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Gas Expansion Module (GEM) will be installed in large scale fast reactors in order
to insert negative reactivity feedback in a transition of the primary pump trip. A mock-up
experiment was performed at the XX-1 core of the Fast Critical Assembly (FCA) to evaluate
and improve the prediction accuracy of the reactivity effect inserted by the GEM (GEM
reactivity worth). The GEM was categorized into "External GEM" and "In-core GEM"
according to its position; the experiment was performed for both cases, and the prediction
accuracy was discussed.

As for the external GEM reactivity worth, it was indicated that the self-shielding
effect for iron used as the structural material of the GEM should be taken into account in the
preparation process of the effective cross section of the GEM region. The overestimation of
10 - 20% was observed when the deterministic calculation was adopted for the transport
correction in RZ geometry. When the Monte-Carlo method was used instead, the
overestimation was reduced below 10%.

As for the in-core GEM reactivity worth, it was pointed out that the cell
homogenization should be carefully carried out since the neutron streaming affects the
prediction accuracy. The prediction accuracy shows a dependence on the sodium level in the
GEM. The prediction accuracy was evaluated by separating it into the non-leakage term
and the leakage term by a least-squares fitting. It was found that the non-leakage term
shows 10 - 20% overestimation, while the leakage term agrees well with the measurement
within the experimental error.

Keywords: Gas Expansion Module, Sodium Void, Reactivity Worth, External GEM,
In-core GEM, Self-shielding effect, Neutron Streaming Effect,
Cell Homogenization, Heterogeneity, Monte-carlo Method, Transport Theory
Critical Experiment, Fast Critical Assembly, LMFBR
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Fig.1.1 Mechanism of external GEM
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Table 2.2 Measured items for external GEM reactivity worth
Core Drawer Number and y e . 9
configuration pattern o position b Axial position of voided cell
3X3X2 10~13z 1~13z -10~13z -13~13z
3X2X2 10~13z 1~13z -10~13z -13~13z
3x1x2(st)  10~13z 1~13z
GEM-A 3x1%2 (2nd.) 1~13z
3x1x2(3rd.) 1~13z
3X3X1 1~13z
XX-1 HX3X2 1~13z -13~13z
10~13z 7~13z 4~13z 1~13z
GEM-B 3X3X2 -3~13z -6~13z -9~13z -13~13z
1~ 3z
GEM-C 3% 3% 1 l(l):l‘éz 7~13z 4~13z 1~13z
Sodium plates 3X3X1 10~13z 7~13z 4~13z 1~13z
GEM-Aand B 23X 2 1~13z -13~13z
XX-1(RSB) GEM-A 3x3x1 1~13z -13~13z
3X2X2 -13~13z
XX-1(2X) GEM-A 14X 2 -13~13z
GEM-Aand B 22X 2 -13~13z
_ 9% 2 13~13z
XX-1(1X) GEM-A 15X 2 -13~13z
GEM-Aand B 23X 2 -13~13z
GEM-A 15X 2 -13~13z
XXAAY) ~EEM Aand B 232 13~ 132
a) See Fig.2.3. b) See Fig. 2.5. ¢) See Fig.2.4.
Table 2.3 Measured items for in-core GEM reactivity worth
Core conflg_u‘r ation Drawer Axial position of voided cell P
and position pattern @
GEM-I 10~15z 1~15z -9~1bz -15~1bHz
10~15z 7~15z 4~1b6z 1~1b6z
XX-1(R) GEM-J -3~15z -6~15z -9~1bHz -15~15z
GEM-J with a -6~1bz -9~1bz -15~156z
Central drawer .
narrow part (-3~3z was not voided)
Sodium plates 10~15z 7~15z 4~1bz 1~15z
P -3~15z  -6~15z  -9~15z -15~1bz

a) See Fig.2.3.

b) See Fig.2.6.
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Abbreviation
Pu(92) : Plutonium metal plate covered with stainless steel.
Fraction of fissile plutonium is 92%.
93%EU : 93 % enriched uranium metal plate.
20%EU : 20 % enriched uranium metal plate.

NU : Natural uranium metal plate or block.

DUO, : Depleted uranium dioxide plate.

DU : Depleted uranium block.

Na : Sodium metal plate covered with stainless steel.
ALO; : Alumina plate.

AIN : Aluminum nitride.

Zr : Zirconium metal plate.

SS . Stainless steel plate.

Al(hole) : Aluminum metal plate with sixteen holes.

(@) T2N drawer | 45.72cm 20.32cm

NU(1/8") e

AIN(1/18") XL 22T ITIL oo sxseveescsevasononss s
Pu(92)(1/16") Na(1/4") AIN(1/16")

AIN(1/16") <Pt el SIS ST N SR LTI T I LIRS SIS A

NU(1/8") e e m ot T eyt
Pu(92)(1/16") Na(1/4") / NU(1/16")Z

AIN(1/16") —FEooee e oo oot  Re oo0obR00 000 estoosoRoroooRoUoot: L B

NU(1/8") Na(1 /4%

5.08cm

T2N cell SBN cell

(b) SBN drawer

10.16¢
1 m>

NU(1/8) J _Nall/4) Empty
AIN(1/16") <JEECTEEF e
NU(1/16") Na(1/4") |
AIN(1/16") < JRRBBEISTEETTH,
NU(1/8") ~ PRt oo
NU(1/16") Na(1/4")
AIN(1/18") ~Jpemmmrrooeooos
NU(1/8") Na(1/4")

SBN cell

Fig. 2.3 Plate configuration of drawers in FCA XX-1 core (continued)
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(c) MOD drawer

Na(1/4")
DUOR(1/4")
Pu(92)(1/16" Na(1/4")
Al203(1/8") Na(1/4") X -
20%EU(1/8") — \\N NN\N AN\ s Prac
Al205(1/8") Na(1/4") 2DUO:(1/47)
Pu(92)(1/16") Na(1/4")
-DUO2(1/4") 5
Na(1/4")
MOD cell SB cell
(d) EUD drawer
Na(1/4")

Al203(1/18") ~ 2 DUO2(1/4") R

U02(1/4")
U02(1/4")
U0:(1/4")
UO2(1/4")

"N 20%EU(1/16") Na(1/4")

20%EU(1/16")

93%EU(1/16")
$5(1/32")

Na(1/4") - 2DUO:(1/4")
EUD cell UOB cell

AlzOa(1/16") 2

(e) Safety/Control rod (SCR drawer)

_~ Al(hole) (1/8")

93%EU(1/16") NU
20%EU(1/16")
$5(1/16"
93%EU(1/16")
20% B (1/16") e SO U T O S
93%EU(1/16") — ms—— ——
O DN D T D D N N N D D DTN TN NN DN DD DTN
SCR cell NUB cell
() GEM drawer (Type-A) 5.08cm
~ 45.72cm 15.24cm
- " GEM
GEM Type-1 GEM Type-2 Type
-3
GMNT1 cell GMN2 cell GMN3 cell

