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Water Chemistry of JMTR
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Summary

To know the chemical nature of JMTR primary coolant, corrosion products,
dissolved gases and fission products, especially radioiodine, were measured during
the characteristic test of the reactor. Values were compared with those estimated
in the design of JMTR; the estimations made were found to be adequate. The
formation mechanism of ?!Na is also discussed. Radioiodine was detected in the
primary coolant ; it probably resulted from the surface contamination of fuel

elements.
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Uiz, ThoDE—7 Ol OROERES
9.4x1072uCi/ml CH -1, 2V SAFVRATF /LR
MIFEERADBBICHN TV ADT, TNBEELICEA
Uikbshic b ELON D,

Wi —8ERS L& UTKIICEEL, 4E0O—REH
KOG TRERSS ELTRIlsh A —D Y HE TH
3. AEICRT KD, BHBEREAVY F) YUY
—~ VOO R I Y b bRIBEN TN &b,

AREERB LUOER 5

—HWAF LA E LT OB TEA L TN AT & b5
Abhb,

5.3 £88%

IS K S & Fig. 4, 5, 6 35 X 0F TABLE 2, 3 |CRT.
Fig. 4,5 & TABLE2,3 IC N L cfliz v 7 ) v o hid
30 Srit@ L7 CUE Lo TH B, Wil id 2X
1072pCi/ml TdH 72, LirLIEAIS N, VN, 0, 22Al
S ERPEWN OB S Z BICRENTO 720, B
WAERMLLS, Y v SICiE i) ORETH S
ZEMTFHEING,

X EhER I3 Y v 7Y v 2R S IERIRA T B IR
T2 R d, Fig. 6 OFIRUBIZ BN 16 RS T
HY, *Na iLLB2b0OTHLCEAZRLTN S, L
Mo TTDRFBAFIM LT »*Na OpifErkp sz &
MWTE D, WO Fig. 6 IWRT X HICE 144
JNVER2YA I NETELBEAD SIS - 72,

5. 4 YTRARY b

WA 78 IE % Fig. 7 159, 7 #R R 27 P VICED
NI RE— 71D TR TFICHET 5.

1) 0.07, 0.14, 0.21MeV D& — 7

W14 70T IMW ICH ) ERLAICIZI LD T
WHvohikce—27T, vy 7Y v M 2ovFE —
HUR TNy 77797 MBSO FOMRE LIz
FEM BRI OBl - 2D E L E— 21
1%, Fige 9 W 144 7 VORI S0MW i
PRI Uz — R HUKIC O WT TR A RS P VOZE— 7
O EIBEEH O CEOTHL, chb3208—273
Ml AR ICHLI L TE YD, 150 IR E % Tl
21~27 WiR 0l ci s L, T liRi340 60 BERT O
P TH B CNSORMNAE[ITREEEL LTIZ W
(24hr) &, Mo (67hr) BEZ 5N 5. i "W i3
BLYA I NVEOBMERED A NV FY v/ &2 LY —
DRIFOA I ¥ o, KDL Y ROPENBELNT
BY, —KGHKPCEET S E3#EITH D ((FEk
B, Fh, —KHHK 300ml ZaBLiI ) RT 7
AV —2HEIEEH U CHDEKO YRIEESEBON, &
E— 7 O 24hr BiRTH - 7. (Fig10 7D

Mo IOV TIIBIE DR TIIEMNLEERTEL.
SEESITIC K DT B LEND 5.

B, W i3 0.21MeV 1S E— ZidARMk i
M, VINEYYyFL—2— % B ft s 0.07TMeV
& 0.14MeV @ sum peak BT EDEEI LGNS,
2) 0.32MeV D E— 7

Fig. 7 DAY b ICIZIEOAS, 100 HERFEE A L
T Back ground 2 T3 EHEHbh b, Fig 9 iICRT &
AT DE—~7 OFFNIZH 30 HTH Y, *Cr ick s
LDTHBT Enbhrb,
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3) 0.51MeV K~

zHY— 713 Fig. 8 1ET & ICREIRIIICIZK
2hr, ZO%IIM ldhr T©H - %, 2hr I F 3 F
(112m), 14hr OWsMT “Cu (12hr) THEEEZD
ha.
4) 0.86MeV Ov'— 7

