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The Evaluation Metheod of the Local Linear Heat Rate for
LWR Fuel Experiments in JMIR
(OWL-1 Trradiation-Hcle)

Hiroshi KAWAMURA, Hiroei ANDOT Yoshiharu NAGAOKA
Bunsaku KOMUKAI and Motoji NIIMI

Department of JMIR Project, Oarai Research Establishment, JAERI

(Received July 29, 1983)

The LWR fuels have been irradiated at the various irradiation-holes
in JMIR, and we have been making the efforts to get the local linear heat
rate of the fuel rod more accurately and more easily. In this report,
we studied the method to estimate the local linear heat rate of each fuel
rod in the fuel rod assembly (79LF-39J) irradiated at the water loop
OWL-1 irradiation-hole.

For this study, we made the experiment at the JMIR critical facility
(JMTRC) by the Dy activation method. As the new try, we compared the
result of the three dimensional calculation with the result of the JMIRC
experimeﬁt about the axial thermal neutron flux distribution factor (Fz)
which is necessary to estimate the local linear heat rate and is liable
to vary during the JMIR power-up. As both agreed very well, it was
estabrished that the Fz could be estimated by the three dimensional
calculation. Furthermore, we report the heat generation ratio {Fg) and

the axial thermal neutron flux distribucion of each fuel red.

Keywords: JMTR, LWR Fu=l, Local Linear Heat Rate, JMIRC,

Dy Activation Method, Thermal Neutrom Flux Distribution Factor

+ Department of Research Reactor Operation, Tokai, JAERI
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SR ORI AENE LTHE SN D TH D, 7z, COHERE, HIRPLHIRET
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QL = %ﬁ . Ez T e (2.1)
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Qan ; kv — 7 OWL — 1 TOEERIEME (W)
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MY DAEHS, 556 mm kT 723mm (ki & B & 850mmicis 3) TEERICMW A K91l T,
IMTRC#EB % 2EMH L2, MiEEER 1, BELERILFER LTS, B4 OFLHE
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BEBTLRI LI, SERFIEE L TBEENHLEICE 700D, 20HROFE
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e, MARESETET HEAAOFEES 10 EE S KEBILSNEDTHD, £O
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P ICIATE S Fig, 12 b T BB 0 45 E AR i 20 T, Fig. 12 hodhisQ (B8 ST 1,
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O B RS Mo %35, ¥ic, +375mm~— 241 mmfEiE (5 3 IKEREEE
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dshh, FEhe s — 33mmO AR I S RETE T ROMES (F) 2K, £ho
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AHOAUTENEWS C LB, £/, IMTREZAVWAERICEVT, SOMWERC, Hl#
HSH—1 RUSH-3 A0t & ->TLEY, HifHESH- 28A SUTOERITINTHE, Fig.
1345 Fig. 4R L L RIBOFEICED, Fig. 120 3R TBHRO~®2 5, Fig.
16%8 1, 7545, Fig. 4ORERS IO Fig. 16RICEH TR LT,
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Fig. 16 XU’ Fig. 17 IR Lze 2 SORBIcRE ATV Z2Rod. 1, Rod. 2 RU Rod. 30 6
SROWRE (LR OMBHEA R coBAE) PR, TOEEOLL, Rod. I,
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B S it b, FOEETRILRT,

Experiment —1 Experiment —2
Rod. 1 .16 1.15
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Rod. 3 0.93 0.96

4.4 MBEEE (—RTEELESE) CRHHAMEL (Fa) FE

79LF — 39 INME & & ok thubBEAIE AEERALE k) 2 /KES I E Fig, 1912
Fod. COKEHFEEI BT HKEFRBDEFRMEE—REETAUT 2 L0 IFE
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154,
(x, y) ; BEHEOELE
(xi, vi) ; SPND No i ©EAE

