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Investigation of Water Content in Primary Upper Shield
of High Temperature Engineering Test Reactor (HTTR)

Junya SUMITA, Kazuhiro SAWA, Haruyoshi MOGI,
Shuuji ITAHASHI*, Toshiyuki KITAMI*, Youichi AKUTU*,
Yasuhiro FUCHITA", Toru KAWAGUCHI and Masahiro MORIYA®

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

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received August 5, 1999)

A primary upper shield of the High Temperature Engineering Test Reactor (HTTR)
is composed of concrete (grout) which is packed into iron frames. The main function of
the primary upper shield is to attenuate neutron and gamma ray from the core, that
leads to satisfy dose equivalent rate limit of operating floor and stand-pipe room. Water
content in the concrete is one of the most important things because it strongly affects
neutron-shielding ability. Then, we carried out out-of-pile experiments to investigate
relationship between temperature and water content in the concrete. Based on the
experimental results, a hydrolysis-diffusion model was developed to investigate water
release behavior from the concrete. The model showed that water content used for
shielding design in the primary upper shield of the HTTR will be maintained if

temperature during operating life is under 110°C.

Keywords: HTTR, Shielding, Primary Upper Shield, Concrete, Temperature,
Water Content, Model
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Fig. 1.1 Reactor shielding structures.
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SRENE S K B(kg/m®) = { (Wp - W) /Wy ) X0,

Wr
W,

01

HRE TR HIEEENBE R
HREE T00°CIZE1T BB ER(Q)

HRE T ICBIT D ER B A EE(ke/m®)

Table2.1 Preparation condition

of samples
o EMnRE J 7 — kit T EFfE 779k K
C ¥ kg litres
1080 2580 8+2 25 3.65+0.15

Table2.2 Conditions of Unit Weight Measurement

Temperature(“C) Number of samples
100 ¢ 150 ¢

65+ 3 3 3

90=*5 3 3

1105 3 3

140t5 3 3

175+5 3 3

(2-1)
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RHEYHREAHMCRUELEIREMA AEER L L7z, Figure3.1~35i0, 5%
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7z, Figure3.6 IZKFRERMTH D77 ¥ Mtk X REFHFORER %, Figure3.7 i
175°C-150 ¢ DR THB LIV T 7 Mtk D X BREFDITOREE %R, Figure3.7 15
Katoite(Ca;Al,(SiO,)(OH)s) 3 & Tf Portlandite(Ca(OH),) DEIH ' — 7 MR T & 1=, &4k
DALT Y= MIE, TOXDITEFENIEE 2 LTI KROKR)BEET S, 2h b DKk
HBRBMIBAELTWDEEZX LN, 75 Y hhlliE, Fe,0,& FeO BEEL TS = &
DR TE T, T b OBRMEEIT, BIBICRD ERAD & 9 RBILRIS 23 5 FTHEtN B 5.,

2Fe30, + 14 0, — 3Fe,0, | (3-1)
2Fe0 + 0, — Fe,0, (3-2)

Figure3.7 £ 9. BRHEDO T Z U MIZ Fe,05 (TR ER TRV, LEN->T, B-DBL
UEB-2)AD & 5 LEBMERISIIFRR T ITITEA THE 5T, BLIC L 2 EREMOEEZ T2
EEZLND,

3.2 MBI ERR

PRI AT LRI 2B, M5 L. 0.1mm UUFICHEEL 7235 20~50g % Fu
THABEARIZLY, G)RUTL > THREKELRD-, Figure3.8 |7, EIREFIZL 2
FEKBOELER LT,
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BEIES K B(kg/m®) ={(W; - W)/ Wi} Xp; (3-3)

(Y
(1
,d

W, CGEETICBTHEEMAEER(®)
W, RE700°CIZBIT HBAEER(Q)
pr CRETIZEITHEREMAHEEE(ke/m®)

Tk, ERIEE 110CLL T CERER &M 78kg/m® MU B2 2 LAY [ 110C~
140COMIC LEVMERH D Z LD,

FEEBLUEEITLICRTEHORMMEE S, [E5HE 95% T JIS OFBIER L TIT- -
R % Figure3.9 1R T®, 110CUT THIULTIRBA TS, HEikix 3t &M 78kg/m® 26 2
THIEBTND,