C O — 7 YW ORE DO 72 0D TEHE TS 3 E ASH 2
THBEHM, TOPHT Mg (9.5m) THD, KROF
B 2.5h 0P *Mn (2.58hr) iIc X B D ER
biha,
5 1.0MeV o —7

INKIEE— 7 THLBERBBTREAITHEC EPD
Mg(9.5m) TH 5 & BbNh 5.
6) 1.36MeV ov—7

“Ar (110m, 1.29MeV) & *Na (15h, 1.37MeV)
LDORAE—ITHEAD.
7 2.75MeV oE—7

Fig. 8 o HH b LI IKiZIFMIC *Na DAHDE—
7 TH5b.

% DBAKE— /7 OIFFE MR EET, BRER
R R A ST V. TR HKICRERCE
COBREMBRETNTOT, ThEAFERICERTLOT
AL THSL, Fig. 8,9 I Lciigil, ThooN
THHENEMELZ D TH 5.

L LS, chbomihoEs ORBORES:
METRHEBRHBTENTE, TOMRE TABE2,
3IEALTHA, OREELRKE—KRLTVWDLZEN
brd. Hric, YNa K0T B D 5RO 7ol
LB BEO—FKARLTWVS., i, 1.36MeV &
2.75MeV 0 ©— 7 Ozt iR A3 & A & DB A0
15hr ootz dhicis v, ERBEMEONTV ST
tickrbotFELONS,

w1, W24 s vthidyy 7Y v S 16 HRIC
ek 5ml DYERRLY vk, 0.51,0.86, 1.0
1.36MeV 0K E— 7 K>\ T E¥— 7 BRSO EHEY
BOREEARDTEE L, CORKRIT Fig. 4,5 BX
O TABLE3 ICk L7z, 72720, BT FVF—D VRO
WEAIT~TLEUTHEL.

5. 5 BORERYD

bR ORI D YERA RS Vit Figll DX DI
5ot E— 22 0.24, 0.53, 0.83MeV £k,
0.24MeV O — 7 BRBICEELTH IR TEXR
iz, P#EBEEELTH -7z, 0.53MeV O — 713
M hs 15~20 R TH 2 SR B IRKTERICI
D5, 0.83MeV 0 v — 7 3RFHH K 1 KR TE
BHTHL, choD &b 0.24MeV O ¥ — 73
] DIpkETH S Xe ickBC L, 0.53MeV v
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— 2713 L & ] OIRAY~/ThHDHT &, 0.83MeV
DE—7i3 Ml ick B EMTEBENS, UTiEY
— 7ROV THBELEEZEEZRA 5.
1) 0.24MeV @ &—7

ZOr—r M Xe it kB E—-7THHELT, £D
KEIDOBEFBICXVRDTH S,

—JRHNC, TR A HSEEE U G IR A TE B A3
ERT 356, TRLENOMEORTFBOZLIZRDOK

TH5EZoh5,
dN, dN, -
_7{:—AN“—?rvLN1LN2

czT, N,N, 3shEFhbfilticsds A, B o
BEF%THD, A ZENEN A, B OfBERTH
%, (8) REBSL, =0 KB} 5 A,B oETH%
£hEFh NN &35,

N,=- 2'——Nl°(e"‘1‘—e“2‘)+N2“e*12t
lz—lx

A,B oz zhehn T,T, &3hid (9) Rid

T, < _0.693, _gsggt)
=57 N,° T,  — T
Nz Tl'—‘Tz Nl e 1 € 2

- Ne 0-5331 ........................ (10)

wE, A% I, B % "Xe t35E, T,=6.7hr,
T,=9.13hr TH Y, T IHRTKE2 =0 & &
g, o N'=0&EZohsh5 (10) RiFKkD
XA 5,