L,z &z id, BPHTFHEROKRE é%%j—o
F7, (41) REHEREECERT L0,

x =r cos @, yzrsinﬁ, Z = ¢
X, = rocos By, yi= 1, sin i, z =¢,
A S (4.2)
xs= 1y 008 Uy, yi= rgsin @y, 2z = ¢;
X;=rocos 0:, vs= rpsin 5, 2z = ¢

=L,

G,, G, B3 SPND 1 #2 Ry # 3@ &R SNEETOE HDITEMPN
toDy 7 - 7O R (JMTRCERICE hRD 7z, )

o , SPNDRE¥E (= &% cm) (SPND ¥1 #2RU #3134 H
DL B,)

(7. 05 #EHOERE (r=21an) (Rod. 1 2RO3 b, FLALICH
%) |

¢ C(r, 0) EOBGET R

(42) % (41) RieRALT, 0, =0¢95&,

{ (¢; ;) sin B, (d,— P )sinfs} ( ?’Cosﬁ*?_’o)
| (o= ) (cosOs—1) — (Gs— ) (cosf,—1) } = 7 sin 0
+{ (Siﬂﬁa) (COS 02_' 1)“‘ (Sil’l 62) (COS 63_ 1)} (¢*¢1)'T0:O

(4.3) i,

RU,
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Rod: 1 MERE  ( —29— % Yy BB
1.9 5

Rod. 2 ¢EEFE ( o gﬁ) HEiL
1.9

Rod, 3mEE  ( 5. T );

M A4 2L Rod 1 Rod 2% 34 idRod. 3D BT % ¢ (BbEFRMAXME) 25,
¢1‘ @2&0¢3®B§§&&LT*&36#150 %@ﬁ%&?;C/—T—\"é_a

(1) Rod. 1 _

Procy = 0.552 (¢, + @5) — 0.104 @, e (44)
(2} Rod. 2 )

Groae= 0.552 (¢ +¢) — 0104 @s e (4.5)
{3 Rod. 3

Grogs = 0.552 (P, + ) — 01040, e (46)

CHLDGENS, BEHEDH ML F RO & D HORD 53D,

¢ od .1
_S—%m—u ......... (4' 7 )
_2' rRod. i

i=1

3

Ty =

777 L,
Groai :© Rod.io@rhiEFRMeE (i=1 2 3)

Wic, JMTRCERIC L ORDI O, G RE G L D0TENE, ¢, 6. 2T G: 12,
SPNDM B i E SNt SPNDEE ic & ph i D, 7 — 7OBE R (Fig. 16) »53R%7,
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¢1 ¢2 ¢3
Experiment —1 2598 2029 2673
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(Dimension : ¢PS/mg)
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O BUDBFES, 23%0BeK, FEFE”, IMTRERTORFMGHAFIEC, +4,
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1) #HFRORTEFRIFLCD20T

EES 1 R OF 2 icxt LT, Fig 10 RUFig 11 IOR Lo kS EA Mg -F AR IC L -
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Table 1

JAERI-M 83-133

tyel centerline temperature measurement experiment surmary

T7LF - 33J

Trem nsemdy No. 78LF - 35J | 79LF-39J
Fuel Rod Number 12134 1 2 3111213
- 5.54.11.12~555.2X] 5.56.9.2 ~ S57.2.13 [G57 3B~58622
| [rradiation Schedule |™(4g 49cycte) | (55~ S7cycle ] (3863 cycle
Cladding Material Normal  |Normal|hareiar|tjer’ | Normal
Gap Gas Component He 100% He 100% ,H°
238y Enrichment (w/0) 1.5 1.5 2.3
Thermocoupie for Fuel
Cen;g'?ine pTgmggratgsg cjoje|o] o © ©|o|@e}9Q
Fuel Rod Elongatati
el Rod Elngataion | o oJo o] [o]o
FP Gas Pressure Gauge o o)
Emitter  lojojo|o| o | o | o jo|o]o
SPND  —mirrer
Co olofo
L/ D 1.0311.04/1.05{1.06 .04 1.04
U0z Density 95% T.D
Pellet :
0/U Ratio 2.005 2.009 2.01
Pellet Shapej Fiat