Fig.2.3 Plate configuration of drawers in FCA XX-1 core (continued)
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(9) GEM drawer (Type-B) 5.08cm
~  {524cm "~ i524cm __~ ] - 15.24cm_ 15.24cm =
GEM Type-2 GEM Type-2 GEM Type-2 GEM Type-2 ?i“é‘
-3
GMN2 cell GMN2 cell GMN2 cell GMN2 cell GMNS cell
(h) GEM drawer (Type-C) 5.08cm
GEM INGEM AGEM AGEM AGEM A GEM \GEM \GEM AGEM AGEM A GEM \GEM \GEM
Type/ |\Type/ [\Type/ |\ype/ [\Type/ [\Type/ | \Type/ | Type/ | Wype/ | Typef | \Typef | Vvpe/ | \Type
-3 -3 -3 -3 -3 -3 3 3 3 -3 -3 3 -3
"GMN3 cell
(i) GEM drawer (Na plate for external GEM)
_ 66.04cm
Na(1/4")
Na(1/4")
Na(1/4")
Na(1/4")
Na(1/4")
Na(1/4")
Na(1/4")
Na(1/4")
GMN4 cell
() GEM drawer (Type-I) 5.08cm
45 72cm 15.24cm 15.24cm )
GEM Type-1 GEM Type-2 GEM Type-2 Empty
GMN1 cell GMN2 cell GMN2 cell

Fig.2.3 Plate configuration of drawers in FCA XX-1 core (continued)
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GEM drawer (Type-J) 5.080m

15.240m =~ {5.24cm i5zdan T T~ iSgdem - i524cm l

GEM Type-2 GEM Type-2 GEM Type-2 GEM Type-2 GEM Type-2 Empty,
GMN2 cell GMN2 cell GMN2 cell GMN2 cell GMN2 cell

() GEM drawer (Na plate for in-core GEM)
<

5.08(;

76.20cm

Na(1/4")

Empty

Na(1/4")

Na(1/4")

Na(1/4")

Na(1/4")

Na(1/4")

Na(1/4")

Na(1/4")

Fig. 2.3 Plate configuration of drawers in FCA XX-1 core (continued)

GMNA4 cell
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Movable-side Fixed-side

GEM-A reference N immmmim N T i iy
10-13zvoid N R Y R N [

1- 18z void Y | I [ 1
9-13zvoid OO ] I [ |
113 -13zvoid [ ] [ | | | [ ]
GEMEreerence N rrrm,,, e AaEmnnmnmmsrrarms sy ey
10- 13z void  MITTTRITTIITTTTATIY -~ AN N [ ]
7-13zvoid ALY - AR I [ ]
4-13zvoid N, ey [ I ]
1-13zvoid US| I I [ ]
3-13zveid IS | I [ [ [ ]
-6-13zvoid RN [ 1L I I [ [ ]

-9 -13zvoid KN} [ [ 11 I I [ [ ]
-13-13zvoid [ | I [ [ | [ [ []
1-3zvoid Iy | A

GEM-C and Na plate /rmmmimlm e E TS
reference

AR R

10- 13z void - [T

4 - 13z void

NNANNNNEEEEEEN
NN\ EEEEEEEEE

1 - 13z void

1 - 3z void RN

[TTTTTTTTITTITIT]
N NN NN

Fig. 2.4 Measurement of external GEM reactivity worth
( hatched box : sodium filled can
blank box : void can )
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XX—1core >

Fig. 2.5
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3 x3 x 3 x2x2 I xXx1x2 3 x1x
or (1st.) (2nd.) (3rd.)
3x3 x1

[ '

XX-1(2X)core

GEM void patterns in external GEM reactivity worth

measurements ("...... X 2" means that the measurement was
performed at both side of the GEM regions, while "...... X 1" was done

at one side of them)
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Movable-side Fixed-side
GEM-l reference R R Y R MRy
10- 15z void NN N | |
1- 15z void R NE I [ |
9-15zvoid ey | | [ I |
-13-15zvoid [ ] [ ] [ | |
GEM-J reference A A Y
10 - 152 void L T A ARy I 1
7- 15z void S Y - AR I I |
4-15zvoid Ty ey [ ] I |
1-15zvoid LU Y [ I I | | |
-3-15zvoid R RITTTIIINNNY [ I I I I |
-6 - 15z void  [TRTRIINNY I | | I I | ! |
-9-15zvoid SR I [ 11 [ I I I 1
-15-15zvoid [ | I I I [ | I [ I I 1
Wizl . IIINY - S SN 7177
winmozved MNEMINNY T S ST T 7777
ez T T T SW NN T T 7]
Na plate reference [ AU Y R R R
10- 15z void [N R PR Y - AR [ [ P[]
7-152v0d.  FENINNINENY OSSN T
4-15zvoid. MMM TS S T T T rrITd
1-15zvoid NNy [T TP PTTIIT I
-3-15zvoid [N [ T T T I TTTT Il
6-15zvoid RGNS [ [T T TTTIPPErTigd
9-15zvoid NSNS [ [ [ T TT T LI T TTTTTTTTTITTT ]
as-t5zvoid [ [ [T T T T TTTITT]OITTTITITTITT TR T 1]
Fig. 2.6 Measurement of in-core GEM reactivity worth

( hatched box : sodium filled can,
blank box : void can )
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3. HEFE
Fig 3.1 (22 It a 7., BUF . ShICi- TR RIEOBB AR T 5.

3.1 BAGHE

LA T — % 77 A0 JENDL-3.2 {2363 70 BEREE 2t v b JFS-3-J3.200 8 72 HeAkIC
HSEEA M A EHEa—1 SLAROM®#% BV TR E AT 5%t/ O KT RTR OILRHR
Heh KT 17T Ty MR T BRSO T 1 ROC IR ERIE TUC KRR FAR D
SEBM A EE L . 7Ty NROY T T ay s Ty MMVADZED FCA BTERD
GEM MU SV TR EET A Tl o, IERERHITIE Benoist OF 7LD T YIRS
AR RNz,

QEM M IE A5 L 2SO EIE L N b7 528, 44k GEM OB TR FCA -1
LRI XL DAT L AR IZ T EBE L CEABT I AL RO, RN b FEC BB
Ui, EWiiE A sk DR 08 B SERE -1l 3 FEOLOE A, 5 1 0B SRR 3
GEM R R AR B2 E VLB L L72b 0 Thh, ZORE  BHIRARE TIEAT VLA
SO DI L7 BT B DIERE TV INS R0 E AR ENN DS, H 2 13 GEM SASICBHET
LR R O ST T4 MiERE: GEM BUSIZRE L. O AL B IR TR
ZNDEDTHY . BEREE TIXBE L2 R AR HO B CIERREF OM/NHEZP LR TES,
%300 B SIERE HEPLERCT T2 by Mk GEM BUR Mo @2eRe 54 AV CRER O TR
[ERRD H iR O L0RDHLO THY | TV 2108 B CilE#E RIS e TEH. ZRE3MAD
(] DRI T 2 BB B O FEBH IR B T1TD.

