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Development of Reinstrumenting Technique of Fuel Reds
with Pressure Gages
—In and Out-of-pile Characteristics of Developed

Fission Gas Pressure Gages—

Yoshihiro KOMORI, Kunio OHSHIMA, Yasuo SUZUKI, Hiroshi KAWAMURA
Fumio SAKURAI, Kiichi OOKA, Minoru SAITO

Department of JMIR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki~gun, Ibaraki-ken
(Received July 27, 1988)

Comprehensive procedures were designed in order to reinstrument irradiated
fuel rods with fission gas pressure gages and meausre inner pressure of the
fuel rods in following re-irradiation experiments. The procedures have neces-
sitated development of wide-ranging techniques which have been successfully
being carried out. This report outlines the reinstrumenting procedures and
summarizes in and out-of-pile characteristics of the developed pressure gage.
Efforts were made to provide designed performance in fabrication process,
which resulted in several revisions in the pressure gage design. In and out-
of-pile performance tests verified successful workability of the developed

pressure gage under expected service environments.

Keywords: Reinstrumenting Technique, Fuel Rods, Fission Gas Pressure Gages,

Out-of-pile Performance Test
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BOCA Capsule

Capsule Control Facility

\
u

Shroud —
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He-3 Gas Screen

\

Irradiated Fuel Rod

He-3 Power Ramping Facility

\\\ Reactor Pressure Vessel

T
_

Fig. 1 JMIR power ramping facility




JAERI - M 88-156

aInsded 193em 3UTITOq UT POI [ONJ PIIUSUNAISUTIY

7 ‘811

L6

00t

.

b
aoingq buydung
[

abog aunssaid sDY UOISSIY
/

Gol

(47

WaQ bujoauucry

e

G @

s ﬁ
= gnsdpy Jap Buljiog
291 G8Y
poy |a3n4
e — I
\ g
= ° D= v L =
—_— e N — AR P/ —
Ml g I
L f

e P

Geld



JAERI -M 88-156

e —

S20TA9D SUTIUSWNIISUTSI JO UOTIBANSTIUO)

£ *81g

3insdoy o) s_Eme/Eq
1107 smo|jsg  buridg A SER
\ N
: . : = TN
= —_—— '
- POY 314428|3
_ 09 - o o) . payound aq of jodg
ao1aaQ Buipoauuon abpo ainssald spg uoiss 4 321a3(] Bunyoung
buli-Q piey poy a10)



JAERI - M 88~ 156

23e8 aanssaid se8 ueTISSTI Jo =2inpasoud durjuswnailsutey v "314

buiinsdoouy (p)

co_tm_“cou a|nsdod vo08

\ 4 VYOI i \\ Vo
2 -
T‘m\\

\ £ VIO oys vy

abioyssiq oxy 0§

M 201005 Jamod

o ... /4/./_\\1\&
= = R Tz ur i -
mﬁﬂ@t sob Jauur Jo Buryoung (¢)
sob Jeuur jo Burbubyox3 bubupyox3
pup Buyoung (g) a8_>8
chﬂzm 1a8onpsupy| anssald Jo Buipiam (2)
5 — T
= \\ \ U/|///1 E@k

ao1naq bBunosuuon 944

m:_u_es

bnig pu3l so buluyoow ()

bnig puz—

@ poy |snd -
\ .. PaIDIPD.]

buippolo 1aliad lang



JAERI- M 88-156

3. FPHEHFDOHFEZ

3

AEPRTE, BREBEEARNEOCHDICERAINIHHERED IS, FPAREET
DeFat, BERCHERBERICOVTRET 5.

