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Safety Evaluation of the Radioactive Waste-Cement Composites

2. Leaching of OOCo from the Solidified Cement Composites

Hidee MATSUZURU, Isamu HISA, Koki QUCHI,
Neboru MORIYAMA, Yoshiki WADACHI, and Akihiko ITO

Divisien of Health Physics and Safety, Tokai, JAERI
(Received December 17, 1975)

The leaching of 6000 from a solidified waste into the

surrounding liquid has been studied for the comprehensive
safetv evaluation of radioactive waste-cement composites for

sea disposal. Leaching tests were performed by the method

recommended by IAEA. The speciemens were prepared by

incorporating liquid waste from BWR or PWR into the cement
with or without aggregates. The leaching ratioc was measured
as 2 function of Wa/C(waste~cement ratio), concentration of
salt, content of aggregate,.temperature of leachant, and
setting time,

“he leaching of 6000 does not much dependent 6n Wa/C, salt
concertration of waste, and centent of aggregate. The leaching
ratios of 6000 fdr the leaching period of 100 dayé_are ca.

2 x 10h4 and ca. 1 x 10_.3 for the portland cement and slag
cement composites, respectively. The leaching decreases with
decrease of the leachant temperature and increase of the
éetting duration.

The amounts leaéhed of 6000 for extended periods are

estimated on the basis of the above results,
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Table 1 Oh‘emical compositions of cements (#)
Componen't Portland cement Siag cement
Si0, 21.8 2 8.7
Al1,0Q, 5.3 11.5
Fe, O, 3.2 2.3
Ca0 648 509
MgO 16 32
S0, 1.7 L9
insoluble residue 0.5 0.8
ignition loss 7 0.8 0.6
Table 2 Composition of the synthetic sea water
Component Concentration (@
NaCl 27213
MgCl, 0.3807
MgSO, 0.1658
Caso, 0.1260
K, SO, 00863
CaCo, | 00123
MgRr, 00076
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B AOAES L CBRNBEICE, REORRF MU v ABEREENEBR5 Lm0,
PWROBERAELLAEAEATRA VBBEL -FEIKE-7DT, ZZTRP-HLUS
—e Xy PAEBOTBWROBEABL L HAKICONT, BREBE LI RBMEEOBEE
MEIT L 72. S8 % Table 4 ICRT. CcOFEICR A B LSIC, YConFHERWTFN ot
EOBABRLALEBEOEELZT TWWINERBE S,
PWROBREKOTIHMDRFIEOF MY Y AET, toBELTI 2¥BEORBETH
b, pHRII~10¢E0bN T d, 7 BEIOFEARTIHICRBETOED TEVEE T h

;52”;,

H,BO, — HY +H,BO; K, =59x107" (2510)
H, BO;  z— HY +HBOY™ ; K, =1.8x107"
HBOY™ —— HT + BOY™ K, = 3x10™

LsLiahs5 0IMRED & v BMBR TR, FVBMBESLTT P73 vBOL D CHREER
DKERB (K, =~107, K, =10 ) 3d7 22, Lati-Th vBEDRLEBES S
DEIERILIHE L Bo

H3 BOS Hz B4 07
H, B,O; +NaOH ~—— HNa B,0,




JTAERI—M 6361

Table 4 Relationship between the salt_concentratioﬁ of waste and
the leachability of **Co ( temp. of leachant: 25C, setting

time: 7 days, leachant: deionized water )

Sample Sait Y
. Wa./C Cement my { day 2) Dyl cof /day ) o
fa concentration (% _ :
13 5(Na, S0,) 45  S*  518x107° 117x10”" 417x16”"
14 10 " w 475%107" 983x10"" 440x10 °
4 15 ” " 493x10°" 106x10™" 433x16~"
15 20 ” p 481x10°° 101x10~" 437x107"
16 5 42 P¥X  795x10 " 275x10” " 612x10"°
17 10 ” ” 775x10°° 261x10" 6.23x10°"
8 15 " " 781x10°° 266x10 " 617x107"
18 20 . ” 761x10°° 252x10”" 614x10 "