— ¥ (PP GEM OFE T, 45 L7 0 1 IR BB ThDT0 KA T T AR
D3 BT BRI LB B DL E X HIVG, £2T, 5 GEM LERIZ GEM 2 HAE L
Fi8A L GEM &3 R ARy L AT L AR BILIB B O AR RZT O AR E LT,
MOV THIRE TR D,

3.2 HWRIHE

F9 LS ETELNE TR —T0 BOENMFEE VT RZ RO RET), AR
T U7 S B GH Bo—RiE CITATION-FBR a—ROTHS, B0 RZ 7 /VIEEE Fig.2.1 (2
LT, B A (R ISR 1.6em DAY = §%  #h71 (Z M) i3 2.5cm DAY 2i8%
FRENEMALE. FCAXX- 1 FLaEE L XX-1 (RSB). 2X). (1X). V)D& FLIE XX-1 7.0
RZ EFNA2FOFEFFHRM LI,

70 B RZ EF A OERIE CHLND P F RITEME AR 3 KLk BGHRE 25 BFTITI/2H 0
W R R A O T L O T2,

kA E T, LA E CHEETFAARM LA RE . Benoist O R HILBEREDE VT,
M S B SR B R B TR H A OLO (D) EEERLO (D) THRAESHDD FCA 12
31 DB R OB EAR OB H A L T RZ BT MCBI2 R FRKR U Z FmEnth
DILHARBU I
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(3-1)

D, =D, 3-2)

ARz,

wiT 25 BEIZAERI LTS A>T 3 kot XYZ BRI ATEEGHEA1T). 5.52cm X 5.52¢cm X
5.08cm O BT /AZ LT H 17 205 FID Ay 2 BH A L, BAMEIBAEIZIX A D, |
Y ROZ FRICIED, %ot

— T  BREER AT ORI E LS TREY REE H T A0 OFLEGHE T, BAMEIREER
HIFROTICEF I ONTEHIERIEED, =1/(BX, ) A, 22T, IS EE CH5,

BETRRIC - SUARENEIT 25 BHOBA LM A AW T 2 Ko RZ EZ AL XY E7 AT
1ot AR CER L Z RIS AT NiE SNEIZZE S TWOTRAN-- I 2—R00TEH S, T
L7 SnA—4 1% Ss THY . 2RrmIEO ROV IZEmE N migs MV 50 0wd Diagnal Transport
Approximation (ZXVEELMEEOIET HMEE —KRETER L, Ay 20BIEHEH R LR — 0L 0
Rz,

1ES GEM RS EEDEHE Tl ik BRI CE SR ITHEL T2, ZORHAWZa—RX, Snik=
—Fk® THREEDANTIE QNI R AF—F T hlajEa—R MVPR2B R LT T AL
Ea—K GMVPU2THDH,

3.3 HEEEH R ORI

AREE TR P T R R OB P F RO E, LR TRIDR AR EATER O K2 BT iR
% AT, BB RICE SRS EMBEOH R AT o7, ILRGEHRE TR R oMM R URERE
THEHSHEANDERITIRB R AT A-FFHET—F PERKYW@Z, X HHEOHAITE
SNPERT-II =—k03% v =, BB RITHE EBERIZE SV TT,

B ETR T B OB EN R S B L PEBGT R B O B R D Eed DR k4l I AR B (Wi 6 B A H e
) A, SRR IR LRI N ENSEIR D | Bl 2 ITHIEZ L7, (EL, 3k
FEERE R H OSSR FIITD T EPWEREROENLEEICISEMMEZ RO, S
DVWTERETHEAD,
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(70-group)

SLAROM

Cell calculation

Z 70-group

CITATION-FBR

70-group core calalation in RZmodel
with anisotropic diffusion theory

COLLAP

Group collapsing

Resonance selfshielding :

Table look-up method
Flux fine structure :

Collision probability method
Benoist's directional diffusion coefficient

¢ 70- group

25— group
> off
v v v
CITATION-FBR CITATION-FBR TWOTRAN-II
25-group core calculation 25-group core calculation 25-group core calculation
in XYZ-model in RZ- or XY-model in RZ- or XY-model

with anisotropic diffusion theory

with isotropic diffusion theory

with transport theory (Se)

PERKY

PERKY

SNPERT-II

Perturbation calculation

with diffusion theory

Perturbation calculation
with diffusion theory

Perturbation calculation
with transport theory

Fig. 3.1 Calculation flow chart
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4. £ £

4.1 % GEM RO EDMimaHc b5 %2

S GEM ORESEERA T 5 GEM HUg AT, A7V L AMOWB EIC@&B T N v L& FiHL
FHOTHB, GEM OB AR RAER 5T ARHZIT -0 GEM i A% 27 L 2 OR AN EIZ B R
T8, fnT. GEM RARZEE LI AL B IZIE KERRAREETFE 5[ LR ORANEDRT
L RERD B E ENDI B, FIZIE, b E WA T 1 (RS 46cm) D GEM BHEADFRFH
BT, BBILELUT DI MEE LS.

Na : 1.93 X 1022 atoms/cm3
Cr : 2.65X102! atoms/cm?
Mn : 1.66X102° atoms/cm3
Fe : 9.52X102! atoms/cm3
Ni . 1.12X 102! atoms/cm3

GEM BSEEME T b &5 0 k&) 400ke V~1MeV D= /L X —#JH Tld, GEM S /L O EAR
BRI I ~O0. lem L, AR A NEUE B /L O EAR AL W I FEIE ~0.03cm 1 L7025, FHEFOFH A
AT R I A O W CTHY . GEM B /L TIEH 10em ., A REHE 2L TIEIK 30cm &725,
Fs GEM O EBREIT-7- XX-1 5.0 Clt GEM IR OE ST 5.5cm~16.6cm THDHT LD,
GEM OFRARRIEEHIEL 2B I BL O P T IR A REE CHEEL RIS TIZ@EBL THDHIL
Mo MB,

— 7 BAME LB TR T, BT OB HEEIC LS 8 CERSREB B LICE W@
T FOME TR L BB D > TODB AR TR F RO TR T —AXT ML E
RELTRDLNTND, fE> T IENFRT, BEFICHKIZL COLHHEF ROT AT —ART ML
LRI DA DL DOENKERARBE AL, TOH REMENIIY ANDLERDHD, EBOLD
i2. GEM ORARKBERFEHEL -5 A TIEBL OB FHBIFLNLT Ty b~ L@ L Tz,
1o LA ORI 351D FE TR D TR — 27 WL R R A R SRR D LM RO R
B A ThBHE LR, BT, R A RSN TSRO B F 5 E AR AR SV | K&
TR A (R 75T 5 L 7 RIS FE AV N &SR0, 880 B CaE 2 5418 KIZ RAEEL > TLED TREME S &
B,

2T L FD3 DB A2V T GEM O RS EMEA 31 RL . #ko> 505 B Otk 2o p-ih 75 1%
DEEEELETD,

FiE1: EFREIE I (Infinite media method) :SLAROM OEER¥EBELE A7 > g TEIME
FEZIET D,

FHiE2: 3 EIRESTE (Mixed media method) :SLAROM T USRS, GEM HfEHEIR, 75
Ay MEk AT L, £FERICH 7o CREE LR 3% & T GEM RO E 237
oL ke . F A GEM $ko E3hE AR miE O EICHVWD,

HiE3 SEM T RE (R0 HiE. Tone method) :SLAROM CTIFE LSEHEETEEL, GEM FERRIEL.

