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Study on Safety Evaluation of Momolithic Cement Packages of

Radioactive Wastes under Deep-Sea Conditions
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For sea disposal of the low-level radiocactive wastes, the safety
of monolithic cement solidified products to be the main solidified waste
for dumping was evaluated.

Safety evaluation covers the results of integrity test under deep-
sea conditions, development of nondestructive inspection and leaching test
of nuclides of the above solidified waste.

It is concluded that previous evaluation for the sea disposal of
radicactive wastes should be more conservative than the real situation,
because the cement solidified products have appreciable retardation

effect for dispersion of radionuclides and thus the effect of containment

is enhanced.

Keywords; Monolithic Cement Product, Radiocactive Waste, Drum, Deep-sea
Disposal, Hydrostatic Pressure, Integrity, Leachability,

Nondestructive Test, 137¢s, 60¢co
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@A v ME-ELEE, TORERERS TE S N A EBRRTETLS OKER 5,000~6,000 m)
DRSMEE UTRAS AL EICH - T3, COk, REBICE > THLTER 5000m i
B ZEKFEEREE D2 OML, KEX20 LETDEA Y FEMUEDESWUL STIRI D
HMCEEN 3BT E ORHES ORI AEEL, EXTFEL TV HEBRNBELTEBED
- OREREEFMICET S EEENEL T S,

222 HEBEOBEE

BB L, 200 £F 5 LY A XD A v FEALREROVT, BB 5.000 m DEMA (K 500
kg cm?, 7KiE2C, KT#H#E 1 ~2cm sec) &2 L, TOREEZRKMICHI>TE
ERETE56DTH D,

AR F R DB IC £ - T, €4 v boyy s — POigrh#E TEE (2 msec )it
244 2 1 T 500kg “cm? 2 TH A0S TREL, £OENE+ 1.5 B0 ETMATRIH]
B TE B, MIEMAKICIARGREGHTETHEN, CCTREBORAREEAL, 1
A VARSI A BT EE Lz, B, 3 v bo— BB 38R EREERICEDT S
Hhitick->T, ®H, BRTIELIICLTEHS,

EEAENAERT 52K NFEE) 1, SEESL0 IIKREZRBICL-T2TET
WETL, 2% (BRI BSMEAER L TN 4 Sick » TRES 2 CitREsEH
Bd b, 154, BEBOEESE, 66000 kcal Shr THY, GiELTRIBE 5L P2
—KBEEERO TS, EEEEECEDT 2EEESMNE, £ 1 CLURATHO, BEIEERS
4 vEaOHIEBITREL, ThEa Y o - VEOFERIGERIEENSTELSL ORI TH S,

EITKEHOKOERE, SEEREA Y 7T, BREO S WTOREMICE-T, FBED
FRICHN Y S 1 ~ 2 cm sec TITADAESICL TH b MEOAER, BRACHEGL 70~
g — EURIBEEH TTO, chEa v b o —vEOFERICERNICESL TV S, k77, A%
BRESTREAR->TWAZ LILLABBEWETA2E8AN S, BB TORIEL L UICEREN
HAER LS REFSh TS,

Fig.2 | it ABE@EO 70—y — 4, $1, Fig 22 CHREEOKIHRD 70— ¥ — FERT,

Water tank

— Brine tank
Deionizar ! :

1 Rising pump
Fact
gy |
jexchanget
= L Cooling unit
nger

Service water
Pressure pumg Circulgting pump
(Operut'nq condition : hydrostatic pressure 500 kg/im® )
water tempercture 2*C

Fig. 2.1 TFlowsheet of High Pressure Leach Test Apparatus for full size
solidified waste.
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Water tank Prassure

vassel
. Secondary Primary heo!
Deionizer heat exchanger exchonger
Sampling
pot
D D Cireulating pump
Nl D)
: Pressure pump J
Service waler F
eed pump h
. Water 35% ethylene glycol
Amount of flowing solution
A Amount of Hlowing
Temperotura 2°C 16 m3/hr .
Prussure 500kg/cm? Temperature 0°C,
Prassure O.15kg/em

1_. 35|'£ ethylens glycol I—l
solulion
Brine Coollng Amount of flowing 35% athylene glycol
unlt 0.47m3¥/hr solution
tonk Temperoture - 7°C Amount of flowing
~  {Prassurs 1.5kg/cm? 56.6 m3 /hr
| Temparature 0°C ,
;‘f ' Prassure 1.Okg/cm
Q %‘; ot START UP
Bring feed purnp Brine circulating pump

Fig. 2.2 Flowsheet for cocling of the apparatus
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=K O EERE, AKEERE, B ORELEOMIH 4558 7 5 v T OMBEUT G B D
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Acd. CHLPESEOMER, TXTSUS 304 TH S

EEKERR S EORMNIEIER, ARHORERTLY 7 v (EEEEAL V) &K
@%Q@&m%%%éébﬁéﬁﬁéﬂofhéoé%ﬁﬁ%@%éé“ﬁmEK$of@éU
cawaw;54%@Lt7§yfé3$®757?£whﬁﬁﬁwécﬁwb@ﬁﬁﬁﬁ@ﬁ
MRS >ERMICITI 0, by VY FEERT o
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RIS, D), REBEOE 77 v 72BUEL, TARE-THNw I T o7 ) ¥
7, 00 vy, EORRBLUREICOOTRB L, Fig 24 LRTAREE -~ ZOHED
B, ROEE0THB, 3HbL, GHAKBOE EFICH > THRELELOMBIIRSE S
BT B, 2470y T o8O v/ OMAMSEICZOMBBICEREL, O v 7O
PoT, OV w7 AL TFIRBARE 2EORBE 7T v 7 v IDPRELELDEFEES TV
TH &, 7O CAS 500 kg /o OEEAMA B,
F5oamaEATLIED A Y PELAZRRT 25810, SHRKEICRET 614 v M
RO HEBICA, AT vV ARD MHER Yy - VA ERT 3,
= AEE R T, SUS 304, AE 18mm D3 BEAMA L, HESHIE 0 Eheifico
W1 T BRI ARSI EBRBE AT, MEOBSIECI THY, BHEL, S 40om &
LT 1HEARIcoE 100MORBRSEITO, BET4ROSEBE LT . BEHEOHRR, £
OB TH -1, COM, BEMERUACT, BRMWHERAPRNIERDEERE, 280
S—F s AEEL, RIEDEOC & EHER L1, | |
REROH L, BEHKBLE 774 YHBENBEEICSVTR, THEELEFV RS LI,
EEAKE, SEERREE L EOBEROME R, B EoRmAERSDELC, Lot
BHEOMETH LT EBBERENE, BB e LT, SUS304, 72/ —wHa—-T4V7E
LU AEF VR O—F 4 v DIFWHAEY, TAOOHERA A pHI2, BF 100 #Ci/ml O
B Cs kim e —ERTIRE L, BEREOIE, 2 NHETOREE LOKERORELRE
DFFEAETT -7 (Table 2.1), 2R, YCs DMERM L SURBRE S HICENTL S
SUS 304 %% E L 7o

Table 2.1 Results of contamination and decontamination test

Residual activity after

Radicactivity i Decontamination
decontamination factor
Specimena) (cpm/specimen} (cpm/specimen)

3 hr 24 br 3 hr 24 hr 3 hr 24 hr
SUS 304 1.20 x 10% 1.22 x 1o% 1.60 x 103 1.72 = 103 7.5 7.1
Phenol resin 1.85 x 10% 3.12 = 10% 3,51 x 103 6.10 x 103 5.3 5.1
coating
Epoxy tesin 3.63 x 105 4,12 x 10° 6.40 x 10% 1,63 % 10° 5.7 2.5

coating

a) Size of specimen: 15mm x 15mm * 2mm

SEKENOEERAE LT, RilblBN L @KRKEHVERETH LN, EEHEND
BEL L BB RBKOMESEEER TA 4 VBREKER LT & & L, @Ktk 3
EET, NNEREE (TAEAY A D) ICk - TOHIT 12,