**%P; portland cement

%5, slag cement

HNa B, O; + NaOH — Na, B, 0,

PHO~1 0BEEBTR, PR COBEITTH S, 2o TralETxdsdpHl1~-12

FE2l, o¥OLINFUSICED A kv BRF + Y v AT,

Nag B4 07 + NaOH —_— Na‘s Bs ()ﬁ

AEBTIE, BROPHEZ 12~125+L740DT, BBEROENUERIA LA VBT ) OLT
BBo 2X Y FOKFMRIERT P h B> ) VAR THEL(HEZL S ¥ -2
PIEBEAEENL LD, A 4F50BF P vAnHEFRIF P 7408 F F Y 74IKL<
ENTE COED, *EFVBF P9 L0-EIFELLILEX Yy R—-2 FDBHEN®
EAETses5 2, LAANBLHERRS T, |
PWROEE EAL LAHRARKXR (IFTPWR -H#EEKELBETE2) P-4 FPOBWR
—HREICHNT, YConREMELBET B, Table 3RS B LS5, PWR —fiEK&k
RETFBEOGHERSE52 2, chid, PWR-#tAEKOTAn VEHNBWR —#E&Ic( 5
NRTHEOT (PWRMOEEH® ¢ pH12~125, Ca(OH), &2 x D1 0%HE M BWR®

BH: pH8~0) . KEILI <A FOABLIEBC NI Bl sEL B,



JABRTI—M 6861

44 BHBREBE

FHARTR, BHKELTI4A v RBKEATIBAFRBOLOTERKRE® Co NRBEL D
HREERT T 2. Fig. 4ICRONBLSI, 142 RTHBKICEFT S CodBHIFIZATEK
BT BELOETE . BB~ LI Co RBICHE LT 2BINERKOE
CEBCMEINELHEET 2L, HRAKDEBROK~OEEL, KL 0 b OBERL
EHIBRHBRICENTEELBEE R T, BlLiwr v b= 2 b OK~OERID KB
ANV T ADBERICE » THTT 2. KBILALY D ADEEEIIE O THEE KB 2 L
YOULMETEREL, DOTHALY T LYY Y - P KABBIT ALY T AT LI & — kKA
BROH vy A OEEDSKEEE IR DR < CEFT 32,

14

N

—y
o

i deionized
water

r

Qo

Synthtic sea water

Leaching ratio x 10°
on

L

o ] L 1 L il i

0 7 2 3 4 5 6 7 8 9 r

ITime (day)

Fig. 4  Variation of leaching ratio as a function of time (sample No.1)

-
-

HyO0 —— 2Ca0 + 8i0, + Ca(OH},

3Ca0-8i0, +

3Ca0-8i0;, + H,0 —=~3Ca0 -+ 25i0, + Ca(OH),
202a0-8i0;, + H,0—=3Ca0 + 25i0, + Ca(OH),
3Ca0+«AL,0, + H,0 2020 + 44,0, + Ca(OH),

