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Chemistry and Radiochemistry Tests of N.S.MUTSU
(Reports on N.S.MUTSU Power-up Tests)

* ¥*
Tetsuo YOSHIJIMA, Kunihiko SUZUKI , Satoru MUKAL
Takakazu TANAKA+ and Masaaki OCHIAI

Department of Nuclear Ship Engineering
Mutsu Establishment
Japan Atomic Energy Research Institute

Mutsu-shi, Aomori-ken

{(Received December 24, 1991)

The power-up test of N.S.MUTSU started in March 1990 and finishad in
December. The chemistry test and radiochemistry test were performed
during the power—up tests. This paper discribes the methods and the
results of the chemistry and radicchemistry tests performed during the
power~up tests of N.S.MUTSU.

The N.S.MUTSU is equipped with a PWR type reactor having a thermal
power output of 36MW. The chemical and radiochemical characteristics of
the reactor are fuel rod cladding tubes made of stainless steel and
reactivity control without chemical shim.

The chemistry test yielded the good results in quality of the primary
cooling water and the secondary ccoling water. The radiochemistry test
confirmed that there is no leakages from fuel rod tubes, SG U-tubes and

reactor component cocling systems.

Keywords: Nuclear Ship, Water Chemistry, Power-up Test, Primary Coclant,

Secondary Coolant

+ Nuclear Ship Mutsu

* Present address: Mitsubishi Atomic Power Industry Co.
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Ao A B (LEORSHEBRMEFORTIEREE) OBEMKFZ XL A
ed b,
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—REHKOMLFHLEROHENR . FHEATEAIh T 2BBHF oMM O
WEEREMHECET 7 v PR OBETE L O ERHEE2BI I LD 5,
—REHKOAHTFEEO S 5. ol EEE HE.BERFRVCEEAVHEDOS
Fid, —RHpHARET SRFFREHOBARROBRL MO DK HET
HB, AFVVAFHMRSCETAI ¥ IBERI MEHEA 4V BIFHRFE IR UHE
MTHhb, B MEAAVRELBTRFABEMNBTELHEE TH 5, EHE200T
TOCHLOEAMER EHFEA AV Chppu, BTEMFETleppTd 5, O
W EBRAAVRELRTREBEOREHIZ. 2N T H0.05ppull T, 0.0tppal T
ELTHEBL. A7 YV AMOSCCORAERBHIELTVE, BHEKEBRER, —K
MHKO KA M TRET IHETRELZRETILDRETOEDLA TV 5,

—wHeHAkoBRMILEARENOANI. BHEESORSEOMR LMER O
KA IR ORN & 755 R O a4 ¥ (Corrosion Products:CPRE O E#R
ThhH, BREYUHEBCREMNBAET S &, WG KPS BEERM( Fission
Products:FR)MBM LTI h o OBEARERT 5, FPEMOATESHIERE
LR ORI EL >FC3] T1,2=8.04d, 1331 T1,2=20.8h) & B8
WIHRAH A2 e T1o 25 20D RFB L. CH O KTHEEAERUCEREEBO
CRERMEAR R LT WS, BB (3,584K)00. XK OB EMNIE L -
WHRMESHh A1 [PE DL, 1kBg/co® 2R & L. D1/1000. 1 1kBg/cn® %
Wi & LTEEATY BN RHo LM T 5 L  BHOBERZHE T
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3.3 ik MK OKE M