EFKEROKDS 7Y v 7ieo20n T, 500kgom! OETRFRET T, KSRFENE
HAE5250 LN LOBHKERERIKBETE, oMl AZBNCHATELH0T
H5,
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2.3 Cross section of pressure vessel
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O-ring and backup ring at the pressure vessel
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224 FOMOEES

FEF G, SEAEDED, 22 2EBEOMED & ATENHESTIRET B DiICH
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B O, EEOHBELERIFig2] BLUFIg22ItRLTH %,

225 BHoi

AEB T, KEBLNE T IRRMBMDERAERE & bic, BUHEREDE L OKUTRER
Ity HREER RS, WoUitkK, HEBLIURSBORYEFICLEATH 2V IBBEORIE
g 5%4e (FHELE) WRE R L, BELSERDE, 197T5F 2 &b F5EE O
HER bR TABHEEEA B, ChET, €4V MN-FEEoB2ERB L S CIEE
HBRE2EI U, SRy - VOREUHRETO, HADHRFEINIRRBLH I TSI,

2.3 FReBhE:HRE8

A v b E R, T EEPRA% BN TS L, EROAFESEL T, MidE <,
EoREBAET o2 b BETHE L LB EDG, KL ~VEEHERERL AL LTOLIAL
LT E, $HbD, BANRERD SRET A L VRSHEREEY OHABRBEK /L L
AV b EEH—ICBORET, 200 £ F 7 AGATEILS 208 kS —RINICR o N T S,

TOF 7 L&D v MEY—EARE, H{BRNBFELSOERICHI T, LSEDFEE
55

AR EERV T A 7o BT RR T % o 7 — VOE LW 57 » T, FBESRMHOHET 55
KIEFD sy i — YO@EMIE, %®&ﬁ$ﬁ&&%cgﬁmﬁﬂﬁéfé%o

mmnnmA®ﬁ4ﬁwm/m;n g, oYy = Pd, RNRIROEHS EBE LTINS
LROELTOS

(1) Sy — i3, BEE TOE PR T 2AKIEIRR AE 56D TREHIUTE S,

(2) oA =P, BIEEEROEEICN L TEET 2 6L, FLz0lBOERIKOV

T, SEREICRBE S NS & Bon 2 HGHESGENICAIRELRO DR L54, +

AR A b AT UIE I ST, »

Aigic, bHECETHEESS, REMREEILLENEMRE & BELY Ay r—Y
IR DB ABRE T NETHOLEE I IHERL,

1) sy =i, BEITOETD, ZFELOABYLAROEHL X >WHEEE LT &,

(2) Ny =Yk, BECEEBRLTELNNTEL, #etisir>T L,

K F D 2 2 hos o i = 5 DERIEEE 55 0 T OmOMKICET 58S 105
WAhH D Yy /bﬁﬁﬂﬁént%m,ﬂf/gﬁﬁ¢®—ﬁrﬁﬁﬁbummyhﬁuk
B, Sor-VORSMEBBETES LV HIHE DB, LoLAass, FlAT, swkick

BEAH BV REEEE - RREOBOFERITLCE-T, FILHEDOFELRLESEE L
iimearEE L, e%éﬁﬁbmw;vmtx/b@m%bﬁ@%#mﬁmnt%Amﬁéﬁ
ICHOWTIE, TR ST, ThSOHRIE, BEFENDOEECEI T H70DICEE
BN DERLTHS D,
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IOEHHT EIES, EAEUEEL R] RHEABREEAEMN LT, £R22 v MY—EL
EOEBEORE I B R MESEEERR T - o '

ARSIz, BWREIBEFAHREF » S il S ATLEHRRRECIHS THIMB S ~ ) v 4
(Na 2 SO4 ) DIKAE SRR & UTEUE L EBOARE SO+ 4 v Y —EAE V7 &4
fEDEEE F 5 LHO—BE LRARNEME LIBGIST, TRENHER 5000 m DEH

OKIE 500 kg /cm? , 7kt 2°C, AF#E 2 cmsec) TH 1 MBI ERKERLL D &

LizdDTH b,

231 HEOHEE

2.3 11 HBEOREF

GEHR Lt A b E, CEBESHEAT /Ay FeBERVEI Y FEX YO 2ETH S0
Table 2.2 iz ZOYBMHE b LULFHBS ERT. BHICE, ALRED CIHERK K
BAHI4L), €454 GLBaRFmE) | I REEBEIIE) 8IOERFEAL Y
ARG A U o, FEBIEEMICIE, BWR BUETHRER» S RATIRMERO LRI TH S
B+ b U o4 (Na, SO ) QKB %, &MAEA 4 /2BRE v X v+ EbE DRERR
i, BISE e A v RRHEIIC KD R U T v DHEE & OFERHIT K - THE Y SRR
L35 b, 8.5%DKBIEF b Y v LKER (550 LBRHEEEES ¥ TE D0 b0)
ZAEA L. RERABELEDER No. & 2 DELE%E Table 231CRd, 24 ¥ MIEDEMAR,
R 4 4 HBE v A v FELAOS A 200 pm TITY, ZHARIST 138rpm T » 7,
ﬁ%m@ﬁbt%waw@,mszﬁAﬁmﬁﬁL,%1&H®$ﬁ¢ﬁ$%ﬁof@%mb
toﬁﬁm,@@%%@E%ﬁﬁ%ﬂétm,nSAnwmﬁﬁmLtﬁof,wcm¢xm
cm O EaEmEER A G E 2 3 BIFR L7
aﬂNac—nf@,FaAE%%?L&@@@&%@%@K:—»ﬁ~w1£¢yﬁﬁ(k
AAZE K K. &8) #8%LC, ES lomd MO THE L bDER N,

R L7200 £ F 7 s, MESAREZRER T, €OFS L2mm, JIS 71601, 3 A

Bona R,
S8R 10 U 7o S EBADIREE TS 5 UIT MEZAE% Table 24 01T,

2.3 12 REREMHE
ﬁﬁNaC—lﬁ%Cﬂii?@ﬁ%ﬁ%%wf,%@¢@éﬁﬁﬁﬁ%%ﬁﬁko
wmEEmATE, TAEADESOBES K;h@,mﬁ¢WMnHi®ﬁﬁTﬁ5§§Téétb
Twéo%@ii?ﬁ@@ﬁﬁ@.ﬁﬁﬁ%ﬁx@@wtﬁgﬁﬁl~Tﬁﬁﬁﬁ EIE R
HERE—TABE Hom sec THEL EPBHONTWE o Ff, AV ¥ A — IO g
B TRE R 22~33m, ke THE . CHSDEFEEEH L TR K 5001 75 kg, em?,
Kl 2+ 1 C, SEKEHORBEORTEICEH G ZHE 1.2 omsec & Lz, AR, HABED
BEE THRECBTERS - /LEE T, THHE 00keom? $ T AHTHELIL 57, £
& BT 500 kg cm? £ TEEE AT ER 1T -7, 500 kg, cm® DIKHE % #7 2 Brfal il U
ftk, OWENOES bRIE & EREOEE TREAT - 7.
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Table 2.3 Mix proportions of specimens for simulation test

of deepsea integrity

Wa/C Al (A+C)