WA BRREBR CE LN TG #i# % Figure3.10 3 £ W Figure3.11 127 L7z, TG ##RiL,
W % BRI L T AR OB S L > TA L 2EET LR ERMNICRIET 5 b
DTHY . BEITEROHETE®). BETBEEC)THD, ERIEEORLLHHIONT
ST — 2 EET DL, TRFNOERBEMIE TIX, MAKBIZ L > TR LR
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T ERENCED L. 450°CH S ITAKICEA T 5, 450CHETHOATG IFEBRE T &
IKERARL, PRBIBERLTH Y, BOEEIC L > TR ST D Ca(OH), FOFEE K
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57-FeO 1 L UFe,0, DEELAMA T00CEBX TRAE L2 L BNFEE EEZX LN DEEME (8%
2R



JAERI—Research 99—054

*1se93 Burieay ,G9 ur wcmwwcmhu Jy3tem 11U ¢ ‘814

(Aep)swi] Sujjesy

001 0s 0

'
& 15§
£155
Y 18
VI

P i

I U SN T BN ST B

P0GT e
001 o

o onq AP O

£€¢

v¢

G'¢

((wo/3)3ysd1apy 31up




JAERI—Research 99—054

1593 8Surjesy 06 UT jusIsuet} Jy3TeM 1TU)] T°E 314

(Aep)ew!] Buljeoy

0s oy 0¢ 0¢ 01 0
LA AL S R AL B B AL R LA R B te
Lo eoee 33333 83888 883 g
mo ¢ 8888 23399 Qmﬂﬂn ®ag Mw 83 26 i
g *%0eq %058 17
- .“..O -
[ ®e¢ o |
L ¢ o0 °
N o0 ]
i oo
s 00
B 4 6°¢
[ POST o e
[ $001T o :

1 1 1 1 | i 1 1 ] | 1 2 1 1 | 1 L 1 1 | 1 1 1 1 @.N

(wo/3)3y31ep 31un




JAERI—Research 99054

©
o

1 ¥ T ] l ¥ ] J L] ' J LI 4 13 I L] L} ] L] ' L L] L] L) I ¥ L3 L) L]

100 ¢
150 ¢

o o2 2®0

o) <
o o

(s19/3)Iyd 1oy 31up

‘_lle Ll I.l mq l Ll 1 Ll i1 1. 1 l 41 L

™
o

80

70

60

50

40

30

20

10

Heating Time (day)
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4.1 TFNLOVER

avy ) — NCEET DA, A BB THEET S, XF@YASFHE AL FOFL
S CERAI L ARSI ORERS 2 TR T DILFHEAR AFILIE A Y hFICHEX
DX CREINTWABHBEK, ZOMEL O TRBESN TN D7 VKR H 5P, BEAKIL,
2EICEBEIN. BROREHERERY, —FH., FVRFOREAC L > THRESATY
BKIEREA LT, 209 bRERICBTDH DB ERBORERICTFET D bDIX. EF
A& DBBEROKEFETN TN D, BFAIE, BRAKDI L TERFOERBRER L {LFH
RS LTVWARVWKTH S, chbBULARIA, BEK, FAK, (LEHBS LUHENRE
KEDGIN B HEB OV THN DT TEF AT DI LI > TERRETANEZILN
%, UL o GBS 200°CHLT & BmiE< . 7 VORI & 2 Bk S TMEH
W L B KOEREIIRZ LRV EZEZO $ T00CLU T TA-DRO L HIZ 2 DORFIC
S TET ML,

2KBW,) ={LFBREEK)+HERES KW, (4-1)
(LFEBFEEA: Ca(OH), %
WEAREAK: Bk Fk, BEA, Sk EERNBEIT
HEBHIREKELED

B D IBEE TRAMEINILEREAK L HBHFEE KO BB TEHKOEW, L L,
4-2RD X IR,

Wy = S Wet ()XW (4-2)
1) ACFEREE AR DN DR
W) HEHES KB HHESR

(LHHEAROE W, 5 L OMBHEAKOBR W, 120 7 ) — FOED L. TROLEHMO
HEOE, KEAY NEBLOBEFESICE > TREDEEZLN, W BLO W, ORIX
AT LI BRI RS —ETH D E LT,

R @-DRICET D, W W, LBIOLEZERERIZESIRET S, 2RFEKEFR
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BKE+BEIBARENL, RO L IIC W BLOW, DERERIET LICEIIRVEEZ D
T, 230 SOFHEM-T, ERICELD W, ORIEIZEBICIT > TVARNZD, BT —
7 (Fig.3.10 BL U Fig . 1)IcES&, W, 2HH Lz, +4hbb, TG #i#i LY Ca(OH),
BAKE W AT THOEREBEEBIUORE SIKBWTHEREROK 1LA%RETH D = &
b, ZONERBEARBICHEEL, ¥ 30kg/m® % Bz, £ W, 1L KENS W, 23(< =
LIZESTRD, W, 124-3)RIC LIz oTRD 7=, Tabled.1 ICHE LIZE /T A — ¥ %R
T,

