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Introduction S. Tashiro

Safety assessment studies are strongly required to

verify whether the ddveloped scenarios for high-level waste

management can be safely adapted to Japanese circumstances
at the present stage of designing a pilot plant for the

vitrification and storage and of discussing the specifi-

cation of to-be-returned wastes from the oversea reprocessing.

The Japan Atomic Energy Commission has revised the deve-
lopment schedule for high-level waste management in 1980
and is expecting the Japan Atomic Energy Research Institute

(JAERI) to play a role in the safety studies as a verifier.

JAERI started studies on high-level waste management

nearly ten years ago, and has focussed the studies on two

subjects that are to deve. lop _the methods for the safety
-

~~ht; assessment during the storage and disposal and to co'mpile
- - --

essenElal f_o..._ he data compi-_ _ _ ~ rt/ data for the assessment. It i_s_
lation to clarify the pass ways of the waste release to_the

_

';- environiiient and to examine the performance of each barrier

against the release.
__

This report reviews main results obtained in the last

fiscal year.(T.Y.) of 1981 (from April, 1981 to March, 1982)

as a progress report on safety research of High-Level Waste

Management in JAERI. Besides the main studies, it was also

important to extend to examinations with real radioactivity

using the Waste Safety Testing Facility (WASTEF) to start hot

run in Autumn of 1982.

6

.

- -

.
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Remarks S. Murnoka and M. Senoo

Characterization of high level radioactive waste (HLW)-

product has been studied using simulated HLW as the main

subject of the High Level Waste Management Laboratory since

1973. Many characteristics are necessitated for safety

estimation of each step of HLW management, i.e. tansportation,
)
3 storage or disposal.

For almost all of the characteristics, the suitable

methods have been developed on cold stage being aimed to
'

adapt to hot test, for example, leach rate both in normal

.' and in high-temperature condition, thermal conductividy,~

_ - -
__

devitrifying property, homogenity, and mechanical resistance,
- in the events of dropping and rapid cooling.
'

Leaching and devitrifying mechanism of the HLW glass-

F

have been studied on the stand point of long term storage.

Devel g alternative __HLW form is now concentrated-

1 on rock form solidification, just like as SYNROC products.

The solidifing conditions are being developed based on the,

.u
j results from the characteristics examination. After the

,: .

7 preliminary study, engineering scale test will be started
'

/ in 1986.
~

-
; __ ,- - .

Durability tests of materials to be used for construc-

M tion of storage facility were started newly in the year fora:.

p% to-be-returned wastes arisen from oversea reprocessing. The
Q, test in the year did not show remarkable change of mechanical
( strength of concrete materials due to y-ray irradiation but
I showed a effect of temperature of the atmosphere. For canister

<3 materials, it is clarified that the susceptibility to SCC was

4 promoted by y-ray irradiation in some alloys. The tests will

j}, be continued in the next year.

"F Safety evaluation of geologic disposal, one of the essen-

[ tial subjects in the laboratory, was started in 1977. This

fg study is constituted by two kinds of approach that are esti-

;g mation by computer codes and examination by experiments. ~

$4 Regarding to the estimation study by computor code,

.g. calculation about nuclide migration in geoshere and stress
w
b
3d

E

N -2-a
b

L
* ]
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around the repository has been started.'

IM) i Experiments on nuclide behavior in rock formation have
been carried out in laboratory and field. The comparison

i

'

ncs between the both data should show a interesting result.

Such approach will give a clue to establish a total system
etion, of the safety assessment in future.

'

Preparation for examination using radioactive materials |
'

has been carried out in parallel with construction of the

Waste Safety Testing Facility (WASTEF).
3 Main items of the examination are series of tests of

vitrified forms under the proposed condition of storage

anco and disposal.
- The test will be advanced from a cold test at first,

2 secondarily to semi-hot test using radioactivity, and finally

p. to demonstrative hot test using real HLW.

tcd Through the tests, many useful data will be obtained,

which would make clear the acceptable limits of the charac-,

she teristics of vitrified HLW for a safe management system.

3
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~
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A.
i ?! Glass form cxamin2 tion

'

l.(,

T. Banba* p
[ .,

1.1 . Leaching MechanismC

The glass matrix is the primary barrier to immobilizeit
.

,

.

Jj
)a Yf

radioactive nuclides in the high level waste (HWL) reposi-
tory configuration. Leaching mechanism of the waste glass

- [

; f h have been studied by many workers.1,2)
.

-
og Surface layer on the leached glass is liable to act,

as an important factor on leaching mechanism, which were
Strachan' ) and other workers.4'5) In present

5
3

Fi studied by D. M.
'
'

7h
work constituents of the layer was examined and its function

oi

was discussed on leaching surface of glass blocks in order,

?)
'

( hi
to clarify leaching mechanism in glass cracks. '

'

ei (1) Formation of surface layers'

;, ;
i -;

h Experimental*

! !
The investigated waste glass was a borosilicate glass

(J-10) with 14 wt% waste oxides, composition of which is shown- ,

/ {,

'{ L. in Table 1-1. Shape of the sample was a hexahedron of 7.3 x
The leach6.5 x 4.5 mm, and the weight was about 0.6 grams.

'

test was carried out by using a quartz Soxhlet cxtraction
l' leach test apparatus for 200 days. The leachate solutions

were quantitatively analyzed by means of the inductively
coupled argon plasma instrument (ICP) and the atomic absorp-;

|j j The leached sample was washed, and dried.
i 4 tion analysis.

The sample fixed in resin was poliched by Alumina and diamond
[, ;5 The leached surfaces were analyzed by optical micro-

[ paste.
and electronscopy, scanning electron microscopy (SEM) ,

| probe micro analysis (EPMA).'

|
Results and Discusdtion

The time dependence of leached fraction of each elementI,

(| l
is shown in Fig. 1-1. And analysis of the leachate solution&n

{
' for 21 elements showed that 14 elements (B, Na , Mg, Al,

Ca, Ti, Cr, Fe, Sr, Y, Zr, Mo, Cs, Ba) could be detected.* -
.

* -k.

f
However, Mg, Ti, Fe, Y, and Zr were found in solution at-

}

-

==.4 ==

.

d- _ _ _ _ _ _ _ _ _
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concentrations 102 to 10 times lower than the other elements.5

The bulk glass ,hich remained after leached for 200wmbn
days had the size of 5.70 x 4.85 x 2.95 mm and the weight

.iza
of 0.2125 g. Therefore, the specific weight loss is about

ni-
63%. Fractional releases of Cs, B, Mo, and Na are almostkgg

! the same as the specific weight loss after leached for 200

|t days. Releases of Ba, Sr, and Ca are less than those of ;

t

h above elements and fractional releases are about 50 wt%.
The values of Cr and Al are also small (- 4 0wt%) .

Pr stnt The sample leached for 200 days at 100 C is covered{ction
by a gel layer. A micrograph of this surface layer is shown

9ar
in Fig. 1-2. Careful examination of the photomicrograph
shows this surface layer is composed of at least five dis-
tinct phases. The thickness of this layer is about 550 pm.

The relative concentrations in this layer are shown
in Fig. 1-3 in the form of X-ray line scans, each elementggg
pr file btained at the white line in a SEM-micrograph of

3 chown
the surface layer. In the leached surface layer of the

P.3 x
sample, Si increases with depth to the composition of the

Haach
bulk g2r.ss. Also Ca was found more at the inner portion

n
in the surface layer. Al was found to be slightly depleted

ene in the surface layer relative to the bulk glass but its
,

ncentration in the surface layer changes little. Na was
corp- found to be depleted from the surface layer, as were Cs
,,

and Mo. Contents of Fe and Ce are higher in the surface
famond layer, particularly the outer portion, relative to the bulk
wlcro--

glass. The rare earth elements, Ni, Cr, Zr, and Mn have

the profiles similar to these of Fe and Ce.
Although the leaching mechanism strictly differ with

leached elements, it is clarified from this experiment that
| the leaching mechanism can be considered by classifyingmnant
|

ution the leached elements into at least three groups; the ele-'

ments of first group (Na etc.) are depleted through the
d. surface layer, the elements of second group (Si, Ca etc. )

-

| are remained in the inner portion of surface layer, and
t
)
' the elements of third group (Fe, Ce etc. ) are enriched in~