3.1 RRETEY

1) FEAHREHE

FPHAREIFD 7 VR 7 —nOREICE L Tid, REEBEOBRHEARR I EOBREDE
HEEOREPHLEE SNAPICHOTHREERRMBLENE L, 0k, HIETEBNERKF
HENHr —RICHODWTFEMAXI -2 - FAHOTREBANEDHEST- 72, FTEERIK
DWW Fig. 5 KRS, BEHED N — R BEEBORH 7L 300W/en, HAOARABRSOREEE
BRI 776X 400, 500, B50W/cm 3 /r — &, REFEERNIG 1 BERIERGE L7c, RIRIBICIE, BF L
LTR 2%5icE0 % Demo -Ramp KT Inter ~Ramp st B TE SN/ REBRT— 4 Y prEE Lz,
R2TEONAFERT -5, - ARRHIEOEH I 280 ~400W/en L 843 b, ShIOHE
R EOBBLZEREGHRDOS, 2RMICEGTEEoABPPEERBE LN, 2o &k
RSB LTV B EBDTHS, (-7, HEBRICHEETORBEN-TFP H2ES
FtofIEFEME RS T, ERORBNERICTIREHREL bDLEEZ LML, HL, E
it —Mic 72— A2 RELTEE, BEATORERENE L5/, RBIEZETT
BETBZEHEE LI,

Fig. 4 it - %, HEFHREEBEERBEKIGCTIDE 7R850 0L, TOENDTr —ATH
BLENAFPPHRAEIGIO 7Ry —VaRE L. ZD8R% Tabl 2iT/RT,
EHteRic 20 TEA AT L TH A, BKEHO bDEEEAEICHET 5 EIES O
b E<ED, SHEXBI-DORIPELY, oy, SffoF—RELLT, BHE
ERTHBE7NRr—i0 1.6 MPaDF PHRENGHEEE LEERAEA2ITS> & & L. &RE
ETHILLAERZ X 0EFEROF P H AN BT L RBETH S,

(2) FEFRIERSHE .

Table 2 Na)D 47 —RLDWTEZ L E, N~ ARFRTIFOBEBNELISL0.2~0.3M
Pa LHEEXNS, T, PCESENLD—H FORMEREPLETHD, 70R7 —1.6
MPaixtl 4+ 2% (EAETHL0.03 MPa) ZatitHE ST 5,

(3 EMEREIRE
EEF DB, AIEBELY - ENE N EHBNBETH L, BE0 003 MPadiidd
FARERORMEREEIBROTRETH 2700, HFTHEZ0.01 MPa &9 5,
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IMTRHHERRBESR M L ABRARKBROEG SR L, ChrEEd5EE LTRE
B A00°C, EEEAIE 9 MPa (AEAE) &9 45,

(b) *EEtFH@
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AR XN AAHEMEDS S B 780, JMTRT3 ~ 4 44 7 vOBERBAZEET S L&, 2000 B
BEOLEMRBLETH S,

6) WE 4 7
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BB, BEEG A 7 VOFEEICOVTHE, (53 MEERB | KK 5.
PlEo#FtEM %% LT Table 3IEART,

3.2 # &

3.2.1 ENBRAEUBEGEOER

FPAHRENGE L TERSNAMAR, EA2BRAMLENEFER/ESRERLTRETSL
ETHD, FORBHHEEZRDBID, BEDS A TL20TRAI ) -=w T ET -1

RUEFHBAEEE LTS A ¥ 75 2RO~ o - X8, BRiAEE L TREo s 2B
BRUZEMBRERICARN SN, #NFhOBOREFLRIC OV TTable 4 XU Table bIT/R7,
AL -2y SIRBYAERNTEREEHIROLEDTH 5
BRETHAT Lo (£0.03 MPa)

HERESEETH ST o
TR EE 5T &,
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B ERERE RN &,

OIFRTHEIC, AEFTREBENERSATV S, -7, EHBRAHITSA v 77 6%
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HER AN L, RIITENE, BEOSVE IREZH 7 YR EMAGDELESETS, RO
REAELICEFEANEERIGHEL 0.1 ~0.2mD 54 ¥7 7 LDbABBELE S, Lk
L, QOFRETTRSA ¥ 7 7 20HBEREATE I 0mBE TH Y, BEORIFHFTAT
DOARZITHEDbAZL LS ELDRIEERTRETH BT Ldis -7

—7, N —XBEHVTR, FEORBEOOABRHHEET COORELHRET 5 bDOHEH
VEEIRETH 5 EORBLAE b Db s, EHRREGELE LTE, o -XBERRYT S
ZEELT
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T, B EELTE, QOBENEDEEI Lo »ABIEHETH 5, &> TEM
BEFABEYTHY, COF4 T TEREOHLEG N vAEERATIL LT L,