IDOEIEKDIERNIC LT/ v PERREOBEREEC D, KO OREERIZAOESK
Bt A v aitdT AEMEEEIKET 2.
FBITHOIcA A v 3Bk (MBIt~ 10 Qem) BB EAEIV Y LL AV AES T 1T
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Wik TdH B B8, ATHEARICEERY VYT A0RTOL 26%, REH VY TLDOET
&m&a%mﬁwyaAﬁﬁéﬁhfméobtﬁoff41y§&mmmﬂwﬂw905®
_ﬁﬁEmE?ﬁénéimmﬁwﬂwva%ﬁﬁbﬁaﬁ.Alﬁm¢muffmﬁwvw'
Aﬁ&%&fwAtm.m&mﬁWVWLmﬁfamﬂ%u@ﬂD&<ﬂaocmc&mé.
m@mﬁwvogmmﬁm;éﬁmbttfyb&—zh@ﬁﬁmsmtﬂ412§ﬁm®ﬁ
BEARATERLIDVABRNEELD, :
mmﬁﬁﬁm&ﬁ%.ﬁm¢mﬁin5§amm¥ﬁ&<mmﬂﬁCMﬁo“Igmxnm
xémﬁﬁﬁﬁﬁmﬁwcomﬁ&&%ﬁWéﬁét&ﬁ?ﬁéﬁ%°Lmt.ﬁaﬁ¢wm
TTREBOWEBT Y vl-zbiﬁ*intisb , & GICAIﬁﬂ(dJ@BE&ﬁmﬁﬁiim&?ﬁ'#
VWLNQI&G%H&UmEﬂUWAﬁuDMH%tbﬂDﬁwoAlﬁm¢®m§ﬁﬁ$
5Eﬁﬁ%ﬁﬁﬁfﬁnu,Alﬁﬁmﬁwéﬁm&u4#vﬁﬁmmﬁwaﬁibﬁ<ﬂa
&?Eénanxiﬁ%#TTM.Fm,4mﬁ5n5;5mcnamﬁmﬁm%ﬁ¢mv,
Axﬁm¢mﬁﬁﬁm;5tx7r&wwmﬁﬁﬁ%uﬁzfﬂwcam%zmv&so
mimcamé.&&ﬁmﬁmm;%“cmoﬁﬁmmﬁiu,Emﬁmm&mﬁ»vaA

_Kﬁfémﬂﬁmﬁiwi5%®&%iéﬂéo

Table 5 Inftuence of the leachant temperature on the diffusion

coefficient of **Co

Sample _ -1 Activation
p Cement Temperature m g day 2) Dy (cnf/day ) a ergy
4 slag 25T 493x10° 1.06x10" 433x10"

19 - 2 339x10 " 501x18" 378x10" >

8 portiand 25  7181x10° 266x10"" 617x10"

20 ” 2 544x10" 129x10"  s32x10” >
12 portland 25 55510 1.34x10" 435x10"°

21 ” 2 37sx16° 623x10" 335x10 >

The compos_itibh of the sample /& 19, 20 or 21 is the same as that of

% 4,8 or 12, respectively,

Bwﬁ—ﬁ;UPWR—&awmopf,ammmﬁfaﬁmﬁmﬁﬁmﬁg&Tune5
Kide c DRICAGN B X SIC, b“s“ﬂmﬁt?ﬁ.{imiﬁé%ﬁﬂjiﬁlibiﬁb\ﬁbiﬁﬂjttbid\é

e ke, ERAEREORE T AV F —HOEREREOFEIC L SCTHFEC, 4

smuﬁmlﬁg@ﬁﬁﬁ%gnrwa%anne5m%btﬁ&ﬁymﬁﬁmﬁﬁmaﬁ
bH®EEI%W¥—%*b6&,P—tﬂ?b@BWR—#ﬁﬁfﬁ&OMﬂﬁmhPWR
—&awfm&mMﬁﬁmlﬁéﬁﬁ%éntocnem@ﬁé,“momémﬁﬁ&&ﬁ?
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FHECEDPESHEN - 12,

4.5 BIEBodeyn

P=BLTS—2sy t@BWR-#Ff@Aio1vt, BREMHICEL 284 (Z8h) B8
%%%ﬁﬁbtoFm.5mﬁéh%;ém“oomﬁ&&ﬁ%i@%ﬁﬁmﬁwﬁ<a%@m
ZRTe EXCHREBMOEEIIR HBEBHR 1~ 28 TIREETHD . Table R ey S s B Tl
aDBECEBPROIKESGNE, LbLuds, ThilBraEEilMoESii3iArE
ST, Dy RBEMMICEKELLLERL S,

Table 6 Effect of the setting time on the teachability of

**Co (temp, of leachant: 25C, leachant: deionized

water)
Sample 4 Cement ??;;:2:)’) Dchmz/day) a
4 s 7 L06x10"" 433x10”"
22 ” 50 Lilx10”" 1L67x10""*
8 P 7 266x10" 617x10""
23 " 50 258x10 " 211x10”"