— 94—
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5y MBI BT AALL . BERRO HEOIZ VR O Ti5a 5 BL CRIWrmiEL 3t
ﬁ‘a.éo

Table 4.1 125 EF /L TEHE L 11 B (639~821keV) (231 Ak A BRIETEIAT & UMW BidiZ
25 B DGR T4 b5, Figd. LiiZZ o= X — BB 5 RIS B SRR o
AR R LT, BRIV Tl RANKIED GEM (Z81 ) 2 A IRITE R T/ ST L RARED
M T H OERRK T O ERKENZENHN D, —F ., SRR AL TIE. GEM ORAFERAITE TIRE
JoX H BRI LA | 8k B ClE R OB LD ISR LR BETERN, K
D AT R E L SHIRIR S ED ML EL T D,

Fig.4.2 1% GEM 298 A RT3 52412k D GEM SO I BUR MO BALE R~ LTcb O THD. JEBAREK
OEACIE I F NI LD F L > T EEISNTNDH, HBEETTFIRGHEDRHDIENFDD. T
DB T MR GEM BBARIZR -T2 b E O8O B Sl E F O RIEOZRPREHEL
TV, Table 4.1 ORI EEF AHOERE—BLAR THD., Tiebbh | MREHIE T
GEM O ARGz L0 EED TN EAEAS/ NS0 | SEHURBI KR &A%, STRIBIREIETIL GEM O
ARV ETE CROWEBMNZAL L= | OE T A OBEXVHIEHREOZ /P E, #ER
i B2 RO PEICALE TS,

KBIT. B3O TETF L THE L BRI E iS4 5T GEM O RIS EMiga Ko 7oki %% Table
4.2 (27T, F. GEM RISEMEO =R —HHN% Figd.3 (O7F, fEMRIIIXIX2D
GEM 4815k -132~137 RARTHY, FHEIZIE3KC XYZ TF /L0 25 BHLRGIHEZ AV, MR
k. RO H . SHURIR A RN RS EE A OME s HE R R X< BRI AL 3BRIBIR LD HAY
14% kX 72ffi% =4, Figd.3 kv, 0BT 20keV~1MeV TEI>TWHIERZDDHN, JHU
Fig.4.2 |o R LT E R B OB L RILER TH D,

L DE BN GEM RS EOFEIZR O T EM O B CEBROTBLNNTEEZETD
ZEMSH T, REILRRITTR TR T B IRERDRNEE X LNDERO HiEE WD el T
B

4.2 P4 GEM OEEFER

Table 4.3 1257 GEM ¥ £BROEREL 0T,

F GEM HOF R AERRFHEIZ DV TEET 5, Fig.4.4 (213 GEM-A SIEHLIZOWT R
e AR S F MBI TRDRUSEAIMNZ AR (AR LT, PUE TR 707y MR~ T
S X RS EEBAE Y 72> TWDIEMH D, Fig.ds (i3 Mo MM K FE 2 M BIELTZ
GEM-B & O-C Bl U AR EE AR5, 87 AICH TR OES Cheb SJUSEEAREA R E W
i [STFEHRIZZLTWAIENTNS.

Kz, GEM-A gl&HLE BV A ORAREERIKIFIC W TE 5T 5. Fig4.4 LT Table
4.3 DO DHEDIT, 3X3X 2, 3X2X 2, 3X 1 X215 H) TIERAN LR HBROKAT3:2: 105k
RTHDHN. FICEMEIE 2.2:1.8: 1 DHEE22> TR FELLEFILR, 23U, Table 4.31280°
T 3x1x2 O1FIE, 2418 35 Bzt H 00 EME2S 1:0.7:0.4 THHZENLLHNDHINT,

TEM KSEESERL T TR K I B COOMA CHUS B ORIV NS TNBTeh ThHEEZ
BB, O RDENRITHIEO 2E T T GEM AR ARZ BT 3X3X 212~ T, 1EHTOA4 T GEM

o5 —
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RARZHEETS 3X3X1 OHPAITITFE 1/2 OUSEMAL 2> TERY MBS > THD,
GEM A REEA 8 H IS 72 5X3X 2 T 3X 3X 2 (2 THRFEOH 2 ST ELFIL 72 1.6 %
DRGEMEE 72> TS,

Wi, GEM B s Ak 55 M LOMBEOHEOHN RE R TAHAD, GEM-A 5lZHL.
GEM-B B|XH L. GEM-C BIEH LKL UG R 248 THERL L5 S H LA DL, 1~92 DERSy O H
RrE S -cE NS N LAOEEL, 114g, 112g, 102g, 90g LI D 72{/e>T %, Table 4.4
IR ESI, 1~92 ® GEM RA RS EMED Z ORI LTWE5, TR LAEREYZYTRS
L F NI AEBRKENHNEALE R SO RS EMESKRENZEDR A5, Zhud, B/ H
70DOF NI ADOEEIN/ NSO TR, WIZEA BV S TZVORT L AOBERBAREL TRV A
BEARIFT AL A P FIRMOBEMART LRI Lo TIZ LN TWED THDHEEZ LI
%, 2. GEM OFEFHZBOTE, EH OFIE AL TIENDRNTHDHLEFE XD,

GEM KRR OMAIE BT T o DT ay s LT s, TRV LLHET T B TR T DY
TRT 5o MMSB) L AR EERB L, SB LLIBE DA 2% K&/ UG EMEAR 5 2 TWD,
THUTEERIEE (0.5% L F) LR THERANE TIZHA 2, RETTIR <% GEM S EE A& T K
BE (10~20% L) IC LR THA/INSNWZ 22 B E T 5L GEM SHIROSMUBEIROMRIT GEM BUS
MBI Z RS R EEBII X W ERER TED,

517 GEM SEB O FARIKAFMEIZ DV TE L5, Fig.4.6 (EE O XX-1 5.0, XX-1@2XD8 0
XX- 11X XX-1AYF N I81FH-13~132 AR D GEM UG EMEZ R AN GEM 5[&HL
AEOBELELTRT., BURARE GEM 5= LA Tl ~5L, XX-1AVDF & X0, @XF
D, BEO XX-1 FOOIEIC KX RS EMEEZ 52 TOAIEDRS D%, ZhuT, BRI 3E D
GEM RE#ssait iz NlD B R b4 A KXWz, GEM % 1 BIZ L TEF AN REEE KT 575533
BRHLIEETRL TS, AVEQXDHEEI, XX-1 5003 X4 0 F I AKERTT R BRI E
B2 H ) Y- A UFO0 ETHE) THEOAERIHTHEHIE RO, JFORISIZ BT DR L T
BSWEROELSIN X-F e Y- HE TRRDZEREBFER SR> TWDHEEZDND.,

4.3 1F5 GEM B BERAL oD T BIIKS BE Rt
Table 4.5 (7455 GEM St EMEICEE 32 EBRIFHE O LERE RS, LT, FHEE BICBEETT

-

Do

(1) F R LR TR

Fig.4.7 \ZERME /FHEE (C/E 1) © GEM W Mo LN IRFFE 7T, 10-132 O EEjEh5 i~
Sy MRS T, EREEITREZNVHOD, TRV LR N ZOM B LS Tl RHZEE~TE K
SROMEF D, C/E I, AR OO AHEE T T 372 BT B IRLS SHIBALA T A%
B ERELTWAESNCZRZD, GEM-B 51X HHLE U GEM-C 5L Tils i H.uEto 1-3z
DHDOEARECHEHE LA, OB AO CIE () 1.12)1X GEM-B 5IEHLERW MO 5 E
(C/E=1.14~1.17) K T* GEM-C B[EHLE AW thOBFH S (C/E=1.14~1.18) {ZLE~TEW, Zho
DS LT, 8H 7 F 7y M T GEM RARIZ LD Pk IR IO 18 K EHmE R 2358 < | il
F5 1) R (PO ER) TR OM K ERIEFI Eo TV BLEZLND,
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(2) B F7 A REBURAL BARAFE