-5-
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p .,

|f'[ .. tha outer portion of curfcca Icysr becauno other groups
?^
s' .

leave from the layer. On the basis of these facts, thes. .

research is in progress to establish leaching mechanisms
and to develop mathematical models of leaching.,

L

[g
~ 4

i(2) Leaching behavior in the contacting surface of waste
y
7 i glass

I
'

In the leaching experiment on three glass samples set;
w,
p ; in piles, it was found that the leach of the samples proceeded
he ?l with a wedge along by the contacting surface. In this paper,

{
~j this experimental results are described and the simple cal-

*
. culation model for estimation of leaching figure in the

contacting surface is studied.,

s. '

p Experimental'

| Table 1-2 shows a composition of a simulated high-
g. | level waste glass used for this leaching experiment. Thisj waste glass has the composition as produced by AVM process

7

{ j in France. The shape of samples is cube of 5 x 5x 5 mm.;

r The leaching was carried out by a Pylex Soxhlet extractionr

g leaching apparatus. In this experiment, three samples were-

; set in piles. The leaching was carried out for 18 days.
A The samples were washed and dried after leaching and thenm

{ the surfaces of the samples were observed by a magnifier; ,

', '; and an optical microscope.,

>

ff Experimental Results

'

Fig. 1-4 shows the contacting surfaces of three piled:

r -13

. 4J samples after leaching test for 18 days at 100*C. It was- g;

found that the center portions of the contacting surfacese-.

t
.,

| are dissolute little hnd that the outer portions are covereds

:
j. by a gel layer. The sectional shape of the leached sample

"

r i t ,

p k is shown in Fig. 1-5, where a broken line shows the shape3
:.. e

'

{ 7 { of nonleached sample.
< r 3

Y T:o
, 4. - , -Q, o

.

Y 4
*

n
, . --

g
' f

' ),

. L' v.

3 [
3

7 j -s-
., -

-l[ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _
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B Leaching model for calculaticn
i

f The mathematical model of leaching is illustrated in

Fig. 1-6. The leaching model is devised in order to analize
the change of contacting surface of the piled samples. This

pts model is proposed based on the following assumptions on
the stand point that threshold rate of dissolution is due
to diffusion of the second group described in section 1.1,

#'' especially Sio,.

1) SiO concentration of the external water is constant2
p2per, and O.
*I~ 2) SiO concentration in gap between the piled samples

2

changes by diffusion and dissolution.
3) The initial SiO concentration in gap is assumed to2

be equal to the Sio, concentration in saturated solu-
tion; C .o

4) Dissolution of glass proceeds in the derection of y
rhis in proportion to the difference between the equilibriumdss
y, concentration of glass-water and SiO concentration in2

gap.
ion

5) At the external surfaces of glss, glass dissolutes at
cero

a constant rate; R.

6) Diffusion coefficient in the gel surface layer is assumed
n

to be equal to that in gap water.
g

Calculation

Consider the diffusion of SiO in the gap of contact-2

ing surface. Now, taking the mass balance of small volume
Acd

v shown in Fig. 1-7 the following equation is obtained;
ss
l

@3 6

bred 3p

(y + _d_y-) 1 dx - y.1 Fx - (y + dy) .1- (Fx + dx) (1)cle
BX

2 atpe

If equation (1) is rearranged by using Fick's law; Fx= ,

3c-D g , it becomes the following equation.

-7-

. - _ - - - - - _. _ _ _ _ -
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'

.

P b.j
; q
g ac ' D 32c gy , g) , M d_y p gy _ d_y) (2)2y 3x dx y 2y

|
Bt 3xa

,

i :| .

is the mass!, !i Where x and y represent the coordinates, Fx
E

|. i transfer rate per unit area, 6 is the concentration, t is

the time, and D is the diffusion coefficient.
L.

Then consider the dissolution in the derection of y.

.; If a equilibrium constant on the contacting surface of glass'
-

f and water:E is defined by the following equation (3),

c' the dissolution rate becomes equation (4).c

e c = Ec (3)
eq g,

;-

i

1- (4)1 = K (Ec - c)*-
.t g c

L, '. g
:

j Where c is SiO concentration is saturated solution,
2, eq

o is SiO concentration is glass, and K is the film mass[ [j 2g
transfer coefficient. The concentration increase in the'

, . gap is given in a form of the following equation.
e !,

-

;

? i 3.E = 1 .U.c (5)
'

at (y + dy) at g,

>
,

,

Numerical solutions for the system of equations (2),
g

,

1 t- (4) and (5) are obtained as follows:3

- -
'

? C. . . +DX { (C +1, J 1-1, j) (1+DY).-2C. .+C.1,J+1 = C.1,] i 1,J
,

: s

1, .

-C ) DY (1-DY) } (6)+2 (C ,y 3 f.; g,

{ ?:

i'5 i'N' 0
where DY = and DX =

( AX) 22Y. . 66 _ ; 1,J
f
1 k;

|5 L i Y. = Y. . + AT + K ' * E (1-C .1,J+1) (7). .

> ; 1,J+1 1,]<

s i
1f. . =C. .+Y AT K'(1-C.1, 3 +1) (8)C. .

1,) F1 1,] g,3,1 .

.

_=

r b

'

! .

R:
.

-8-
?
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The computer program was designed by using equations
' (6), (7) and (8). Fig. 1-8 shows the flow sheet of the

program.
3

Calculated resultsim

Results computed by use of this program are shown in

Y. Fig. 1-9. In the calculations, the values (dissolution

glCDD rate; R, SiO concentration in glass; c , SiO, concentration2 g
in saturated solution; Co, film mass transfer coefficient;

K, and size of dample; t) obtained by experiments were used

(3) f r input data except for diffusion coefficient; D and ini-

tial gap width; Y It was found that the result computedc.
under the condition of D = 1.8 x 10-s m2/h and Y = 1.0 x

U(4) 10-5m agrees well with the experimental values.

Reference

-c3 l) R.H. Doremus, " Time Dependence of the Reaction of Water

with Glass" Nuclear and Chemical Waste Management, 2,oc

119 (1981)
2) A.J. Machiels and C. Pescatore, "The Influence of Surface

(5) Processes in Waste Form Leaching," Scientific Basis for

Nucl. Waste Management, 3, 371 (1981)
9) , 3) D.M. Strachen, et al., "MCC-1: A Standard Leach Test for

Nuclear Waste Forms," Nucl. Techno. 56, 306 (1982)

4) F.K. Altenhein, et al., "The Mechanisms for Hydrothermal

Leaching of Glass and Glass-Ceramic Nuclear Waste Forms,"
Scientific Basis for Nucl. Waste Management, 3, 363 (1981)

I0I
5) G.G. Wicks, et al., " Durability of Simulated Waste Glass-

Effects of Pressure and Formation of Surface Layers"
'

DP-MS-81-25 (19 81)

(7)

(8) -

.
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iii I('. F 1.2 Devitrific ticn of a Cimulcted high-levol wacto gle==w -

{{ | containing the elements of platinum group H. Mitamura
? High-level wastes (HLW's) contain the elements of
W .

{ ? platinum group which are liable to be segregated in HLW
[, b g, lasses ). Devitrification of the glasses is prompted
g ; by action of these segregated materials as nuclei ). Func-

2

{ p tion of the elements of platinum group for the devitrifica-

tion of a borosilicate glass containing a simulated HLW

{ was studied.

s ? .

!f Experiment-

b '

@ L ,
The compositions of a simulated HLW and a borosilicate

t L a

glass frit are given in Table 1-3 and 1-4 respectively.,

7

F A simulated HLW glass (W-glass) included 20 wt% waste oxides,r-
p. 5

A reference glass (R-glass) excluded only the elements of
-

'

k' I
n. platinum group from the composition of the W-glass. The

4 reagents of waste components were calcined at 650*C for 2 h.

E These glasses were melted at 1200*C for 2 h in an electric-

- L
[- furnace and annealed at 700*C for 1000 h in alumina crucibles,

! LI . .

in air.'

ni..

f { The devitrified glasses were subjected to X-ray powder
diffractometry to identify crystals grown in their glasses.

| An electron-probe microanalyzer was used to determine the'

>

{' k elements of the segregated materials.

k h Results
$ !
I

i H i The annealed W-glass was liable to break. Figure 1-10e l
i bj and 11 show photographs of the W glass and the R-glass re-
c- e s
]' Ut spectively after annealing at 700 C for 1000 h. In the:V 5
[ j(g W-glass, fine segregated materials (Fig. 1-10) were
''

[. 'g distributed all ovet the whole body. The phenomenon is
b ; ; I presumed to show the distribution of nuclei of platinum
M fff group elements. Large clusters of dendroid segregated
V Y t

3 |Cy materials grew in the R-glass. Elements of a dendroid~
..