3.2.2 FPHRESEORE

FIEHDOBSICESEF PARETFOETEIT, BBEOHEERBLERTLICEEEBHEL
THAFNGO ~ IR I i THET 6 HEOEIET R BUEL 7o EJIETORERIT W T Table 6 i, %
FREE I DUV T Fig 6 ~Fig. 8 KKiRd s

AEHFHTE, AEREORLOBADS, X7 YXEAGEBRY /NS T 548, BN
BHIEC AN D - XICMATAZY v 7% @ L, 27 v 7 RUNo -4 E ISR A
ELTe HAODWERTDE, ATV VT« No—XRBRFHL, No-—XiGEGshi-28 7
YADAT Oy FOPBET 70, TOBEEZH S Y ACIDBRAESKERLTRET S
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BUYELA 6RO F PH AR/ R REE—~OBETH B0, WL ICEHEL/FPIA ~F
PIDTRR7V Y 7ZFIERTEALTCHADICH L, IBRSUEREIZEMELFP2A, 2B T
EmATHERHLTOAEMES, CHAEREPIA~ 1D ORERUHEXBEEEZEL, FP2A,
2BTH, A7) v IOMEBOBE L L0 X L - AL TAHLDIKHB LD TH S,

Fig. RV Fig TItmnd &30 FPIA~ IDRUFP2ATCH LIFsiICMEEIER s T
B0, ThI3BESEREFICF PARENENCIES 200 Th b, FP2ZBIL, #EHRICEEEE
SNFEIEFBICHS 2720, TRRERTENEF UM I0.

T/, FPHRENGZBEBICERTSE, B7 0 4KEEL TRENT LT LiciihR
BEANLINEFT50T, COEMABNMNEDLLWICFPHRENTFAD 7 v F 4 BN
S Ut BEMBICGHELABR TR, EFHNOTLF Al 3alTH b, DT LT &b
2, BRHHBROF- B FEBENHERENLIDT, ERIERODTELEBBETH S,

~No— X, NEERIDBEETHH I EhEERENe —XEEH L, 4, A7V T
No - XROEEEERRE LY, BEOTY F Yy e yESIARICHETIF AR D L, TR
Ui, BENRABRECTEEIND, "n—XRUVRT) v IICEERPHOSR T TLE L
BRI EEd 54 v axa vREe8%EER L.

3.3 ZAT7YY - NO-—-XHROEE
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BAFHTH), HNELSNAFNBINERE T C3ERENORE S, KENEFTOREELLT
l2, Table 3itimL7:EH0D 0.0l MPa#E&itEEE LTV 3, —F, Z8Hb 7 v ADER/NAE
2, ThETOEEL SN umEFHREINS D, RFV v e Rao—XFELTEHDES
10am/ 0.01MPa DEMBHLETHY, H-TIWVASy - LEMPai LTI 1.5 mEl E
DEFMEPHELILL, ZBUBEARKEE5LDRER0-ZIRE2 ) v I2EL T 508D
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Bo LW, ~a—ZOREALLEEFL>OBEMAFEETELL, 0.08mé L,
INEHEIT, RFY VY TDOANFERELUTOLBYHE L,

INFTOEWEF—274228BL, ARCBmORo —ZXDFRICEFA 1K DO <% B
3#15. 1 ke/mEHEE I NS, FHEND —XONEE0ETEE, Vo —XLED 7 EHKE
30.755kg/mE 2%, Eoie, 400°CIKBIFEAFERKS B, ¥/ RoRBEEIEGER
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400
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K= = 4.613 k¢/mn

Ae ; No—-XOELHEHE 0.615 cf
P i ES 1.5 MPa
d R 2 m

HoTA00 CLBHE A7) v /DA ERK 12, ROEEDTH D,

400 400

Ks =Ksoo — Ky =3.939 (kg/mm)

400 400

K% EwaKY & Ky OEl&,

400

Ks " 5i85%
K* »:15%

THY, ELpica ) v EYEOEREEE S BORTAHERET 5,
Ro—ZOEASEERICY v IRBORKEFRWTRA 7Y YV OERICEH 552 EHKE 2#E
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400 BE
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Table 3 Design parameters of fission gas pressure gage

Operating Pressure Range

Accuracy

Sensitivity

Design Temperature

Design Pressure

(i) External Pressure on Quter Tube
(ii) External Pressure on Bellows
Design Life