SpegiTen Cement Simulated waste  Aggregate (w/o) (w/0)
c-1 5 20% NapSOs Zeolite 67 20
c-2 S " Sand 63 29
Cc-3 S " — 42 —
C-4 s 15% NanSOy Mesalite 63 33
s s R o B
C-6 P 15% NapS0y Mesalite 63 22
c-7 P " " 83 25
Cc-8 P " " 63 22
c-9 8 " . 63 22
C-10 S Lo " 63 22
Cc-11 S " " 63 22

Not

S : Blast furnace slag cement,

A @ Aggregate, C : Cement,

P : Normal Portland cement,

Wa : Simulated waste

* Spent resin (Wa/C = 28) was treated with 3.5%ZNa0H aqueous

solution (Wa/C = 39)

es5:

Grain size of aggregate used:

Zeolite = 177%254p, Sand = 1054297y,

Mesalite = <5mm

Specific gravity of aggregate u

sed: Zeolite = 3.36, Sand = 2.65,
Mesalite = 1.86
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Table 2.4 Appearance of package and pressurizing condition

Specimen Appearance of Kage Exposed Period te attain
No. PP packag surface (%) 500kg/cm? (min.)
c-1 Without drum 100 40
c-2 " 100 40
C-3 Drum with 1id 0 40
C-4 Without drum 100 40
Cj5 Drum with 1lid 0] 40
C-6 Without drum 100 40
C-7 Drum without 1id and 25.6 40
bottom
C-8 Without drum 100 40
C-9 Drum without lid 12.8 360
C-1G " 12.8 360
c-11 WiFhout drum and 0 40
painted

Hydrostatic pressure 500 kg /cm?
Temperature 2 °C,

Flow velocity 1.2 cm/sec

SHERicAV L RRBREOTE ORI o CIClIFEZM% Table 24 R L7,

B TEILEA ED L 5 OBKT 2hEH S 2%, SRBERC OO THERATROEEZHIE
Utre T/, FIAEABEESLEBOLDIC20TE, MERKCELEP SHTEFET —
Fro—FRBELTEE, 20EABEANT A TEILELORET LIHFOHBFEAEL,
FhiCE > CEALGOBHAEEDE C L EHAT, ORI 707+ Y EHEKEER
RS T F,

232 FEREEE
HﬁMﬂkqbec—ui?m—%FﬁﬁE%Tmm25Kﬁ¢oA@@ﬁ%fu'Fﬁﬁ

B39 T 160 kg Sem? Pl k&t 350 E, ﬂx/r@mW@ﬁ@FK¢a1mmbnéc
EHIT iz, —EAGBE I 150 kg om® uj:«,z%febéd:u\')ﬁﬁ %ﬁﬁ! LT3, &
E No.C—5 @s—it;‘fjﬁﬁi T, AV MTHLTA & S HBBIEDEES &L -» 1ofcddp, A Y O
TN, LichioT, BDRBEICHE L TEVEREELNL
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Table 2.5 Experimental results of simulating test
of deepsea integrity

Uni-axial

Specimen compressive Visual Increase
No. strengtha) inspection in weight
(kg/cm?) (%)
c-1 392 Cracked 3
c-2 341 " 3
c-3 492 No cracks 1
C-4 295 Cracked 3
C-5 178 No cracks 1
C-6 328 Cracked 3
c-7 367 " 2
Cc-8 398 " 3
() 372 No cracks 0.5
c-10 377 " 0.5
C-11 346 " <0.5

a) FExperimental result before simulating test of

deepsea integrity

feis, Table 25 1R Lic MFERSEDMERRAS BOTHRTS 5%, MEMOELE
TEHED 10 BEAKSTH 5o

2321 XY EUHEOREM ICRIETHEEOE & MESRMA

ZEr RS SR SER DEER 4 Table 2.5 1C8# Lz, Table 25 & 9 500 kg/cm?® £ T 40
STRESEHIES, AV MEUERIKGZ 2EHEDOEEIRDEENTH -7,

(1) F 9 AEARVEROELEOSE, EMLRORTIEKO Y 7+ 2 (GUEN) HBEL,
FOT 7y, RDAEIIKE TETLTO

(2) 52815 K7 oM a2 {bEic >0 T, F 7 ams s EbiEo OERETSE, FZ
LEPET; LTERES &5 0, $REHLSNEOTE - LERES kT S h . L
U, BULKIC 2 5 5 2 DREZED SR 1, '
3] KIS LEDLERLUERANASLE bDRE, F7 A THRAMICELN T 2E Lk
i1, BHIES IO DS 5 o 7 HEE S, |
FaRokHicEHmAR G BRI EASE O, SHEOBOEILERICEABETL -
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B LT E 5 MEORERAGEAL e b, BANEOAEEEY SBADIK
EOWTHET 5 &,

P=m?E, 4 (m?—1)+(t r}? (1)

LT,

P MESHASBRRESN (kg om?)
RT3 3)
C o v SREL L 2 1% 10° kg em?)

t: RE (F7L5HO0BE 012 ~016 cm)

r: MEORE (F7LEHDHES 29 cm)

(1R & 9 Pid 0.041 ~0.01 kg cm? &£705, (IRFEENECERMNEOXTH-T, F7 4
HTRERATE T A -DICEBOMRERAZ G YD L 5N, bihic LT b AREUMIEED
MW EFHATH S,

L EORRMLELLE, BOBAICY T 7 BEFEDE, ABEASNAHEEL LN
Ao CHAEEDD Y, BOBELED&ZEIEKED -y — v T HE: VBIETHELZ D
(i%ER No.C—11) % 500 kg /em® & T40AMITRE s, ABET- 0

FORE, HAEORETEE LEETE, 25 0 2 SOBREBE TSN o7 Bk
DL EDB2 0y P DORRE, €AY FEEOEEKOBEIIRATSH S L ORER

FEITRNF 7 Ty 7 DERES IO B 1%, 500kg cm?® T TOREEME 6 iR & &
&L (5 No.C—9 10) #1770

OB, FULL I KBHEL S SEUHATS 7 7 v 7 3ABEED OO -1, LT
BT, 25w OBERIE, €24y EHE~DSBIKRDBATS S &EHBL .

=

2322 MEMuEOBERBENE Ty — 2O & ORLR

EKEIC L » CEKICEAT 2KORE, ikl s 70 7 ORELHEFRBDHLDT, KB
i DRABRAEZLAEL T, EREBINSERD. E{EOBEHE L, Table 24iTR¥ &
BEOTH D, BUEOBHE L EEMMOMELE Fig 25 IORT. ik, EEEMME, Kz
Litcteit R aEh i KESETN S, Fig 200 0MBROIEHNI S,

500 kg.cm?® & T 40030 CHE SH5EG, EUAOERESME, LTI 25206
DYy = DRROEREDON 1%, FILEOLEE LUEREAT LD 2%, F7 4l
AgEEB LEBOLOTIFTH 1o %/, 500kgem? TTERFEATTHELLED
(KR No.C—9 10) i3, 409 TRELEZEOICH~, dahitBCERENEARLL, &6
iz, TAKEOHETHBL60 GRBNo.C—11) &, 500 kg cm® F TASETHELTS
HEEMTELAEBDONITH -7,
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5..-
&
.
D
]
=
— 2r
-
o
‘O
= 41¢4c-3,0-5
' O—C-9,C-10
(I}-C-H
O { ! I I | L 1 1 ] N
C 50 100

Exposed Surface (%)

Fig. 2.5 Relationship between exposed surface and weight increase of
packages.