<

b ik<, .
,

t '

||
th

,! -

, t >

'

.

'; ~

..

'M , [- -10-
V. u
't 3r

&,
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71000 material in Fig. 1-11 were determined by the use of an

titamura electron-probe microanalyzer using an energy-dispersive
E X-ray anclytical system. It was confirmed that the trunk
Ji of this material had molybdenum-rich composition and rare-
1 earth elements deposited densely on knots (Fig. 1-12) .
Func- The pattern of X-ray powder diffractometry showed that
Lfica- various crystals grew in the glasses. Analysis of these

'W pattern are in progress. The devitrified W-glass will have

to be subjected to leaching tests in future.

Acknowledgement

,icate We are indebted to Mr. H. Hidaka of Hitachi Ltd.
'. who took photographs with an electron miscoscope (X-650;
cxides. SEM).
I of

References
'ha

1) G.E. Rindon and J.L. Rhoads, "The colors of Platinum,
,r 2 h.

Palladium and Rhodium in Simple Glasses," J. Am. Ceram.
:tric

Soc., 39 (5) 173-180 (1956)
ucibles

2) W.A. Ross et al., Annual Report on the Characterization

of High-Level Waste Glasses, PNL-2625 UC-70 (1978)owder

uses.
the

1-10

re-

B
b

3

m

.

-11-
- - - - .-- - _ . . . . _ . - . _ - _ - _ . _ _ - _ . _ ._



e

I
.

H. Kamizonoi

} 1.3 Th2rmal chock rOcictanca
It seems that there are three events by whien a thermal

j shock of vitrified high level waste products occurs in storage
i facilities. The first event is concerned with a decontami-
[i nation of canisters by water. If outsides of canisters are

contaminated and a decontamination by water is done, the
e

surface of vitrified high level waste products is cooled to'
-

[ a water temperature and thermal shocks occur.
$ The second event is concerned with the cooling system

) of a storage facility. If the cooling system stops acci-
4 dentally, the temperature of vitrified high level waste*

5 products is raided by decay heats. When the cooling system

recosers, vitrified high level waste products suffer from"

L thermal shocks. The third event is related to a fire in

[
storage facilities. If a fire breaks out in a storage f acili-

ty, a large amount of water may be used to put out the fire.t,

I when water used comes into contact with the heated high level
waste products, they are quenched to a water temperature and
suffer from thernal shocks. The object of this work is to

clarify mechanisms of production of fine powder from vitrifiedp

_b waste by the thermal shock at the three events anticipated
in a storage facility.

~ Experimental Procedure
.i' The sample used was a borouilicate glass containing 14%; :

-- of simulated high level waste. The shape of specimens was a

cylindrical rod. They had 25 mm-heights and 25 mm-diameters.-.

The specimen was heated at a given temperature for about
!

' 2 hrs with a electronic furnace and then dropped into water
-

-
at a room temperature.g The temperature differences between

| the specimens before dropping and the water were varied

54 from 50*C to 600*C. The specimens after quenching were
observed by an optical microscope.

g

9
il

-

2
P
R

. ?$
n'

'|}= -12-

.y

5
i .. .E
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DO Results

|thcrmal When the temperature difference was 50*C, we could
| -

n ctor ge not find any cracks on the surface of specimen with an opticalr

ntami- microscope. So the vitrified high level waste products might
ra ers be good for the 50*C temperature difference.
ths When the temperature difference became 75*C, several
led to cracks were observed on the surface of specimen, and deteri-

oration of physical properties under the influence of such
yattm crack formations might occur. The number of surface cracks
t
' increased with the temperature differences in the range ofcci-
l
to 75*C to 600*C. In this range of temperature differences,
I::ystem it was observed that glass chips which were very small peeled
i

' rom off from the surface of specimens.f

in Moreover, at the temperature difference of 600*C, the
l
e fccili- number of cracks greatly increased. After quenching, the
i
e fire. specimens were broken into many pieces under a slight impact,
l
gh level and the original cylindrical shape was destroyed. The crack
I

ure and distribution in the specimen was a.lso observed on a fractured
1
Is to surface of specimens at the temperature difference of 600*C.
l
vitrified The number of cracks decreases stepwise in the inner part of
|
pnted specimen as shown in Fig. 1-13. This crack distribution

might be related to a stress distribution induced in the

specimen with quenching. Analysis of relation between the

stress and crack distribution is in progress.

ing 14% As a summary, two critical temperature differences

p was a are found through this quenching test. One of them is the

'mnters. 75*C temperature difference at which a crack initiationk
l
but begins. Another is the 600*C temperature dif. rence at

kator which crack propagations ogcur markedly and the vitrified j

htwcon products are broken down. These temperature differences
I
ed may depend on the sample size and shape. The analysis to l

|

r3 estimate the crack distribution and production of fine par-

ticles is planned by using this experimental results and |

several calculation models. -

-13-
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Table 1-1 Composition of J-10 waste glass

Oxide Calculated Analytical oxide Calculated Analytical
form (wt%) (wt%) form (wt%) (wt%) -

!
Coo 0.09 0.09| SiO 38.3 -

2

| B0 13.O 11.8 Nio 0.50 0.42
23

|
'

Al 0 3.52 7.38 Ag2 0.02 -

23
Na O 21.3 20.3 Cdo 0.02 -

|2
TeO 0.17 - yKO 1.14 -

2 2

MgO 1.49 0,84 Cs O 0.74 0.72
2

Ca0 6.60 6.43 Ce O 1.13 - 3:- 2 3.
yi Sr0 0.25 0.24 Nd 0 0.73 -

23
I,Ba0 0.47 0.48 La 0 0.35 -

23 u

TiO 0.06 0.09 Sm 0 0.31 0.30
2 23

P0 1.32 0.25 YO 0.29 0.25
25 23

Fe O 4.33 4.13 Pr 0 0.17 -

23 23
MnO 0.24 0.22 Dy2 3 0.15 0.160

2
ZrO 1.24 1.05 Tb 0 0.04 -

2 23
Rb 0 0.10 - Er 0 0.03 -

2 23
moo 1.31 1.37 Gd 0 0.31 -

3 23
Cr O 0.29 0.20
23,

.

_ _ _ _ _
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Table 1-2 CJap .Iti.a .t .imul.a.d ...s. gi...
l'

base g l as s . c o mponen t (%) Waste e.=poneat (% )

(T.ta1 14 %)

Fe:Os 2.4 REOx 35 J
-

'
.

52.1 Na:O 2.4 "CeO 1.13 |

Sj02.

Moos 1.3 Nd:Os 0.73
3 22.78023 ZrO 1. 2 La:Os 035

Na20 11.2 c,,o o,74 s ,o, 031

NiO 0.50 Gd:Os 029
BaO 0.4 7 Y:O 029

a
C r :O., 0.3 9 P rOx 0.17=

SrO 0.25 Dy:Os 0.15

P:O s 0.2 4 Tb 0 0.043

MnO 0.1 9 , E r:Os 0.03 ,
m

D TeO 0.1 7
u

Rb:0 0.09

coo 0.09

Ag:O 0.02

CdO 0.02 i

$$
Aa

Table 1-4 Composition of a borosilicate base glass

N$
4d Component Content Reagent used

(wt%) 6
_

SiO 60.56 SiO
2 2

D0 26.39 Na 00
2 3 2 4 7

Na O 13.05 Na D 07,Na CO)3 m 2 2 4 2

00 .

Total 100.00

:
>

!

-15-
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b
p

Table 1-3 Composition of a simulated HLW
p;
e

torponent Content (wt%) Reagent used

, ,

.
RuO 5.06 RuCl-

3
3

I Rh 0 1.05 Rh(NO3) 32 3

Pdo 2.77 Pd(NO 1
h.h 32

i2 Ag2O 0.15 AgNO3

Cdo 0.16 Cd(NO ) 2 4H 0
.

