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Researches on high level waste management in fiscal year of 1985

“

is reviewed.,

1)

2)

3)

4)

Topics are as follows;
Glass waste form was examined with emphasis on the leaching mechanisms
under various conditions to predict the long~term.leach rates,
Leaching rate was examined in synthesized groundwater and a leaching
model was developed.

Cooperation between Japan and Australia on development of SYNROC has

started.

Heating experiments with a real size simulated canister and migration
tests using non-sorbing tracer has been carried out in a near surface
granite rock mass.

2D-SEEP, the coupled computer code of heat and groundwater flow, has

been developed.

Japanese group participated the ESOPE project of OECD/NEA SWG,
Small particles of an organic phase was found in sediment as a

material to have significant influence on technetium fixation.

Alpha radiation stability of vitrified forms under beta and gamma

irradiation have newly started in WASTEF.

Keywords: High Level Radicactive Waste, WASTEF, Leaching Mechanism,

Field Test in Granite, Seabed Disposal, SYNROC
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Introduction

Research activities in the fiscal year of 1985 on high level
waste management are reviewed following the progress reports (JAERI-M
82-145, 83-076, 84-133, 85-090). Safety studies and development of new
technologies were conducted on national program.

The performances of waste forms and other engineered barrier
materials were studied to assess the barriers against radionuclide
release to environment from repository in deep undergroun&.

SYNROC was studied as one of new waste forms.

Mechanism of retardation of nuclide migration in rock mass and
sediment were studied. |

Calculation codes to assess the safety of geological disposal were
developed.

The effect of alpha radiation on the stability of vitrified waste

were examined.



JAERI-M 86-131

1. Waste Forms Examination

T. Banba

Glass waste form was examined with emphasis on the leaching
mechanisms under various conditions to predict the 1ohg-tefm
leach rétes,‘ In the past year, leaching of simuTated waéte
glass was examined in synthesized groundwater by the MCC-4
dynamic leach test method. And we set about developing the
Teaching model for the long-term prediction of 1éach rates.

SYNROC waste form is one of the most feasible alternatives
because of its stability assurance for a long time. Cooperation
between Japan and Australiia on development of SYNROC waste_fohns
has started and the SYNROC fabrication process by utilizing the
hydroxide-route precursor was examined to estimate the_
applicability of the fabrication in a hot run. Also irradiation
tests of SYNROC waste form were carried out by using the argon

ions beam of a vVan de Graaff accelerator.
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1.1 Leaching Behavior of Simulated High-Level Waste Glass in Flowing

Synthesized Groundwater

Hiroshi Kamizono

Disposal sites suitable for the isolation of high-level waste
(HLW) glass may be constructed in geological formations more than
several hundred meters below the surface. The contact of groundwater
with HLW glass placed in the disposal sites will be the primary cause

:of waste radionuclides escaping into the biosphere., Therefore, much
‘attention has been paid to the leaching behavior of HLW glass under
geologic disposal conditions. In the present study, leaching of
simulated HLW glass was examined in synthesized groundwater and
deionized water by the MCC-4 dynamic leach test method and the MCC-1

static leach test method [1].
Experimental

The simulated high-level waste glass used for the present study
was borosilicate glass containing 11.7 wt% of simulated high-level
waste (JW-D). The glass specimens of 1 x 1 x 1 cm in size were
subjected to both dynamic and static leach tests at 70°C for up to 28
‘days. The synthesized groundwater used here contains the kations of
Nat, cat and M92+, and the anions of HCO3™ and 3042' (Table 1). The
pH value of this water was adjusted by the use of

tris(hydroxymethyl)aminomethane, NH,C(CH,0H)3. The procedure for
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synthesis is described elsewhere [2]. In the MCC-4 method, the flow

rate was controlled at about 0.1, 0.01 and 0.001 ml/min.
Results

Figures 1 and 2 show the relationship between normalized elemental
mass losses (NL)} for boron and leach time in days. Both figures
indicate that the values of NL increase with increasing flow rate. In
the case of deionized water (Fig.l), the values of NL obtained by the
MCC-1 method tend to be larger than those by the MCC-4 method with the
<lowest flow rate of 0.001 ml/min. (tendency A). In the case of
synthesized groundwater (Fig.2), however, this tendency cannot be
clearly seen, and the values of NL by the MCC-1 method are almost
equal to those by the MCC-4 method at 0.001 ml/min.

Figure 3{a) shows that in the case of synthesized groundwater the
pH values do not change markedly during either the dynamic or the
static type leach test. However in Fig.3{b), one can easily see that
in the case of deionized water the pH values are dependent on the type
of Teach tests; the values level off at more than 9 in the MCC-1
method, and they do not increase by more than 6 in the MCC-4 method.

The results described above imply that in leachants such as
defonized water, which does not have buffer capacity, the pH value can
be easily increased by a!ka1ine.e1ements teached from the glass

thereby helping it to dissolve progressively and result in tendency A.
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Table 1 Value of pH and composition of synthesized groundwater

pH 7.7

Na . 13 (in mg/Titer)
Ca 60

Mg 54

HCO,™ Nearly saturated
$042" 190
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MOYING BOUNDARY MODEL FOR LEACHING OF NUCLEAR WASTE GLASS

T. Banba

The surface tayers formed on glass surface during leaching
play an important role in the leaching mechanisms of glass waste
forms1s2, We have carried out Soxhlet type leach test and
proposed the leaching mechanisms based on the characteristics of
the surface layers and the leach rates of elements3>4, In the
present paper, we describe the mathematical Teaching model which
uses one-dimensional diffusion. The model can treat the growth
of surface Tayers as a moving boundary, and also treat chemical
reaction in surface layers.

The concept of the model is shown in Fig. 1 schematically.
Any given substance diffuses in accordance with Fick's Taw in
bulk glass and in surface layers which grow with time during
leaching. In the surface Tayers, some substances participate in
the formation of sheet silicate3(i.e. chemical reaction) and
become immobile. The other diffusing substances go out into the
solution.

The model adopts the following assumptions: 1) The
leaching system is restricted in one-dimensional geometry. 2)
The velocity of the moving boundary between the bulk glass and
the surface layers depends on time alone. 3) Chemical reaction
in the surface layers is considered as an irreversible first-
order reaction. 4)A fictitious film exists at the solution-

surface layers interface.
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With these assumptions, the following equations are

obtained.
sep D%y
—_—= DAl——— - RACA ( OSXSX )
-~ _
Bt dxz
\
2 Ca Olep
’Bt 9)(2
X = f(t).

The initial condition is
Cp = Cap- x 20, t=0
The boundary conditions are

e

Dar—t = Kaleax=0 = Cps)s X =0

I x=0
éaCA ' ;9 Ca

Where Cp is the concentration of diffusing substance A, Da1 and
Dpp are the diffusion coefficients of A in the surfaée lTayers and
the bulk glass, respectively, Ry is the reaction rate in the
Tayers, t is the time, x is the space coordinate, X is the
position of the moving boundary, cpq is the initial concentration
of A, cpe s the concentration of A in the solution and K5 is the

film mass transfer coefficient of A.
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The above equations were solved by using the Crank-Nicolson
implicit method. As for the treatment of the moving boundary,
we used the method proposed by Crank5 who gave special finite-
difference formulae based on Lagrangian interpolation.

calculations based on the proposed model was carried out
utitizing the experimental data obtained by Soxhlet type leach
test for the simulated waste glass4. The calculating procedure
was as follows. First, the velocity of moving boundary was
determined by a trial-and-error method using the leach data of Na
which did not participate in the chemical reaction and was
depleted from the surface layers. Second, the diffusion
coefficient, the reaction rate and the film mass transfer
coefficient were calculated using a trial-and-error method so
that the calculated leach rates were fitted to the experimental
ones.