TRAEHKOEENLEHOB—~OHNR.SCEMEOREEPH LT LD
B, TE2o] OTRKAKOMERRBE EOPHRE R HH) Y v RETATH -
TOVRBR.COARTR. 2 vEABGEIVWEEFD Y v EEMMEEG L CHAR AN
AL 2TV EMNEFPROBRZED VP LE, COLDRBEBENOE K
SYVHEACEIENTHRAREE L. Ch X T REBENAFEOGET L, AV
PHBRANOETETR.SCEAREEEN Yo —Fyrds ez, 7T YA
EHEOENLEZ0TUT CEME U CREE 7V A Y (Ra0D) O JE B E HHR L, ¥ RIS
Y (Intergranular Attack SCC:IGA SCCOOYDFEA EPi b LTW B, F 1 8
EHMORBAREZ FyFiv J(ABHABAIHBRIOH LR E LT #HAk Ry
FHOTHBREMEBRGEA A REMEZHR IR ORER) L2 N
RIMEL CHKBADER2T o TvwE, BTFHE2EMNEILT ZHA R ELRE
RGP YR HBEC(LYAE L5004 100ppn) THEA L CRIRREE
MLABZ EELTWS,

RN FFFEENORERRK BTRFBRIGELLE VI Y V2RO HRI
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0.20OFIDHIHSF L. RFWHBNRERBRINE S 274 b (Fes04) DR %2
MU THE AT RN IEL TV A,

ZRGHKOBHEEARERRI . ALARERCHRBTOREL2MB T A LN
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Table 3.1 Specifications of chemistry and radiochemistry
tests
Chemistry
Samples [tems Units | Standard values | Limit values
Conductivity uS/em| <! <1
Primary pH = | B~8 §~8
cooling Chloride ppm <0.05 Max.0.15
water | Dissolved Oxygen ppt <0,01 Max.0.1
Dissolved Hydrogen | cc/kg | 25~35 Hax. 50
Turbidity ppm <1 -
Secondary ‘Conductivity 4S/em| <B ———
cooling pH ———19%0.2 8.5~9.5
water i Chloride ppm <0.1 Hax.2
Yolure control
tank{gas phase) || Oxygen content Vol% | <2 Hax.4
Radiochenistry
Primary Radioiodine("3']1) | Bq/cm® | 0.11K 1. 1K
cooling Fp gas('33Xe) Ba/en® | ——— ———
water | GrossB activity Ba/cm® | ——— ——
Secondary Radioiodine('3'1) | Ba/cm® | ——— -
cooing water | Gross B activity Bg/cm® | ——— ———
Component Gross A ectivity Ba/cm® | — —— ———
cooling water
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BN AR A S RABWHF LA A v RRMEMET S & L b T E
MEOWVWISFABR I,V IMEORIMHARE SR W EI €S0 WIHN
WAL o R TIME L TRD 1

5 . AB St M O g B Ak 252 FX R oo 3E il T R

CNETCOMZRRE L AR OEZM TR A Table 5. IRFRT, HNLER
R BWALOIBL, R2ROBELHA L OBBORBNZ LASET
EHL . WZERRECMMEIRBRE A ERPRCEE D IhE kil
I TESTRVE
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2R BRC M LT RRCEL TOMN AN 2 EHEF - THML
oo CHROOANTEE A HEOMM BTable 4.1 WRT, BHBATOMRE
WAMRET 20— REHKPOHEHES S RO ISR DMER A
BMOKMEHEE D EEBH LA A v RMAMET 5 & & b  ERBAHE
WEOBWISFABHE ISV IBEORMMARER M LI LD WA
WMH L RTEL TR 1,

5. A5 X I G Ak 52 R IER oo IZ HE TR

THETCOLERBEURGILERBROEM I M ETable 5. 1R, WHER
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Table 4.1 Analytical methods of chemistry and
radicchemistry tests

Items Analytical methods
Conductivity Conductivity meter
pH Digital pH meter
Chloride | Liquid ion chromatography
Dissolved Oxygen Indigo carmine colorimetry

Dissolved Hydrogen | Gas chronmatography

Turbidity Turbidity meter
Oxyegen Content Gas chromztography
Radioiodine Gamna-ray spectrometry