BEITEOKk0OE W/(kg/m3)={(Wn“Wrz)/Wn}xﬂr (4-3)

W, ERATIC BT SIERMAER ()
Wr, FRE I D RBER(®)
ory  CERANICIS T DR A RE B (keg/m®)

BOWT — 41 bBRBEE 450°CHHE TR ERABICHO T2 2 L0 b,

f[.(D)= {0 T<450°C
1 T=450°C (4-4)

E L7, £724-2)3An5

w, W,
fh(T =—L-
w, W,

Je(T) (4-5)

450°CLAT Tt £(T)=0 72 D> T4-5) =it

Jn(T) = — (4-6)

ERD . Fig 41\ fT)DBRERTFE %R, Figdl L VEBEENRKEX S WO T ()
BRELARDZEN DD, HIREMERRBRE EM L7 2 OBEEK(65C~175C) T
TIVORRBIZ L DBAE S OMEERBEIC L DR OBREITR - LA EEZ HREO, fEo T,
BEICLDOBENTE 2KOBDENL, #xDKESORTIIHERIICE b2 b KO
HEICL>TRED, REESKEVEEL VNIRRT L ABKESNRS,
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WIC. EAVBONTKORKIESL, BERTERTE2bDEEL, HEEOTZDITRO
RO EZOTEFRAE AN TET MEz(T > 72000,

€ _13(,520) wn
8t r or or

C : RIEF OKOEE (kg/m®)

D : R & 0K OILBLRE (m?/s)
r : ZEf B ARl (m)

t o B EEEREh(s)

D%, TSR Cr, 0)=C, BEFEMH Cat)=0 TH &, ROMATEEZRD, XL
C, 11 t=0 12 31F 2 HBRIE T DK D FAE E (kg/m®), a I EHEREDFEm)TH D,

Crt) = ozmmzbd)%? )Ihﬁ”ﬂh (4-8)

Jy : 0 RO~ =V
J 1 IROR v /LB
(0 J()(Z)U)%,‘.E\:

Bt o BT DA OFE Jkg/s)iL.

J(t)= —2nrDa—q- -
or

IrJO(ra Jar
—41tDCOZexp( Da? t)

—_— (4-9)
n=1 ']l (aan )

LR AEREL L OB E REIT. 4-9)REFEMICK L THES L TRD D,
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R(t) = jo J(1)dt

© La rJy(ra,)dr

=4nC, > 2
- a,J (aa,)

0

{1 - exp(—Da,ft)} (4-10)

1006, 150 9 \ZOWTORRIE L LM ET NV L B EBBEABEROEIRE A MK TS
Fig4.2~Fig46 (IR LTe, T CRBEMNARMERIL, (LFEORBREK W, HEBHESA W,
BLTENLUADES W (=27 Y — ot Ay Mofad b, @-2)XTRLE-BETX 5
KOBICHHBFROER LELOEBTE LI >TUIDRDO L HICREND & L1,

Wo=W,+W, +W, - FR(f W, +f,¥,)
=W,+(=FR-f)W, +(1-FR- f,)W, (4-11)
W, CHEESEAEEER(E/cm®
W, MRS BEER@gem®)
(F7YV—FpDEAR)

FROE. BABHEIS 2 R4RR O T, t=0 OB FR=0, t=coD#f FR=1 T& » (4-12)=
TEEND,

FR(t)= nfgtc) | (4-12)
0

HEIZBVTIE Fig4.2~Figd.6 WWRT L HIC, BRMMARERORSE(LAEETS
SICHEFE Z Ed -, TBEKIT, ERCEOIEERZ 7y N LEBBICES 2B LS
CEDT, I TROEER D »— B8R R CRE L 24 Fig.4.7 10RT,

D =Dy exp(-Ypr) (4-13)

D, HBAERTF(mYs)

LB DO IEHE = R L F —(J/mol)
SRUATE # (JI7K/mo))

T BHFEHEREEK

DO
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Fig.4.7 £ 0 8RR 90°C & 110CHRMICE AN H D Z LD 2RI TELD
CEMTE D, EBIRIEEN 100°CU T OB, KOERIIHREORENPLOALZXDND,
bt HRENEOKPCHVEANTDNAKIT, #RERTE CTHERICL > TBHLE
BT B L ELDND, —HEMBEN 100C2 B EHELNEIY, XOBRURAED
NI D BEE LTS EEXBND, 7T 7 MhOYLEARE & L TERIRE 90°CLLT TR
BERT D~21.1(m%s). EHEALT XA ¥—0=65.7(kJ/mol). EIRBE 110CLLETIHER
F DF2.1X 10 (m%s). EHELT R ¥ —0=30.4(kJ/mol) & 1F7z,