N,=3.75 N (e 0760t —g=0:103t% ...... an

Tt DEMI hr THE. ZoORXOLATLDO NI
BMEEARNE *Xe O U He DR D3 b
%, Fg. 120t a O 3 (A1) X o@ g T
b0, EAICEDZRERLS—BLTWVWA, LERH-T
0.24MeV o E— 273 Il OIREIET H % Xe IL&X
5HDTHHT EBbrs,
2) 0.53MeV ot —7

coE—H WL L L EOREY— 7 ThBE,
CDOE—7 ORESORIFEMIROL I ICFHREICE -
TRHBZEMWTE B,

BT BEU T 0 E 2 REHIC T e Nk

TEDOT T ENTX B,
1331 ‘CO(J‘T
‘i;?z Gam, V*'—llnl Ts/%n‘ ...... 12

1, 2izhzehn =l Lo 1 ZRYT. ¥,
n o v ROBE (ff/cm?)
or U O 2N E R {cm?)
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7 R ERIUR
N —REHKDD 3 v RBEICESTT S
U DIRFH
fhoic5id (3) KROLAELALTS 5.
SERRIETIY dn/dt=0 TH B0 5, T OF O KH
Held

Agam {;—V*
A= A= Vi (14)
1+ 9
Vw
gy, L & T SofEERRBRA TS 6N 5.

T e=l &L, Q@=25m¥/hr=0.70x10'cm?®/sec,
Vw=140x10°cm® £3 % &, 2,=9.25%107° 1/sec, 2,
=2.87x10"%1/sec THBH b

A/ A, =0, 428 (5,/7:) vreveereesnnneeesnes (16)
LD, Etr 7=6.9%, 7,=6.1% TH, 0.53MeV
O VHBOKBESIT T 58 94%, I 8 30% THS
Moy v v SROREE (C) okl

&7:0. 428)('%23%%32'28 ~1.52
L%, LTI~ 7 OFHME (C) OB
ik &7m 5.

_0.6%3, _o.683,
C=Cpe T +C)le T2

= (1. 5200333 4 @70 1038 Cp0unnnnnnn an

2 12 LTIk, T,=20.8hr, T,=6.7hr T
3. ¥t t OBLE hr TH B, A7) XEMOLTHERM
s Fig. 12 ObTH B, Lipl, ERIKKBA(XED
2 iR EICiZo B0,

WE, 3 VRICTT HMERTOREDERPIEFICE
WBAEEZBE, e=0 L1 - T (12), (13) KA
WE BB TE S, Lk TERRETI

An=gam _é'\’; .............................. (18)
L3y, EEkiickr s L & L Lol
A Am _ny
A, A, 72
EB, THhYZ

Co_ (6.9X(0.98) _a 55 ...
o =6.19%(0.30) %8 as

L1720, 0.53MeV @ ¥— 7 OF BB OREELIZRA
TEZoN A,

C=(3.55e™00333¢  g=0- 10383 C 0 ..., (20)
(20) X» 5t Fig. 12 DR c BHE S h, EUMEIZIE
WICBLCOMBICD->THS, ThZEhrbavRiT
A x v RgRRc X OBREIhIC(VE (L1I2E) TF
L, BKE Y7 TOREDRHEN © & 3R Sh

5.

0) EFHVTHIC C° 2R H hid L oEEE
KB ENTE, T C° & (19 R RATHIZ
W] DREAMBCENBTES, AFEFO ™ Bk
Ul OBEBERCOFECLORDIZEDTH B,

3) 0.83MeV v’ —7

COE—7 ¥R IKkHETHLCELE, AL
F—DREEDLS M KEBEDTHEENZD, ™
DRETZ OWH DGR,

BLHA I NVTRYRRARZ bvpd % OFR
LTS -1 Ds, COHERERTIZS % BEFMhE AL
E 5 DICEB B 5, Z0DEELEAFELELT,
H2H 4 I NTREROMERIEETE - ftk, v 7
Y v 7S 1% B A GMEHEE TAHIIL, 2o
HETO2I vRBELARDI, Thb2o0FKICK
LINERRA T & TABLE 5 DL HICILD, 7 iRE
e X3 %1 oA METIC L 22K a R
DK TH B, chid, BEREIOEA, L L4
O v #E DS OBHEB XTBRAT 2RI 5
DBRAE—HICHALTOBDTHAD,