The calculated results revealed that the position of moving
boundary from the solution-surface layers interface was
represented by X = £(t) = 8.83 x 1072{1 - (0.7){%-2)/30} [en] and
the values of Dpq, DAZ’ Ry and Ky were obtained as shown in Table
1. Dor'emus6 gave the value of about 10-13 cmz/s for the
- diffusion coefficient of Na in soda-1ime glasses at IOODC, which
was in good agreement with our value of 8.1 x 10-13, Very small
mass transfer coefficients of Ca and Sr might result from low
solubility of them because chemical processes such as solubility
occurred at the solution- surface layers interface, namely, in
 the fictitious film which was assumed in order to simplify the

mass transfer process.
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With the values in Table 1, we can reasonably explain
leaching mechanisms of Na, Cs, Ca and Sr. Namely, Na and Cs
diffuse much more rapidly in the surface layers than in the bulk
glass and leached out intoc the solution. Calcium and Sr
participated in the chemical reaction in the surface layers and
remain there. This study shows that the model is valid for
calculation of the leach rates of the waste glasseé when surface
Tayers grow during Teaching, ‘and this study also implies which
variables should be measured experimentally to predict the leach

rates.
References
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Table 1 The values of Da1s Dp2s Ry and Kp for some elements.

element DAl[cmz/s] DAz[cmZ/s] RA[s‘l] KA[cm/s}
Na 4.1 x 10-10 8.1 x 10-13 0 4.1 x 10-3
Cs 9.3 x 10-10 4.6 x 10-13 0 9.3 x 1072
Ca 2.9 x 1010 5.8 x 10°13 1.0 x 1072 2.9 x 1076
Sr 4.6 x 10-10 9.3 x 10713 1.5 x 10-2 4.6 x 10~/
Fictitious
film
o Moving |
Solution T surface '*‘**—G,Qass
, layers
|
|
:KA - Dag Dao
(:>"E_ i < (:)1 -~ (EE)
I| duﬁﬁb\on
(%
I RA o A
l
! T
| chemical
| reaction :
: | —=X=1f(t)
x=0 X=X
X
Fig. 1 Schematic diagram of the leaching model.
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1.3 Fabrication and leach test of hydroxide-route SYNROC

T. Amaya, T. Murakami and H. Mitamura

Introduction

SYNRGC was chosen to be an alternative wasteform to
borosilicate glass for the immobilization of high-level waste
because of its stability assurance for a long time. As the high-
level waste can be incorporated in the c¢rystal tlattices of
coexisting phases in SYNROC, it is important to mix the waste
homogeneously with SYNROC precursors.

Some processes have been developed to yield fine and homogeneous
precursors. Dosh and others(l) have developed a Sandia-route process
to obtain a finer and more homogeneous precursor. More recently,
Kesson and Ringwood(z) have developed an alternative to the Sandia-
route process. This alternative process is a more simple process and
is named hydroxide-route. Likewise, we are making SYNROC by utilizing
the hydroxide-route precursor in our cold experiments to estimate the

applicability of the fabrication in a hot run.

Experimental

We make SYNROC in the following way (Fig. 1).
[1] High-level waste is mixed with the precursor at pH=9 wfth ammonium
hydroxide solution.
[2] The slurry is dried and calcined under mixing conditions. We
made a calciner to simplify these two processes into one process to

avoid complication.
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[3] Ti-metal powder is mixed with the calcine. Ti-metal is an oxygen
getter at HUP stage.

[4] The mixture is hot-pressed in a graphite die for 2 hours at
1200°C and 300kg/cm2 in a stream of nitrogen. We made a induction-
heating uniaxial hot pressing (I-HUP) apparatus for this purpose.

After the fabrication of SYNROC, we measured its density by
archimedes method and then carried out leach test by MCC-1 method at
90 ©C for 7 days.

Table 1 shows the composition of the precursor and used reagents.
The precursor consists of more than 70 wt% of Tiop. Table 2 shows the
composition of the simulated high-level waste called JW-A at JAERI
containing 16.52 wt% of sodium and 5.07 wt% of caesium.

The new calciner (Fig. 2) can dry and calcine the SYNROC slurry
in the same pot. Its component are mainly the pot, the heater, the
motor, and the controller. A thermocouple is placed at the bottom of
the propeller shaft to be able to recognize the end of drying and to
measure the precise temperature of the slurry. Ar-4%H, gas is used to
calcine under reducing conditions.

After the calcination, Ti-metal powder is mixed. The mixture is
then hot-pressed. Figure 3 shows a I-HUP apparatus. Its component are
mainly graphite die, press and press controller, heater and heater
controller. An induction-heater was applied to simplify the heating
part compared with the resistance heater. The new I-HUP apparatus can
heat up to 1300°C and press up to 300kg/cm? for a cylindrical SYNROC
sample of 4 cm in diameter. Nitrogen gas is flowed into the graphite

die to keep the reducing conditions and to prevent damage to the
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graphite die,

Results and discussion

Figure 4 indicates the X-ray diffraction patterns of calcines and
SYNROCs made by a resistance-heating uniaxial hot pressing (R-HUP).
The calcine C-A is made by our conventional method in which drying and
calcination are carried out in separate apparatuses. The'ca1cine C-B
is made with the present new calciner. The SYNROCs S-A and S-B are
made from the calcines C-A and C-B, respectively. The two patterns of
the calcines resemble each other. The two pattern of the SYNROCs also
resemble each other. It can be said that the same crystalline phases
were formed in the calcines and the SYNROCs, respectively. Peaks of
hollandite have already occured in the calcines. This crystalline
phase incorporates caesium into the lattice. This implies that a part
of caesium is possibly immoblized in the hollandite during
calcination. The X-ray pattern of the SYNROC made by I-HUP is the
same as that of the sample made by R=-HUP.

Table 3 compares the result of the leach rate of the hydroxide-
route SYNROC with those of the other SYNROC and glass. As compared
with PNL 76-68 glass, the Teach rate of the hydroxide-route SYNROC is
Tess than 1/50 of Ca and Cs, 1/100 of Na. As compared with the other
SYNROCs, the leach rate of the hydroxide-route SYNROC is ébout 1/4 of
Ca, 1/3 of Cs. Thus it can be said that the leach rate of the
hydroxide-route SYNROC is superior to those of the other route
SYNROCs.

Table 4 shows the comparison of the leach rates of the hydroxide
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route SYNROCs by three processes. The leach rates of SYNROCs made by
each process are almost the same, so we can say that the new calciner

and the 1-HUP apparatus are applicable to hot laboratory operations.
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Table 1 Composition of SYNROC precursor

Component Content (wt %) Reagent
TiO, 71.3 Ti(CsH-{O)
Ca0 (1.1 Ca(OH),
710, 5.8 711CHs0l,
Bal 5.5 Ba(OH),: 8H 0
ALO3z 5.4 (C4H90)
Total 100.

Table 2 Composition of HLW (JW-A)

Component Content (wt %)
Na,0 16.52
F6203 {3.83
MoO; 9.00
Nd, 05 8.56
Zr 0 8.53

- Ce02 7.03
Cs20 5.07
Others 31.46
Total 100.00
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Table 3 Leach ratés (gmfz.d”l) of SYNROC and waste

condition at 90 ©C for 7 days in defonized water

glass under MCC-1

SYNRCC Waste Glass
Hydroxide- sandiz="1 Oxide=""1 PNL 76-5872
Element Rﬁufe Route Route
ca 5.9 x 1073 2.1 x 1072 2.4 x 1072 4.3 x 107"
Cs 3.5 x 1072 1.0 x 107 2.5 x 107" 2.1 x 100
Na 1.4 x 1072 _ _ 1.9 x 100
*1: K. D. Reeve et al. (1984).
*2: D. M. Strachan (1983).
Table 4 Leach rates (g.m 2.d7}) of hydroxide-route SYNROCs under MCC-
1 condition at 90 °C for 7 days in deionized water
A 8 c
(Calciner; {Czlciner; (Crucible;
Element I-HUP) R—5UP) R—HUP)
Ca 7.5 x 1072 5.1 x 1073 5.9 x.107
Cs 4.2 x 1072 3.5 x 1072 5.1 x 1072
Na 1.3 x 1072 1.4 x 1072 2.2 x 1072
Pensity 4.22 (g.cm o) 4.14 (gozm™2) 4.18 (g.em )
I-HUP: Inducticen—heating uniaxial pressing.
R-HUP:

Resistance—heating uniaxial pressing.
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SYNROC Precursor F—HLW

=R Lrying.
. ——— and Calcining.
<0 é—

11 powder T

Mixiné_(\/—Type mixer)

Hot Pressing (1200, ,
300kg/cr, 2h)

SYNRQC specimen

Leaching Test (MCC-1,907C, 7d)

| iquid Analyses ({ICP and AAS : Cq,Cs, Na)

Fig. 1. Flow sheet for prepartion and Teach test of SYNRCC.
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.4 Irradiation tests of SYNROC specimens containing a simulated high
Tevel waste

H. Mitamura, T. Murakami and T. Amaya

Introduction

Alpha decays in high Tevel wastes are mostly due to Am, Cm and

. Pu. The energies of alpha particies are about 5 MeV. fhe estimated

total number of the alpha decays in the SYNROC which contains 10 wt%
of a high level waste is 1.1 x 1019 (alpha decays/cm3L

Maximum range of the 5 MeV alpha particle is about 10}un1n the
SYNROC. Consider a plane in a SYNROC. The alpha particles which are
generated within lodym layers on both sides of this plane are supposed
to penetrate the plane. Assuming that one half of these particles
pass through the unit cross section of the plane, the dose of the
alpha particles is obtained as follows:
(1/2) x 1.1x1019 (@&/em3) x 20 (pm) x 107 (em/pm) = 1.1x1016 (/en?).