JEM-A BIEH LA 3X 1X2-1~13z DFEO1E A (1st), 2 H(2nd), 358 HBrd ) C/E
Ba BT BE . FREN 1.07£0.4%, 1.11£0.7%, 1.16£1.1% ThHY, LA L DEENDIZHEST
BRIHE R ES TODIENSND, o, IBRL2ZEHORLADE THD 3X2X2-1~132
1 C/E=1.1240.2%, 1~3@HDRELADE THH3X3X2:1~132 Tit C/E=1.16+£0.4%THY,
BLADEBLILCEVBRGH IR EDM NN DD,

(3) Bl LAERIRAME

3x3X1 XiE 3X3X2 @ 1~13zGEM RARIZSNT, GEM-A 5IZHIL. GEM-B 5L,
GEM-C B X HLEUF N AR THEERLZ5IEHLOBEEL~5, CEEIXTNAEIN 1.16£0.2%,
1.15+0.2%. 1.15+0.4%. 1.12+0.6%&MEIZ V72722 TWDHA, EHURERERRVENTIIRW
o, FHEEEE I X HUBBIKTEM IRV EL TRNES ZAHND,

(4) BIFHT Ty MEBHE R

XX-1(RSBFE > CHRIE LT GEM UL EEMED C/E 1% 1.15~1.20 BE THY , i H O XX-1 5.0
735135 3X 3 X 2 SEIk I 3X 3X 1 HBIROBA O FEEOFFEICR TS C/E A (1.12~1.17) £~ T
S A BB, ST, GEM SEEOEEF MAMEIOAL IS GEM FUSEE MO 3
BRE R TR LR N T,

(5) HHEERER ORISR T DIRTFME

fF9 GEM DM ER T, GEM BIEEOEBE O LY GEM SEAF L ERDE LR
COEBIITIZ LN TEI oo, Z2T, GEM 28F.LE VTS & O T HIEE S A KR THin T
X EDEINERIET B0, GEM OffE 17em(3 B, XX-1 7.4), 1lem(2 &, XX- 12X D).
Gem(l B . XX-1(AXME L) EEHEL . Uit > TR BT A 12560 GEM RREAR
xR T S,

GEM OB %A1 L& 0> GEM HUBEHER & OVRA RIEBRSURORITBEIC Fig 2.5 (IR, €
NENO GEM BEEEEIER T W T 3 FEIOR A MR CRONE MEZ RIEL | BHERIROTY
KB OB AREIRD LSO RARGELTZ.

SBT3 JENDL-3.2 125 -5% RO 4 FEOTFEE AV,

@25 B 3 WL IEBGHEIT 2 KTt RZ EF /MR S<EIEMIELZ TWOTRAN-II 2—F00%
WCHET FiE (RE . RZ 8x%)

@R . {BL3%IE XYZ TF M ESEREMIESZ THREEDANT 21—z VTS F
(R ER . XYZ @X)

@ FROBEHEDBYDHE 3 KITET ADEHEL T AN aiEa—F GMVPU2IITIT)
17 ik (MER E i

@i X —FLT AL aET—R MVPU2E RND % (7 1 aik)

OO FEL. S3ECHALLFHEFETHY, ZThETO GEM FUSEMEO TR ERHmIZ A
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FEDTHBD, ZAUMZ T RZ EF LD T O 2 YA RIET 572912, FIEOQR U@ TIX
XYZ ©F L 08 EHE Tl TR RO, FIEQTRIRERNFIETHD Sy Bk —F
THREEDANT % . FiE@ it 7hnika—k GMVP 2w, HL, fja—R L EEh
27 E o RS A BT A — KRS TH DT | ERNEHEE ker DFENDFUSE AEZ
kbt SERER S TTRAF—25 BECHT, BELO IS J ML R IO R VI E s KT iR
VARSI Ic ko TER L, FEOROFEQTIE Sy kEE8ELTZ, RBIZFE@TIE,
BBl T L X —E L T A niER—R MVP & H U, MVP 2—R & AW 3 BRI
%At BT T A2 . GEM BEEHERO SR IZ DN T LR AN RO K E 25 &0
TORFEERITV., BREFELLEL,

EER LI EO A Table 4.6 (2E2H5, FEOTIE CIE X 1.13~1.24 MO THEIZLEA~THE
SO 8 D, WK ERA ORI L M7 MEATK A S O EBRIA R L —HL THY. GEM &
BRER TR N3, 208 . 1BEALL Ch THESE ICE I Ao ah o7z,

— % FEO T, C/E i 0.96~1.09 L/ &Mz <L, GEM SUEREIRO IR 3E ., 258, 1
B LI Bz S TRELARBEMARSNS, FIE@ T C/E EIF 1.03~1.13 729, FIEQTRS
17- C/E 5 GEM BRI Rbh e, BIRGHE Tha FE@ TIX C/E fid 1.05~
111 ThY. CEM MRS IR ROV, FIE@EFIE@D CE EIR R HELTWEE
Y. FEOOBREHEER R O FEOIZ SN C/E 0> GEM HBH#EEHBIRIRIF IR E R
B B ER T AL EZ LN, BL, FIEOIZRWO T, AES & Sehb S1s I THERL THRERIC
Ao,

LLEoEEIY FHEITFS GEM BIGEMIEE 10~20% R ERRFHE 520300 =Tz, T7
FraEr BVIUIIE 10%NICHEO LN TED,

(6) GEM HEHEAEmMA L2 2 BT 6 O TR E

GEM HidStaEs — B LT X FIICRI7BE, T72abb XX 10X Le, Y FEIZsEII7 54,
XX 1AVE LA~ B #i# Tk C/E=1.13~1.17 THADIZK L THE X C/E=1.11~1.12 THD,
CEM Edg4atA X 5 ok iz A E TR RGO M AT RE AL, EBRFEED 1~ 2% R E ThHD
TLEREBETHE FERERUIZ N, ‘

XX-1AOELE XK 1ADFE LE S bEDLE LA EEIZh 7> T GEM BUEESAS RV L (AR L
105, FtF LT GEM RIS EEMEO T AN EIZH B A RN AL NIEND, FLE 2Dl
1B GEM HIEEAEIR (18 . % Tem) ATV E T B OB HERARAT F1k RTEDO FiEQ) O T HF K
iZ. 10~20%0 18 KL fE i T 5, fTE CRLIZIINC, FiEOEAVDHE GEM BEEHIKOESIZ
R TS EE ORI RSNV Zenh, GEM 208 (18, 9 13cm) X378 (18, #9 18cm) &L
FIBAY TSR 10~20%0i8 KIHBEE 25N 5, Shic, BT b mikd AViud FREE
% 10%LLNE TEDEVIRTEO R 7L . GEM BRI L2 Z VBT 5 SIZ0EA TE 2.,

4.4 1 GEM OFEHER
Table 4.7 {Z{F N GEM HEEEEBR ORI R Z £LT-, ,
£ GEM HIOF RN ABARAFHE T HOWTE RS, FigA.8 (2T D Isi 72PN GEM
\ZANT L TR DA EABIRE» TEB T BRUCEDEE -4 LTz, &R (45.7cm) © GEM #2
— o8 —
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BAEE RV GEM-L GIEHL TR, TR LNRALOE T ECHIIIZAD RIS E D M- TnAd LD
\ZRZD, LZAM, FR (15.2cm) @ GEM #E A% Hv e GEM-J 51 EH LA MW TN B RO
BA AR E T DL OO A O TIEO RIS MBS IO E S BIFEL TODIENT D,
4 GEM 05813, GEM O£ RAZK L CTIREIEN KB TH DT | KOsy ThA O KIGE{liE
Lo TR BT LE FIZER BT 55 GEM Tk, A7 MLREIZ S B IEO KO MR 0O &
HRBEERE S BIFIET HIEN N5,