TSRS E OB TH Y . Figd.2~Fig.4.6 £V, 65C~175CE TOHLBAEZ 1.5
X 10°~5.5X 10%(m%s) & RE L7-0%, EREL 72 v b LIk & &R biE< 2o 7, XHRA2)
I, faFI L 2 Y — NI B AOIER R ®iIRETC) T D=2.9X 10 %m*s) & L
LT3, Figd7 L9 &EBNRS, T=300K TDF 7V hFOILEEKIE D=7.8X10"(m"s)
THY . THIEEL B L TRORNESL olz, UbDZ &b, HEVTNBBIBEHTE
BE IR o TKOB L, EERHTHEZEBLOEEa 7 V- FET T
HOAKDTEBUREIL Y T hOFIRNEL BB, RESHRERLRVWI BTN T

42 1R EESE~NE~DETFTNLVOER

E£pyz HTTR © 1 K ESE~WEICIBNT, 57 hnboKOKHEBZ, 22 TRD
FEFAEAVTRE L7, HITR1 K EHE~WEOEEIR, Fig 1.2 RLIZE Dz, A
2y RARATRBRBLTODIENNHD, £ T, AY Y RAATOREZBELT, & bR
ERERTAEEZLNS N1 AD O 1 R EBE~VEORER S=2.37 (m°), #7& V=16
X107 T (m? & L.

S_5 (4-14)
vy,

ERDEIBRER . BE L OAEERRET D,
S 2k +2nnhy _ 2r(n +h) (4-15)

7 2 2
Y nnh nh
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HRBIZ L > THHEN DAL, BFALLKBENS EREL, hor T3 L,

o1 _ 4 4-16
v (4-16)
L5, 4-16)K &b,
2V
=2 4-17
n S 4-17)
ER2D, @INREBTAREEREL, @-NRLETH & FHICAEL,
J(t) =-—SDa—C—|r =a
or
% . “rJ (ro, )dr
=2 oDt )————J" ° (4-18)
n -1 Ji(no,)
RRIX. 19X &Sk D,
w [r)o(ra, )dr
R(t)= 2CoS > IO ° {1-exp(~Da’t)} (4-19)

2
noaa aydi(na,)

ERBEREIZONT, HREVABEROEN % Figd8 17T, $/-Figd 9o, H% 1
REBE~NMEIZE > TWDK, TROLBEKRE LEbO%FRYT, Figdd kv, 65CT
HEETDETIC100 B EEL, 90°CTI320 BEEE, T EOBETIZI0 BUTE A
2TV, £/, 65C, 90CH LV 110TIE BV T, {EEZ OB K BITERR 51 78ke/m?
Utb%EREY | 140CEB LR 175C TITE~NEREHEHS TE S,
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Table4.1 Parameters determined from test result.

Temperature(C) 65C 90C 110°C 140°C 175°C
Unit Weight(g/em®) 2.39 2.36 2.35 2.33 2.31
Total water content(g/cm®) 0.31

W (glcm®) 0.033
W,(glcm®) 0.27
W{glem®) 018 | o020 | o022 | 023 | 025
W (glem?) 2.26
() 0.65 0.74 0.79 0.84 0.90
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= ====Calculation .

2.5 f .
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Fig.4.2 Comparison of measured and calculated
unit weight in 65°C
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Fig. 4.3 Comparison of measured and calculated
unit weight in 90°C
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Fig.4.4 Comparison of measured and calculated
unit weight in 110°C



Unit Weight(g/cm®)

Unit Weight(g/cm®)

JAERI—Research 99—054

2.6 lllllllllr]llflllll'lll'lllllllllllllll

0 Experimental results

----- Calculation

2.5 -

1000 ]

2.4 -

%%m@'""“"“"'"""""""“"_E

2. 3 'L T S T (N TN S U W N A T M NN N WA U N NN BN O N O | EE RN EE T N TN U A0 W AN W A A :
0 10 20 30 40 50 60 70 80

Heating Time (days)

2- 6 L S L] 1] I L] L] LR | l LELS T ¥ l T LEER LS ] L SIS L) L4 I L] ) L SIS I L | 1 I ¥ 1 L L i

0 Experimental results _‘

----- Calculation

2.5 _:

1509 E

2.4 .Q .