Gaseous Radionuclide || Gamma-ray spectronmetry

Gross B activity GN counter




Table 5.1

JAERI-M 92-002

Progress schedule of chemistry and
radiochemistry tests

Phase No. Test No. Date Reactor power(%)
z-2 27/03/90 Before criticality
0 Z-5 29/03/90 | Initial criticality
Z-9 02/04/90 Hot zero power
Z-13 | 10/04/80 1
Z-16 11/04/80 1.5
I Z-18 11/04/90 3]
Z-22 17/04/90 14
B-6-1 24/04/90 17
Z-28 13/07/90 40
i B-6-2(1) 18/07/90 50
Z-32 23/07/90 60
| B-5-2(2) 28/09/80 70
Z-38 02/10/90 80
IV B-5-3(1) 05/10/30 90
v B~5-3(2) 13/12/90 100

__11 _
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Table 6.1(1)~6. (1) RT,

A bR R

kRO KB R EFe. 6. L ARBE S v 7 AHBOKEAN 2
WE DL EFie. 6.2 “RAHAKOKESTHREFis. 6.31KT,

6.1.1 —iRMHIK
(1) pH
?k?’*fﬂ?k@pl{ii\ﬁ.8~7.6®fﬁf’§@ﬁ§(6~8)ulﬂ'@35ofto

(2)HHHR

WA, M (<IuS/cm) LT 0. 16~0 554 5/caTd » o
(3)BTFIK#E

HIEKENER, ~KAHAPRCBELTOIBREAARKFEAN A LHRT
5O EBEEY S, HEER (phase 0)h 5 BIEAN (phase [ ) TOH
JER RSN Y TR YT.6~31cc-STP/kg-H 0D APH ¢ LB L f2o HFH
H1H#950%(phase M) H[# L P B3 BEHE (T (25~ 355TP-cc/ke-Ha DY PLH & 2
o T
(OETFBF

PRI M IR A 0. 005ppm) LT TH » oo
(EFEA AV

BFE A4y LR REQ.0lppn) AT TH 5 7o
(6) 8

BIE R RIS (0.1ppr) LT TH » T2,

1.2 RRUHE g v 2 AT
(1) K EME
W ERRBRMBU TR BT v 2 HTO— KRB HKTOBEN 20
RSN RRHI S v 2 SISO ¥ 2 BB OEB ORI & o THEUHE 5
v SO KBS A HERTI8EH 5998V THRAR ERH L. CARHELT
—REHKOBREARBE RAK R U, BETHiBH1505(phase T
B U7 B 9TVERL B RSE L 72,

(2) MFRE

BB MR SRRMME & B L TRIRAEQO. OLT T B8 EER) %
FaTE . TV,

—12 —
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6.1.3 ERMEIK

(1) pH

plid . P FE OWE R (phase 0)5 5> BIE AT (phase 1) F TR EIREE
HOENORBIS. 3~ b CHEEMOMIM9t0.2)2HFA L, LAL,
HE50%(phase A S B ELARAERHNHM L ALRUBEANLF IR
L SCEkOMM R T a— Y v TRBHKEANEDb s R LR &
T8.6~9. 1& RV FHFMITEWELE &5 o
(2)RTEH

M AR T o PO R (phase 005 5 BEA T (phase I )X TR.3. 2~
9.5 S/cnTHUEM(<BuS/c) 2 A, ULa L, HIK505(phase I 5 &
EEABERAMML ELSRREANER S e SHEROMERN T T
- ¥y T kBHkAANED s 2R & 0 T8.3~5.TLS/cn® FHH
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7 . IZE=R

7.1 (B S

T.1.1 — @ AKX _

—REHKOPNHEEEAUCRER . BEEE T CHELTB Y REERTE
BUERDOENTD - It BREKEBES.ARHRNy v 7RHEHBOKFERED LH
s T ER LR JIH508h 5 BHRM ORI A & 2D — R HK OB
WA E-ARMElTs I EMTEL,