The compasition of the sample # 22 or 23 is the same as that

of #o4 or 8, respectively,

Table 7 Effect of the addition of aggregates on the
leachability of ""Co (temp. of leachant: 25T,
setting time: 7 deys, leachant: deionized water,
cement: portland., salt conc, : BWR; 15%. PWR: 12%)

Sample # Wa T Aggregate Content: Dylenf /day) a

-11 -k

8 42 — — 266x10 6.17x10

24 60 zeolite {0 258x10""" 6.30x10"

25 ” " 20 273x10° " 643x10"

theti - -

28 " synihetic 10 263x10" " 6L1x10"
pumice

27 p " 20 271x10” " 6.14ax10""

-11 -5

12 42 - — 555x10 435x10

28 60 vermiculite 11 571x10" M 430x10""

3 *Content [ wt, af aggregate/( wt_ of cement and agéregate }]x100
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gcd~tEdic, YConBhTIRELBEE®RL ~2 BoBrBRHTOEL, 10088
R AZRMBOMNESCLET S, chid, HRARACHAELTOR 0 Co BT Co%
AOEBRNBEBICL - THE, BRL, BRECFETELHEELEGNE, COLOUB
COBORBBRCRESEOEESSEETHEL LD 5, CORBIHRAORARESL X
U&ﬁﬁiﬁwﬁﬁé“Oomﬁﬁﬁﬁwﬁféﬁmﬁié&giaoK&mzﬂmeuﬁ
EneT, EREEMI A RBTEBMEET S, ReCEAROBRRERRLTE
nEEEEDKBILI A DER D, BERRETIBRM 2 SV MM oAk M ( Coy0, +x HyO)
AT S

DEPC Ed D, REMMMBEL B3I LT, BRAKDRATERLEMLE 2 KEK
fEaosa MDY 2 icBt S h, X0 8EEOKE(LT v HIKED, 0o DEL BBED
E&&ﬁﬁ&btémtﬁiénaoééw.iimxétva&—zbmmmﬁmﬁﬁ“
CxDEREOEEREOUELRAKOETLESTETHS S0

%

12

Leaching ratio x 10°
o @ 3

L 2

-

o L 1 L L 1 i
0 ! 2 3 4 5 & 7 8 9 10

o JTime(day) _
Fig.5  Effect of setting period on the leachability
Setting period: O;7 days, e;50days (P-cement)

4.6 BHOUERE .

S sT, V0 OBRMEFEBLT LB RRLE T4 P FEMLUTRIFUR R 48
?%l’onacc‘;%ﬁ‘é%bto 2T, ZARTIEIEME LTAIEBYORMBRFFEEELE
i, RREA 34 boiEms* Co OERMICSZ BEBICOVOTHRI L. ENKER, Table
TR ohakdic, ATEBYSXUEA 74 +ORMI Y Co NBBICIELALEE Y S

-13-
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ZRVWCEHPEOhEL e ZNT EDS, Y0 OBHBERMOHIZ, *Coitl T
BEEERSAOLL5 4 P 2HREMUTE, PCoBMERMMEFIC, BMAIRTE
BEER B

PWRTHEEEL IS Y FA Yy b—=s=32F%54 0 (1 8) RBEHTERGBNEE
BEBLLTOEOT, AUEBESBEROT N =1 2+514 P ORMYPELE~NI, FOEE,
N=3 kT4 FOEMB N Co DEMICBEALEBESZNE &2 oo

5. #& #®

B 0o o B E)

BREBERRTICETNITREOS 2 HIERES 2 O ZMEHICE > THETE
oF¥OXHILET B,

(1) ﬁ;yb&—zrm¢M1%43:mﬁmtmﬁﬁﬁ@f,ﬁxyhvruyazm%
RS H I FRICHEE SN O, gs T M ormi &,

{2} 2A Vv PR-PDPpHEZ B TMAKIHL, BEABRNKSIBRHOLERALERT E2 K

.ﬁo 6000. 54Mn \ l-ﬂce . I1¢m Ag fi&:“o

(3} A FPR-Z2PDpHITBNTMARSELLE WY, Toh IO TEBERORE
B LRI A Y AETTHEERBRELERT 0B *0Sr , **Ba 71 &,

(4) % dftho 1% Ru 12 &,

FSTRABUORENEE TR 2 W Cs Lo THRBMARFT L. A TR &> &
FHLORENBETHL Y ConENERBR2-OT, BonrMmAELEESVT, 20 B 4
EEHA R~ D, '