Since most of irradiating Het bnly passed through thin SYNROC
specimens without any influence 1in our previous test {400 keV helium
jon up to a dose of 5.7 x 1016 He+/cm2), we used Art instead of He® in
the present study. Figure 1 shows an relation between the calculated
values of.dispTacement per atom (DPA)} in a SYNROC sample due to Ar+,
0t and He®™, and the depth from the surface of the sample. The
thickness of specimens which we can observe with 200 kV transmission
electron microscope is usually thinner than O.IJHm Figure 1 depicts
that the DPA value due to Ar’ is A 300 times more than that due to He®

in the O.I}mldepth of the SYNROC sample.
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In the present study, much higher DPA values on the SYNROC
specimen are chosen to observe firmly change of the SYNROC specimen
owing to irradiation. About twenty times and a hundred times higher
values of the dose than 1.1 x 1016 (X /cm?) above mentioned:

1.1 x 1016 (jons/em?) x ~ 20 = 2 x 1017 (jons/cm?);

1.1 x 1010 (ions/cmz) x~100 =1 x 1018 (1'0ns/cm2),
were adopted as the total doses for the thin specimens of the SYNROC

in the present irradiation test.

Experimental

A Van de Graaff accelerator{l} was used to generate 400 keV argon
ions. The beam of the argon ions is bended with magnets and led to
the target room. The beam is finally collimated with a s1it of 6 mm
in diameter just before irradiation of the specimen. The specimens
before and after irradiation were observed with transmission electron

microscope (H-800).
(Irradiation condition)

Accelerator: 2 MeV Van de Graaff accelerator.

Irradiating jon: argon ion (Art).

Accelerated voltage: 400 kV.

Irradiated sample: thin sections of ANU-D SYNROC prepared in JAERI;
density 4.22 (g/cm3);

waste loading 10 wt%.
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Ion milling: 6 kY argon ion;

total current of double ion beams ( < 1 mA).

Specimen 1 Specimen 2
total dose 2.25 x 1017 (Art/cm?) 1.05 x 1018 (Art/cm?)
dose intensity 3.96 x 1013 (Art/em®s)  3.31 x 1013 (Art/cmls)

Results

Photographs 1A, and 2A,B, respectively, show transmission
electron micrographs of the hydroxide-route SYNROC specimens before
irradiation. Photographs 1B,C,D, and 2C,D,E, respectively, displiay
transmission electron micrographs of the specimens after irradiation
with 400 ke¥ argon ion up to doses of 2.25 X 1017 and 1.05 x 1018
(Ar+/cm2). In these photographs, we can no more observe grain
boundaries of each crystalline pahse which were present before
jrradiation. Photographs 1E and 2F, respectively, show e1ectroh
diffraction patterns of the se?ectéd area in the photos. 1D and 2E.
In these photographs, amorphous halos alone are observed. Since this
amorphousness, however, seems to be caused by melting of the thin
specimen, another dose intensity of the ion will be applied in the

near future.
Reference

K. SUZUKI, Y. KATANO, T. ARUGA and K. SHIRAISHI, "Miniaturized target

chamber for 2MV Van de Graaff accelerator,” JAERI-M 84-181 (1984).
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0.4 Mev Ar'

<0+

Beam Current: l‘yA/cm2 x 3600 sec
Ftuence: 2.25 x 1016 ions/cm2
Target: SYNROC

/5 Density: 4.22 g/cm2

/0

0.4 Mey. 0%

S
0.4 MeV He'
0 : T~ .
0 - 0.8 /-0 /.5

Depth (um)

Fig. 1. Profile of displacement per atom against the depth from the

surface of the SYNROC sample
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Transmission electron micrograph of hydroxide-route SYNROC

before irradiation. A black bar is llpm.
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Photo. 1B,C . Transmission electron micrographs of the same samples
as that in photo 1A after irradiation with 400 kV
argon ian to a dose of 2.25 x 1017 (Art/cm?).

Each black bar is l)um,
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Photo. 1 D. Transmission electron micrographs of the same samples
as that in photo 1A after irradiation with 400 kV
argen ion te a dose of 2.25 x 1017 (Ar+fcm2).

Each dblack bar is 1.um.

Photo. 1E. Electron diffraction pattern of selected area in the

photo. 10.
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Photo. 2a,B. Transmission electron micrographs of hydroxide-route

SYNROC before irradiation. Each black bar is 1}1111.




JAERI-M 86-131

Photo.

2C,0 . Transmission electron micrographs of the same sample
as that in photo. 2A,B after irradiation with 400
keV argon jon to a dose of 1.05 x 1038 (Art/cm?).

Each black bar is {Pm.
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Photo. 2E. Transmission electron micrographs of the same sample

as that in photo. 2A,8 after irradiation with 400
keV argon ion to a dose of 1.05 x 108 {Ar+/cm2}.

Each black bar is Ijnﬁ.

Photo. 2F. Electron diffraction pattern of selected area in the

photo. Z2E.




JAERI-M 86-131

2. Safety evaluation for geological disposal

S.Muraoka

Laboratory and field works are carried out to accumulate the
data which are indispensable for the safety assessment of
geological disposal of high level waste.

This vyear, we continue the nuclide migration test in granite
rock and performance evaluation test of engineered barrier.

As the field experiment, heating experiment with a real size
canister and migration test using non-sorbing tracer have been
carried out in the granite rock mass.

From this year we have initiated the fundamental feasibility
study of subseabed disposal of high level waste.

2D-Seep, the coupled computer code of heat and groundwater

flow, has been developed.
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2.1 FEngineered Barrier

(1) Buffer material test

S. Amagai
Intreduction

The aim of this test is to clarify an engineered barrier performance
on geological disporsal of high-level radicactive wastes. Thermal
conductivity and other characteristics can be studied by using the
barrier test equipment. In the first fiscal year, thermal conductivity

test has been carried out in some conditions, and it will be continued.

Egquipment and experimentals

The testing equipment is shown in Fig. 1. 1In order to simulate
heat generation from HLW, electric heater is set in the center of the
equipment. Simulated buffer materials which are the mixtures of
bentonite (8 wt%) and zirconia sand (92 wtZ%), are filled up in a vessel
around the heater. The moisture content of buffer materials is 2.82 wtZ.
The demsity of the materials is 3.18 g/cm®. The vessel containing
heater and the buffer materials is made of steel, and is set in water
tank that is kept at constant temperature.

For thermal conductivity test, 10 thermo-couples can be set up in
the buffer materials and can be connected to a data acquision system.

The buffer materials in the vessel were heated at 0.3 KW/h of

electric power.
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Results and disccusions

After 24 hours of heating, steady state of temperature was
obtained. An example of radial temperature distribution after 270
hours of heating is shown in Fig. 2.

In order to calculate the therha] conductivities, this
equipment was assumed to be a cylinder of infinitelength.
Calculated thermal conductivities are shown_iﬁ:Tab1e 1. Thermal
conductivities of the inner part were ]owér than those of outer
part. |

The difference of the thermal COnducfiviﬁies between inner
part and ocuter part might be caused Ey fﬁe md{sture content of
buffer materials, as is reported by Radhakrishna [ 1 ].

The tests were repeated several tfmes;.bﬁt“sim11ar results
were obtained. The variation of moiétﬁre content in radial

direction in buffer must be 1nvestigated.