2323 SkEduckd st s v MELED SORES

BIIA TR~ 5 I EHEO S 2EURICaREEKEEPT S E, 75 v IDRET L. &
@@ﬁﬁﬁ%ﬂb@t&,?—TVQ—ﬁfﬁ5v7%%ﬁ¢%@ﬁ%%&%i,%ﬂ%ﬁéb.
SR MTEF USRS AEH L THOREAMEL, FAIKE-TY 7 v/ ORERMS S
U%@Eﬁ%ﬁibtoF@JﬁmﬁﬁN@C—B@%ﬁ@Eﬂﬁ@&&579%®%ﬁ@a®ﬁ
FAfd s T 0 THBOHBEBPEITRESOBEEIE, 154 yTHfoo CORPST T 07
iE, 250 kg emPHr i HIE L, #Y300 kg cm? HprHEF L1 - T 500 kg cm® & THh &,
5%k@@ﬁ®ﬁﬁ&ﬁﬁm%bmﬁ$b,%E%Kdé<%£bﬂ<ﬂofw%&%ﬁﬁééo
St H 5 s OREEENERE &S L TALSE, MEZRS LT ROEPS7 7 v 75
A0S, BAICE LT -T 5D BRICERELD 7 7 v 72 LTLEY, ZOREBEAE
Yl E B EMICHEDL T B L ERD S,

K5 A FEOCHMAT L, 500 kg om? £T 6Ll TRELAE(LEOENE 7 7 v 7
HOMEE Fig 27 ks, £/, FI ot LOBROBELEOREICTRKYE ORE THE L,
500 kg~ cm? 2T A0 MBI THIE LIclBRIAODEN &7 7 » 7 EOMGE Fig 28 iKmde ©
FROBEEL 7 5y 7 FRBERELD L, TORSEBATI Sy EZRALT LF AN T &
OEBRNLE 7 5 o 7 REDRERE, EILENDEEKOBRLERATHL EMRTEILEDBT
x5,
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2.4 WMEHREYE A MH—ELEOEREERR

EFHRETH LHL T 58 L SRR EN O F 7 aEiED 2 v M E—BIURE, DB
BRIk, ERSTFEIATO AEARMBELASCACONIASEDERLLLEDTH
7. T oML RBIERENONKE, fEs L0BETOERCE LT, REEESRET
B LS HEHEAL LTy, &4 > MELROIRE b —8 EHEE T 150kg/om® LLEHE
BEANTWETREESEOT EPED l’o:h“cmézo)

Ao, BEMSOESK, 150kg/cm? Ll Lo —#THERESSD, THOLRETHD
oA MEILEAB B o, JISHEBIED - 0, BEbAoils, EEEROFEL L UREHERF
OFERISEHSARESA 10 cm $ X 20 cm ORBUAE -C, RF LA EDTH D,

241 HBROKE

2411 BELLIUERESRE

BWR FiSE M OMFKicd, B, F U v e CTERTH) %, PWRREEREICE, K
O (—%) EKEE{LF M) oL ) AR L. AV NICEEEANET Y FEA P
B YUCEEFE 27 /Ay 2@ L, Chost A v OfEIHE L L (LFENRS =
Twmzzwﬁttoﬁﬂmd,%ﬁﬁ%@klﬂ%@(ﬂ@5mm¢mT)¢€¢§4F(ﬁ
Wi ST IREE, WA 177 ~ 254 1) B L, €4 54 b O{LFs % Table 26iCR T,

Table 2.6 Chemical composition of zeolite used

Composition 5102 Al»03 Fep0z Mg0d Na,0O K30 P,0g5 Cal Ti0, MnO

Weight - Z 76.50 7.05 3.77 2.98 2,40 2.28 2.66 1.92 0.12 0.1l

ﬁ%%@@ﬁ%ﬁ&qui#ﬁ—(%%ﬁﬁum~%3mmaﬁﬂ),ﬁﬁ%&%(aﬁﬁ
B 20 C, JBEF 90 %) B LUERMABRAL D (10emé x 20 cm) BERFA LI, B
Biciz BEI00FYOTLATHDEDEMNT,

2.4.1.2 HERARRIE L HEBA K

wA v b, BiMbLOBEBRRSSE I Fr 2RO TEICERL, €AY bELILEL
tis

EMEO S 4 —~ORAR, 45, BMBIUBRRBROIAE L, ©—sRMEHEREE
W, 125 rpm T 34NN DR o, HEHEBER S 50 CITNA L AGEKICHEE 2 ) v 4 (BWRFR)
Sk o (PWRS) AFTEME LSS L IERL, S5 pH 2AIBETE~9, HBET 125
~ 130 R AEIAKBIEF MY L TEBLTERA L, MO L sfo X v b ELT VI,
BIsHAkic > T 3B5 > 10 cm ¢ x 20 em QIEFESRBAR O CITR LT, EMRE RE20T,
BE O%LF) BRUKPEE OKIE 20C) 270, MY B HICBISEMBEE T 427~
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Bk ok, HEARE, 3@, FRHERE (—#) OERTOFHEEZR 7.

242 fSREEE
tﬂyh@ﬁ%®%ﬂ%ﬂﬁﬁ(ﬁﬁ@%MﬁﬁﬂBwaéﬁﬁ?qﬁﬁ)m,ﬁﬁ%@ﬁm
ko THESH, €4 Y b OBEEDERA LI L BZEERI DN, £72, Table 27iTR
;ﬁ@@mgg@@xyb@ﬁﬁtﬁwrayﬁt;beﬁﬁmﬁ,k%%%ﬁﬁ%h@mo
Fro THEDG, BITFO)~6lIiRid 24 MEUHEIC DWTOREMIES £ B0 TERH
A% i,

Table 2.7 Comparison of compressive strength of
solidified with different cement

Compressive
Cement A Wa Wa/C A/C strength
(kg/cmz)
Normal portland
cement 0.60 0.43 379
Standard sand 15% Na,S0
Blast furnace 0.60 0.43 349

slag cement

A : Aggregate
Wa : Simulated liquid waste

C : Cement

(1} A v b ERpsEEe LRI, &4 v PRTOHRBRELERL, £ONFHEHOERIZ
Hiik (F+ 70 —/K) TiglEtr b,

(2) A Y PRFERKRMCELETIC—-TER (ENb 7 v FEA Y FTRZOERDLY)
Dk EALFEHICES LB 5,0

(3) FEEORAIKL-T, FHRELIKD 174 (4 PEEO 1,716) BKiibN 3,
{4) A4 v bE{LZNRBEEKOMic—ER (Kb 7/ F2A Y NTHEOEEDILH) D
KA K E LT — A BT T 6. ZOX WKEFKND A 2 b EBUET HCEWTE
HNWTZDERERLTLE 20

(5) €A bOAKNERMEIELLTEA Y MUY, FkPEREE LA Vb
FEEDRTED 174 IKiEd 3 VERE ST,

6) & x> bE{bAomER, Btk Eoria— (F+ 87 1) —ZRE LR TR
% %o

Lt - Tk 4 v FOKHMEIGAERICThE 2dicid, ELo2) Gkiitx b0 174)
El4) OkpieA v bD15%) L0, A4 b-kibiZ 25 Ok—tx v b 40%) BEIERs,
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2421 BWRZzRtx v bEEO 8 EHERE
F@&QK%@%H(HT%@&W&)@ﬁﬁ%bUﬁA%EﬁlM%ﬁﬂﬁ%%@txyb
FEULIR D — BT RRE (T O T DI FERSE &MF5) &2 v b —F#lk (C/ Wa) DMK
%%ioC/Waﬁk%<ﬁéﬁ£&ﬁ@ﬁ@m%@ﬂéﬁbfwéw,%&T%UvA%Eﬁ
%%ﬁ.c/mmHQQEm%T@C/mew®%é;@ﬁT¢5@ﬁﬁE6néo$ﬁﬁ
®ﬁ@WTM.ﬁ&f#UﬁA%ﬁﬁw%wﬁﬁﬁ,Eﬁﬁﬁﬁ%k(ﬂ5@/ﬁﬁ)%%?@
(kD v b KL (C/W) 13 33 TH D, 25 BREORAEREE (570 kg, om? ) £
@%W@C/Wé&ST&ckoC@@HﬂfVF@KWEHM%KEH%C/W@@ZS&@k
%<,@W%®ﬁ§m§ﬁtﬂm%ﬁmtf7h®ﬁﬁﬁ?ﬁéﬂéoCCT@%%E@TQ/
WA 25 &£ 0 K& 15 - T hBEHMMAR SN, GF, #ab 7Y Fex v hohs, CW
D333 £ THEREIN LI )