Qg ]

peescegecce ity g-="=g=-gy ===

BRER &8 38 i

2. 3 IS T S NN ST T W N T T | PR TON TR NN ST S S U O ST TN A N U YR TN W N N O TN A ]
0 10 20 30 40 50 60 70 80

Heating Time (days)

Fig.4.5 Comparison of measured and calculated
unit weight in 140°C
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Fig.4.6 Comparison of measured and calculated
unit weight in 175C
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5. f&am

HTTR OE~VEEICH W TWE a7 U — NI TV MFDEKE, 78kg/m’ % i
B AAMtEROIBRBREER L. £1-. RBERICESEIKOBEES ZET VL
L, ZORE. UTO L ERmeE.

D~ MEEERER AR O R, EAVREEHICAV TV 2 EKE(78kg/m®)id, 110C
~140CUTOERETH TR SRS, E-EERE 5% TiE, 11I0CUT THIT
EAVRMHEGE2HERT D,

QS NYTIN. BHRICBE TX 2 L5 ICR > ADOKHEB ZHIZ LV ETF ML,
FE S — Z LR R RO, I U — e ST NROTEAEIT. K&
KBRBRLBNWI ENRGhotz,

@HTTR ® 1 K LEE~WEICE T A 2@ AT 5 & HTTR OEEHIFF (20 F) DRI,
65°C CIIE BZ 129 130kg/m® DK H 1 K EIRE~WEPIREF S D, £7290C
BLU1I0CHOHE. ERZOESKEL, B~V 78kg/m® % EEY | 140CH &
W 175°CTit, EE®RDOEKRETE~NEELZ TES,

E i3

AREEITOCYEY . EHEEHE 2 E - HPHERETFRARMAFRAETER.
EE-ZEIFERER. BEHRA I LD L TIRRIERBHAFRARBOSKL &
VSAELRBTRICRHEE LT $-RRICY 2> THA 2 B RHEORRE
(LICREHE L £
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fHik  SREVEE TR

7S5 MOEET D L BB TE B Fe,0, & FeO 11, BRI 2 ERAD & 5 BRI %
F2LFREIN. BENSENL TEASKESHOBERRICRD LEZLOND,

2Fe,0, + 10,0, > 3Fe,0, (B-1)
2FeO + O, — Fe,04 (B-2)

$1- . MBS ORRIC L - THEAKOBANRG T b, HERFMIBRIZLD & Fe0, &
FeO DOELIZ & B2 EEBEIC & o> TRAEKESWORERREICR D,

oG, HABERBRCAEZTOREAKBROMERELBD DL, BYHRBMEE
BLUORBEMARET DO TFRERAREIT 7.

LA ERNRR
OF s
759 hOBBERERE L L TR EITV. zﬂ~mmti<®mﬂﬁﬁk T 0E
BEE{LZBIE LI,

ORER

Fig A1 KB ORERETT, $700CE THE TG B TRL, KEOBD, T72b
575 NEN L ARKITTWS Z L ERLTWVD, —FH# T00CEBX 5 & TG HifR
BERL., BEABML TS, ZhudEEo@E ), Fe,0,8 X FeO DBMLIZ L HHE
BIICH D LEZ LS, TOOCUTTH Fey0, 3 LU FeO OEBEIC X 2 REEMARN
A L CWA AR S E X 550, TOOCU T Tt h % EE D BARBENSRE ST
%, ¥, T00CLULTHBRASNDZ EbH 0 258, ThLLEIC Fe0, %LU FeO O
Bbic LA ERENMOBENKEX< 25, ULoEFHRL, BAEELZ 700CL L1,

B.2 SRENRFRIRREEABR
OFi&
EEc MR ERBR CHERY AEE BEXAVT, 77U MEEORE £ M
700°C. MNEARERE 30 4. 60 B LR 120 BT, 77V MHEORELZRIEL. &
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PBBERFEH L,

OFEHE
fER % TableA. 1 1ZRT, 30 9N 60 0B LT 120 /9MNE & tLEe LT, HBBEBERMN K

XL RoTCWB, -, BEKEIL. 3045 & 60 TIHERHDDIZXF L, 604 & 1204
TIHFEAEENZY, ThbL, 60 KL ETIIMBAERMNEIBE Fe,0, L FeO @
BELIC L AEEREMC L ABENRKEILKRSTVWBLHETESD, LN T, SRR

113043 & L7,

TableA.1 Fixed water as a function of heating period.

SRR R (%) & & 7k B (kg/m®)
700°C 700C 700°C 700°C 700C 700°C
30 & 60 7 120 5 307 60 53 120 %y
3.69 3.62 3.60 86.0 80.7 80.3
3.70 3.62 3.61 86.2 80.5 80.5
3.69 3.66 3.62 86.0 81.6 80.7
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