[ 1 ] H.S. Radhakrishna and K.K. Tsui
c2edings of the Workshop on near-fisld phenomena in
gJeologic repositories for radioactive waste. Nuclear Energy

Agency, Paris, france. OECD. ( 1931 } p.329-344,
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Fig. 1 The equipment of engineerad barrier performancas test
A; electric heater B: buffer materials 7
C: outer vesszl D: inner vessel E; thermo couples
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Fic. 2 Thermal Zistribution

Tanl= 1 Aopparant hea® conductivity coesfficient

Heater 0.3 KW

R(mm) X1 kr 1 X
133 | X - - -
Temo | 59.5 72.9 | 71.2
153 X 0.604 0.518 0.611
Temp | 47.9 51.8 | 43,9
133 X 0.762 0.7090.735
Temo | 33.3 35.1 | 34.7
208 % 1.244  0.990 11.117
Temp | 25.5 25.3 1 25.9
233 K 1.344  1.145 [1.245
Temp 19.1 13.8 E 19.0

R; distance from canter c¢f heater

Kl; thermal conductivity in left side t W/m *C)
Kr; thermal conductivity in right side ( wm ¢ )
K:;  averaged thermal conductivity ¢ w/m -c )




JAERI-M 86-131

Effects of gamma-ray irradiation on stress corrosion cracking of
candidate high-level waste container materials

M.Kumata

Introduction

A container for a solidified high-level waste glass products
{HLW) from the reprocessing of the spent nucler fuel consists of two
or more concentric metallic enclosures that act as a barrier against
the ingress of groundwater to the waste form and egress of radio-
nuclides to the repository. With a borosilicate glass waste form,
the austenitic stainless steels are proposed as the most probable
canister materials and low-carbon steels are being considered for use
as a overpackl). Since high-Tevel gamma-ray emitted from various
fission products in HLW might change the environment around the
container, the corrosion resistance of these container materials must
suit the environment. Although the correosion resistance of these
materials in aqueous environments is well known, there seems to be
Tittle work on the influence of high-level gamma-ray irradiation on
the corrosion in a repository-relevant environment solution, especial-
1y stress corrosion cracking (SCC), of thése materials.

In this study, in order to evaluate the cofrosion resistance of a
candidate austenitic stainless steel, Type 304 ss, for the HLW
canister and a low-carbon steel for the HLW overpack under gamma-ray
irradiation in groundwater, stress corrosion crékfng tests were
carried out in granite groundwater with gamma-ray irradiation at high

temperature {250 °C).
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This study was carried out in corporation at JAERI and Kobe Steel

Ltd.

-Experimental

l;_Matera1 characteristics

The test materials were commercial Type 304 ss and low-carbon
steel, whose chemical compositions are given in Table 1; Specimens
were removed from tube material for testing. In order to clear the
gamma-ray irradiation effects on SCC, materials were thermally treated
as shown in Table 1. The C-ring specimens were made by cutting 1.5-
cm-wide rings from the heat-treated, 0.2-cm wall tubing. A 60
segment was then cut from this ring. The C-ring specimens were
stressed to 90 % of their room temperature yield strength (0.2 %
offset yield strength} and 110 % of the yield strain by thightening a
nut on a bolt across the legs of the C.  The maximum stresses in the
specimens were 3 MPa for 304;1-12 specimens, 3.3 MPa for 304;13-15
specimens, 2.8 MPa for low-carbon sfee];l-lz specimens, 3.1 MPa for
low-carbon steel;13-15 specimens. The required final outside
diameter (ODf) of the ring to obtain the stresses listed above were
- calculated from the formula

ODf-‘-OD- A

frD?
457

where A = change of 0D giving desired stress, 0D = outside diameter,

f = desired stress, E = Young's modulus of elasticity, t = wall
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thickness of tube, D = mean diameter of tube (0D-t), and Z = correc~
tion factor (function of D/tz), Figure 1). The C-ring specimens were
bolted using Type 304 ss nuts and bolts. No insulators were used.
The specimens were washed in acetone with urtrasonic cleaner, then

dried in oven at 70 £ one hour.

2. Test Condition

The environmental exposure was conducted in a conventional one-
liter autoclave constructed from Type 316 ss. Inner wall of the
autoclave was plated with gold. Specimens were placed on a autoclave
with ceramic plates prepared for each specimens. About 650 ml of the
test solution which was sampled from a tunnel in granitic rock mass
pour into the autoclave. Composition of the solution was shown in
Table 2. The test-solution-volume to specimen-surface-area ratio was
4.1 ml/cm,

Gamma-ray irradiation was carried out in a cabe using a Co-60
source (about 60 kCi) at Takasaki Establishment (JAERI). The
autoclave was setted in a gamma-ray irradiation cabe, the solution
temperature came up to 250°C, then a Co-60 source was 1ifted up from
a water pule of hausing to in front of the autoclave. With cobalt-
glass gamma-ray dosimeter, dose rate in the autoc1avé was about
1.8x10° R/h. The test was run for 30 days and 90 days. The
solution temperature was maintained within 2 of 250 °C. A pressure
of 4.1 MPa was maintained throughout the test.

SCC tests without irradiation were also carried out as well as

with gamma-ray irradiation for comparison. SCC susceptibility of
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test specimens with and without gamma-ray irradiation was evaluated

with the naked eye.

Results and Discussion
1., Effect of Gamma-ray Irradiation on SCC:

No cracking in the C-ring specimens of both Type 304 ss and low-
carbon steel with and without gamma~ray irradiation was observed with
the naked eye. The specimens stressed 110 Z of the yield strength also
showed no cracking. The results are shown in Table 3.

In previous experiment carried out in boiling deionized water with
gamma-ray irradiation of 1.1x10° R/h for 30 days, double U-bend specimens
of sensitized austenitic stainless steels, Type 304 ss, showed sus-
ceptibility for intergranular SCC3). Though total dose of the C-ring
specimens was greater than that of the U-bend specimens, the C-ring
specimens showed no cracking. It seems that following several reasons
can explain the difference, ‘

{1) the stress of the C-ring type specimen was milder than that of
the U-bend type specimen

(2) a crevice of the double U-bend specimen accelerated integranular
SCC

2. Solution Analysis :

Using a glass electrode, sclution pH and Eh were measured before

and after testing. The results are shown in Table 4.

§;_Corrosion Products :

Corrosion products observed on the surface of the C-ring
specimens of both Type 304 ss and low-carbon steel are now under

investigation with X-ray diffraction method.
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Refferences

1)NUREG/CR-3427, BMI-2113, vol.4 : "Long-term performance of materials
used for high-level waste packaging” (1984)

2)Stress Corrosion Testing, ASTM, STP 425 (1967)

3)Furuya,T. et al.{1984),Proc.ANS Meeting,"Fuel Reprocessing and Waste

Management"
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Tabie 1 Chemical composition and heal treatment of test materials
C S Mn |4 > N1 Cr heat treatment
SUS 204 0.48 0.4%  1.30 0.028 0.021 8.3 17.72 1 T00°Cx100min—>air coo!ing
Carpon Stee!  0.23  0.1% 0.16 0.012 0.014 0.03 0.086 j —=500°Cx24h—air cooling
Tahle 2 Chemical cemnosion of the groundwater (ppm™)
DO ptd LN, ANH: Na K Ca Mg Fe*™ Mnp* Cr**
5.31 8.4 125 <.t 19.2 0.7 3.5 <0.1 <0.1 <;:i <0.1
Ni Al HCO; S0, CiI NOy PO, Si*™ Si*™™ BOD
<0.1 <0.1 a7 8.3 4.7 0.7 <0.5 7.0 6.9 <5

*

* X

total.

rrodissolved

excent o H and CON.(conductivily: gSicm),
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Table 3 SCC results for Type 304 ss and low-carbon steel with gamma-ray irradiation

in the groundwater

Material Stress Dose rate(R/h) exposure time(h) ‘dose (R) scc e
Sus 304

(1)~(3) 0Ty 1. 8x10° 6§84. 6 1. 2x10¢°¢ 0/3
(T~ 3037Y 1. 8x10°% 1805. 9 3.3x10°% 0/3
a3)~15 110%5rY 1. 4x10°% T09. 4 1. 0x10¢% 03

Carbon sieel

(1D~(3) 80%rY 1. 8x10° 684. 6 1. 2x10°¢ 0/3
(M~ 90¥rY 1. 8x10° 18056. 9 3.3x10° 0/3
(13)~(15) 11037y 1. 4x10° 709. 4 1. 0x10° 0/3

* number of failed specimen/ number of total specimen

Table 4 Results of pH and Eh measurements for test solution

run No. exposure time(h) , pH EhCmv) Temp.*

before testing 7.41 +210 19. 7
684. 6 8. 17 -400 68. 4

2 1805. 9 7. 05 -160 48. 5

3 709. 4 7. 31 - 70 57. 4

* solution temperature at measurement
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2.2 Field test

(1) Heating Experiment with a Reagl Size Heater of Simulated
Canister

K. SHIMOOKA

Heat transfer in a granite rock mass was measured by using a real
size of canister, combination of stainless steel package and electric
heater, to simulate the burial of actual waste.

Conduction of the heat was predominant in the homogeneous part of
the rock mass, however, in the fractured zone heat transfer by ground-

water flow was seen.

