3

117 9.42E+00 1.07E+01 7.08E+11 4.16E+11

118 8.31E+00 9.42E+00 6.98E+11 4.09E+11

119 7.33E+00 8.31E+00 7.02E+11 4.11E+11

120 6.47E+00 7.33E+00 6.91E+11 3.97E+11

121 5.71E+00 6.47E+00 6.87E+11 3.96E+11

122 5.04E+00 5.71E+00 6.91E+11 3.97E+11

123 4.45E+00 5.04E+00 6.88E+11 3.93E+11

124 3.93E+00 4.45E+00 6.90E+11 3.92E+11

125 3.46E+00 3.93E+00 7.21E+11 4.03E+11

126 3.06E+00 3.46E+00 6.99E+11 3.87E+11

127 2.70E+00 3.06E+00 7.15E+11 3.94E+11

128 2.38E+00 2.70E+00 7.17E+11 3.97E+11

129 2.10E+00 2.38E+00 7.15E+11 3.96E+11

130 1.85E+00 2.10E+00 7.28E+11 3.98E+11

131 1.64E+00 1.85E+00 6.96E+11 3.79E+11

132 1.44E+00 1.64E+00 7.56E+11 4.10E+11

133 1.27E+00 1.44E+00 7.36E+11 3.96E+11

134 1.12E+00 1.27E+00 7.40E+11 3.94E+11

135 9.93E-01 1.12E+00 7.17E+11 3.79E+11

136 8.76E-01 9.93E-01 7.54E+11 3.95E+11

137 7.73E-01 8.76E-01 7.64E+11 3.94E+11

138 6.82E-01 7.73E-01 7. 79E+11 3.95E+11

139 6.02E-01 6.82E-01 7.85E+11 3.97E+11

140 5.31E-01 6.02E-01 8.05E+11 3.99E+11

141 4.69E-01 5.31E-01 8.14E+11 3.96E+11

142 4.14E-01 4.69E-01 8.29E+11 4.00E+11

143 3.656E-01 4.14E-01 8.54E+11 4.06E+11

144 3.22E-01 3.656E-01 8.75E+11 4.07E+11

145 2.84E-01 3.22E-01 9.21E+11 4.17E+11

146 2.51E-01 2.84E-01 9.74E+11 4.26E+11
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Table A.3.1 Neutron spectrum of beryllium core components (6/7)

Neutron energy (eV) Flux (n/cm?/s)

Group
Lower Upper JMTR JRR-3

147 2.21E-01 2.51E-01 1.14E+12 4.73E+11

148 1.95E-01 2.21E-01 1.36E+12 5.30E+11

149 1.72E-01 1.95E-01 1.77E+12 6.37E+11

150 1.52E-01 1.72E-01 2.32B+12 7.91E+11

151 1.34E-01 1.52E-01 3.24E+12 1.03E+12

152 1.19E-01 1.34E-01 3.91E+12 1.24E+12

153 1.05E-01 1.19E-01 5.18E+12 1.62E+12

154 9.23E-02 1.05E-01 6.87E+12 2.03E+12

155 8.15E-02 9.23E-02 7.49E+12 2.29E+12

156 7.19E-02 8.15E-02 8.37E+12 2.58E+12

157 6.35E-02 7.19E-02 9.20E+12 2.76E+12

158 5.60E-02 6.35E-02 9.64E+12 2.91E+12

159 4.94E-02 5.60E-02 9.72E+12 2.93E+12

160 4.36E-02 4.94E-02 9.99E+12 2.87E+12

161 3.85E-02 4.36E-02 8.54E+12 2.73E+12

162 3.40E-02 3.85E-02 8.52E+12 2.55E+12

163 3.00E-02 3.40E-02 7.34E+12 2.35E+12

164 2.65E-02 3.00E-02 6.68E+12 2.10E+12

165 2.33E-02 2.65E-02 5.98E+12 1.91E+12

166 2.06E-02 2.33E-02 5.81E+12 1.59E+12

167 1.82E-02 2.06E-02 4.25E+12 1.38E+12

168 1.60E-02 1.82E-02 3.7T9E+12 1.22E+12

169 1.42E-02 1.60E-02 2.85E+12 9.50E+11

170 1.25E-02 1.42E-02 2.46E+12 8.49E+11

171 1.10E-02 1.25E-02 2.10E+12 7.01E+11

172 9.73E-03 1.10E-02 2.26E+12 5.51E+11

173 8.59E-03 9.73E-03 1.48E+12 4.59E+11

174 7.58E-03 8.59E-03 1.20E+12 3.74E+11

175 6.69E-03 7.58E-03 9.33E+11 3.01E+11

176 5.90E-03 6.69E-03 6.61E+11 2.43E+11
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Table A.3.1 Neutron spectrum of beryllium core components (7/7)