M CoMBHEIEWa C, BREEBRE, BLUEHOBRMEBICRIZEAEKRELIT L, &4
v FEULA PR TOKROBHH R M) v 7 2OMABEICEEL, CORABEIIWa,/ C (W
SO OREEBATEANCTE 2. 20 EpS, “ConBHABRR ¥ Cs 0BALENY, <
FY oy 2 AR B AMABEEELCOADBHIC L 5T EHH B E K -7,

ANV PR POPHEBOTIMKAIREL, EABLUVEENLCL-TEX
DFEEET 2. COLINBRERB LI ILOLINHEMILA A VIC, ORTEFDREMNA
oy, AAEELFBELTOBDBRE TS 5. 2510, MKAEYOBERERED TEL,
ZDESRTEMS, PCoDREES W Cs T SRTHBEDTDHEVZ EMNBBEEINL, &
HEE 100 Bitks 2@ MR EB8Oh- ¥k >NETH S,

BWR—f8& (P—%x>+) 1 ~2x107"

BWR-#EK (S—4x v ) 1~1x10"

PWR — ik r~1x10""
CnT e, “ConRHIKME LTV EABSRHRAEKOBLEVWEABCBELIN TS
LEMFEINE, RUBER1I~2B80RHBRAUNEL, 100E R 2REED
Br2 e THECERETOHEEEZEHATS.

3
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ARV EMHOhEL sk ZNTEMS, ¥ Os NBHBERILO-HIC, YColtxL T
BEREREZNE474 VD ERMUTH, “Co oRUARMSTIC, HMERKTS
BEER B

PWRTHEFERLV I F Y FEA VP~ =323234F (1 :8) BOHITEREMEE
BEBEALTHEZOT, ALBEHERNT - 2%54 VORNSELB~Iz, 20OEE,
N=2a2aF74 PORMRICCoPRHAREBLALEEBLEZ NN Edbhh -7,

5. #& K

51 “ConBHHT
ARTBFEERPCEINITAEUOS 2HERBA Z O ENEHICL - THHET 2 &
DEDLHICE B, '

(1} 4 b= bDpH(12~13) REWLTMKIBLT, €4 =) o 20k
AR RICALERICEE SN SO KB, BT0s T L QMg &,

{2) #A Y FRX=RPDOPHIEOTH/KIRL, BEMIKSBHOLBEL NS 2 &

g 9Co, **Mn ., " Ce , 1P g 15 &,

(3} 24y FPR—XRPDPpHRENTMARSGHELIEZ VI, TAah IHITENTHEAEROKE
He LA BB/ A RETTHENFBELAER T 2K, gr " Batr &,

(4) Z0Oft, ¢ Ru 13 &

MR TRIFNORRNBERETH 2 s 20 TERMAER L. EE TR E- TS
SECIDREOEETH S " Co DREAT~-OT, BoALREILSEST, £0 7 B
EEHB~D, |

CoMEHEIIWa O, EREBE, BIUBHOEMBICIIIBEALIKELL L, & £
YIEEBRTORKOBE®ER ) v P ROMABEICEEL, ZOMAEBEIIWaC (W
AC) DEBETEMIZZF T2, 202 Ens, YCoNBHEBER W s niEALENLD, =
P w7 ARRET 2HABELBELTOARDBHICLI SNV EHNEALHEN -7,

NP F RSP R-ZA PO PHIZBWTIMAKAZRL, EABIVRERFYITLI->TEX
ﬁ%%%&faecm;5&%%&@@9¢A@;5@$%@4¢yn(gafémﬁ%mk
Oy, MABEAELTOBESERETH L, 3510, MAKIRMOBEETIIBD TEL,
COxHRCEDLE, PCoNBHBBHN Y Cs K HGRTEHTONNC ENBEHENE, B
HESAI 100 Bkl 3R MR BEBOROEDIIUMETH S,