Experimental method

Based on the results from the small heater test, electric heater
was improved to simulate the high-level waste and the canister, 32
heater elements were set in the SUS-304 canister. The size of the
heater is 0.4 m in diameter and 1.5 m in length. The testing hole for
the heater experiment in the granite rock was 1 m in diameter and 5 m in
depth. The canister with heater elements was set in the hole at the
depth of 3.75 m and the gap between the outer case of the canister and
the wall of the hole was filled up with powdered granite sand.

In order to measure the temperature change, 27 seased thermo-
couples were used. 18 thermo-couples were attached to the canister.
3 were burried in the granite sand between the canister and the hole
surface. 6 were arranged in the granite rock mass by making boreholes.
Arrangement of the heater and the position of the thermo-couples were
shown in Fig. 1.

Electric power output for the heater has been adjusted and kept at

4 kW for the period of 1,800 hours by the output controller.

Results and discussiocn

Temperature distribution at the inifial stage around the canister
hole is measured., The temperatures at the deeper place of 7 m show the
higher values of 13.3-14.3°C compared to those of 11.1-12.6°C at shallow
level of 0.5 m in the hole. The temperatures after the heating of 1,800

hours at 4 kW at each depth and those of at each distance from the center
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of the canister are listed in Table 1. An isothermal line at each
depth around the canister is also shown in Fig. 2.

The isotherm shows a nearly concentric circle for the most part,
however, at the depth of 4.75-7.0 m in the direction of 0° the distor-
tion of the isotherm is seen. Testing holes of this direction are
crossing the fractured zone where groundwater flow was expected.
Therefore, the irregularity along this direction on the isotherm is
thought to be caused by the heat transport by groundwater. Nearly
concentric cirecles of the isotherm for the most part show that the heat
was transfered by heat conduction in the rock mass.

For the temperature calculation, analytical programs '"MARC" and
"ADINAT" were used. Actual symmetric model was adopted in this calcula-
tion and the grids of finite elements are shown in Fig. 3. Measured
temperatures before heating the rock were given to the nodes of the
elements as an initial condition. Boundary conditions were set as shown
in Fig. 4. Values listed in Table Z were used for thermal conductivity,
specific heat and density.

Both measured and calculated temperatures in the directions of 0°
and 120° are shown in Fig. 5 and 6. WNo difference is seen between cal-
culated and measured temperatures in the direction of 120° where the rock
is virtually homogeneous. On the other hand, calculated temperatures do
not agree with those of measured in the direction of 0° across the
fractured zone. The difference is explained by the heat flow with the
groundwater in the fractures. With the exception of the fractured zone,
heat transfer in the granite rock mass was definitely explained by the
heat conduction. Thus it was made clear that the temperature distribu-
tion was predictable by thermal conductivity, specific heat and density
of the core sample. However, it was also recognized that the effect of
groundwater flow on the heat transfer was not neglisible in the fractured

Zone,
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Table 1 Rock temperatures after the heating of
1,800 hours at 4 kW

(temperature: °C)
Depth (m)
Distance (m) 0.50 2,75 3.75 4,75 7.00
0.50 447047 1 FONTS | 82085 | 51456
0.65 60 72 47
0.90 32~36 | 45756 | 52461 | 34444 | 18419
1.30 26030 | 36043 1 36045 ) 2836 | 1718

Table 2 Values used in the temperature calculation

Value - Unit Remark
Thermal -1 o Values of core sample
conductivity < | 9.177x10 cal/mes+"C at 20°C (wet condition)
Specific heat | ¢ | 1.83x10? cal/kg-°C Core sample at 20°C
Density o | 2.64x103 kg/m? Core sample at 20°C
Heat transfer H | 27.8 cal/m?+s+°C| AF boundary
rate
Temperature 11.5 o0

in the room
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Fig. 2 Isothermal line at each depth after the heating of 1,800 hours.



JAERI-M 86-131

—
-
H
:
13m
£l
Fig. 3 Grids of finite elements
r_r A F
! ZB.BC: T =T(1)
C| 5 AF Specified heat flux
CD, EF * No heat flow
DE : T = const.
D E
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(2) Migration test
A.Nakagoshi
Introduction

It is a very important part of the safely analysis of the
problems associated with the storage of nuclear waste to know
transport mechanisms of nuclides in crystalline rock as one of
candidate tedrock for repository. It is recognized that
substances dissolved in groundwater are transported in fractures
and in rock matrix with water flow and dispersion. The transport
of water-scluble substances will be affected by chemical and
physical processes such as diffusion into the matrix, ion
exchange, precipitation and filtration effect.

One of feasibilities for studies of these mechanisms is a
tracer methed., In this test, in order to develope the
experimental techniques for the investigation of the water flow
and nuclide dispersion in the fractured granite, Br™ solution was

used as non-sorbing tracer.

Experimental

Conceptual layout of this test which was baééd on the fracture
map of room and borehcle investigations of the injection hole is
ghown in Fig.1. From szbout 5m above the ceiling of room, Br~
solution was injected into a fracture zone which crosses the
experimental room vertically, and discharged water emerging into
the upper part of the room was collected. The distribution of

discharge rate of natural groundwater is shown in Fig.2.
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As a preliminary test, in order to validate experimental
techniques Fluorescein-Na was injected. The experimental method
of main test was based on the achievements of the preliminary
test. Layout and equipments of this main test were same as the
preliminary test. A tracer used was KBr dissolved in the
groundwater. Injection concentration (CO) of the tracer was 8900
pom. The tracer was injected into the injection hole, section of
6.8 - 50.0 m, at the rate of about 20 1/day for 500 hours. Total
volume of tracer injected was 410.07 liters. The discharged water
emerging into the each section was individually collected at
regular intervals for 958.5 hours since injection had been
started. 4 tracer in samples of collected water was deltected in

the laboratory by a lon-selective electrode.

Results and discussions

At each section, breakthrough curves for C/CO and the ratio
of discharged water were obtained. The distribution of C/CO after
100, 300 and 500 hours are shown in Fig.3. From these results,
it was clarified that a tracer was mainly transported in the
fracture zone. And that a tracer was dispersing to rock matrix
near the fracture zone.

At sections along the fracture zone, it was observed that the
amounts of discharged water was increased by injecting the tracer.
One of some interests is that no tracer could be detected at far
sections from the fracture gone which had large amount of
discharged water.

These results mean that channels of this area's fracture
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network are simple. So the single fracture model(” is adopted to
analize the Br~ migration.

By a trial and error method, parameters of this model are
‘obtained for three pairs of breakthrough curves, 1R1-1B2, 3R1-3R2,
4R1-4R2., Parameters obtained are listed in Tablel. And
experimental and calcurated breakthrough curves for 3R1-3R2 are
'.indicated in Fig.f. These parameters are close to the fesults of

other experiments in similar conditions(z).

This single fracture

model is good to be adopted to this experimental results.
Effective diffusion coefficients are varied widely, and it

will be explained by effects of flow in micro-fissures. “Because,

if there are nco flow in matrix, these values will be smaller than

molecular diffusion coefficient, 10~7 n?/sec(3).

REFERENCES

(1)D.H.TANG, E.O.FRIND and E.A.SUDICKY, "CONTAMINANT TRANSPORT IN
FRACTURED POROUS MEDIA: ANALITICAL SOLUTION FOR A SINGLE
FRACTUREM,Water Resources Research, Vol.17, No.3, 555-564,{1981)
(2)E.GUSTAFSSON and C.E.KLOCKARS, "STUDIES ON GROUNDWATER
TRANSPORT IN FRACTURED CRYSTALLINE ROCK UNDER CONTRGLLED
CONDITIONS USING NORRADICACTIVE TRACERS",KBS TELCNISK RAPPORT &81-
07, (1981) |

(3)M.MWADDEN and T.J.KATSUBE, "RADIONUCLIDE DIFFUSION RATES IN

IGNEQUS CRYSTALLINE RCCKES" CHEMICAL GEOLOGY, 36,191-214,(1981)
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Fig.3 Distribution of C/Co after 100,300,500hours
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Fig.4 Time dependent concentration profiles of Br

Table 1 Adopted parameters
for the single fracture model

Parameters | Unit | IRI-HR2 ) BRI-3R2ARI-R2

Velocity in the fraciure ‘m/h 0.10 Po0.12 1 0.10

Hvdrodynamic dispersion coefficient | m*“/h (.05 ; 0.06 ? 0.05
of the fracture’ ] j
Effective diffusion coefficient % m-/h 1‘0.1 E-3 } 0.2 E-3 LI.O £-3
of the matrix % 1 % j
Fracture width m,0.0010 | 0.0010 | 0.0007
i | ; |
Disperstvity in the direction % m ! 0.5

of the fracture axis
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{3) In-situ Corrosion Test
5.Muraocka