PEDEdicUTRdIa v HKPEL Tase 2,3 Bk
U Fig. 4,5 1R LTz, & — & — i3 10°pCi/ml BET
Hotz. IVEBBRBEINLES, FhBBHEROR
THEY (BEHERORENY 7 Y iICk - THRIRTY
0 E) KA O EIBRERBICEE bOD, %
YETZ20RMPEVENILOEETH B, REEROD
KEERICEBELLER, (18) Xrobs3 v HR
EAE525% ™0 OBAMAT LI ENTES, HES
NHBORKEETH S ™I @ 1.80x10~°xCi/ml i
MUT, M OHZNEE 7.8%, BT ESL 2X
10"n/cm?esec &35 &, D ™ icHEE5T 5 U
4.0pg L1825,

WE, BB OREBE LS BREIEA OB O E LR
(10pg®U/ft) L35 &, MBER22E, Bk 7 4o
75AKT U LLTHOSmg THAE, Tl OLE
Ggehsd 5L, —REMKDOBSHME 3 v % O Eid
102uCi/ml @ 4 — & — it %, EEHs 10°¢Ci/ml
BETHIOR, REAFEBEELBREMZDTE-T
WAL, EREABICIVER UK vEBT
NT—REHKPIE S Lidiy, BEOERICLS
EEZ oA, Wig, 107°xCi/ml BEDKMHEI vFR
BBHEZOREERPOTHOETEENITENTE
5,

5 6 HAOLERBOBSEHHEREDOE(L

I ER R O—RIGHK OHUHHEEALE Y BRA R |
wvo 0.51, 0.86, 1.0, 1.36MeV D& E—27IKDIT

HE L, Fig 131tk L. ¢ OEAICIIEEEH A 500
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kW 5 20MW ~ 17 R U, H2IRERICE T 25
MW ~ LB EH LTS RY), F-HiRE~TET S X
TOMIBEIEHICRD LTS &N, 20MW
TOVHRAEAIG B 72w ) B4 2 B R A B
LTWBT &b,

RTFEOR I % R UREE, BUSTEE OREIX
SUCREDS » TEALT B,

An= (g @Y 4 @ weereneenereneeniees 1)
(1 8Q Na-rt i,
h_<1 VWQe (22)
cee
an  HKDRFFRE 2 4 7 vE bSO
T ashe

a, : W ERATOBHIKGE DGR

a :ERIRIEICEIE L oKD U R

o RHUKDETFE IR A LA 2 ovED BIC T
5 IR

@) RKichETE, a=1.13x10"*xCi/cc, a=1.54
%x10-2uCi/cc, Q=0.70x10* cm®/sec, Vw=140%10°
em?, t=70.8sec &L, HFELT *Na 2825 &,
C DA O HEEZ (LT Fig. 13 OAFIDMIRICIZY,
“Na 2% ¢ air 1.36MeV 0o — 7 Ol EHLLL T
WA, LUK S, Fillick sz *Na ofiic
e OfE YA EBA-TVE L &, FlmHk
TEET 2 AR TORMEOFRENTT OENIC X - Tat
Hick Al d—B LI,

TEE R O LM OREIC K 2T O R O A be
Fig. 14 1075 L7z, ao=1.0x10"'Ci/ml, a=1.0%x10"*
pCi/ml & LT L. FRNoE» KR SRR
REEIC R BT A8, FE 2hr o B & T 10 I
PlE, W 15hr T3 20 Ll EE T 5.

B2 4 7 vDF — 2 TR MK 3IOIMW olif,
LBt 1~2x102uCi/ml &2 578, 67 3,4,910
DF—2FENEFROM I TOME L TP DIENE
L1 ST A, v 7Y vl bR ERENR
DH Bt SNt oD TH 5.

5 7 Wt ERELIFEHE L USHIKE
i A LED

LA 7 AMOF — 2T DN TR &5
S L OBRE Fig. 15~20 (TR L.

JAERI 1213

AR ERE S FL A &R, hoRER—ETHN
A (4) 7203 (6) »oiEkploBERIcH 3, L
LIE5 Fig. 15~20 ([CEBWOTIHIZIE H #1310 Dl
“Mn &4 BEEIZUTHD, ML, WS T 7 THME
THBBLEHFITIRIED. ULrd, F144 7 0Fid
DF—2RHBEOLOLDENEANL, HlEEBET
MOALREL R EDHH 5.