Endurance for Thermal Cycling

(i) Cycle Number

(ii) Temperature range

(FP1A~FP2B)

0.1~1.6 MPa
+2%/F.S.
0.0 1 MPa
400°C

9MPa (Hydraulic)
2MPa (He gas)
2000 hours

100 times
100 ~ 300°C
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Pressure detecting method (Diaphragm)

Conersion into an
electric signal

Fundamentals of the structure

Advantage

Disodvatage

Zero- balance type

{a} Confucr point
type

{b} Reactance type

Displacement type

(a) Eddy current

(b} Strain gage type

{c} Linear voltage
differenticl
fransformer type

{d} Movable coif type

{e) Capacitance type

Pressure Goge

Coil 11

Dia phragm
Coil #2

f7| - Diophragm

3 /Diophmqm
i

Siraln goge

— Diaphragm

o\
Secondory ¢oil

—

Primary coil

« high accuracy

= high accuracy

« simpte configuration
+ gasily minituarized

» simple configuration
+ simple instrumentatior

« high sensifivity

« highly stable to
irradiation

» simple configuration
« easily minituallzed

= Incapabie of
dynamic measuring

- large spoce is
required
for diaphragm

» largely offected by
temperafure change

= complicated
instrumention

+ low sensitivity

« complicated
instrumentation

- largely affected
by neutron and
temperature

» complicated
configuration

« complicated
configuration

» low sensitivity




Table 5

Conversion into
an electric signal

JAERI- M 88~ 156

Pressure detecting method (Bellows)

Zero-balance type

Fundamentals of the structure

| Advantage

Disadvantage

Contact point type

.ﬁ,‘?i? « high dccuracy
N . simple configuration
b -4
//glgﬁf}// Contoct paint
Z -Beliows
L/
i
FP ges
Displa t type :
isplacement ty .
: (184~ Secondory cail = applicable to
LyDT it Primary coil

Pressurizalion

322
.

Core rod

Bellows

3t Slopper

Contect peint
Bellows

dynamic measuring

» high gccuracy

« incapable of
dynamic measuring

» incapable of
dynamic measuring

-Operating ternperature
is limited fo about
300°C




JAERI - M 88 - 156

(pox 1omy 8yl jo ainssaid Jauur Burinsesp)

d2d4d
189 ] UOI1BI]SUOWS(]
$189]
ise uoljeiqrie) Vedd
artd-uj
1S9 uoljeigqie) ard4d
1891 PIOH 3Jimjeradwa] ydij] pue 3s9], uolleIqI[R) YTdd
s1s8a],
189 Bul[o4D [ewlay] pue }sa] UorleIiqiien 91d4
311d-1ngQ
1831 8Sul[d4) JBWISY] pue }1S3J, UoIjeIgII B vidd
sisa] peorjddy N Odd

Apn3s juasaid ayz ur s9%e3 sanssoxd sed UOTSSTJ JO 3IST7]

9 2198l



JAERI~M 88-156

I-IXYW3d ¢ 3pod uolpinduwio)

spol (any ¥MT ul 2anssoid sed uoTsSSIJ ¢ *814

( 835D PalpNoJD) Ul

WI/M OOE D PO 3sDY )
(1/QMN LOIX)  PDJI 8sog Jo dn -uing

0¢

02 0l

T

li]TiIl'lT"l_lll

T

T

1 T T T

(WO/M}
"dwby tamod 1o Jamod [ouLIB] = Jd

|

|

' ¢-IXvW-d Aq anjoa paipjnoip) @ © O
| Wwo/M 00 ~082 40 ‘PO 85DE

_
_

‘dwo. Jamod D Jemod DUIULIR} SUDBW X4ING
DJOp jDjuawLadx3 2y W |

0}

—40¢

0¢

3Inssald 09 d4

(DN )