3 3
fr[

SeO 0.11 SeOW r
2

i h 2

Rb 0 0.63 RbNOA. w
3

[ [ 2

i .'r Src 1.76 Sr LHO3) 2

e a
- ZrO 8.53 ZrO(NO )2 NO3 2

2
I*

tioO 9.00 H mO H2 4 2{; 3

tinO 1.34 Mn(NO I 6H O
32 2

2,

SnO 0.10 SnCl xH O4 2
2

Sb 0 0.03 SbCl
32 3

1.18 TeO
[ .

TeO I 22

-

Cs O 5.07 CsNO ,

32

Ba0 3.24 Ba(NO3) 2

f.6
,

1
-

! 2.63 La(NO ) 3 6H O
:

La 0) 3 2I'

2 -,

L, i
p 2 3 3 "20CeO - 7.03 Ce(NO I

1-

Pr 0 2.57 Pr(NO )3 GH O
j- )

3 2:/ .} 6 y i

'
Nd 0 8.56 Nd(NO )3 6H O

r; a
i 3 2? q 2 3 j

Sm 0 1.70 Sm(NOy3 6H O ;;ar r
2y 2 3

su .32 cu(NO3) 3 6"2:.0 2 3 -

u .,.
cd 0.20 cd(NO3) 3 6"2 i.

);i 2 3
1

Y0 1.04 Y(NO )3 6H 0
,

V' ' , 3 32 3 g

Na O 16.52 NANO)j 2 |

'M :. P0 1.67 H PO
$p 2 3 3 4

13.83 Fe(NO3) 3 9H OFe 0) 2, ) 2

2.01 Cr(NO3) ) 9tt OCr 0) 2(F 2
-

[j }f
wiO t.74 Ni(nog,6H03

.$ O Total 100.00
s'i r :%

&ik |
'

;-

3
o ;. ,
r ,?

Y p
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(START)
4:
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4..

..

..==> R.c j+1
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| |
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Fig.l-6 Flow Sheet of the Program
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2. Development of Alternative HLW form

Syntheses.of SYNROC and distribution of

radwaste elements over its constituent
I

| minerals T. Murakami

SYNROC (Synthetic Rock) has been proposed for
immobilization of high-level waste (HLW) by Ringwood ) , 2)l'

,

,

SYNROC consists of three minerals: hollandite, BaA1 TisOis;2

perovskite, CaTiO ; and zirconolite, CaZrTi v7 Of radwaste
3 2

,

elements, Cs and Sr, from which decay heat mainly generates,.

preferentially enter hollandite and perovskite, respectively,
,

and long half-life actinides, zirconolite. Although leach-

ing behavior and radiation damage of SYNROC have been inten-
sively investigated (see, for example, references 3, 4, 5

and 6) , distribution of radwaste elements, which may be
affected by compositions, forming temperatures, etc., has
not been fully studied. We have made a study of SYNROC

especially emphasized on distribution of radwaste elements
over the constituent minerals.

Experimental

Experiments were carried out as follows: stage 1;

the above three minerals, Baal Tisois, CaTiO and CaSrTi 072 3 2
,

were synthesized, stage 2; each constituent mineral was

ftr4fied synthesized containing one of simulated HLW elements, and
.

stage 3; SYNROC containing 10 wt% simulated HLW (Table 2-1)
was synthesized. Stage 1 and 2 were carried out to identify

'

-

- mineral phases of SYNROC and to confirm the accommodation

of the elements in each min 9ral. We also examined effect,

of fabrication condition on density and crystallinity

at stage 2. Stage 3 was made for examination of distribution
of simulated HLW elements.

Composition. Compositions at each stage are given in Table 2-2.'

t

Fabrication. Fabrication procedure was as follows: .

1) some of TiO Al 0 ZrO Ca , Ba-nitrates and simulated2s 2 2,

high
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waste were mixed by ballmilling with alcohol media. 2) The
mixture was calcined at 1000*C for about 10 hours and then
re-milled. 3) The milled powder was subjected to one of i

the three methods: atomospheric sintering after cold-pres-

sing (l'290*C for 15 to 25 hours, 580 kg/cm ) ; hot-pressinga

(1200*C and 600 kg/cma for 2 hours); and atomospheric sinter-

ing after hot-pressing (1290*C for 25 hours,1200*C and

a for 2 hours) . And finally the pelletlike specimen600 kg/cm

was obtained.

Analysis. X-ray diffraction method was used for identifica-

tion of mineral phases and for confirming accommodation

of simulated HLW elements by shift of diffraction peaks

and/or absense of unreactants at stage 2. A powder specimen
at stage 3 was supplied for examination of distribution

of simulated HLW elements by means of analytical electron

microscopy (H-600 with Kevex EDX system; Hitachi Ltd.) .

Results and discussion

Cs and Sr were properly accommodated in hollandite

and perovskite, respectively, which contained large amount

of Cs O and SrO, respectively (Table 2-2, see stage 2) .2

In the system La 0 -TiO -CaO-Zro,, where 25.1 wt% La 0 was2 3 2 2 3

contained, there formed perovskite and zirconolite. When

the amount of La 0 was decreased to 2.8 wt% in the above2 3

system, only zirconolite formed. Accordingly, accommodation

of La, which is considered to simulate actinides, is limited

in the zirconolite phases, though solubility limit of acti-

nides themselves remains unravelled.

Density was the highest when specimens were synthesized

using hot-pressing (Tabid 2-2) . Crystallinity was high

when specimens were synthesized using atomospheric sintering
but these specimens had rather low density (Table 2-2) .

Sepecimens by atomospheric sintering after hot-pressing
had high density and crystallinity. Appropriate fabrication

conditions should be selected after examining Jeaching behavior

-26- *

I
-

_ _ - - _ _ .



. - - _ _

|

JAERI-M 8 2- 14 5

2) The of specimens by different conditions.
g

kndthen Distribution o,f simulated HLW elements over the con-
.tutent minerals is given in Table 2-3. Mineral phases'

ona of

bld-pros- in SYNROC were distinguished on the basis of the X-ray in- ;

proccing tensity images by analytical electron microscope, for ex-
'ic cinter- ample, zirconolite, by high Zr concentration. Cs was found
t

2in hollandite as predicted ), which indicated appropriatecnd
O cp;cimen accommodation of most amount of initial Cs. Na occurred

only in preovskite and this result didn't agree with that
}

5:ntifica by Ryerson et al. who reported Na occurred in all three

htion mineral phases. Rare earth elements such as La, Ce, Nd

tko might be accommodated in both perovskite and zirconolite.
t Cpecimen Fe occurred in all three phases while it was considered

to occur in hollandite and/or in metallic state ), 7)2 Mo
stion

.

was also considered to be found in hollandite and/or in.cctron

d. ) . metallic stage but our result showed Mo occurred only in

perovskite. Since Cs was accommodated in hollandite and
Mo, in perovskite, water-soluble Cs-molybdates might not

idito occur. It must be indispensable to examine all of the rad-

ecmount waste elements are really accommodated in appropriate host

i 2) . phases.
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!

| Tcblo 2-1 c o nsti.. er sv. % i . g., g.,y ,

*Ostde form M, g/g

;1/2Ab;0 93.468 0.6338 0.735

$ro 103.62 0.4896 l.968
*

2rC 123.22 0.4610 9.544
2

No0 143.94 0.7998 10.077
3

N0 86.938 0.3029 1.496
2

1/2Fe 0 79.847 0.1976 3.39923
coo 74.933 0.2575 0.693

Mio 74.7 0.2569 1.891

1/2Ag20 115.868 0.6821 0.171

Cdo 128.4 0.5431 0.179

Te0 159.6 1.00 1.320
2

1/2Cs 0 140.905 0.7229 5.675
2

| Os0 153.3 0.5867 3.631
l

1/2Na 0 30.99 0.3646 18.485i

2

! l/2P0f 70.974 0.7242 1.868,
2

1/2Fe2 3 79.847 15.492 15.492 l0

1/2Cr 0 75.996 2.241 2.24123
Nio 74.7 1.950 1.950

1/2R[2 3 168.24 27.223 27.2230

Total 108.038

Table 2-3 oiseribution of HLw elements by means of AEM

Ti Al Ca Zr Ba Na Cs Sr La Ce Nd Fe Ni Mn Ho Si P

Hollandite M M T - - - - + + + - - -M +- -

Perovskite M T H - - + + ++ - + + + + +- -

Zirconolite M T M M T + + + + - - - + -- - -

M major, T trace, + present, -: not detect
.