AR B OZ M U, BT FBEM R OB R
WERAKEUEEALGZZ, S, BAEERKRAVKE
BIEOENT S, LT, BEDLDFE LS A7
R O—KSHUKEE % Fig. 21 [RL. UL, &
BOFLELIEWICHMETHYD, chonF—2KG05
TRMEFT AL,

5. 8 —RESHKPDBFEHAZ

LR A Fig. 22,23 5 XU TABLE 2,3 [CRE.

BVREN ZRIRK 30ml/I(HO) TH-7c. ThHbH
b 50vol. %, EeIHs 30vol. 9%, K F A 20vol. %
TH5, BERB-KBHKOMEICEREH TS
W, F, B R LV 7 T—RERKB—RED 2K
EET A, BBICIKELTO A, BRI, £ LM
PCIBRAR 2 v 2 HA-TL BbDE, KOEH#RS
RICKDERT b0 EMH 3. KERKEBL, KOk
BHRIC X D EKT B,

IMTR O—XGHUK O At i >0 T it fih o #

FICE~R BT,

5 9 BMKIVI/HODOKZRRE

TSR Fig. 22 1CRT. AKICK LTI %LLIFIC
R-nTHY, EEid 1.25v0l. % Th-7. O
BAKEOTIRIBRIBACH 2 4% LDFEHMEL, W
WETR IR TOB T AR LTINS,

5. 10 pH BEUEBRE

W1y A 7 vo—kGHEKkO pH B X OFEEEDOEAL
7 Fig. 24 [ U7z, pH BA 4 Q@ HOc6~7,
54 v 7 ALTORIBRTHO, REE v 7 AODKH
PLUKBTHS. BEERRECENT 1¢0/cm LT
THHEMENERTZERA S v 7 ADEEE (—RS
HUKELE) BAXLA2ENMND S, BEBITHI
DOLRCEIDEBEESENT 520t BEbn 5,
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6. X

1D #LT IMTR &t OMEMRELNTH -2 &0
A, IAE, —IREGAKD O ATEE % R AT O fUEH
ERMUE & T L TA % & AKICB O TREMEARK
LT G, cofT “Cr, *Mn, “Cu, “Ni |3 3
NHEBEMEDTMBKE D 72 45T “Cu BIEENE L,
IERAHEES OB & 0.01ppm &b -7, Cu (36K
BTH Al OEALRET LDOT, TEBEFINEEIC
BOEIIT B ENEE LU,

2) HEERERXLHELINTEY, ULrbEiichhid
HEIC L A EORERL EA S BBEHET 5 C
EMTEB,

3) HHZAERHE LT, HEMEa ESRD IR

& &

10 pCi/ml LGHLETH D, MFIERORIMTERICH
KT2bDEHEZIONS.

AMWEEITIE DD LR MHI1% v 72 IMTR
SEIRBIMAR D 2 TR M BL £ 97, AHS DIERICER
U S S BE S M LB R LS K D ATIR S B 2l S
F L, BB L RFET.

X [

1) Tone H. et al.: JAERI-memo 3599 (1969)
2) Tone H. et al.: JAERI 1204 (1970)
3) Warp J.C.: ORNL-3152

(8 NRUTY—ILEBII Y

B oA 7T RN ULIEEETR - oM, =
ORI AY F Y v 7y — v O D b i e i b
ahtc, AIVERICED Z OBSEORT AT e
TEOFRCEET 5. BHBEZRIMITLBEOYME
P INLETHEL TV EDT, —KEBHKDOER
2T ETCORRRIARNCBFICN S,

B OR

ZIYICHOE eI DV T YR <7 b v i EBE
Fig.25 DX DI D, ChbDFE— 71D THEH
#MAaDL B L Fig. 26 BXU Fig. 27 S5 5, G4
B DRI DTS Fig. 26 IR L7chs, % &R
DENE— 713 0.51MeV D 16hr T, “Cuic k3
LOLEbNE, 0.51MeV O — 7 ZIREBCBH LT
0.48MeV 13 3,

0.07, 0.14, 0.21, 0.48, 0.63, 0.69MeV D& &©—
713N At 22~26hr TH Y, W OFEAEERLT
5. 0.07 BLY 0.14MeV O — 27 IS IEN
HOKELRALTLS, 0.32MeV 0 E— 27 1385
] 26.7d ThHY *'Cr TH 5.