WM RIRRMM DO —~RGHADOBGEREEHFEA A VI MR b RHRR
W GETEH F:0.005ppm B FEA4 4 v 0. 0lppm) BL FCSCCRRAE I I RFRINRS
e e

WK 745 (Boiling Water Reactor:BWR) T, — iR H A O FET7H I
AL E 280pphE VO LBEHOMBII LB HRERNGHOREN FHHO
WAL & - T304 F vV AWM ONAERE BRI (Intergranular stress
corrosion cracking: [GSCOIMIRA UM & 75 » TV Fe DRDITFRHM O
SUS304A B SUS3 I8~ M % # 4i t BA O JE TR 6r 0 I SE R OF i 716 50 R XX O 41K oA
W ELTCO BN ADKREHF A EM(Hydrogen fater Chemistry:H¥C)TF
OIERML LR TVBEY,

—F. TG T, —REBMARIICKEHN 2 2$30cc/kg-H2 004 3ppm) & TH
WL TR RIAA T B & R, — ok o FTER T BIE % 10ppb LU p
H%$%@&%@®mﬁﬁm%ﬁoTM%t&#B;#&%ﬂ%?@“ﬂﬁ@%&ﬁ
WD b EHILN D,

7.1.2 RN ¥ v 7 KA
GRHE S v 7 GITHOKRBE R, BF9.8VEE T LI U BMFEEE MM
R F D THRELBAJKUBER ENSELRMRT 5T L RTEL,

7.1.3 ZiR#MHEIK

MEER, S EKREATTETO TRNH KO EFERI, RNR IV O
Bk k s BEAFRRERTAERC0 e O BREEETRA LA ETH
OEWHAGEREIELORERZOM N ESCGKROMEENIE T n-F IR &S
“REBHKOANBEAR S > TRARESMUNOS/NME L » 2o F T HHA
AV T L A0, topnD 2K D0, 22ppnk R T T & D B o foht, IR (2ppn)
PR TH o7 MEBFR.O.2~2ppp0 BEGHTE ¥ Y v 2 T RBHARKHE
AL TN Ha+02=Na 420D B CHEL TV B 1z 0 B IR R (0. 008ppm) AT T
Hof, cHETRMBIPRTRELTVAZLAREB{EHFHBE (Stean Gener-
ator Tube Rupture:SGTR)® 3 % JKE R MEF AFE L LTB. QY vEBY -5 O
SRR & A MAEL OB F A A v L BT B L OME L & BSCCHER

—— 39 -
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COEKBRORRNBERATHES,» L OWARMI X - TRERDEARAL
T FEFYFAY S Denting: AN ARBBABIND 5.
CHRBHKOKESY OB o HE BEBRE, MHEMABNTH - T L h oMM
FTAAYOMMRIIRABHER.EIoNRV, HEAAVEBER.BRTY
0.22ppm BFR EME I RIHBRMO0.005ppul FTH o 72 & &M 5 SCCOTAE
bELLNEV, i HKEN o OBARBIR.EAKR Y SHOORBEE G A
AVRBRHERZHASERBROYTEHR) L WBREHENRE=F LTEHALTY
5, chbltREAED O Mo T LhLESOBACLE Ty Fiv TH#HBG
ORLEDHFEILNLEW,
Proz thrskBERERT 20ERTRMOABHR. TV DLEHFIL NS,
BB R CREHKOERT VA VHOREI LA A v 32 V600 ORI RE
324308 O X RS (Intergranular Attack: [GA) DY AR & % » TW 5 55
GA L EREIIZ I TR ITTEEE) ShRSCTRELTWEI S
GERBM oY T2l TOREZHMVIDEZAILN S,

7.2 fHEEE S B

7.2.1 —ik#HHK

(1) 18 FD AR

LRBHKE, QRO B ue® IV RTZ ANy &R -aA 4 v RBIRCMIE L
Bic GeMkANRY bui— 5 CHRFUEHBAN LT 2 HRIGHM LGN
B O GHE AR SRR oS L S ERBI I R,