*) Elements not presented in this table are below
l

detection limit |

|
1

-28-
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3. Durability tests with Y-ray irradiation of structural

materials for:HLW storage facility

3.1 Concrete S. Muraoka
=

As a part of safety evaluation of high level waste for
interim air cooling storage system, the effect of y-ray

irradiation on concrete material has been studied.
The most important property of the material in the

storage is a structural integrity. In the present study,

the same procedure was followed on both the irradiated and
non-irradiated sample to detect the changes of physical j

1
and mechanical properties.

Experimental

(1) Sample preparation

The composition of the cement is shown in Table 3-1.
Concrete samples are made with mixing of cement, aggre-

gate, water and water reducing agent. The dimension of
each material and the mixing ratio is shown in Table 3-2.

The size of concrete sfocimen is 10 cm diameter and 20 cm
long.

(2) Measurement of physical and mechanical properties

The following measurements were made on both irradiated
and non-irradiated samples:

1

1) Weight

2) Compressible strength

3) Young's modulus

4) Poison ratio
,

5) Dimension

(3) Irradiation test

8The specimens were exposed to y-ray of max 5.22 x 10 j

R6ntgen at 100*C, For the comparison the tests without ),

y-ray exposure were carried out at 20*C and 100*C.

-30-
|
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Results

According to the irradiation test at 100*C, there were

no differences between the measured properties of y-ray irradi-
8ated specimens to the dose of 5.22 x 10 R and non-irradiated

specimens. The irradiation effect on neutralization was
slightly found as shown in Fig. 3-1. On the other hand, ;

it was clarified that the effect of temperature of circumstance

was larger than that of y-irradiation on the physical and
mechanical properties. Measured properties, cuch as compre-

ssible strength showed a decrease of a few percent to about

30% at 100*C as compared with at 20*C. The difference are-

shown typically in Fig. 3-2. In this figure, A and B shows

the storage periods 300 hours and 600 hours respectively.
This work was carried out in cooperation by JAERI and

Sumitomo Cement Co. Ltd.

6

.

!

__ _

-31-
__



| JAEKFW52- 14 F

3.2 Ccrrocion rccictrnc3 cf alloyoII T. Furuyn

Introduction .j.
'i.

Canisters for'high-level solidified waste (HLW) and T I

materials used as their packages and their storage facili- e

ties are' exposed with y-ray. The candidate materials are jy
austenitic stainless steels and nickel base alloys. These }

alloys retain a great deal of their resistance to general -|

corrosion and are:widely used as industrial materials.

But their corrosion resistance under y-ray irradiation have
~ Inot been known well although many workers have studied

till now.

The effects of y-ray irradiation on stress corrosion

cracking (SCC) have been studied about the candidate alloys
'

for HLW canisters, overpackages and storage facility materials.
This study was carried out in cooperation by JAERI and

Kobe Steel Ltd.

Experimental

(1) Alloy materials and specimen form

In this report, the alloy materials tested were Type
304 SS, Type 304L SS, Type 304EL SS, Type 309S SS, Incoloy

| 825, Inconel 600, Inconel 625 and SMA 50. In order to sen-

sitize them, they were heat-treated for 100 min at 700*C and
for 24hr at 500*C, Incoloy, Inconels and Type 309S SS were
heated for 30 min at 1100*C before the treatment. Double

U-bend type secimens were used as shown in Fig. 3-3.

(2) y-ray irradiation
!

Two tests were carried out under the dose rate of 1.1 x
510 R/hr with co-60. At the first test (test 1), corrosion test

specimens were immersed in boiling deionized water on the
iassumption of water cooling system as interim storage of '

HLW. The apparatuses are schematically shown in Fig.3-4,
[

In the first. test, the water supply system caused to introduce .

chloride ion and oxygen gas to testing water. At the second q

h
W
,.

-32- '



_

q , .- . - - -

JM50- M 8 2- 145

test (test 2) , glass apparatus shown in Fig. 3-5. was used.
The samples were limited to Type 304 SS and Type 304 EL SS.
On the other hand, carrosion test in dry atmosphere was

carried out by placing the specimens in. air atmosphere at
room temperature on the assumption of air cooling system.
The other conditions were similar to the above tests.

(3) Analyses of SCC failurcs

susceptibilities to SCC failures were evaluated by measur-
ing maximum depth and numbers of SCC with an optical metal-
Icgraphy. SCC fractures were observed with a scanning elec-
tron microscope and an optical metallography in order to
research metallurgically.

Results
.

(1) Tests of SCC in boiling deionized water

Maximum depths of SCC f ailures in the first and second

test are given in Table 3-3 and 3-4 , respectively.

As shown in Table 1, sensitized Type 304 SS, Type 304L

SS and Type 309S SS were susceptible to SCC in boiling de-
ionized water under y-ray irradiation, but tne others were

immune to SCC although SMA 50 rusted over its surface. The

failures on inner specimens were observed more than on outer

ones.

In the first test, chloride ion cencentrations in the test-

ing water were analyzed. Chloride ion were 0.2 ppm to 3.8

ppm in the testing water. Since its concentration in
6deionized water (relative resistance > 5 x 10 0 cm) was

usually less than 0.1 ppm, ch'loride ion in auxiliary water
from chloride compounds in air atmosphere would enter
to testing water in this test.

As shown in Table 3-4 (second test), SCC failures were

found only on the inner specimens of Type 304 SS under y- ,

ray irradiation. And the maximum depth of SCC failures

on sensitized Type 301 SS increased with irradiated period as

shown in Fig. 3-6 In the second test, chloride ion concentrations

_

-33-
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l

in the testing water were less than 0.7 ppm.
SCC failures of sensitized Type 304 SS, Type 304L SS f,'

and Type 309S SS webe observed by an optical metallography, ed
SCC failures of sensitized Type 304 SS were shown in Fig. f
3-7. These SCC failures were observed with a scanning {
electron microscope. As shown in Fig. 3-8, all these y

.

SCC failures were intergranular cracking modes and there
were no differences between irradiated specimens and non |

irradiated ones. And then, cross sections of each

specimens were observed with an optical metalography
as shown in Fig. 3-9 As shown in photographs, there were

no diffrences between irradiated specimens and non irradiated

ones.

(2) Test of SCC in air atmosphere at room temperature

All these alloys were not susceptible to SCC in air atmos-

phere at room temperature with and without y-ray irradiation,

but SMA50 rusted over its surface.

Discussions

(1) Effects of y-ray irradiation

SCC failures of Type 304 SS, Type 304L SS and Type
309S SS were found in boiling deionized water under both y-ray
irradiation and non irradiation in first test, but,. in second

test, SCC failures of Type 304 SS were found only under
y-ray irradiation. Many workers )N13) showed that the pre-9

sences of grain boundaries impoverished chromium, high ten-
sion stress, dissolved oxygen and chloride ion caused alloy
materials to be susceptible to SCC, but only the presence
of chloride ion did not cause to be susceptible to SCC.

Therefore, our results showed that in first test chloride ion
;

and dissolved oxygen from auxiliary water would mainly cause i

to be susceptible to SCC, but, in.second test, radiolysis of

water under y-ray irradiation would mainly cause to be sus-
.

14)ceptible to SCC. And it was reported that oxidant such

as, 0 , 05 and HO]'etc. were generated by radiolysis of y2

.

I
!1-34- .
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water. The content of these products must be high in this

space between outer and inner specimen. This would be the

reason why SCC failures arose on inner specimen (see
Table 3-3 and 3-4) .

(2) Effects of alloy materials

Type 304 EL SS of low carbon content were not suscep-
tible to SCC. Therefore, these SCC failures were due to

grain boundaries impoverished in chromium by chromium car-
bide precipitation.

Incoloy 825 and Inconel 625 were not susceptible to
SCC in this test. This would be due to containing carbide

formers to render them insensitive to intergranular crack-

ings such as Ti and Nb.