1.31MeV O E— 7 3$@Y 42.5 HT *Fe L& 25
nah, “Fe 0yH 1508 —27THsd 1.1MeV O r
—~ 7 DX “Fe DR KRES 19 HTHAT
DS AT,

INoDT ERD, —REHKFOLBEDE IR
DEVITATVTHYD, 7ustbEty, EnoE
WMTED., 12120, ThbOHFEDIFEIIHG LTI
AN
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Induced activities of primary coolant
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TABLE1 Main structural materials used in JMTR core

Clad ' 1100 Al
Fuel element Side board 6061 anti-corrosion Al alloy
Adaptor 356 Al alloy
Be reflector Reflector Be
Adaptor 356 Al alloy
Al reflector Reflector 6063 Al alloy
Neutron absorber Hf
Fuel follower same as fuel element
Control element Boron-SS board (the top of fuel follower)
Be follower Be and Al
Connector Al and SS
Control rod guide anti-corrosion Al alloy and SS
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JAERI 1213 Tables 15
TaBLE 4 Induced activities of primary coolant
Nuclides Activity (p2Ci/mi)* Nuclear reaction
18N 9.3x10! %O(ng, p)'*N
YN 1.9x 10! "O(ng, p)"N
*0 2.0x10! 0(n, )"0
%Na 3.1x10! #Na(n, 7)*Na, 7Al(n;, a)**Na
Mg 2.0x10° ?Al(ng, p)*Mg, *Mg(n, 7)*Mg
Al 2.2x10° ZAl(n;, 7Y)®Al, ¥Al(n, 7)®Al
1Si 1.2x10°7 3Si(n, 7)¥Si
S 3.6x10°" 3%S(n, Y)*S
“Ar 4.3x10-3 “YAr(n, Y)"Ar
S1Cr 2.6x107° 5Cr(n, 7)¥Cr
**Mn 5.5x10"* ¥Mn(n, 7)*Mn
Fe 1.9x10°® #Fe(n, 7)*Fe
5°Co 1.0x10-7 %Co(n, 7)%Co
*Cu 9.0x107 83Cu(n, 7)*Cu
5 Ni 3.5x10°¢ 8Ni(n, 7)*Ni
s5Cu 8.3x 107 Cu(n, 7)*Cu
"Zn 8.0x10-10 "Zn(n, 7)"Zn

* estimated value

TABLE5S Radioiodine concentrations by B-ray measuring method and 7Y-ray measuring method

Radioiodine concentration (u#Ci/ml)

Date
by B-ray measuring method by 7-ray measuring method

- 1331 2.1x10-¢
1970. 6. 8 total 1.32x10-° ™I 5.0%107°

135] 1.9x10-¢

total 9.0x10-¢

1] 2,1x10-¢

1970. 6. 24 total 1.39x10-5 I 5.4x10°°

¥ 1.9%x10°°
total 9.4x10-°
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Fig. 1 Flow diagram of primary coolant system of JMTR.
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Fig. 2 Post-neutron test process of JMTR.
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Fig. 5 (a) Variation of active nuclide concentration.
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Fig. 6 Gross B-ray decay curves of primary coolant.
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Fig. 7 7-ray spectrum of primary coolant.
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Fig. 10 7-ray spectrum of precipitates in primary coolant.



[\
S

IMTR®DKILS JAERI 1213
2
<
@ »0.24MeV
9 135X e
I h
£ H
= i .
; 1 sampling time : 1970.6.24.11: 05
! e ~——2.13hr after sampling
: N e 4.17hr after sampling
i
i i
it ! 0.53MeV
_ ) “. 1331,1351
a:i) .: / "l M ." n
3 R AR i
6 -‘ I Al
L A A A
2 YOl P
2 "\ P
S vy L 0.83Me V1341
1 b ! h
i III;'\V/'\\ s ) ! p
Vitarl o ad
9 YI,\; {ll,‘l v
1y ,
At/
ALY
VLA AR A
W A e P A
J ATV TV ALY MV
A v
! |

L | | ! 1
0 50 100 1%0 200 250 300 350 400
Channel number
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64Cy concentration (1#Ci/ml)
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