EORISELY 2T HEDIUT TNV AORWRER O L AR ITHIETL-> T EDEZ TDF DA
DRARVIEB BT HERENERIN TS, P IKONEMAFHETS GEM-J (GEM-J with
narrow part)] L. O OBE T AIZ £ 15.2cm OFMIZFAETD GEM ERELRANEICE X
Bz 2B EOHIE THD (Fig.2.6 B8), ERNZSUSEN AT T HE 00372720 IV KRELADK
JCEDIRANTEDIEN DD,

RO GEM 84 (GEM-J BIXHL) &F N Y aMmE M5 T BN 2L 47200 N AE
BIZENFR 112 BT 90g THY, #1 20%DETHD, UKL T, I GEM UG ERED EBR
fEIZ. -15~1bz DBA T, FRITLRE A VDL GEM-J 51 LE AW EIZH~T 50~60%D
B AR LASREZR, ZHUE, B GEM OB & LRRIZ, FRD MRS ENORBRORT v
DS HEF- D AR —I T E 5T B ThHHEEZ LIS,

4.5 N GEM 8RB ELEOEE

£ GEM RS EMITFEN GEM 056 LIX R0, RARIZIR> 7o EF O S MR (A —3
V) NEEAREE R R T, LT RARICR ST AN = 28 BRI B2 RIFTEE 2615 GEM
SO BN B EAIEIZ OV TEET D,

Fig.4.9 1 GEM E#E5 | & H Lok (B L) 2R LTz, RIOEZ, BALEAZMUD R T 1 25
DELSY (GEM DRARILETE THARDIZEAS B LW 78, 5IEHL. GEM AR
&) & GEM DORARGIZEOF N7 208 EL 22585y (KR AR D GEM AN E i3 F Y
LT — OB IZHEIL, 288D 1R TTAREEF L OBAEER L, ZO 1K THEET L0
EARE ALY T2N ©) TRYBEAE A=/ S—t L Te A EL21T o7, 8 B Ok 2
RO EOTEELE, B FEOREEL AW C2EBRAELLIZIHEET /L&, 2DDH
TR %\ BRI RO TINEEREFE TL2 OOMEREL TR IEEET V) D 2B DA
AT, FER A LT 5,

Table 4.8 {Z GEM-I 5|XHH LAV EBREAHEET VEFFHEET VL THITLIZB SO C/E Bx
T, BEEFAERVDE 24~39% D8/ L e TOADIZRIL  FEHEET AV EAVDE 5%
LU OB/ NEHETHY . FRKSEICKREXRZERBH DI EN G035, RIZ, FIET VDOEROFEIZD
WTEBETD,

Table 4.9 (= GEM-I ®-15~15z RARDHAIZH>WT, O3kt XYZ 57 /VILRGGHE (Benoist O
BH MR EOEEH) . @21kt RZ 7 MEHGEHE (EREREEL T /B Ly )&M) . @2kt
RZ &7 /% it B (Ss, BT ULV BELO FET HEIL Py £ THEE) D3O RELE~D, &)
HETFNEIFEET NOMBEIIERMIETIE 20%LL T EHE TIERWD, EHGHRIZLHRIKRIET
IXIEBEETNDOFBEEET AT 10 (FULERERMEEZRL TODIENTND, BEFE T
LIEBEET AL LRMIAIIEET MZEDLOLE0E 30% R E K& ELZ/RL TWa, Table 4.9

— 99 —
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VIR K EAREL (20T RZ £ 7 M L DIEBGHEL Lk 3t o) bR L, HEFROSE . R
IHOBE AR EIT 0.26 L— MR/ N7 LR AR BUS A E (0.9 F2E) 254+ GEM (0.6~0.8 2
) DA EE R THE NS, FEREFE OB A, IRRTAO IS LR 513 0.026 2512 1/10
DR ES LTS, UL JEHREFE T M T IR A B KGR 3 D A3 70 H TERE &7
HILIZEERLTWAEEZLND,

Table 4.9 {ZiE3W% It XYZ TF AALEKEHEL 2T RZ T AMALEGHEO K (BUT, 3D/2D HiEF&
B bR LT, COMREROERZ 20K T35 3 TTIFENM L T 5% R AL TIsY., Benoist D& it
SRR TR0 ARSI L B A TB, 3D/2D HIEAREUT . FEIRIRIALN 0.97, MIRIEAS 1.03 FRE T
BY BEEF L LHHEET L COERBBEALRNIENG DD, - T W GEM OHBZAT
HEXTIT B F AR EEH LB A FHUZSR D E R O R FUIHON LM ETLONEY
THDd,

PLEDE S Table 4.8 THREShFHETT MO FRKEOZERIT, MEFEORRAD
ERITBEELTNWDEEZBNS, SbIT, RARIZR ST PHEF AN = TP RESEETLHFEN
GEM D8 Tl GEM ORYEEFEMIZET MELTZIEFHEMA AR R THLH LR TED, LLTIC
ST P RS S Gl IEE T T VIS LA A THEO R R LT D,

4.6 (W GEM S Bl o> T SRS BERR Y
D)+ LR

Table 4.10 {2459 GEM RS EAEIZBId 5 EBREFHE O L# A~ T, £/, Fig.4.101Zi, GEM-L,
GEM-J. <UEtE GEM-J. R AROZHEIZONWT, GEM ROF M7 LA Z2 B E L L T
EEME /SVEAE (C/E B) 27 ay  LimbD iRt LiEhE T 70y MR BDORA N GRAL: 49
-30cm) Tl ERBENKEVLODZH A LD 3%UN CERLFHEN—HL TS, HFLETIE
GEM WO AME T B 5E-> CE/NEROBE R 2SR EY | AL-90cm DVTA Thebid/ Mkt 72d,
ZOB® GEM-J @ C/E f#iE 0.89+ 3%, 7N 24RD C/E ffiid 0.78 6% Th D, ZOIMMI DK/ IME
PBEALEC OF EFLZE X GEM 02 RIZblzoTRANMELIZE GO C/E ik, GEM-T T
0.97+1%. GEM-J T 0.94+1%. <O f+E GEM-J T 0.97£1%, T LT 0.86+£2%L72-
7= AL <OWLERATE GEM-J TiX. C/E O/ NN RO T, 0.97 BED C/E EZ{R->TVD,

Pl EoD CIE BT A& 800 A E FodiF i 7 77y MRz 3 215 GEM RGE fRED
TR 1 B AT THHA B LENZ BV TGRSO BN 235 5 EMHEE TEH. IRIETIE, 7Y
LEAR RS EEAE D B 45 51 T IS e 3T 0D F1£09445 P9 GEM RUSEMEICEA L T, E'A7R
FHIKEEOFMEIT.