BWR—ft&k (P—&x> k) t~2x10"
_BWR—&EW(S—txyh):»ixm_
PWR — % :~1x107"
ZDTEDS, PCo DRIHKEE LTV ABSRERKOBCBOERBICRESATH 2
CEMTFHENE. BHEHER 1 -2 BORMBEAE0E, 1008 BB LRLED
BEE Ve THALER LT OREAIH T2,

3
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EHEPEANEL N BC LN »>T, REBRELT 20, COBRIBAHORLBEIL
PHEETHB. LithioT, RECHRIHREKONBHRE HWALES) KyTboTH
¢, HREREBICED B340 F OFEERE (Co (OH), = Co (OH), = Co, Oy *xH,0)
CRT2LONETHBEEL NS,

SlEicEsntREsoRBELSEETZE " ConBHR,

) BRAOEEBICHELBLEEHEM LSS * Co DR & KEAOILHK,

(i) HREEEOHER, RECHBEL TV AR TFOREICE &1 Y Co DKE~OBE,
KEBHLOEEZOND, CHLOBEMNLERIEEHNICEZIBLLTH B, RUEOR
EHEEE (A48 BRTLSE, “ConRINBRILMEETHZEELLN S,

52 "ConB2HBTH

 REMEESECAOBRERENRANMBICEOT, RER 1 0 FEZRELKIRE TRS
BHEOR AL, ENUE, EEYhORMHESARICLETTLES LREL TR L]
Webb 5128 5 HAROREAT S0, BEHPORKEIIHERER 1 0FEHTLEY
BT EEDREET 722 M) FUARSVTRERORERLT LLZLATILD

T, BHEASBECETALERKEEKEINL L FuLNEBEBRETLLEDRE

AR TNE Ry, ok, BANBEELTRIDZEMORESRELINATL 8,

X SICETHREREEL, Thick- TS LEd IR oV RHEERESOESBRT
e, YOBEEMGEECAS EAREEFSLENEL T B enFBENE, £C T,
AERBONEMEBICE SN T200L F3amSn sy FAKKLSDConREENT
MAERS 2,

Ay FE KRN AE (JIS—G3131Xi2-G331 0B ARHARY) Koo
T B, FILENRERENBCEROBAENNLL, FILEOED v+ 7 5 HiLl
T i, BAE(00kg et V FTon 0 okEEsHETE 20 Loal, RERR
HECRAELERCER LB ZRET L REREL CTAXE (BEORKICLE D TEIL
FryoamERs’ CEBLEIRECRTINTVILAROBABEC 5, $1RE
HBMECRBE Sy v TDEILSEC B, 20K IULERTTICHEREFAHER DK
%ﬁ%fgﬁbfhéctfééﬁ,Eﬁﬁ&ﬁ%mﬁﬁﬁu&%ﬁﬁw$ofiﬂé@?%
B E LT NA—BNICEENT A0 EREBTHE. LA-T, CZTRYI o
BIEVESRK2OTER ba ‘ _

WG NEMBFHATSICH T, BENLHIKODEDIILREFT I

(1) 44y FEMLEDICIE 1 mCi 0 Co 2 —ITRHEL T B

2y "G mptigR-OFORIC LA,

Q=102 (cr+ade (4)
T

CrTdzY 0o DBEBEERTI61X10 day ) TH Be (41aR1F3IRIC Co DB IT X
ERENEEAT -t bDTHb. Henf (Table B WCELTREBTRFTHU -1

— 15 -
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B % Table BIERT, UE, COHRKAWVWLADMEIR, 45cmdxX4dcmDEABITONT
Boh:fEEZ200L0EE (56cmdX80cm) KRN LTHELAL-EDTH B,

coRKESNEZISI, YCo 0RHBREHTES | 0ERICE L THRRLIR10T~
107 BETHA, cocetrd, 1ABA" HLUWebbD S RER % Co koW TR S
PREBHDTHEALUREBEEA NS,