Introduction

In the safety assessmant of geological disposal of high level
waste , performance of the canister material must be evaluated.
This study is aimed at studying the corrosion fesistance of
candidate alloys of metallic container material in the real
field. In this study stress corrosion cracking test is carried
out for ten types of alloys. The experiment started from the end

of 1984, The test will be performed over two years.
Experimental

The materials tested are 3tainless Steels (Type 304, Type
304L,Type 304EL, Type 3095), Nickel base alloys ( Inconel 600,
Inconel 625, Incoldy 325, Hastelléy C), Ti and Ticodé; In order
to simulate the thermal history of the canister during high
level waste vitrification and welding, sénsitized heat treatment
was carried out. |

Chemical com?osition and heat treatment of the_specimens are
listed in Table 1. Stress was applied by bending two coupon
specimens along their longitudinal direction into a doﬁble U-bend
type. Two types of double U bend specimen with the dimensions
shown in Fig.1 were tested. All the specimens are installed in
the borehole drilled in the wall of granite rock. The hole is

always filled with ground water naturally. The test has been
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performed at 25 ©C and at 75 °¢. The occurrence of crack in the
specimen has been observed and propagation rate has been
estimated periodically by surface and section observation. The

change of pHd and Eh was also measured.

Results
Type 304L ss, Hastelloy C and Inconel 625 cracked at 75 ¢
within one year in in-situ test as well as laboratory test with
deionized water. In the test at roonm temperature Type 3045 ss and
Inconel 625 showed the susceptibility to stress corrosion
cracking. The other specimens did not crack in a year. The

cracked specimens were only V-notched ones as shown in Table 2.

Y-notched

Ve LA

specimen

Inner
4T " specimen ——___|

-d

]

t=1 and 2 mMm t=2 mm
{al Plein specimen {bl V-notched specimen
Fig.1 Schematic diegram of double U-bend

type specimen
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Table 2 Result of stree corrosioncracking test

Alloy Specimen Test at 75°C | Test at 20°C
>
SUs 304 A-P* o / 3 6 3
SUS 304L B-P 6 /3 o / 3
B-N" 3 / 3 o / 3
SUS - 304EL c-p o /1 0o /1
c-N o / 3 0 7 2
Ticode D-P o / 3 o / 3
Incoloy 825 E-P o / 3 o /3
E-N 0o / 3 o / 3
Incone! 600 F-FP o 3 o 3
F - N o 3 o /3
SUS 308S G-P o 3 o 3
hastelloy € H-P o / 3 0. /7 3
H - N 3 /3 3 / 3
inconel 8625 ] - P .0 / 3 0 / 3
I - N 3 / 3 3 /3
Ti T-P o / 3 0 7/ 3
p* plain specimen
N* V-notched specimen
¢ : number of cracked specimen/number of total specimen
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2.3 Model for safety assessment

(1) Coupling model of heat and groundwater flow

K. Kimura

Introduction

The heat generated from a repository of high level waste can induce
regional groundwater flows which last for thousands of years after
burial. The coupling computer code of heat and groundwater flow 2D-SEEP
was developed to quantify this problem. 2ZD-SEEP finite element code can
handle 2-dimensional saturated-unsaturated steady and transient ground-
water flow and also heat flow of conduction and convection. The flow
arised from temperature field is assumed to be given by buoyancy effect
from the Boussinesq approximation. The elements used in this code are
the isoparametric and complex elements, and 2D-SEEP can treat the
complicated geologic media.

HYDROCOIN level-l study was performed. using 2D-SEEP code, and good
agreements with aralytical solutions and initial attempt were obtained

in case 1, 2 and 4.

Numerical model

The two dependent variables to be determined in 2D-SEEP code are the
pressure head hp and the temperature T. The two coupled partial equations

being seclved are

dh _
C Ti?' + div u = Qf (1)
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and

-Bf-f-t[({’c)aT] + div(pe)uT = div[Kp9T] + Qf @

where the Darcy velocity is given by

- f+ -

u = ~k(7hy + nvhe) (3)
G ; specific moisture capacity
oF ; nodal flux of fluid

(fc)a : average heat capacity of the rock and fluid

P fluid density f¢ = Fu(1-6T)

Cs : Tluid specific heat

KT ; thermal conductivity of rock
Qr ; heat source strength

k : hydraulic conductivity

ha ; elevation head

These equations are discretized in space using the Galerkin and
Bubnov-Galerkin method, and discretized in time by Crank-Nicholson
method. The non-linear equations are solved by a kind of

syccessive subsititution method.

Calculated results
We calculated the three cases (case 1, 2 and 4) of HYDROCOIN

level-1 study to verify 2D-SEEP code, and got good agreements with
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the examples of initial attempt. Calculated resuits of case 4 are
shown as the representatives of this study. The finite element
grid we used is shown in Fig. 1. The profiles of time dependent
pressure rise at z=125m and 250m are shown in Fig. 2, and the
distribution of pressure rise at fixed time t=50, 100, 500 and

1000 years are shown in Fig, 3.

P(0,0,)=0 —— 5= no flow

Radius=3000m

Fig. 17 The finite element grid of CASE-4
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2.4 NATURAL ANALOGUE

5. NAXASHTHA

Application of natural phenomzna to the safety evaluation of
waste disposal has besn pald much attention recently in Japan. Among
many research programs involved in this "matural analogue', our main
interest is the fellowing: |
1)}5tudy of microphases in minsrazls and roéks, which are supposed to
play an important role in radionuclide migration and fixation. The
characterization of microinclusions in minerals, crystal defects,
metamict minerals, crystal boundaries etc. by means of microanalytical
devices.
2)Developpament of ultrasensitive traces element analytical technicues
for some important radionuclides such as 1291, 99Tc, 237Np ang 239Pu.
Rele of colloids and amorgnous phasss in radionuclides transovort and
fixzation.
4)Fixation and transport of radionuélides by natural organic matisr

such as coaly substances and porphyrins.
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{1} Study of Red Altsred rFeldspars.

- Application of Microphase Determination Technigue in Rocks. -

S. NAKASHIMA

Occurence of red feldspars are common in alteration zones of
feldspar-bearing rocks, especially granitic rocks. The origin of red
color of these altered feldspars has been considered to be the
presence of iron, but its chemical form in feldspars has not yet been
wall established. Iron can be présent in the crystal structure, as
iron-bearing microcrystals such as hematite (ISSHIKI,1958) or as iron

staining on the grain boundaries and clesavage plains (DEER et al,1955).

Scanning elecron microscopy combined with energy dispersive X-ray
analyzer (SEM-EDX) was applied to characterize the microphases in a
red feldspar from altersd granits. Red faldspars ars observed only in
alteration zones along fracturas. Among alkali fzldspars of this
altersd zone , white feldspars are also recognized togsther with red
feldspars. SEH-IDX analyses of thess alkali feldspars indicate that
potassium rich feldspars do not show r=d color., Inside the red
feldspars studied here, no iron-fearing minerals are identifisd. The
red alkali feldspar has a heterogensity in its chemical compositicns:
K-rich part and Na-rich part. The Na-rich sarts seam to correspond to
the red varts. This heterogeneity can also be observed in the ten-
micron order., Further magnifications of the view reveal the prasence

of Ca-rich part in the order of several microns inside the Na-rich
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parts. Iron is finally found in a part of these Ca-rich parts.

We do not know if iron is present as ferrous or ferric iron
cations in the crystal structure or as aggregates of microcrystals,
but it is quite interresting that ircn is present only in Ca-rich
parts inside Na-rich phases of alkali feldspars. HOFMEISTER and
ROSSHMAN {1984) rerported the substitution of Fe2+ for Ca (not Na) in
pvlagioclase. The iron present in Anorthite moleculé of alkali
feldspars in cur study can be then supposed fo be ferrous iron.
Optical and resonance spectra of the minerals can provide further
informations on the valencs states and the coordinations of ireon in

red feldspars.

A tentative 2xplanation of the red color in altered faldspars
studied here is th= pressnce of iron cations which replace calcium in
anorthite molecule of alkali feldspars. These irons can e supplisd by

groundwatzrs during alteration which pessibly causes also the

raplacement of potassium by scdium.

These ressults suggast the applications of microphase
Characterization tzconigues to the study of tracs =zlement migration
and fixaticn in minerals and rocits, 2specially arcund uranium ora

podizs, as a natural analogue to the radicactive wastzs disposal.