(2) 5y BT BIRS BERT A

Fig.4.11 i, BALIEREIEDL (L, /N, ) L T, RERELIFRIRIAD L (p, /Nica)
B uyhLimb0E T, MEVHASHR LT, GEM-T, GEM-J, <OHERS & GEM-J, TR AR O
AN TIADEH FLIZEA TEY, BHEBITOVTO THMEEN LEIZHER TESHIEN T
B

B/ T RIBITE BT 40 T A7 TR EMIRI K OEIEDZ N2 o C/E fii% Table 4.11 (21
4+ BT T4vT 47 ORI GEM- T RO GEM-J K CNEB T & E &) DFEROBE WIS
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FRITBARD I E V56 RO @ TOEREY A5 81c o0 ORLTEZ,

FEIRIRIAD CIE fEIEZ32DHBE TR REDITL DENDHDLN, T4 T A TREENKEND, 8=
OFFATBLTNDBLE25, FERMBIEDT 49T A T RBENKENOIL, JERBIAO L TREDLLS
7RE O TO GEM BUSEMAEA B E L TV VRN ThHhD, FERRIEDFRIL 10~20% D@ KT
EMIZHDEFER TED.,

— ROV T3 ODEHA TRW—BE /R L TEY, #£0&BMN T C/E=1.00 L A2+ 2&
INTED, 5T, Fig.4.10 TRL7EENZHFE N GEM BUEBEMMAED TN FE 2P O oD TR M
T OIERBIAOBAFMAARE L THaEBZ 2515, KONEMTED GEM-J TIZFERMIEN
RERIFLHOERTIZ T N T LORAREAEZ 520728 | FERIRIEDIB KD EEEZ 1 HIW,
TR LR OBA T FEREIHOE X R EI G HMOS G I TR EL FHRRIEOBR A OR
BARZIT NS, £ELL TN CIE fiR72> T3,
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Table 4.1 Comparison of self-shielding factors for total cross section of iron
(Group-11 : 639-821keV)

Dilution cross section

Calculation model Condition of GEM Self-shielding factor

(barn)
Infinite media Normal 14.1 0.913
L Void 2 ] 0636
i ) Normal 18.0 0.930
,,,,,,,,,, Mixed media — “yiq - qg4 0924
Normal 15.0 0.917
Tone method Void 41 0.782

Table 4.2 Comparison of GEM reactivity worth by various
calculation model (GEM-A, 3%X3X2, 1-13z, calculated by
25-group three-dimensional diffusion theory)

Calculation model Reactivity worth

(103 Ak/k)
Infinite media -3.44
Mixed media -3.02
Tone method -3.23
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Table 4.3 Experimental results for external GEM reactivity worth
Measured Experimental
Core Drawer Number and Axial position reactivity ' o
) . . error
configuration pattern position of voided cell worth (104 A k/K)
(10 Ak/k)
10~13z -1.00 +0.02
. ) 1~13z -10.52 +0.02
BX3X2 —9~13z -19.34 +0.07
—13~13z -20.50 +0.07
10~13z -0.82 +0.02
N 1~13z -8.25 +0.02
3x2X2 —9~132 15.34 +0.03
GEM-A —13~13z -16.24 +0.03
_ ‘ 10~13z -0.45 +0.02
3X1x2 (1st.) 1~132 -4.70 +0.02
3X1X2 (2nd.) 1~13z -3.06 +0.02
3X1X2(3rd.) 1~13z -1.76 +0.02
3X3X1 1~13z -5.22 +0.02
o 1~13z -16.87 +0.37
X 3X2 —13~13z -31.93 +0.37
10~13z -1.05 +0.02
7~13z -3.35 +0.02
XX-1 4~13z -6.53 +0.02
1~13z -10.28 +0.02
GEM-B 3X3X2 —3~13z -13.88 +0.03
—6~13z -16.88 +0.03
—9~13z -18.88 +0.07
—13~13z -20.05 +0.07
1~ 3z -3.82 +0.02
10~13z -0.51 +0.02
7~13z -1.50 +0.02
GEM-C 3X3X1 4~13z -2.92 +0.02
1~13z -4 .57 +0.02
1~ 3z -1.68 +0.02
10~13z -0.34 +0.02
Sodium N 7~13z -1.11 +0.02
plates 3x3x1 4~13z -2.25 +0.02
1~13z -3.56 +0.,02
GEM-A 23% 2 1~13z -26.79 +0.46
and B —13~13z -50.21 +0.46
- , 1~13z -5.32 +0.02
XX-1(RSB) GEM-A 3X3X1 13~142 10.45 4003
(continued)
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Table 4.3 Experimental results for external GEM reactivity worth
(continued)
Measured Experimental
Core Drawer Number and Axial position reactivity pirr f a
configuration pattern position of voided cell worth a 0_' | Aok 0
(104 Ak/k)
_ 3X2X 2 —13~13z -15.13 +0.46
GEM-A 14 X2 —13~13z -36.68 +0.46
XX-1(2X) GRMCA
22X 2 —13~13z -58.67 +0.91
and B
_ 9X2 —13~13z -26.52 +0.46
GEM-A 15X 2 —13~13z -44.94 +0.46
XX-11X) CRNLA
23X 2 —13~13z -74.32 +1.37
and B
GEM-A 15X2 —13~13z -48.83 +0.46
XX-1(1y) GEM-A 23X 2 —13~13z -78.08 +1.37
and B

Table 4.4 Comparison of measured GEM reactivity worth for
various kinds of simulation drawers

Na weight SS weight per Reactivity worth per

Simulation Reactivity worth®

drawer o “(fg‘;t cell “m(tg;’e“ 10sakk) @ “’(‘iiog_i’zcl’fn‘:f;)t cell
GEM-A 114 191 9.520,03 8.35+0.03
GEM-B 111 203 9.230,03 8.300.03
GEM-C 102 238 8.120.06 7.99%0.06
Sodium plate 90 324 6.44+0.06 7.12+0.06

a) Reactivity worth caused by a change from 10-13z void to 1-13z void.
Reduced to 3X3X2.
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Table 4.5 Calculated to experimental (C/E) value for external
GEM reactivity worth

Core Drawer Number and position Axial- position C/E value Exp erimen.tal
pattern of voided cell error (relative)

10~13z 1.278 +2.0%

IX3X2 1~13z 1.1569 +0.2%

—9~13z 1.167 +0.4%

—13~13z 1.170 +0.4%

10~13z 1.177 +2.4%

. 1~13z 1.123 +0.2%

3X2X2 —9~13z 1.123 +0.2%

GEM-A —13~13z 1.126 +0.2%

) 10~13z 1.126 +1.5%

3X1x2 (1st) 1~13z 1.072 +0.4%

3X1X2(2nd.) 1~13z 1.109 +0.7%

3X1X2 (3rd.) 1~13z 1.158 +1.1%

3X3X1 1~13z 1.169 +0.4%

o 1~13z2 1111 +£2.2%

HX3x2 —13~13z 1142 +1.1%

10~13z 1.206 +1.9%

T~13z 1.174 +0.6%

XX-1 4~13z 1.165 +0.3%

1~13z 1.146 +0.2%

GEM-B 3X3X2 —3~13z 1.141 +0.2%

—6~13z 1.143 +0.2%

—9~13z 1.152 +0.4%

—13~13z 1.156 +0.4%

1~ 3z 1.122 +0.5%

10~13z 1.1756 +3.9%

7~13z 1.177 +1.3%

GEM-C 3X3X1 4~13z 1.160 +0.7%

1~13z 1.146 +0.4%

1~ 3z 1.128 +1.2%

10~13z 1.188 +5.9%

Sodium . 7~13z 1.133 +1.8%

plates 3x3x1 4~13z 1.107 +0.9%

1~13z 1.117 +0.6%

GEM-A 23X 2 1~13z 1.199 +1.7%

and B —13~13z 1.240 +0.9%

XX-1 o 1~13z 1.204 +0.4%

®Rsp)  GEMA 3x3x1 —13~13z 1.146 +0.3%
(continued)
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Table 4.5 Calculated to experimental (C/E) value for external
GEM reactivity worth (continued)