It was reported that Ni content of alloys made chromium
carbide to disperse.15) ,16) Therefore, non-SCC failures of

>

Inconel 600 would be due to re-dispersion of chromium car-

bide by high Ni content.
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Table 3-1 Chemical composition of normal Portland cement

M
|

|,y ,e zgnition, ,on . 1 1e ,io, u,o, re,o, Cao Mgo , sa rotat
3

Ioss Balance (%)

;;;nt,c,,,,, 0.5 0.1 n.2 5., 2.8 ..3 1.. 2.0 ..2

l

$""52 RI 43.0 45.0 (3.0

Type Hydraulic Sitica Iron 7ctivity
Modulus Modulus Modulta Index

Normat
Portland Cerrent 2.04 2.6 2.1 3.8

Cement
(JIS R5210)

Table 3-2 Dimension of each material and mix proportion

Coarse aggregate 20 mm Unit weight (kg/m ) 2288
(max.)

Slump 10.2 cm " Water 175

Air 4.3 4 Cement 318g

Water /coment ratio 55.0 t Fine aggregate 783

Fire aggregate 44.0 4 _ Coarse aggregate 1012

Unit weight 2288 kg/m
.

- _ _ ______________ _ _ _ _ _ _ -ah



Tabla 3-3 SCC test in boiling deioni5ed w;t r (Fir;t tC;t)
$

*Doso rct3 ; 1.1 x 10 R/hr *

. specimen numbers for each test 2

F -ray irradiation Non irradiation
8

Alloy M . depth of E (m) M . @ of E (m)
dose

(day) (R) Plain V-notched Plain V-notched

1.$1*2 0.7j0 1.@ ,1.8 j0 1.1 0 , 0. @ >1.5A , 1.10
77 2.0 x 10 /0

14 4.0 x 10 >2 /0 , >24 >7 sc , >2jo >2s0 , >2s0 >1.5A , >1.5A
7Type 304 ss 30 8.6 x 10 >2 s0 , >2A >2s0 , Xjo >24 , >2s0 >2A >2s0,

860 1.7 x 10 >2 /0 , >2A >2A >2R$4 >24 , >2A >24 >2A, ,

=0 2.6 x 108 >2 jo , >2,c >2hl.5, >2s0 >2s0 , >24 >1.541.5,>1.5h1.5
180 5.2 x 108 >2 o >2A1.5, >2 A1.5 >@c , >40 >1.5h1.5, >1.59>2 /0 , j

8Type 304L ss 1W 5.2 x 10 >2 s0 , >% >2A1.5, >2hl.5 >2s0 , >2s0 >1.M1.5,>1.50
77 2.0 x10 0 jo , CA WO Ojo 44 , 40 40 40, ,

714 4.0 x 10 0 /0 , CA Go , Ojo @, 40 40 @,

7'Iype 30 EEL ss 30 8.6 x 10 0 /0 , 40 40 Ojo 40 , 40 40 40, e

60 1.7 x 108 0 j0 , CA Oc , 0,0 40 , 40 40 40,

890 2.6 x 10 0 /0 , 00 40 00 40 , 40 40 M/ , / ,

8180 5.2 x 10 0 /0 , CA Sc , og 40 , 40 @ @,

8Type 309S ss 180 5.2 x 10 >2 /0 , >2A -
, >2A , 40-

,

8'Incoloy 825 180 5.2 x 10 0 jo , Ojo @0 Ojo 40 , 40 40 Q4, ,

8Inocnel 600 180 5.2 x 10 0 /0 , 00 4e , Ojg @, @ Sc 40,

8Inconel 625 180 5.2 x 10 0 /0 , 40 40 Ojo 40 , @ 40 @, ,

8 ge , 48SMA 50 180 5.2 x 10 0 /0 , 0,0 - - - -, ,

*1 : Max, depth of SCC on inner specimen
*2 : Max. depth of SCC on outer specimen
*3 : >2 : failed from other than V-notched root
*4 : >1.5 : failed from V-notched root
*5 : Pitting corrosion was observed

Table 3-4 scc test in boiling deionized water (second test)

eDose rate : 1.1 x 10 R/hr '

Specimen numbers for each test : 2

I
T-rav irradiation Non irradiation

Alloy Time Tc$ Max. depth of SCC (nm) Mix.dTxh cf Sr (nm)
(day) - (R) Plain V-notched Plain Vatdtd

i

7 2.(, x 10 0.8A 41.1s0 0,0 , @c }
--- -

Type 304 ss 14 4.0 x 10 1.54 ,1.3/0 - 40 , 0,g !-

30 8.6 x 10 1.84 ,1.94 - 0<0 , 0/0 -

8
60 1.7 x 10 >2A , >2A >1TA1.5,>1.5A1.5 @ , OM OM , 0/0

7 2.0 x 10 40, 40 - @ , OM -

Type 304EL ss 14 4.0 x 10 0/0 , @ @ , OM- -

30 8.6 x 10 04 , 44'- - 40 , 0/0
*

-

8
60 1.7 x 10 04 , 40 - @ , OM -

* ; Max. depth of SCC on inner specinen.
** ; Max. depth of SCC en outer specimen.
***; >1.5 : failed from V-netched rect.
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Fig. 3-1 Irradiation effect on neutralization
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j 4. Safcty Cvaluaticn cf geologic dicpoon1
L

-

[ 4.1 Nuclide migration code H. Kimura |

h On the estimation of radionuclide migration in the
'

,

|. geologic media by mathematical model, two different ap-
[ proaches h' ave been developed by many researchers. One is

1Itermed the "model-equation" method which is based on trans- l

port equations of radionuclide in the geologic media. Us-

ually these equations are solved by using finite-difference
or finite-element techniques with the appropriate initial

and boundary conditions. Another approach is the " direct-

simulation" method which defines numerical structures re-
present specific constituents or physical structures of

migration process. The direct-simulation method requires

that an efficient bookkeeping structure is established to
control the response of the numerical representations so

that all physical constrains are satisfied. This method

has following advantages;

( i) It is always mass conservative.
,

; ( ii) There is no cumulative numerical dispersion.

j (iii) There is inherent numerical stability.

( iv) It facilitates handling of multicomponent systems.
:

i The direct-simulation technique for transport analogue
}was developed by Eliason and Foote and Ahlstrom et al. .

Washburn et al.4I developed Multicomponent Mass Transport
(MMTlD) code to predict one-dimensional migration at Pacific

Northwest Laboratories using direct-simulation method. We

have adopted the same treatment as the above stated mode.'.s
about transport description. In MMTlD, decay chain is dealt

with such a model that new daughter particles are created

around their parent particles at random every time step.

We have introduced decay probability and dealt with decay

chain as particle's character change.

.

-45-
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Mathsmatical model

(1) Transport description

The material dissolved or suspended in the ground water
is represented as an ensemble of a finite number of discrete
particles. All particles move with the continuum of ground
water and at its velocity. Each particle has a defined

location and a finite radioactivity associated with it.

The particles are independent and occupy zero volume. The
driving fcrces for particle movement are convection and

dispersion in the ground water. The retardation of nuclide

migration is accounted for by dividing the velocity and
dispersion coefficient by retardation coefficient. Total

movement of particle is given by eg. (1) . (Eq. (1) is one-

dimensional expression to understand easily.)

V(X ) 24 D+AtOX=X
O + OD *Rd (X ) (XO'O

where
X ; new location of particle after At
X ; old location of particleO

at ; time step

V (X ) ; water velocity at XO O
Rd (X ) ; retardation coefficient of nuclide at XO O
D ; dispersion coefficient

(R) ; random number between 0 and 1 from a uniform
distribution

(2) Concentration of nuclide

In order to calculate the concentration, particle dis-
tributed space is divided into unit cell. The concentra-
tion of nuclide C is given as follows.3

G N (1,j,k)g g
C3= (2)4(1,j,k) -

-46-
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' where
t
r G ; activity of one particle Ag

|
N (1,j,k) ; number of particles A in the cell (1,j,k)g

[ 4 (1,j,k) ; water volume of the cell (1,j,k)
V

I (3) Decay chain treatment

! In this model, radioactive decay is taken into account

| every time step about each particle. If parent particle

decays during time step At, parent particle changes to daughter
particle. Characters of particle change at its time step.

Probability of decay from nuclide A to nuclide B P +B sA
given by eq. (3).