¢ - THROREREEERIC L Tr A ¥ VE RO Fo v T 4 — & OBFEREEER LTS
%o
%@ibuvAﬁﬁﬁzw%ﬂu¢w%T%ﬁk@&ﬁﬁﬁ%ﬁ?@%%@C/anfn%
33 TH -7

——iing.
o
3y

2)

™~

°©25% N02504
e 10%Na,504

Uni-axial compressive strength (Kg/cm
S
|

| 1 L | l Il
0.51.01.520253035

Cement-Waste ratio (C/Wa)

10

Fig. 2.9  Effect of cement-simulated liquid waste (C/Wa) on
compressive strength
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£ KEEH10cmé X 20 cm ORELE 1EE DL 50RET LA ¥ POEEN 25kg (€
AVIORES 31 ET2E, ARKIE806cc) & LT, TELMEME (22 ¥ M) oli%E
HET L, C/W=330MHE05EMIE LK, 758g THbd,
T, EOMAKRILI A Y FOBEX ETBHE,
IRFDIC & A UEMHRE = 1716 X
AKFic L AEMAEEYO LS LEE= 131X+ 174X — 1716 X=051 X
k=015 X
KOBMEBE=02X +015X=04X="758g
-7, x=1895¢g =611 cc
Ut s
EfbEo&R = (0.51 + 0.15) x 1895 = 1250 cc
BEohb, T,
B EKEI A k=806 — 611 = 195 cc
B DR = (806 + 758 ) — (1250 + 195) = 119 cc
KA T D 119 cc OZEFEIMD KA SNT, RAKMDE A >~ b 195 co DKFISUEDS
et o, ERODEWBERESSINEHE-T, C/ W= 33 DEMLE, 25 DEhk ) ESEHHE
Mt cbDEBL LN,
Fig. 21043, #tahic ERE 4 &0, #lice 4 v b &S Y 7 2 DfEBELFICHT 5
FREHTEOLLAEDTH S, BREEAICEESEMLTH S,

800 — , : .

»

o

o
1

™

o

O
T

Uni-axial compressive strength
(Kg/cm?)
ey
O
O
]

O L
5760 65 70 75 80
Cement + Na, S04 / Solidified (Wo)

Fig. 2.10 Relationship between (cement+Na;SO4/solidified, w/o) and
compressive strength
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Fig. 21143, BM & LCALBRD A MV ERBE LML (C+M)/Wa LOBFRERL

Jzo TITEHC/ Wa%

—FRLTALEERORMEEEL S EGE Lit. ALRRPO

BRI HEHAEOOT, EENL C/WIE, BHILSEMT 2iconTEMYT 5, WIOD
FE{bik & 400 kg cm?® DAL OEFERE %R L7,

o Normal portland cement
¢ Blast furnace stog cement

1 I L 1 1

£ 700
g 600}
§cu 500
g 400}
£ 3001
S 200}
S 100}
= 0
2.1

Fig. 2.11 Relations

C: Cement,

BHELTEL FA b

2.3 2.5 2.7 2.9 3.1 3.334
(C+M)/ Wa

hip between (C+A/Wa) and compressive strength
Aggregate(Mesalite), Wa: Simulated liquid waste

FHVIISAOES & T OBADOEMEEE Table 2810Rd, €4~

FEKDENEH S IREOHBETHELECHAIN G, SETLEL 74 FOEDEhhOST
+RCHEEARE > TNB T &M 5,

Table

2.8 Composition and compressive strength of
golidified used zeolite

Composition (w/o) Flow Compressive
value strength
Cement Zeolite wad) (mm) (kg/cm?)
25 25 50 251 125
47 11 42 239 320
54 6 40 256 355
58 3 39 | 263 470
66 1 33 261 325
a) Waste is 15% NapS0, (50 °C).
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Pik, BWRREEHE®D+ 2 ¥ MELAIC OV THIS £ OB 25t Lk, CORBTIT -7
BEEORAD+® A v MNEILK TR, —BEH®RE 150 kg om® PlLi, TABERTE 5050
»oHo

2422 PWRFE A bEALEO i TEEMHE

PWR B F H3E M SHi & 2 EHEBE O ¥, FURERTH S,

FLTFIBBIEL 2~ 2%y, C/ Wa%k 238 ~303 & UTHRIELE(REE,
AR OMEE, BEO S IBIEBEN 2%0E L T v Fei v FEEERC T, KEE
F k) 9 AT pH FBEAITHILWIR D BEDORESED SHEh -1,

FUBOEEREA v rOKIIRIEICE > TERT B 1B A DL (3Ca0- 2510, ¢
3HﬁD@7wsy@ﬁwy¢A<3&©-A&os-MhO)®mm%®%ﬂ%m%?§?%
CTAKIAETS 4B 6D LT, Kl F b U v LORO OB KBRS v T L
(Ca (OH)2) L, TOHRMMRE L o~ts

Table 29 ici3kEgiLh v T 2h—EiR LsEDC/ Wa & Ef®RE & DRRZERL,
WG 150 kg om® BLEO—FERBEAG L, REORESED Stif. TOT LR DKE
LA s nZling 5 &EOMBHED GMT,

Table 2.9 Composition and compressive strength of
solidified used calcium hydroxide (Ca(OH)j)

Flow Compressive
c/A C/Wa pH of Wa value strength
(mam) (kg/em?)
100 2.78 12,5 115 226
100 2.56 12.5 126 275
100 2.38 13.0 134 308
100 2.00 12.5 209 208
100 1.72 13.0 249 . 181
100 1.52 13,0 279 170

A : Aggregate
Wa : Simulated ligquid waste

C : Cement
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2.5 EBFCHITLIESHFEIEER

BN OERCE L, BROZLHAOP THREEREY v r - YORBRELTRET S
B G, EESHRFEED > TH 5,

LD, ERE A Y FE-E{UER o0 TEB DR EEEER T ZAELASE RT &H
FREELAVTEB Lz, TOBE, T2 MBS LHINEEEDONL P -1, -

Lisl, bissE T LA A OEBRMR, Sy — JICEBEREALEANV EBD
NEHOD, GETOY o b— v YEEEG, BECEYAEINRG LR L TH2OHATE
HoTivd, §bL, EEPReERRRTAHBAKETALNTOROL I L, GEKETE Yy
b= SNERAKDSIEAT BIBE, —BFNCMERESRD L, NEEGEBELCBY 25y 7 —
COETIRESHIOMEEELELZBEBH B E, L > TUKBOBRTEE 6 FEBELE8
TLEFH LT EUEBETF LN S,

PlEntscE Ecihse A—&ttcodgrBEsE8bnioT, LEOHERTEDS
NIAERY, EROBEREOEAICEEST AL EINEL LI, BHFEITEVTEILRKRET
=71e : .