DEZR WAL HOWIE R.A. and ZUSSHAY J.(19656) An introduction to the rock

forming minerals. Longman,London.
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HOFMETSTER AM. and ROSSMAN G.R.(7984) Determination of Fest and FeZ*

concentrations in feldspar by optical abserption and EPR

spectroscopy. ths.Chem.Minerals,11,213-224.

ISSHIXT N.{1258) Notes on rock-forming minerals (3) Red coloration of

anorthite from Hachijo-jima. J.Geol.Soc.Japan,54,644-647,

~70—
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2.5 Subseabed Disposal
K. SHIMOOKA

Based on the Japanese policy for research and development of high-
level radiocactive waste (HLW) management, the JAERI has initiated studies
on the feasibility of subseabed disporsal of HLW, We are now conducting
the fundamental studies in this field participating in the international
co~operative programs supported by the OECD/NEA. |

»+ Main part of the activities of the last year was the participation
in the ESOPE (in French: Etude des Sediments Oceaniques par Penetration
= Study of oceanic sediments by penetration) cruise. Experiments in
Japan at laboratories are underway on the long core samples of 30 m taken
out from the Great Meteor East section of the Madeira Abysasal Plain (GME)
and the Southern Nares Abussal Plain {NAP) sites during the cruise to

perform following measurements.

1) Diffusion 6f Tc in the sediments, (HLY Management Laboratory in
JAERI)

2) Measurement of the sediment characteristics, particle size, clement
composition and distribution coefficient for Tc, Np, Am and Pu.
{(Environmental Research Laboratory IT in JAERI)

3) Measurement of U/Th decay series and amino acid
(Tokyo University)

4) Remmant magnetization (Kobe university)
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(1) Diffusion of Technetium in Desp-sea Sediments and Bentonite.

5. NAKASHIMA

INTRODUCTION

| An estimate of radionuclide migration rate in deep-sea sediments
is an important aim of_the safety evaluation of the seabed disposal of
high level wastes. Diffusion of radionuclides in pore water is
believead ﬁo De a major process of transport in deeo-sea sediments.
Technetium is considered to be one of the most mobile hazardous long-
lived radicisotopes originated from nuclear wastes and migrate as
pertechnetate anion (TcO,”) in water under oxic conditions, while it
is believed to be precipitated as oxides of lower dxidation,states

sucn as Tcd, under anoxic conditions {ALLARD et al.,1973).

pertzcnanetate anion ware made on salectad samples of the deao-sea

sediments taken during OECD/NZA's B30

o

E expadition, together with a

W

tla-nentonita samola.

E{PERTHEITAL

[ Tt

Some properﬁies of materials used are listed in Table 1. The
diffusion experiments wers carrisd out in the presence of air at room
temperature, according mainly to the descrintion given by SCHREINER et
al.{1932): the diffusing source was set up by putting a filter paper
wet with 100 ML of the source solution (9°™rco,”, 14Ci/100p1, pi=5)

onto one end of the cylindrical sediments. After 17 fo 124 hours, the
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sediments were cut into 3 mm disks and 7-ray activity was measured on
sach disk.

The diffusion coefficeints were datzmined by using two different
solutions (exponential and error functions) of Fick's second law. The
values calculated by two differsnt ways arz in good agreement and both
methods can be considerad to be valid in our experimental conditions
(Table 1}). The easier method {exponential solution) can bé then taken

to determine apparant diffusion coefficients_Dapp {Table 1).

RESULTS AND DISCUSSION

Linear correlaticns between Dinp values and several physical

PP
parameters of these sediments (water weight fraction W, watsr volume
fraction V and porosity n) have been noticed on a logarithmic secale

(Fig.1). Thae D valuas at zzero ogints estinated by these lines are

app
nezar from the diffusion coafficients of ions in water (DO; 1-2 ;{‘IO_9

2 . - .
n“/s). The slopss of thess lin

{

s are smallar in deep-sea sediemnts
than in MNa-bentonits, This fact éuggests that the diffusion
cozfiiceints in deep-sea sadinents ars larger than those in 3entonite
for the same watzar contents and porosity.

The grain siz= distributions of thes samples determined hy a
Coulter Counteor. TA-IT show that the decp-sea sadiments are richer in
comparatively large grains than Bentonits. The diffusion of ions in
comparatively fine-grained sediments (Bentonite, in this study) should
e hindered morz by larger numbers of fine particles, in the same
length of the diffusion path, than in coarse-grained sediments (deep-

sea sediments, 1in this study). The tortucsity of fine-grained
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sediemnts appears to be larger and so that the apparent diffusion
coefficient becomes smaller. This fact can explain at least a part of

the difference in D values of the two sediments for the same water

app
content or porosity.

The empirical correlations determined in this study for twod
different sediments (Fig.1) are quite useful to estimate diffusion
coefficeints of non-sorbing radionuclides in sediments, knowing some
of their physical rproperties such as water contents, porosity, grain
size distributicn and tortuosity.

The Dapp value determined on a deep-sea sediment sample
containing black parts (G-5) appears to be nearly one order lower than
is expected by its water content (Table 1 and Fig.1}. Technstium
appears to bz fixsd by the black spots in this sample (Fig.2), The

characterization of these black parts is then necassary in order to

explain the technetium retardation process in this sample.

0N DERNTQ
REFHT il

ALLARD 3.,KIGATSI H. and TORSTENFELT 3.{1973) Technetium reduction and

sorption in granitic hedrock. Radiochemn.Radioanal . Lettars,37,223-

230,

SCHREIVER F.,FRIED S, and FRIEDMAN A.M.(1932) Measurament of
radionuclide diffusion in oczan floor sediment and clay.

Mucl.Technol.,59,429-438.
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Table 1. Diffusion data of TcO,~ in sediments.

No. *Water content Porosity **Diffusion coefficients ***Tortuosity Diffusion

W Vv n Dexp Dopee Dapp ' T time
( x 10719 n?/s5 ) {hours)

Bentonite
NK-4 0.2956 0.567 0.433 0.80 0.73 0.80 4.0 120
NK-5 0.407 0.631 0.587 1.5 1.5 1.5 2.8 124
MK-8 0.433 0.5%4 0.5621 2.0 2.2 2.0 2.4 49
NK-5 0.492 0.743 0.578 2.5 2.4 2.5 2.2 124
MK-9 0.553 0.802 0,730 2.7 . 2.9 2.7 2.1 24
Deep-sea s=diments
G-1 0.582 0.855 0.773 7.4 6.9 7.4 1. 17
G-2 0.620 0.858 (.804 8.1 7.8 8.1 1. 17
G~-3 0.337 0.857 0.775 8.3 7.7 &.3 1.2 18
G-4 0,472 0.77% (.680 7.0 5.7 7.0 1 17
G-5 0.622 0.963 0.787 1.2 1.3 1.2 3.0 18
G-5  0.335 0.320 0.737 7.3 7.3 7.3 1. 13
G- 0.545 0.345 0.740 7.3 7.7 7.3 1.2 20
G-3  0.471 0.732 9.597 5.9 5.3 5.9 1.4 13

* Gryater weight fraction, Viwater volume fraction, niporosit:
i 4 i r

*kD) )

Yaxpr “erfct
function solutions, D

diffusion co=fficients detsrmined by exnonential and error

o0 aprarent diffusion coefficientS'(=Dexp).

**The tortucsity values ars determined bhy the equation DaOD=DO/12.

The diffusion coefficient in watsr Do iz assuned to be 1.2x10_9m2/s.
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Fig.2 Diffusion profiles of pertechnetate znion in the deep-sea
sediments. a)lths G-3 samnle, b)the G-53 samplz with a schematic figurs
cf the sample containing the black spots. Retardation of
pertechnetate is observed on the G-5 sample, '
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(2) Pertechnetate retardation in deep sea sediment

H.KITA

INTRODUCTIGH

Pertechnetate diffusion experiments were conducted on some deep-
sea sediment samples and a significant retardation of its diffusion in
a sample(G-5) containing some black spots was recognized (2.5.(1)).
Reduction is considered to be a main retardation mechanisum of this
non-sorbing element. Ferrous ircon containing minerals and organic
matter are the possible reducing agents 1in rocks and sediments
(ALLARD et al.,1979)., The black materials found in the deep-sea
sediments are expected to contain some such reducing agents. In order
to characterize the possible pertechnetate reducing capacity in the
black materials, several analyses were conducted on them together with

host deep-sea sediments.
EXPERIMENTAL

3 samples were selected from the.core 10 of GME site. The
description of the deep-sea sediment samples and measured diffusion
coefficients of pertechnetate anion in these samples (NAKASHIMA et
al.,,1986) are listed in Table 1.