*At) (3)PA+B " 1 - eXP (- Ag

where
A ; decay constant of nuclide Ag

If produced random number (R]O is less than P #801 ~
A +B '

i active decay occurs. Then due to character change, behavior
1

of particle changes from A to B. (Flow chart of calculation

[ is shown in Fig. 4-1)
i

Calculated result

Our model was compared with analytical model MGRATO3N.
As MGRATO3 is one-dimensional model, nuclide migration in

,

i one-dimensional case are calculated in our model. Compared

result is shown in Fig. 4-2 for three-member decay chain'

comprised of Np, 2ssU and 22'Th. Table 4-1 summarized237

the input data. .

.

|

i
i
5

8

.

s
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4.2 Field tests -

4.2.1 In-situ measurement of heat transfer and thermal
7

-

[ stress in schalstein rock mass K. Shimooka
l

; One of the most important impacts to the stability

[ of a repository for the high level waste is the thermal

Q disturbance from the decay heat, which has been investigated
n

[ by in-situ experiments in many countries.

; Field tests to investigate the heat transfer in-situ

have been conducted since the end of 1977 by JAERI.

It was found that the value of the thermal conductivity

of a rock mass in-situ was bigger than those of core samples

in a laboratory, the water in a rock mass was liable to in-

crease the thermal conductivity.

The behavior of water was investigated.

Temperature distribution and thermal stress were measured
y
I

to clarify the mechanism of influence of water on heat transfer.'

| Experimental

| The drift at the depth of 380 m under the earth surface

i in Akenobe Mine was used for the heater experiments.

h The rock mass consists of a schalstein of Permian age.

( Mineral components are chlorite, plagioclase, quartz,

epidote and pyroxene.

Columnar section of boring core was shown in Fig. 4-3.
,

Two 48 mmt holes for measuring water content (No.10 )

and thermal stress (No. 9) and eight 29 mm$ holes for elec-

tric heaters (No. 1, No. 2) and thermocouples (No. 3% No. 8)

were drilled as shown in Fig. 4-4.

Electric heaters were designed and made with nichrom

wire surrounded by magnesia insulation and sheathed in 2.2 m

length and outer diameter of 25.4 mm SUS 304 pipes.
'

The electric power of the heaters were kept constant

at around 2 kW for 47 days and after 26 days cooling time

the power was raised to 4kW and ketp for 48 days.

4

I
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Temperatures were m2rcurcd by tha twsnty Chromel-Alumel
thermocouples which were placed in each boreholes as shown
in Fig. 4-4. .

The accuracy of temperature measurement was 0.1*C.
Wate'r content of the rock mass was measured by neutron

2s2scatter method with using Cf (N90uci).
The thermal deformation of the rock mass was measured

by strain meters made by Kyowa Dengyo Co..

Results

The relation between observed temperature and calculated
one at 2 kW heating was shown in Fig. 4-5.

Temperatures at the positions of thermocouple No. 63,
73 and 83 did not reach the calculated temperature but was
hold constant around 100*C.

The temperature increase at 4 kW heating was shown
in Fig. 4-6.

Temperature at the point of 73 rose sharply af ter 25 days.
This constant temperature and the sharp increase are

liable to be explained by vaporization of water in the rock
mass.

The water content of a rock was about 1.4 weight %.
Temperatures at the point of 41, 42, 71 and 75 were

raised higher than the calculated temperatures.

Higher temperature at this area may be due to the re-
sult of the heating by condensation and/or the heating by
the moved hot water.

In No. 5 and No. 9 boreholes where the leakage of water
was seen, lower temperatures were observed.

At the position of thermocouple number 33, the far
point from the heaters where estimated maximum temperature
does not exceed 100'C and also seemed to be dry area, the
calculated temperature by using the core sample's thermal
conductivity; 2.9 W/m/*C, agreed with the observed one very

-

well.

It was found that the temperature distribution in a

-50-
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C sphere, dry and with,a low temperature of under 100*C couldt|

j. be estimated by using heat conduction.
But in the high temperature sphere which included water,

transportation of the heat was complicated because of tl:e ,

q
F; behavior of water.
U The thermal strain at the surface of the drift near

heater horeholes began to be induced after heating time
of 2 days.

The tensile strain of 4500 x 10-8 and 3000 x 10-8 were!

observed after heating of 46 days.

The change of the strain in the rock mass with tempe-
rature was shown in Fig. 4-7.

The increase of the compressive strain in the direction
of X and Y was almost the same.

But the strain in the direction of Z was bigger than
those of X and Y directions. The work was performed by

j

Mitsubishi Metal Corporation Ltd. under a contract with
JAERI.
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4.2.2 Migration of ions.in fractures S. Muraoka
'

Migration of nuclides was studied in a real environmentY
} in situ for safety assessment of the HLW geological disposal.
[ Retardation of the migration is due to the sorption of ions
g on minerals, not only in a rock but also in a fracture.

y The latter one is usually clay minerals, so it must be more
- predominant because of its larger ion exchange capacity.

'

Importance of in situ test is that natural and real struc-.

[ ture of the fracture is only available in situ.

_ Experimental

The situ of the experiments is the same one used for

heat conductivity test described above. No. 9 hole was
a

j used for charging solutions containing ions. Double packers
Y were inserted to hole at about 18 cm and 68 cm depth as
7 shown in Fig. 4-8. The solution was charged in at 4 kg/cm2
I pressure by compresser. Water appeared at position A-D1
* on the wall of the drift, which was collected with funnels

fixed on the wall as shown in Fig. 4-9. No leakage of the

solution to the other testing holes was observed.
-

LiI, CsNO ' Ba (NO )2, Sr(NO )2 and ZrO(NO )2 were dis-3 3 3 3
E olved by water to prepare the solutions of 50 - 100 pg/ml
1 of metal elements. Concentrations of the ions were measured
I by atomic absorption method. Cs ion was measured by flame
N emmision spectroscopy.
- Result

'
-

Typical break through curves are shown in Fig. 4-10.
Here C/Co is the ion concentration ratio between the effluent

,

,

7
and initial solution. Low absorption coefficient of I is

-

' known by many workers. The C/Co of I after leveling off
~

'

(0.85) shows the dilution by natural water, which agree with
3 the values of Sr + and Cs. Slower effluent in position B

defines the difference of retardation between Sr + and Cs2

2- more clearly than in position C. The C/Co of Ba + is smaller
2 27 than the one of Sr +. Zr0 + was not detected or large fluctu-_

ation of the value was observed.y
,

b
1
m
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4.3 Laboratory tests'

4

4.3.1 Batch Kd experiments for Cs sorption on granite187

.

K. Shimooka

I! .

Introduction,j
As a study of high-level wastes migration in geological!

1

y formations, sorption of Cs on granite has been studied.
The apparent distribution coefficients (Kd) for Cs

[ were measured under conditions with various initial con-
' centrations of Cs from 1 pg (C,) /mt to 1000 pg(C,) /mt with

,

stable cesium in the last experiments.6)
:

The results showed that the concentration effect on
Kd was so large that the Kd in 1 pg(C,) /mt was 100 times

i

I larger than the one in 1000 ug (C,) /mt.
:
1

But a value was expected to level off in lower con-
centration than 1 pg (C,) /mt.;

|
The experiments with C ,were carried out to measure187

10 pg (C,) /mL of initial
{

the Kd in the range of 1 x 10-5 N

||
concentrations,

t

[ Experimental
t: Granite used in the experiments was sampled from Inada,'

[ Ibaraki prefecture.

!4 Each 20g of granite was powdered and added into each
N 200 mt of cesium solutions in the range of 10-5, 10-*, 10 8,

[
10-2, 10-1, 1 and 10 pg(C ) /mt including 0.648 pCi ofs
187Cs as a tracer.

,

The ratio of solution volume to weight of granite was
100 mE/g.

Contact period was 98 days, while the samples were
left at room temperature and ocasionally agitated.

The supernatant solutions were withdrawn and the beta
3

i activities were counted with a proportional counter on evapo-
rated and dried samples.

1

The pH values of the solutions were measured with pH
4

testing papers.

,

-53-
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Result

Apparent Kd.were represented by the ratio of activity

concentration in solid and in solution.
Even at in the low concentration around 10-2 pg(C )/"A's

the effect of C, concentration on Kd was observed.
But no effect was found at the range under 10-8 pg(Cs)/mt.
The Kd values increased with decreasing cesium concent-

ration from about 50 mt/g at 10-1 pg(Cs)/mi to about 170
mt/g at 10-s pg (Cs) /mt.