CODEERIT, EAREAy ME—ELEERBRAE LT, T oEBREORTA L0 L%
PEDIKIE 5,000 m OFFH T, [EIRRIC B A_FIR i BN fo R A 4 7 OEREEREZICLD,
AR BT 3 RBREEHOLAHE L, RBEEINE S SICRERTREALZT-TRoN LS
DTH b,

251 HBROGE

2511 {HAEERE

SEEO MR L ABRKIL, JIS Z1600MER N7 4D A v b —FLETH LS, £O
BPEALRES Table 210 10R . S OEEBEEN w4 v b EL Y % F 7 AHICEEL, FEfEE,
WEELE TR AT (4o v d) Uiz, BRITHHMOBEZX G 65cm TH-72,
FoafEs BT & OBOERIZ I amTH -,

Table 2.10 Composition and uniaxial compressive strength of
packages used in sea demonstration test

Normal

Portland Rough Small Compressive

cement aggregate aggregate Water Nao 80y strength

(kg/m?) (kg/n®) (kg/m®)  (kg/m®)  (kg/m®)  (kg/cm?)
Solidified 220 — 270 50 1.5 390
Capping 340 994 648 173 -
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= 2000
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2
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1"

I : J\ Specimen {mox. 480 kg}

580%°

Fig. 2.12 Hanging tool.
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Photo. 2.1 Integrity demenstraticn test in ocean.

Fhoto. 2.2 Alighting of package on water.

‘
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2.5.22 [EW Yy — YO
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H7:5 F 7 aHABR SO THICERKMA TO . S5 F 7 4HEE2AT LA BOBOEE
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Photo. 2.3 Appearance of package before demonstration test.

Photo. 2.4  Appearance of package after demonstration test. A hollow

caused bv high hydrostatic pressure can be seen.

Photo. 2.5 Bare sclidified product after demonstration test.
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Fig. 3.1 Cross section of Schmidt hammer,
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Fig. 3.2 Measuring points of rebound hammer test.
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Table 3.1 Compounding of specimens

Specimen . . . Simulated Wa/C W/C A/A+C Uni-axial compressive
No. me liquid waste (%) (%) (7 strensth (kg/cmz)
T- 1 S 20% NaoSO0y 63 50 33 348
T 2 S 20% Na,SOy 42 33 "0 454
T 3 S 15% Na,S0y, 39 33 0 530
T- 4 S 15% Na550y 64 53 =33 294
-5 8 15% Nay50y 63 53 22 399
T~ 6 S 15% NazS0y 63 53 22 398
- 7 S 15% NaySO0y 63 53 22 ' 312
T~ 8 S 15% Na»30y4 63 53 22 372
- 9 S 15% NazS0y 63 53 22 377
T-10 S 15% Nao S0y 63 53 22 325
T-11 S Water 63 22 211
T-12 8 15% Na>S30y 63 53 22 312
T-13 S 15% Na-S0y 74 63 33 266
T-14 8§ 15% NapSo, 74 63 33 254
T-15 'S 11% NapSoy 113 100 45 190
T-16 S 15% NapS0y4 83 70 45 217
g 117 H3BO3
T-17 P 11% NaOH 84 66 38 129
- 11% H3BO3
T-18 ? 11% NaOH 84 66 38 133
» 11% H3BO3
T-19 P 29 NaOH 80 66 38 223
N 11% H3BO;
T-20 P 9% NaOH 75 60 38 200
107 H3BO3
-2
T-21 P 87 NaOH 80 66 38 227
. 10% H3B0s -
T-22 P 8% NaOH 80 66 38 200

§ : Blast furnace slag cement, P : Normal Portland cement,

A : Aggregate, C : Cement, Wa : Simulated waste, W : Water
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Fig. 3.3 Relationship between water/cement ratio and uni-axial compressive
strength.
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Fig. 3.4 Relationship between water/cement ratio and rebound hardness.
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Fig. 3.5 Relationship between rebound hardness determined directly at bare

surface of cement solidified product and uni-axial compressive

strength.
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Fig. 3.6 Relationship between rebound hardness determined from outside of

drum and uniaxial compressive strength.
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Fig. 3.7 Comparison of rebound hardness of cement solidified products determined

indirectly from outside of drum and directly at bare surface.
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Fig. 3.8 Construction of ultrasonic wave test apparatus for full size
drum-filled cement solldified product.

U: Main part for measuring wave velocity with digital reading,
P: Power unit, T: Transducer, S: Synchroscope, 0: 0il pressure

driving part, M: Motor

T

Photo.3.3 Ultrasonic wave test apparatus
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Fig. 3.10 Simplified electric system of main part for measuring ultrasonic

wave velocity with digital reading.
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Table 3.2 Compounding of specimens

Specimen Cement Simulated Wa/C W/C A/AHC Uni-axial compressive
No. liquid waste (Z)y &) (%) Strength (kg/cm?)
T- 1 S 20% Na,S50y 63 50 33 348
T- 2 S 20% Na,S0y 42 33 0 454
T- 3 5 15% Na,S0y 39 33 0 530
T- 4 S 15% Na,S0, 63 53 33 294
T 5 S 15% Nap80, 63 53 22 399
T- 6 S 15% Na,50y 63 53 22 398
T- 7 s 15% NazS0y 63 53 22 312
T- 8 S 15% Na»50y 63 53 22 372
T- 9 S 15% NapS0, 63 53 22 377
T-10 S 15% NapS0, 63 53 22 325
T-11 S Water 63 22 211
T-12 S 15% Nas504 63 53 22 312
T-13 S 15% NasSO0y 74 63 33 266
T-14 5 15% Na,SO, 74 63 33 254
T-15 S 11% NapSO, 113 100 45 190
T-16 S 15% NazS04 83 70 45 217
_ 11% H3BO;
T-17 P 11% NaOH 84 66 38 129
_ 11% H3BO;
T-18 P 11% NaOH 84 66 38 133
~ 11% H3B0;3
T-19 P 7% NaOH 80 66 38 . 223
11% H3BO,
T-20 P 9% NaOH 75 60 38 200
10% H3BO3
T-21 P 8% NaOH 80 66 38 227
s 10% H3BO;
T-22 P 8% NaOH 80 66 38 200
T-23 S 15% Na,S0, 83 72 33 202

S$ : Blast furnace slag cement, P : Normal Portland cement,

A : Agpregate, C : Cement, Wa : Simulated waste, W : Water
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Fig. 3.11 Cross section of T-23 specimen (Unit : cm).
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..Photo.3.4 Wave form of the test-piece
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Fig. 3.12 Measuring position of ultrasonic wave velocity {(Unit : cm).
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Fig. 3.13 Relationship between water/cement ratio and ulerascenic wave

velocity.
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Fig. 3.14 Relationship between ultrasonic wave velocity and uni-axial
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Fig. 3.15 Variation of ultrasonic wave velocity (Specimen No.T-23)
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Table 3.3 Rebound hardness of different positions of bare
full size cement solidified products

Bottom ' Sided)
Specimen
No. Observed Obgerved '
value Mean value Mean
43,0 42.7
42.5 42.1
T-13 42.6 42.0 42.0 41.9
42.0 | 40.6
41.0 42.0
43.3 41.0
41.5 42.7
T-14 42,2 42,4 40.5 41,2
42,6 40.0
42.5 41.5
40,0 39.9
, 42,0 42,0
T-16 43.7 42.3 43.7 41.3
43.4 37.6
42.3 43.6
31.6 30.0
31.2 29.5
T-18 31.4 31.0 30.2 29.7
il.5 29.0
31.2 30.0
40.5 38.1
40.0 38.5
T-19 41.0 40.5 38.0 38.6
40.7 39.4
40.5 39.0

a) Upper ome third of the specimen
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Table 4.1 Composition of specimens and leaching conditions