Drawer Number and  Axial position Experimental
Core .. : C/E value )
pattern position of voided cell error (relative)
3X2X2 —13~13z 1.166 +3.0%
y GEM-A 14 X2 —13~13z 1.184 +1.2%
XX-1(2X) GRVER
) 22X 2 —13~13z 1.233 +1.6%
and B
9x2 —13~13z 1.146 +1.7%
GEM-A 15X2 —13~13z 1.131 +1.0%
XX-1(1X) CREA
23 X2 —13~13z 1.166 +1.8%
and B
GEM-A 15X 2 —13~13z 1.107 +0.9%

XX-1(1Y) GEM-A

23X 2 —13~13z 1.117 +1.8%
and B

Table 4.6  Calculated to experimental (C/E) value for various
configurations of external GEM regions

C/E value #

Number Experimental
Core of void error @ . @ . & : ®
drawers (relative) Deterministic, Deterministic, Se].m?' . Monte-Carlo
T.CP. by RZ T.C. by XYZ deterministic ©
18 +0.3% 1.17 0.96 1.13+28% -
XX-1 30 +1.1% 1.14 0.98 1.10+1.8% -
46 +0.9% 1.24 0.99 1.09£1.2% 1.05%£2.3%
XX-1 12 +3.0% 1.17 1.01 1.08t36% -
©X) 28 +1.2% 1.18 1.00 1.03x1.7% -
44 *+1.6% 1.23 1.06 1.11£+1.0% 1.11+1.3%
XX-1 18 +1.7% 1.15 1.09 1.11£23% -
(1x) 30 +1.0% 1.13 1.06 1.06x1.4% -
46 +1.8% 1.17 1.07 1.07£0.8% 1.09+1.5%

a) : Errors caused by statistical uncertainty of Monte-Carlo calculation are presented for
one standard deviation.

b) : Transport correction.
¢) : Transport correction by multi-group Monte-Carlo method was applied to

deterministic diffusion calculation.
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Table 4.7 Experimental results for in-core GEM reactivity worth
Core configuration D Axial position Mggsured Experimental
and GEM position rawer pattern of voided cell reactivity worth (_\,rror

(10¢ A k/k) (104 Ak/k)
10~15z -0.53 +0.02
1~15z -1.25 +0.02
GEM-L —9~15bz -1.80 +0.03
—15~1bz -2.44 +0.03
10~15z -0.52 +0.02
7~1bz -1.18 +0.02
4~1bz -1.37 +0.02
2 1~15z -1.20 +0.02
GEM-J —3~15z -0.98 +0.03
—6~15z -1.13 +0.03
Core : XX-1(R) —9~15z -1.74 +0.03
—15~15z -2.38 +0.03
Position ! center . —6~156z -1.50 +0.03
ifxoivgﬁ;? —9~157 213 +0.03
—15~15z -2.76 *=0.03
10~15z -0.33 +0.02
7T~15z -0.73 +0.02
4~15z -0.81 +0.02
Sodium plates 1~156z -0.67 +0.02
—3~15z -0.49 +0.03
—6~15z -0.66 +0.03
—9~15z -0.95 +0.03
—15~156z -1.34 +0.03

a) Axial positions —3~3z were not voided.

Table 4.8 Influence of calculation model for in-core GEM on
calculated to experimental (C/E) value

Drawer Calculation Axial position of Experimental
) C/E value error
pattern model voided cell .
(relative)
10~15z 0.764 +3.8%
Homogenized 1~156z 0.631 *+1.6%
model —9~15z 0.613 +1.6%
—15~15z 0.642 +1.2%
GEM-1 10~15z 0.999 +3.8%
Heterogeneous 1~15z 0.954 +1.6%
model —9~1bz 0.960 +1.6%
—15~15z 0.974 +1.2%
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Table 4.9 Comparison of calculation result for in-core GEM
reactivity worth (GEM-I, -15~152)

Homogenized model Heterogeneous model

NL = Lb NL L

(DDiffusion calculation with
3-dimensional XYZ model 144X 104 -1.13X103% 1.25X10% -1.43X102

(Ak/k)

@ Diffusion calculation with
2-dimensional RZ model 1.49x104 -1.10X103 1.29X104¢ -1.38X102

(Ak/k)

®Transport calculation with
2-dimensional RZ model 1.40X 104 -2.84X104 1.41X10% -3.60X104

(Ak/k)

Transport correction factor
.94 2F . .0
8.,/ ® 0.942 0.258 1.093 0.026

3D,/2D effect with anisotropi(;
diffusion effect 0.965 1.030 0.967 1.038

/@

a) NL : Non-leakage term b) L : Leakage term
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Table 4.10 Calculated to experimental (C/E) value for in-core
GEM reactivity worth

Drawer Axial position __Calculation (10 Ak/k) Experimental
f voided cell C/E value error
pattern otV NL» LY (relative)
10~156z 0.066 -0.601 0.999 +3.8%
QEM-I 1~15z 0.677 -1.865 0.954 +1.6%
—9~152z 1.294 -3.022 0.960 +1.6%
—15~15z 1.365 -3.740 0.974 *+1.2%
10~156z 0.067 -0.604 1.028 +3.9%
7T~15z 0.189 -1.346 0.982 +1.7%
4~15z 0.393 -1.731 0.975 *+1.5%
1~15z 0.664 -1.781 0.930 +1.7%
GEM-J —3~15z 0.935 -1.809 0.890 *+2.9%
—6~15z 1.139 -2.142 0.890 +2.6%
—9~15z 1.262 -2.866 0.921 +1.7%
—15~15z 1.329 -3.554 0.937 +1.2%
: —6~15z 0.597 -2.053 0.969 +1.9%
fjﬁ;&“ﬁg& —9~15z 0.720 2772 0.962 +1.4%
—15~15z2 0.786 -3.460 0.970 +1.0%
10~15z 0.056 -0.380 0.977 +6.1%
7~1bz 0.155 -0.849 0.952 +2.8%
4~15z 0.319 -1.084 0.948 +2.5%
Sodium 1~15z 0.537 -1.115 0.866 +3.1%
plates —3~1bz 0.755 -1.137 0.775 +5.8%
—6~15z 0.920 -1.352 0.790 +5.3%
—9~15z 1.018 -1.815 0.840 +3.0%
—15~15z 1.074 -2.228 0.860 +2.1%

a) NL : Non-leakage term b) L : Leakage term

Table 4.11 Calculated to experimental (C/E) value for in-core
GEM reactivity worth estimated by least-squares

fitting
C/E value @
Item
Non-leakage term Leakage term
GEM-I and JV 1.11£0.04 1.00+0.01
Na plate 1.14%0.06 0.98%£0.02
All the measurements 1.17£0.03 1.01£0.01

a) Evaluated by the inverse of bias factors, « and B , using Eq.(4-1).
b) Including the measurements with a narrow part in GEM-J.
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