The influence of contact time on sorption was shown
in Fig. 4-12.

A trend of increasing Kd with increasing contact time

was observed for all initial concentration samples of 10-s,
10-", 10-8, 10-2, 10-1 and 1 pg (C ) /mt.s

The increase in Ed with increasing contact time suggested
that the equilibrium was not established even after contact

time of 98 days.

This behavior is caused by the diffusion of cesium into ;

the rock minerals and by the chemical change at the surface !
of rock samples and by an effect of pH change of the solution.

The dependence of Kd value on cesium concentration

will require the more complicated transport models and also
the validation experiments in the geological formations.

So, in-situ measurements of the sorption behavior in
a rock mass have been carring out now.

s

.

-54-
,

I

3
. ,. :~ y < ;. z y ..+ ; y , . y ,. .y e j. e ' ?, -:,' .. .

7
_ ._ . y y . , . V ;- ' y :: -. '_ - . - O,.: ' - - '- '

.

., , ,k , .. . .. ..
- .-



_. .- __ _

JAERI-M 82-145E4
r

0 4.3.2 Hydrothermal interactions between simulated high-level
L waste glass and natural rocks M. Kumata

> Introduction

The main threats to the effective isolation of radionuclidep
from biosphere is the disolution of the waste and subsequent

,3

!j radionuclide transport by graundwater from repository in deep
geological formations.1I Accordingly, one of the important
cons,ideration is the stability of the waute forms and surround-j

I. ing rocks in the repository environment. In a sealed nuclear
f waste . repository hydrothermal cond'itions m .arise'because of

)the heat generated by radioactive decay.1),'

j
From this point of veiw, hydrothermal interactions of

j' ;{ granite and basalt as repository rocks with simulated high-level
waste (HLW) glars have been examined.

'

i Experimental

ij 1) Materials
,

The two natural rocks used in this study were biotite
4

1
j granite and olivine basalt. The biotite granite is composed

4

of quartz, feldspar, biotite and a small amount of magnetite.
| On'the other hand, the olivine basalt is composed of feldspar,1

'

,1 olivine, a small amount of augite and a significant amount of~1

fl glass as the primary phases.
The simulated HLW glass used in these experiments was a

borosilicate glass containing 20 wt% of simulated hiah-level
>

waste.
The rocks and glass were crushed and dry ground to under;

200 mesh (< 75 pm). The powdered rocks and glass were mixed
with ratios of rock / glass as 1:1. Then, they were cold-pressed

( 580 kg/cm ) and used in the experiments.

2) Methods
; .

A weighed cold-pressed specimen was contained in the gold ,

|
capsule with ion exchanged water. Fluid / solid ratio was 10 to 1.

The experiments were performed in gold plated pressure
|

vessel using water as the pressurizing medium. The temperature
i

was nominally 300*C, and the pressure was 300 bars. Run dura-

tion was 30 days.
1
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i Tho rcoidual solid cnd liquid phecca from cll run ccprulca1

wara saved for analyses. T1.e solid samples were dried for X-
ray diffraction analysis, optical microscope, scanning elec-an

tron microscope (SEM) and electron probe micro analysis (EPMA).
The solutions were analyzed by Atomic Absorption Spectro-
photometry'(AAS) and Inductively Coupled Plasma (ICP) method.

Results and Discussion

From analyses of the liquid phases from hydrothermally
treated mixtures of granite or basalt with simulated HLW glass,
following elements were ditected by AAS or ICP method; silicon,
sodium, iron, calcium, aluminium, magnesium, potassium and
cesium but not ditected strontium which was included in simu-
lated HLW glass at about 0.3 wt% as simulated radwaste element.

Analyses of the solid phases by optical microscope, SEM
and EPMA revealed that a few new crystalline phases were formed
during hydrothermal treatment. One of them is mainly composed
of silicon, sodium and cesium.

References

1) G. J. McCarthy, W. B. White, R. Roy, B. E. Scheetz,
S. Komarneni, D. K. Smith and D. M. Roy ; Nature, 273,
216 (1978).

2) S. Komarneni and B. E. Scheetz ; J. Incrg. Nucl. Chem.,
4 3,, pp. 1967-1975 (1981).
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l

4.4 Stress around the repository S. Muraoka
.

'

Stress and heat will be generated in a repository for
~ radioactive wastes by exacavation and decay. heat from thep

Li HLW. Stress and thermal effects on rock formation sur-
[ rounding the repository have been estimated and analysed

! as a point of important consideration in the case that the
i

j repository is designed and constructed in deep underground.
By these studies, subjects to be studied are presented ing

relation to safety geologic disposal. Data about properties

{ of rocks at room and high temperatures (100-500 C)

were surveyed. However high temperature data were

i not available at the moment except a few kinds of rocks.
e

It would be necessary to compile such data and to clarifyq

the influence of water content and fractures in rock forma-

p tion by not only in laboratory examination but also tests

in the rok formation in situ.<

Temperature distribution in near field of the repository; *

i was calculated by NASTRAN, code for structural and thermo-
I

mechanical analysis. As a example of the results, Fig. 4-13*

shows a vertical profile of the temperature distribution

along the centerline of the. repository tunnel. In the figure

Case 1 corresponds to the temperature distribution after

f back-filling the tunnel and Case 2 corresponds to the one
I

l- before the back-filling. Comparison of these two cases

indicates the effect of cooling by ventilation through the;

tunnel on the temperature distribution.
i.
ji Central temperature of buried waste package is calculated

f to be 470 C with the consevative assumption of the boundary

| condition. This suggests a necessity of examination of

rock formation around 400*C. ;

Stress around the repository tunnel was also calculated.

; As shown in Fig. 4-14 it is found that the region of strength-

| *

failure is held in the condition just after excavation, but |

[ the region spreads in the case of no ventilation af ter back-
'

filling the tunnel.

.
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:

On rock burst problem with many difficult phrnomens,
it in suggssted to adopt a dacign to generate no stress '

concentration on the surface of the repository tunnel.
This work was . carried out in cooperation by JAERI and

Mitsui Construction Company Ltd.

Reference

1) National Aeronautics and Space Administration,
"NASTRAN theoritical manual", NASA, 1972
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[ Table 4-1' Input data used for comparison
,

Nuclide data

nuclide inventory decay const. retardation coefficient
( ci ) ( 1/yr )

- Np-237 10.0 3.2 E-7 2400
;

[ U-233 10.0 4.3 E-6 2000
l'
! Th-229 10.0 9.4 E-5 5000
!
!
i Hydrologic data

j velocity of ground water flow 100 m/yr

! dispersion coefficient 1000 m'/yr
!

| leaching time 4000 yr
s

I
|

I
:

,
Table 4-2 Variation of K with cesium concentrationd

.

L

Final C concentration PH K
s d

[ g/ml ] initial final [ ml/g ]

2.5 2 6 30

1.6 X 10-1 2 6 53

i 5.5 X 10-3 2 6 170 I

| !

8.8 X 10-4 2 6 103

5.2 X 10-5 2 6 182

-66.1 X 10 2 6 155 *

1

5.9 X 10-7 2 6 159

|

|
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} 5. Preparation of Testing Apparatus in WASTEF M. Senoo-

a Construction of the WASTEF, which provides hot cells to
perform demonstrative safety tests of solidified HLW products
with actual wastes, were completed in the latter term of 1981.)

1
>

The main flow in WASTEF is planned as follows (Fig. 5-1).
First, high-level liquid waste is transfered from a reproce-
ssing facility and solidified by a vitrification apparatus.

f
Using the vitrified products, safety tests for storage and

|
disposal of HLW products will be carried out with following

}. apparatus : a storage test apparatus, a canning and decon-
tamination apparatus and gamma scanning detector in No. 1
cell, a vitrification apparatus in No. 2 cell, a disposal

| test apparatus and sample preparation apparatus in No. 3 cell,
T property measurement apparatus in No. 4 cell, an alpha'

radiation test apparatus in No. 5 cell and a microscope and
a radiation detector in lead cell.

A11most all testing apparatuses were prepared in the
first term of 1982. After carrying out experiments with non-
active simulated wastes, hot tests with active simulated wastes
will be started in the latter term of 1982.

Reference
,

i

| 1) Tashiro, S., et a3. ; Conceptual Design of the Waste
Safety Testing Facility (WASTEF), JAERI-M 8485(1979)
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