JAERI - M 88 - 156

(Aldd~n V1d4d) =298e8 sinssaad sed uoTssig g *314
ERENIT 51104  ['ON BIPETOIT slipd  [ON [IFEFILY sjind  |'ON
9} ¢5NS 3]qod TW | | [ aimDwioddd | 109 Aiopuoddi| g 191£ $NS Pnd ajoipaliaju] |G}
9}1¢£50S AddIN T2 | samowoia) j100 Kownidl g 191ESNS jnu ysnipy [9)
791esns|  poay Apogl € T9yc Snsg| Onjd Woog; O} czgsuooul J(€) aqnt JagnQ [
194ESNS | 10ys uigqog : ¢ [ G29 (3U0duT[{2) 8an} SN0 11 193¢ SNS CUEIECHED
GZ9 [3u0dUT i 1) 2ant Jaing T G | g1/ |auodu] sMo| (381 2} $0¢ SNS IN|6}
T TgiEsns pos 31059 191¢ SNS }J0US 3100[ ¢} 0¢ SN | 9Gf] aInssaId (02
£0 SNS bury| 7 [0G/ X |suoou] burids| 4}
G'¢9l
M-9IL \Ll@-o: M-9L
. h _ H I“ —Hm. . T
W.H:H LS
L H M ii
= = = =
O O ]
- s %

918

I|

L
ad

i
L

9l¢

REEIT Lt Tl
" \\\\\\§ \\\\\\\\\




JAERI -M 88-156

(vegdd) =823 aanssaad sel uorssig [ 311
[D1J3JDW §34D4  |ON IRET $jidd |ON [EIRET §}]Jod  |ON
91€5NS 91900 TW | | 3I1MoWDJa) | 109 Aopuodss | g 191£5NS B|DIPaLRII] + G
91€5NS 36N | g a11MOWDJR)| 100 Aspullld | 6 191ESNS o gsnipy fg)
91ESNS[  poay Apog| ¢ 191£5nG|  bnidwoyog | OFy  GZ9 13U0dUT |(€) 3qNnY J3ing | / }
M91ESNS| HDYs uigaog | & | 629 [3UOTI{Z) QN J34nQ | 1] 191€S5NS bnjd do] |8}
GZ9 |aUodUL[{ ) 3qn 184nG | 6§ Bi/ [9U0dU] smof[ag | 2} #0E SNS 1IN | 6}
91£5NS pos aloy | 9 191ESNS | H40YS 3l05 | ¢} £0¢ SNS | 24N} aInssaig | O¢
E0b SNS bury | J | 052 X i3uodu] burids | v}
S vl
b; 1 H i H
— e | 3 I N =
lljll/Lul
=
I
3
=
| @ 0 & I8

LI EEF PSS .
\\ \\\\\\\\\\




JAERI - M 88-156

H

(dzdd) o8e8 sanssaad sed uorssTg g 214

| D113} DI sjiod  |ON |DIJ3|DW 51ibd ‘ON |1DLI3JOIY sjind  |ON
91¢5NS 91gpd W | + | “eitmbwnia)| 1105 Kopuosag g | 19+¢ SNS [Bnid apipauliai | 6
91 £SNS 3ddINT ¢ 3JIMDUIIZ) | [109 MDWIId [ 6 1918 SNS ISPy [ 9}
79}ESNS]  poay Apog ! ¢ T90iesns|  Dnjd wopog| O] G29 |8u0aul ) aqny N0 | L}
J91E SNSI 1PUS U1GQ08 | & | G2o [8U0dU|{Z) aany BInQ| i+|  191E SNS bnyd do] | 81
Geg jauoduT{ }) agn; Jajng [ G | 8)2 [3u0du] smo[iag | ¢} pOS SNS| ean) ainssaid] 6}
91€5SNS poiaiod| g 19)¢ 50S 1ous 2303 ¢
¢0P SNS Bury | 7 |06/ ¥ {atoou] bunids| vy
G'€9)
W.||||h~‘_~ = . B - w ,....\_,m M_ .I_m o ¥ |
e | S N | TN N

o




JAERI - M 88-156

4. BERUHBERE

4.1 HERER

HIEORTICE TS, FPHARNHOHEF LT~/ FESFHEHUTL2EB LS v 2T 2
Y7, R0 =7y 7Y RUMT YT EES UEREOER S Fig 1LTR T, RIFIC
LDI/FONKEBHRELUTICE LD L,

1) HBEE

FEIGTTCRBEERSIEFICEZ VY, HEEXRIFKE>TERE LV, HEEHE]
BHENo—RTEE L/ca7 oy FRANBREPA(H S8, MLOOFEENBLETH 3.
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Fig. 11 Fission gas pressure gage
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