Table 8 Estimation of the amount leached of *®*Co from cement

composites

Sample 3 Amount leached(mCi)
m g{day 2 a _

o 1 year 10 years 50 years 100 years

4 356x10°  308x10 " 866x10 " 658x10 " 701x107  134xi0°

—7 -6 =5 —5 =7 =10

8 554x10 446x10 132x10 1.02x10 1.22x10 207x10

12 398x107  313x10”° 938x10 " 726x10 " 780x10°  149x10"°

19 244x10° 272%x10°" 64Tx10" 466x107" 489x107  927x10"

20 390x107  383x10°° 990x10 " 731x10°° 774x10° 147x10"°

21 272x107  27ix10°° 6.98x1 0" 511x10°" 540x10°  103x108""

5 22 362x10°  120x107°  712xi0  619x107 686x10°  132x10°
| 23 552x107  152x10°°  155xi0°  031ix10 % 104x107  200x10"°

ABEBELHERTACELY, B2oWEREBL -t EX—MELTRHFT S, £/, K
RBOEBRS OB ORI VL CKEREDLBELIRRENERICRH#T 5,

m

6. % @

1Y Witte, H . Herzog., J. , and Christ, R, : Disposal of radiocactive
wastes from nuclear power plants,ORNL—TR—Z‘GBt,I (1972.!,

2) IAEA Technical Repor.t Series No B2: Treatment of low—and
intermediate —level radioactive waste concentrates, p. 101 (1968), ,
and Hespe ,E. D. ! Leach testings of immobilized radicactive waste

\ solids —A proposal for a standard methed, At, Energy Rev. , 9{l),
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HBE % Table BIEART. HE, COHEKCAWLADMER, 45cmdX4dcmDHABIC2INT
Bon-@A2200L0E/K (56cmdX80cm) iTHLTHELE-EDTH S,
CNEKCRSNB LI, YCo PRHBRBHTEC 1 0FRRBVLTHRMEEZ 10~
107 BEThZ, coctnn, IABA" B10Webt®™ S {RERZ *Co ko TIRAS
PEBHTHERANUBEBREEL B MDD 5,

Table 8 Estimation of the amount leached of **Co from cement

composites

Sample 1 Amount leached(mCi)
m glday 2 o _
% 1 year 10 years 50 years 100 years
4 356x10°  308x10 " 866x10"° 658x107" 701x107  134x10°
. -7 ) —8 =5 —5 —7 —10
8 5.54x10 446x10 132%10 1.02x10 122x10 207x10
12 398x1067  313xi0"° 938x10° 726x107° 780x10° 149x10"
19 244x10°%  272x10°" 647x10 " 466x10" 489x107  927x10"°
20 390x107  383x10" a90x10" 731x107° 774x10° 147x10""
21 079x107  271x10°°  6e8x10"  s1ix10”" 540x10°  103x10'°
22 362x10° 120x107" 712x10° 619x10" 686x10°  132x10"
23 552x107  1592x10 " 155x1§" 931x10 " 104x167  200x10"

EBLEBAAERTIACHLD, BoORNEBEBL - Bk -MELICRAT 2, T2, &
RROEEK S L OBAOBRAF LV EEVLBELIBREOFRICEHNT 5,

6. X Bk

1Y Witte., H. . Herzog. J. , and Ohris_t ., R. 2 Disposal of radiocactive
wastes from nuclear power plants, ORNL-TR—-2684 (1972.!,

2) IAEA Technical R;epor.t Series No 82! Treatment of low—and
intermediate —level radioactive waste concentrates, p, 101 (1968), ,
and Hespe ,E. D, ! Leach testings of immobilized radicactive waste

solids —A proposal for a standard method, At. Energy Rev, , 9(1],
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195 (1971),

3) Choi, S.K. ,Fan, L.T., and Erickson, L.E.:Simultaneous dispersion
and decay of radioactive wastes, Health Phys. , 22, 177 (1972),

4) Brownell, L.E., Issacson, RE.,Ogren, W E., et al.: Durability
evaluation of radioactive waste in ceramic form , ARH-SA—178 (1974),

5 Godbee, HLW,, and Joy, D. 8, : Assessment of the loss of radioactive
isotopes from waste solids to the environment.

part 1. Background amd theory, ORNL—TM—4333 (1974),

6} Moriyama, N., Matsuzuru, H.,Dojiri, S.., and Wadachi , Y, :

Analytical evaluation on the leaching of radionuclides from waste
solids . JAERT-M—6302 (1975).