JAERT-M ©353-123

Table 2 Relation between the IMTR power (MW) and the contrel rod SH-1,

3 or SH~Z position

<58 cycle>
Ebhfvfmmwa SH-1mmt SH-2(mm) SH'3(mm)I
c| 12.8 | 5479 | -180 | 549.4
ol 18.8 | 581.3 | -180 | 581.8
R| 29.7 | 5905 | -180 [590.7
£ 401 | 637.3 | -18.0 | 637.1
R| 45.3 | 689.¢ | -180 | 690.1
49 .| 700. 1 “18.0 | 700.7
12 | 60t.1 | -18.0 | €00.8
LI i7.7 | 6209 | -180 | 620.9
T| 29.5 | 627.7 | -18.0 | 628.1
T740.0 [ 6933 | -180 [693.4
Rl 45.0 | 80i.2 | -18.0 | 802.2
50.4 | 80l.2 | -180 | 802.2

FORMER : i982.3.13
LATTER - 1982.3.27

Tabie 3 Heat generation ratic (Fp) by the direct method

method

a) Experiment - |

and the indirect

Rod. Nit.em Direct Method {Indirect Method
Rod. | 1.16 {1t
Rod. 2 0.9 1 0.93
Rod. 3 0.93 0.96

b) Experiment -2

Rod.hﬁ?m Direct Method {Indirect Method
Rod. ! 1.156 1.16
Rod. 2 Q.89 0.90
Rod. 3 0.96 0.94

___13,‘
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Standard Core

F_6 H I J K L M

B C D E ~— N 0 P Q
| L1 .
2
~’= OO
4 A }l ’r
5 \.Q of ToJ ] o_[ To
6 o c’ O BI Bl O Al o
§ o | O
7 ey sl l_q_i_r o 1s! [Tois! lal O
8 Ogl@gl 1AI_IB]®O
9 al |8l Proial el [al [O
10 [ loli [0l [Fe (Ol [ [°
" o Jo[ lo[ [ 1O
12 \ ol O] O \[
. T
14 |
235 :
Al | A type Fuel Element (*°7U 279g)
| | Fuel Element 235
gl B type Fuel Element (77U 237g)
ol 1 C type Fuel Bement (¥°U 195g)
Beryilium Regulative
Reflyecror E Control Rod ®] Control Rod
ggﬁgg'g? o *30mm Nuclear Mockup Capsule
é::frlrgg;g:_n O #36mm Nuclear Mockup Capsule
with 4- holes

#40mm Nuclear Mockup Capsule

Fig. 3 Standard zore at JMIRC
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Experiment -1 Core
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1

2 A
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4
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13{

al
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Fuel Element 235
gl | B type Fuel Element (U 237g)
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Aluminiurm #
Reflector O 30mm Nuclear Mockup Capsule
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Reflector O 736mm Nuclear Mockup Capsule
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O %40mm Nuclear Mockup Capsule

Fig., 4 Experiment-l core at JMIRC
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Experiment - 2 Core
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Fig. 5 Experiment-2 core at JMIRC
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SPND Mockup
!lﬂ . T
3
SPND
-—L——- — Emiter
. Position
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<Experiment — 2>

Fig. 7 Flux measurement points on the SPND mockup
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Fig. 8 Activity data of the Dy foil put axially on the fuel rod surface
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Fig. 9 Activity data of the Dy foil put axially om the fuel red surface
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Fig.10 Standarized axial thermal neutron flux distribution (Experiment-1)
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Fig.1ll Standarized axial thermal neutroun flux distribution {Experiment-2)
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Fig.15 Relation between the axial thermal neutron flux distribution
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Fig.18 Activity data of the Dy tape put on the SPND mockup
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Fig.19 79LF-39JNM horizontal section arrangement
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