(b)
Samp. (a) Waste w/C Aggregate Leachant Setting
No Cement (/o) (wio) - Leachant temp., peried
. Kinds A/ (CHA) o (day)
Deiond
1 P Naps0, 10 33 - - elonized 25 7
wvater
2 P " " 36 _ . " " "
3 P " " 39 _ _ a " "
.& P n " [‘2 - - " "
5 S " " 36 - - n " "
6 S " [{] 39 _ _ " " "
7 5 n " 42 - - ] " "
8 s " " 45 - _ n " "
9 P " 15 33 - - " ' 50
10 P " 1 T - - 1” 2 "
11 P " " " - - " 25 7
12 P " " " - - Sea water " 28
_ - Deionized
13 b n L " watgr z 3 7
14 P " " " _ _ - " " 28
15 P " " 60 5 50 " 25 7
16 P " m i M L1 " n "
17 P r n " z 25 L2} n "
18 S H n " S 50 n 1" 1w
19 S " " ™ M 1" n 1t
20 S " " " z 25 " " ™
21 P mn n ) " " " " m
22 '? " " " n "n n kil L3
{(a) P : Portland, § : Slag cement
(b) A : Aggregate, S : River sand, M : Mesalite, 2 : Zeolite
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Table 4.2 Composition of synthetic sea water

Component Concentration (%)
NaCl 27.217
_ MgClo 3.807
| | MgSO,, 1.658
Casoy 1.260
K550, 0.863
Ccaco, 0.123
MgBro 0.076
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B2 QAR THEDT L ENTES,
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FEEUR SIS F AR R EA R RS { B G OIRURS O F &9 hid, mid @O
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0.5
O : Sample No. 1 Wa/C 33 %
oaf ®: ¢ No2 + 3674
: a: 2 No.3 ¢ 39+¢
o 4 No.4 # 424
0.3 }
0.2 |
0.1 1
O 1 { ] .l [ 1 i 1 [ L 1
O 1t 2 3 4 5 6 7 8 9 10 11 12
V' Time (day)
137C

Fig. 4.1 Effect of Waste/cement ratio on leachability of

Table 4.3 Relationship between Wa/C and leaching coefficient

S.

(waste : Na,S50, 10%Z, leachant temp. : 25°C)
S;zp. Cement ?252) Fi(cmz/day) Fl(cmz/day) R
1 P 36 1.37 x 1073 1.97 x 107" 0.105
2 P 36 1.71 x 1072 2,38 x 107% 0.141
3 P 39 2.09 x 1073 2.83 x 107" 0.148
4 P 42 2.83.x 1073 3.60 x 1074 0.171
5 S 36 8.11 x 107* 4.37 x 1076 0.0702
6 S 39 8.41 x 1074 7.45 x 107% 0.0699
7 S 42 1.02 x 1073 1.04 x 107° 0.0788
8 S 45 1.32 x 1073 1.15 x 1073 0.0834
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4.2.3.2 BHic5zises v OBEOEE

2 v b OREONGEIC L 5B WRBEHRE (LA 5n' T CsOR I ~DEEE, Table 4345 Wa
JCHR—D D, THEOLVBBLIV L2 BDEDEHOVTHELTASE, Fi, FpdbdX
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254 A hiciE, 7 ) —OREEIRHA Ca (OH ), (ELIRLBERED ) HELEFET ATV
twm,mmﬁﬁﬁwrﬁyFtﬂ7%@&%;@%w&%@éﬂtw%ﬁ’C@&ﬁa%%u,
BE{bthk= b Y v 7 2 OFKEDE P COAHHET 5 LBTE Lo

4.2.3.3 BHIZSA5REKOREDCEE

HBb Ty FeA Y ELEOERHKOBREDERICOWTHERTT Lic. £DFEREFIg. 4.21C
T Ff, (23, 20, @) HXU L6 XpoitRLULE;, FeB LU 8% Table 4 1KY o
Figd. 2 DR IEEOREREREE Lo~ s £ WA — BT B &13F 3.6 keal /mod

Eil=T0

05
o ; Sample No. 9 temp. 25°C
—~ 04k ®*: ¢ NotO « 2%
=1 .
o
o 03}
2
o2
L
Q
| =
[14]
- 0.1
Ob 12 3 4 5 6 7 8 9 1011 12

v Time (day)

Fig. 4.2 Effect of temperature of leachant on the leaching ratio.

Table 4.4 Effect of the temperature of leachant on the leaching
coefficient (Waste : NapS0O, 15 %, W/C : 33 %)

Sam Tem Setting
P P period Fi(cmz/da.y) Fz(cmzlday) B
No. (°c) (day)
9 25 50 1.20 x 1074 2.11 x 1074 0.113
10 2 50 S5.45 x 10~% 2.03 x 1074 0.0631
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4.2.3.4 BHICHZRBKOERDE

ARBRTHBHAKEL T4 vEBKSE B ATHEAEAO, TOHBICLS ' Cs D
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oak * ¢ No. {2 synthetic sea water

0.3r

02r

Leaching ratio (9/a)
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012345678 91011 12
¥ Time (doy)

Fig. 4.3 . Effect of type of leachant on leachability of 137(.‘.5.
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0,{37'05
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O 1 23 45678 910112
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. 60
Fig. 4.4 Comparison of leachability of 137Cs and ~ Co.

Table 4.5 Effect of setting periods of specimens on the
diffusion coefficient

(137cs : 116 Ci/sample, Na,S0, : 15 %,
Wa/C : 33 % Portland cement)

Setting

Sample period Temp. Fi(cmzlday) Fz(cmzlday) B
No. (day) (°c)
11 7 25 1.19 x 10-3 2.06 x 107 0.118
12 28 25 1.15 x 1073 2,07 % 107" 0.117
9 50 25 1.20 x 1073 2,11 x 1074 0.113
13 7 2 7.08 x 107" 2.52 x 107% 0.0731
14 28 2 5.53 x 1074 2.38 x 107" 0.0642
10 50 2 5.45 x 1074 2,03 x 1074 0.0631

NOBLHBIOEBEES, RERBEL CLEBHLELDEL->Tn S,

TOC &, MEEHBREICEN TR, 14 OGN T AEESGRSFE/L260THEE
EiONE, CHIEA L3 3DMBNLLEBTE S, 57, BREMBASEC KA LEN-T,
BNEHSEAL T 20, EEHMBE(REE, COBITEA » F OKNBHESL, AL MDD
KAMEABELE= M) 7 ROREEEICHTEEBL DU T E0BEER 5,
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4.2.3.7 BEHiETHEMOYE

BRI L~ BB D 4 | FULA I A M ORAH T
i3, BMELTAIRER (2474 ) OFEAGEINTVRLENLAHTA D P CsD
BHCEETHRAEL S, £, BEORHIEREY, 5o PIKEHERECHRNIKE S
74 FDEALELETHRET L.

a) BMOA4 A RBER

AIBEYW, E#MELIUFEA T4 MCDNT, 2y 7L04 4 vEMEBARDI, 145,
Ay PEUED S, BIMIEHRETLZ L GCRNLTHEDT, /14 VY RBREERETRET
ABELEMATODE EHO,