Neutron energy (eV) Flux (n/cm?/s)

Group
Lower Upper JMTR JRR-3

177 5.21E-03 5.90E-03 4.92E+11 1.93E+11

178 4.60E-03 5.21E-03 3.91E+11 1.55E+11

179 4.06E-03 4.60E-03 3.34E+11 1.23E+11

180 3.58E-03 4.06E-03 3.19E+11 9.88E+10

181 3.16E-03 3.58E-03 3.96E+11 7.82E+10

182 2.79E-03 3.16E-03 1.91E+11 6.13E+10

183 2.46E-03 2.79E-03 1.11E+11 4.91E+10

184 2.17E-03 2.46E-03 1.03E+11 3.86E+10

185 1.92E-03 2.17E-03 6.62E+10 2.95E+10

186 1.69E-03 1.92E-03 5.37E+10 2.41E+10

187 1.49E-03 1.69E-03 4.86E+10 1.87E+10

188 3.52E-04 1.49E-03 1.53E+11 6.30E+10

189 1.00E-05 3.52E-04 3.72E+09 3.89E+09

190 0.00E+00 1.00E-05 3.39E+04 4.11E+06
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A.4 ORIGEN2 zi—K A 15 —4 4

(1) JMTR VYT Lk - AR TR o U Al

TIT TRITIUM RELEASE FROM BE IN JMTR
BAS FROM U IMPURITY

RDA -1

CuUT -1

LIP 000

LPU -1

RDA

RDA DECAY LIBS XSECT LIBS fort.9 VAR.XSECT
LIB 0 123 70370470590040 JMTR-Be
RDA

RDA PHOTON LIBS fort.10

PHO 101 102 103 10

RDA

TIT INITIAL FUEL COMPOSITION

INP -1 1 -1-1 1 1

MOV -1 1 0 1.0

HED 1 CHARGE

BUP

RDA days nflux

IRF 50.0 2.99E+14 1 2 4 2
IRF 100.0 2.99E+14 2 3 4 O
IRF 150.0 2.99E+14 3 4 4 0
IRF 200.0 299E+14 4 5 4 0
IRF 250.0 2.99E+14 5 6 4 O
IRF 300.0 299E+14 6 7 4 0
IRF 350.0 299E+14 7 8 4 0
IRF 400.0 2.99E+14 8 9 4 0
IRF 450.0 2.99E+14 9 10 4 O
IRF 510.0 2.99E+14 10 11 4 0
IRF 550.0 2.99E+14 11 12 4 O

BUP

OPTL 888858588888888888888888
OPTA 888858588888888888888888
OPTF 888858588888888888888888
ouT 121 -1 0

MOV 12-1 01.0

TIT JMTR COOLING

DEC 1.0 -1 2 5 4 COOLING YEARS
OPTL 8888888888888888888888838
OPTA 888888888888888888888888
OPTF 888888888888888888888888
ouT 2 1 -1 0

END

5 920000 22.5 00.0

0
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(2)  JRR-3M VU AP AR O Li A

TIT TRITIUM RELEASE FROM BE IN JRR3
BAS FROM Li IMPURITY

RDA -1

CuUT -1

LIP 000

LPU -1

RDA

RDA DECAY LIBS XSECT LIBS fort.9 VAR.XSECT
LIB 0 123 70370470590040 JRR3-Be
RDA

RDA PHOTON LIBS fort.10

PHO 101 102 103 10

RDA

TIT INITIAL FUEL COMPOSITION

INP -1 1 -1-1 1 1

MOV -1 1 0 1.0

HED 1 CHARGE

BUP

RDA days nflux

IRF 100.0 1.88E+14 1 2 4 2
IRF 2000 1.88E+14 2 3 4 O
IRF 300.0 1.88BE+14 3 4 4 O
IRF 400.0 1.88E+14 4 5 4 0
IRF 500.0 1.88E+14 5 6 4 0
IRF 600.0 1.88E+14 6 7 4 0
IRF 700.0 1.88E+14 7 8 4 0
IRF 800.0 1.88E+14 8 9 4 0
IRF 900.0 1.88E+14 9 10 4 O
IRF  1000.0 1.88E+14 10 11 4 O
IRF  1200.0 1.88E+14 11 12 4 O

BUP

OPTL 888858588888888888888888
OPTA 8888585H83838883838383888888888
OPTF 8888b85H88388888888883838888
OouT 121 -1 0

MOV 12-1 01.0

TIT JRR3 COOLING

DEC 1.0 -1 2 5 4 COOLING YEARS
OPTL 88888888888888888838888883
OPTA 888888888383888888888883888
OPTF 888888888388888888883838888
OouT 2 1 -1 0

END

4 30000 0.274 00.0

0
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