Fire JOFPAES IS TR S e ML ISR 2NeVRL LD n 2L ¥ — 2 H T B R
PETAMKBEERHRELTHEIN IR  FORKE2ZUTRIBEShE 70tV
KO EkD18000. 2045 DTFLEL) & T8 0(p, ) FFORIE THEB I NB Y,
Fig. T ARTT X RICFMEI . A MMHEME LM EEOKHERELE-T
FTHAORAREFALTHMU . B8 MERE» S B EPYRIF S EBLT,
ISFEREENRZVW DO EHEAL NG,

(2)  FROHYERS R BB » © o R O 8 R AN

AF vV A OBEE HE L AERERERURETRL - TERINT
Wi B M EE0COKITOA—RFF4 PRAT VvV ARMORAEE B
(Omg/du? /month(mdn) GH103m/y) & Sh TV A,

rEo) O—RBHBRAAINTVE 27 v L AWM O AKE lndn(107*
om/y) . T AR O MG NS 2 3, 0000 [ & U Tl EL U 7o IO HE RS 2 A i R

- (caluclated) & 4711 D 90%LL b © O KL B ¥E RS £ £ R 9 T © P (veasured)

TR % Table T.IRR T, SEMn DML, 2. 58T M T H B AT vV AH
MOMERN—ETHNEIOEHREO BT o cREAEMT 5. <
DT EALSEMMMEEONHEEEMEL 2R TEER I, ~RAMNERTH
JILTWAEAF Y VASIHMOBRELRHETT 5 £ 0.2 ndu(5X10°m/y) & 5D
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I L ORARK M EREOLERBMNS 5 T EHNRRBEINT,

(3) 79y Figown<T

75y F(Chalk River Unidentified Deposit:CRUD} & . OIE 0.45un® WK
FrBmE L HEIBRMEYE2A A BN T LTEREN S, R EKE
BRELTRBEHRET S RHERER A F v RERBEhTVWE, —~RBHKOD
R P FRREH (FE LT BERAROEVWSCERE)0BM ALY KB E&O
BT L L E N CERRI O, CoR U Cok &L AT MR R 4 K
MERL. . ChABBELSYBBINT LS v FARAFEETE, T OFFHR
DPHREI T kB HBERKREN ABROBLZBHIAORE TS AL, 7 T 25
4 F(Fea04)® 7 = 54 b (NiFealsy CoFer04)D I F v Fa2&EO BB s—es
HEESONERER SN S, A MADOTREENET BSCEHEO— XM
LHohbD7 5y FARBUTHHEBRE L) AR ESOMHBEBERI A
BAEELER, 20D 7T v FREBA A VIROBRAHEEREONEEZRD T
25y FORERNIPEPETI EAEBERMORNDRAETH S, 77 v ¥
ROMMEDERMAT IRENED LN BARI BALR2ERL T A VX
BEBOZ7 AN IWRIEIV I 9 F2 TR GRE L MG BREoRELZIMBIL
THREATORSBEB LRI I LERS 2, EPFoRE I RE kD7
59 FREBAAVIROBHEEBON S 2 Table. T.2KRFTHR, TE2I TR,
MBI SPHE L2 A FRMBEHRERZE AN GO T v vV AHH 2
BHLTWA R RHEEREFE T EN MM TS B CoBL 7 7
v FORERDOEVWIRETH 5,

7.2.2 #8082 I

BENESORSERBERDNBARR, KRB HKIOESHUERN TS
DR LD HEMGHER T A (kry Xe)OMERER T 5, SE O LRER
W T, — WG EHK T TR X h g 2l e g T S AR T 2
TH B8 r 3 e R UK RRINIBRBEL T ¢d - o, & AEHEM S v 7
A S RINL AN A OREHEEA oK E. Iy 23 "Ar ¢ e
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Table 7.1 Radioactive corrosion products in the primary cooling

water
Radioactive Concentration(Ba/cm®)
Half life

nuclide Calculated Heasured
Wn-54 312.5 d 1.0X 10 5.7X 107!

Mn-56 2.587 h 4.2X10 8.1
Co-08 71.3 d 1.2X 102 g.2%x 10!
Co-60 .26 ¥y 1.1X10 1.9% 107!
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