Hepd, BMRE2g £ 250me =7 7 X ER L, 2 Y Cs T3~ 0.2MEE
{bt o v L PRHE 100me 20N A, 24B5R8 2.0 B, WERE /oo Lnf, HBREE D
L, #ORMEIHRREFz70—-mo 78 —THAIL, &Aoo A4 v RREBERST,

n{1—A/B )}x 10°?
W

E =

I,
DA A REEE ( meq100g )
A OBETEEETECE ( cpm/ms )
D RE &G OBRIE OB REGTER (cpm/mZ )
B OFERE (g)

n o REHOw LD ) YT L SER (meq)
Bof A4 v THAB DM A Table 4.6 ITRT o

= > T

Table 4.6 Ion exchange capacities of River
sand, Mesalite and Zeclite

Aggregate E (meq/100g)
River sand 13.9
Mesalite 13.9
Zeolite 148

bl BHICGZ 2 FHERNOEE

I LB M OB L2l L OBR A BWR R+ ¥ v FEfHFIZ D0 TL S, #h 5
YEwAYFDOERAETFig. 4510, FHEFAT A v OEREFig4 60Kt
s ShmbE Sk, BHEELEZ v Ve v FEILE TR, B~ ATSEEM>S
A4, £, A5 74 VEMATIEH, ALBRER >BEELR > €4 54 +DIATE
NENRD LT B, EREATA FTiE, BHEERELIDIVEEL-THE, 8L
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Table 4.7 Leachant dependence of leachability

Sample Leaching ratio
t
No. Leachant Cemen (at 30 days)
17 Deionized water Portland 1.14 x 1072
21 Sea water " 1.09 x 1072
20 Deionized water Slag 2,75 x 1073
22 Sea water " 2.81 x 1073
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Fig.4.5 Effect of various types aggregates added to

specimens on the leachability (Portland cement)
Sample No.O :15, ® :16, @ :17
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Fig.4.6 Effect of various types of aggregates added of

specimens on the leachability (Slag cement)
Sample No.O :18, @:19, 0:20
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Table 4.8 Mix proportion of specimens

Specimen Simulated Wa/C A/A+C . .

No. Cement liquid waste (%) (%) Radionuclide Remarks
H-1 S 15% NapS50, 68 25 137¢s
H-2 S " 62 22 "

5 10.2% H3BOj3 " expansion
H-3 P 8.2% NaOH 81 38 material added
H-4 5 15% Na»S0y 83 45 "

_ 10.27% H3BO3 n
H-3 F 8.27 Naow ot 78

_ . : . expansion
H-6 P 8L 38 material added
B-7 S 15% Na, S0y 83 45 50co

S : Blast furnace slag cement,

P : Normal portland cement

A : Aggregate, C : Cement, Wa : Simulated liquid waste
o Waste Radio
Addition of +Aggregate  Cemant -nuclide
row materials N - .
2 min 2min t mpin
Mixing - -
3 min Smin. min
Total period _ =
1S min.

Fig.4.7 Mixing procedure for preparation of full size specimens

containing radioactivity.
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Table 4.9 Physical property and chemical composition
of the expansion material

a) Physical property

Specific Specific surface < 88 p Residue Lengthen rate
gravity (cm?/g) (%) (%)
2.93 2280 41.8 0.6 v 0.8
b) Chemical composition (%)
Loss on Insoluble ,
ignition residue 5102 A1203 F8203 Cal MgO 503
1.0 1.4 4.0 10.0 1.2 52.5 0.6 28.3

Table 4.10 Physical property of straight Asphalt

Specific gravity

Softening point
Penetration
Loss on heating
Solubility

Frash point

1.01 ~ 1.06
46 ~ 56 °C
60 v 80

Max. 0.2 w/o
99 w/o

250 °C
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4.3.1.2 EKERLAE

BEEMA A L1388, BUEARE TN T AN LD LS KRKE~BITT 22T o /hi
ThoEKERBRBEEIT- .

HBICH O BELMEOBE ORI O P IKMESEE £ Tabled 11T T,

Table 4.11 Appearance of container and pressurized condition

Specimen Appearance of Exposed surface Period to attain
No. container (%) 500 kg/em?  (min.)

Drum without

B-1 lid and 25.6 40
bottom

H-2 Jrum without 12.8 360
id
Drum with I1id

H-3 and asphalt 0 40
capping

H-4 Drum with 1id 0] 40

H-5 Drum without 12.8 360
1lid

H-6 Drum with 1id o .. 40

-7 DFum without 12.8 360
1id : .

Hydrostatic pressure 500 kg/cm?

Temperature 2 °C, Flow velocity 1.2 cm/sec

BULEORER 3 2. 3 0 FlE SRR L AR OREMTTIT = 5

BRI 1A 4 VA E MU 7o Z NBTEABILASE R] BHABEEORA4%E
L#-C & &, mifio/MEEEEHICE 23 HER» S/ 4 v REREKERVIIEE, @KC{S
RTHTEPCECEBEESE SN, ZRAONMHELL7HDTHS,

BHRBAITD, FOBBAMBIFT oI, Hoh UhBHoELEEmARE sdhil
LT e DSBS, F4 R0 754 vFICED K LEEDEA Y PEEDF
5 MBI A MR L. VIR R G 2R B L2 vy Y - P REBEMART AT
0T TRE|L, 4 ray, TL7 48 B L HEPA T 4 vy THE L, BELEREO R
HE RO LOH 100%, FELIERAITL6DH256%, LEDAHRBTLILOH 128%
BEURSIL KT L TEONTH 3605 0% &1 5. £/ 500kgem® £ TOREMERREZ
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Table 4.12 Effect of hydrostatic pressure on leaching
‘ coefficient (137Cs)

Pressure Temperature 2
(kg/cm?) °c Fg (cm?/day) Cement
1 20 3.7 x 1073 Portland cement
Ref. (11)
300 20 2.0 x 1073 "
1 25 2.2 x 10;5 Biast furnace
Ref. (3) slag cement
400 25 1.1 x 107> "
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Fig.4.8 Effect of pressure increasing rate on apparent leachability of

137Cs. Period to attain 500 kg/c:t:m2 s B-1:40 min., H-2:360 min.
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Fig.4.9 Effect of drum 11d on leaching of 13705 from full size cement

solidified waste (1); specimens, simulated evaporator concentrate

from BWR solidified with slag cement.
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Fig.4.10 Effect of drum 1id on leaching of 137Cs from full size cement

solidified waste (2); specimensg, simulated evaporator concentrate

from PWR solidified with Portland cement.
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Fig.4.11 Comparison of leachability of 137Cs from full size asolidified

waste with Portland cement and alag cement.
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Fig.4.12 Comparison of leachability of 1
cement solidified waste; specimens, simulated evaporator

concentrate from BWR solidified wich slag cement.

Table 4.13 Summary of experimental results

Exposed surface

Spe;i?en 1ii2:;a;::te Cement Radionuclide Fi(cmzlday) Fi(cmzlday) B )
H-2 15% NapS0y S 137¢g 6.3 x 104 1.6 x 10-* 4.6 x 107 12.8
H-5 0 nas p 137¢g 4.6 x 103 1.5 x 10} 1.1 x 1073 12.8
B-7 15% Na,S50, 5 80¢co 1.2 x 1072 1.0 x 10°3 12.8

Experimental condition : Hydrostatic pressure 500 kg/em?, Temperature 2 °C,

Flow velocity 1.2 cm/fsec.
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Estimated fraction of 137Cs leached out of full size solidified
waste; (—) Fgp = 1.6 % 10-4 cmzlday, a, = 3.6 x 10-3 for evaporator

concentrate from BWR solidified with slag cement, and {(---)

Fg = 1.5 X 10_3 cmzlday, a2 = 8.8 x lO—3 for evaporator concen-

trate from PWR solidified with Portland cement; ) (decay constant)

= 0.0231 y 1.
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Estimated fraction of GOCG leached out of full size solidified;

FE = 1.2 x 10-9 cmzlday, a, = 8.1 x 10—5 for evaporator

concentrate from BWR solidified with slag cement;

i{decay constant) = 0.132 y_l.
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