TV FBER: Bk amEoRiBRLz0RFFEILC20T, TARE¥LBIAER,
209, 51 (197371, _

8) Jost, W. : "Diffusion in solids, liquids, gases ", 3rd ed,, P. i5 ,
Academic Press (1960,

9) Older, I[., Hagymassy, J.. Bodor, E.E., et al, :Hardened cement pastes
of low porosity, Cement and Concreate Research, 2, 577 (1972},

100 Sillen , L.G., and Martell , A KE.: "Stability constants of metal —ion
complexes, " p. 54, Chem. Soc, London (1964),

11) Healy , T.M., James , R O., and Oooper.. R. : Adv. Chem, Ser. , No 79,

" Adsorption from aqueous solution ", ed, by Gould, R F., p. 62 (19681,

12} Giblett, F.G R : "Inorganic polymer chemistry “oop. 77,

Butterworth (1963).

13) HfEE-—:ov s —rYe—Fa, 1008, 28 (1872},

14} Lehmann, V,H. , and Roesky, W. ! Festigkeitsentwicklung and

Hydration von Portland —und Hifttenzementen bei 20, 50°, und °C,
Tonindustrie —Zeitung und Keramische Rundschau, 89, 337 (1965,

15) Romberg . H : idid, 95, (4], 105~115 (1971),

6 EERE, AT AV OMBKTICST B KB LY Y LOBRNER, RE
Hmezk, 82, 333 (1874),

17} Bougue, R.H. ¢ "The chemistry of portland cement ", p. 715,

Reinhold (19551},

18) Czernin W. : "Zementchemie fUr Bauingeniere Bauveralg (196411
EIEEMR "RERNEOLHORA Y P — L2 " p. 139, BHEE
(1869),

19) Weast, R.C. (Ed} : " Handbook of chemistry and phystes ", 51 st ed,,
p. B=77, Chemical Rubber (19727,

; maﬁﬁwk.mﬁﬁﬁ.EA%%:%@txykm%faﬂ%,txyrﬁmﬁﬁ.xm




e e

JAERI—M 6361

82 (1961,
21} Latimer, WM. ! "Oxidation potential " p, 2600, Prentice Hall (198 2),
22) Baitar, J,C., Pméléus , HJ., Nyholm, R,, et al.: " Comprehensive

inorganic cherﬁistry . Vol, 1, p. 448 and p. 882, Pergamon Press (1973},

B LES, AREE I REREHR (1975),

24) Charlot, B.: " L analyse qualitative et les r.éactions en solution?®,
Masson (19587), SMEB=, BEhrLHER: "ERIFLE-FLOBRE -
p. 113, FKirik (1958),

%) XER 1By hp, 128,

%) TARF=: "—gHENLFE" TE, p. 593, NEHEEE (1954,

2N FRA=: "EMAFE T p. 1225, EXXTET (1964)

28 Mikhail, R.Sh,, and Abd —El —Enein, S.A. :Water and nitrogen

adsorption on hardened cement pastes, I” Cement Concrete Res. . 2 (4)

401 (1972,

29 Sherry, H, : "The iomn—exchange properties of zeolite " p.89,

Marcel Dekker (1968),

" ) Shedov, V. P, : Radiokhimiya, 12, 784 (18701},

31y TAEA Safety Series No 5: Radioactive waste disposal into the sea,
(19611,

321 Webb , G.A,, and Morley, F. ! "Assessment of limits for deep ocean
disposal of radicactive waste", National Radiological Protection
Becard, (1973),

BV RHRBE RBEEH (19750,

M) EEfE, $ESA D "HERAEAFR " p. 157, AF (1964,

B[y XK 1D op, B-2630¥EE (7=526y) OEd» SEI.

4

‘i‘i