These samples were analysed by X-Ray Diffractometry (XRD) and

Differencial Thermal Analysis (DTA), Visible absorption spectra of




JAERI-M 86-131

acetone extracts from the deep-sea sediment samples were recorded, The
black part in G-5 sample after the dissolution of carbonates was

also analyzed by XRD and DTA
RESULTS AND DISCUSSION

The mineral compositions of the deep-sea sediments wére analyzed
by XRD (Table 1). They are mainly composed of calcite (CaCO3), and its
weight per cent in dry sediments is around 55 {(courtesy of
Dr.R.CRANSTON), Other minor minerals are quartz and feldspars.

The DTA data on these sediments show that only the G-5 and G-8
samples have significant exothermic peaks around 3003 C (Fig.1). These
peaks can be attributed to organic phases ‘including algae and bacteria
(MITCHEL and BIRNIE,1970).

The visible absorption spectra of acetone extracts of the
sediments (Fig.2) indicate a presence of pigments having porphyrin
structures (ORR and GRAY,?957;HODGSON and BAKER,1967; ISHIWATARI, 1969)
only for the G-5 and G-3 samples, which are green sediments,

The black parts of the G-5 sample after dissolution of carbonates
contain pyrite, quartz with minor feldspars, mica and clay (Table 1).
The DTA data confirms that pyrite is a main constituent in these black
parts (Fig.1).

In these black parts, pyrite is supposed to be accumulated
locally by complex processes incliuding reduction. The black spots
containing pyrite were previously found to retard pertechnetate

diffusion (see 2.5.(1)). In order to verify possible reducing agents
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for pertechnetate, pyrite and biotite were put in pertechnetate
solution. Pyrite is a main constituent of the black parts and biotite
is an example of ferrous iron containing minerals.. These mineral
phases are found to have no fixation capacity of pertechnetate at
least within the same experimental duration as the diffusion
experiments (several days)

Since no mineral phases have significant influence on technetium
fixatjon, the active reducing capacity can be attributed to some types
of organic matter including certain bacteria and hydroxyl groups
bearing geopolymers. The further characterizations of the organic
phases will be then necessary 1n order to elucidate effective
radionuclide immobilizing organics and their reducing capacity in

deep-sea environments,
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Table 1. Description of deep-sea sediemnts from Core 10, GME site,
{Great Meteor East), ESOPE expedition, Madeira Abyssal Plain, HNorth
Atlantic Ocean (31 16,70N, 25 23,33W, depth about 5400 m).

No. Depth Color Minerals® Quartz® TcOy Dapp**
(cm) (wt 7)  (x10710m2/5)

G-1 0- 5§ . craam Cal,Qz 1.7 7.4 a

G=2 160- 165 cream Cal,Qz 1.6 8.1

G-3 300~ 305 cream Cal,Qz.Fd 1.8 8.3

G-4 692~ 697 cream Cal,Gz 3.6 7.0

G-5 1394-1399 grayish Cal,Qz 3.1 1.2
green+black :

G-6 1595-1599 cream Cal,Qz,Fd 1.6 7.8

G-7  2398-2402 cream .Cal,0z,Fd 1.5 7.8

G-3 3344-3351 greeni;h Cal,Qz.Fd 5.9 5.9
gray

G~5 black parts Cal,Qz

G-5 black parts Qz.Fd, Py, M, K

after dissolution of carbonatas

* Data analyzed by X-ray diffractometry. Cal:caleite,Qz:quartz,Fd:feldspar,Py:
pyrite,Mimica,K:kaglinite.
** Data determined by diffusion measurements (NAKASHIMA et al.,1986)
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3. Safety examination of vitrified forms 1in the hot cells
of WASTEF

S.TASHIRO

The Waste Safety Testing Facility (WASTEF) has
continued safety tests on performance and durability of
materials for the long—-term isolation of high level
radicactive wastes since it started the hot operation 1in
November 1982,

In this fiscal year, tests on leachability of plutonium

by a MCC-1-like method, migration rate of transuraniun
elements in rocks immersed with a vitrified form,
volatilizing behaviour of the waste conponents in

connection with safety assessment in the handling and
storage time and leaching methods in co-operation with the
Power Reactor and Nuclear Fuel Development Corporation have
been continued at WASTEF. Tests on adhesive .property of
leached radicactive substances 1n ground water on granite
rock granule in a column and alpha radiation stability of
vitrified forms under beta and gamma irradiation have newly

started.

The following briefly describes main results obtained

in the yvear other than the above subjects.
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3.1 Radioactivity balance 1in the Vitrification apparatus

after operations
T.TSUBOI and S.KIKKAWA

Radioactivity balances 1in the vitrification apparatus
installed in WASTEF were measured after operations using
Cs—-134 and Ru-106, in order to know residual radicactivity
in the apparatus and removal ability of the of f-gas

treatment system.

Vitrification was performed with the apparatus of which
flow—-sheet is shown in Fig.l. Heating for the vitrification
was carried out at a temperature of 1200 C and in a period
of two hours as shown in Fig.2. Added radicactivity was 853
mCi for Cs=-134 and 112 mCi for Ru-106 respectively, and one
liter glass product was obtained for each. After each
operation, radioactivity of the product, upper part and the
lower part of melting pot,and .each components of the
off-gas line was measured. Radicactivity of the products
was measured by gamma scanning apparatus and calculated by
measurment of sampled glass specimen. Radicactivity in the
apparatus was measured at several points around the
apparatus by a gamma survey meter with ionization chamber
and calculated specific residual radiocactivity in the

components by WADOSE* .

The results are shown in Table 1 and 2. In the case of
cesium %8% of the added radicactivity incorporated in the
glass product, the 30% was left in the melting pot and the
1.6% went away to the off-gas line. It could be estimated
that the 25% of the amount left in the pot was adhered to
the upper part after wvolatilization and the 5% was left in
the pot as glass residue. This means that the upper part of
the melter acted as a cold trap and then removed most of
volatilized cesium was trapped at the colder upper part of

the melting pot.

* WADOSE is a evaluation code which has been developed to
¢alculate the intensity of radioactive sources recided in
each vessel or line of the wvitrification apparatus.{cf.
J.Morita et al.;JAERI-M 86~001)
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In the case of ruthenium the 59% of the added
radicactivity was in the glass product and the 5.1% went

off to the off-gas line. The most effective component 1in

the off-gas line was spray scrubber for cesium (DF=53), and

Ru-~Absorber for ruthenium (DF=10). In the both <¢ases no
significant radiocactivity could be detected 1in gas streans

after the off-gas line.



JAERI-M 86-131

snitunaveddy uo

Iamolg ERRRY

-
|

Lwﬂﬁzhuw

R I

LaAT223Y

r
D &
P
i

Aepadg

d9100)

1

-7
|

JgqJosqe
ny

T

Mo Hd

1assaa Juraajjng

e

|7

13SUIPUOY)

§sS90201(d

jassaa

uo13Td1U3(]

I *31 4

13ss3a a8wvi03s

. pysum Furisal

TN

~

A

M1

Luwcwﬁccm




JAERI-M 86-131

TN o0} usejivg Furireey g 34

(4H) JWIL

08 09 o't 0°¢ 0°0
_ _ 1T ———1—— 1 —-——200
| | \ﬁl : o .
/ / |
/- !
/ ] —
| | / i / 40°00b
mm-SErw /e VA |
et / s
vl s \ o
/ e e B IR
.ﬂh.qroE , \\ \_\ 0008
° P .
el —— ] -
H-vouL e .
r:-écwlw \ ST — |i\ - 0" 0021
Gl -Vodl ——
pl-VidL ——— |
el-vodl ——
¢l=vadl ------
()
...mw.c_wnmm.*T 19K < Jo_umc_u_au uo1jvindrag = G_EMA_.

— &R —



JAERI-M 86-131

Table 1 Radioactivity balance of '3Cs and Y¥Rgy
134CS IOERu
Activity | Ratio to the added | Activity | Ratio to the added
(mCi) (95} (mC i) (%)
Glass products 580. 0 8. 0 6 6. 2 59,1
Melting Upper 213, 8 25, 1 21. 5 16, 2
pot
Lower 45, 3 8. 3 18, & 16. 6
Qfi-gas iine 14. 3 1. 6 5. 8 5. 1
Total 853, 3 10¢0 112,90 100
Table 2 Details in the off—gas line
134CS IOERU
Aetivity | Ratio in the off- DF*! Aetivity | Ratio to the off- D F =t
{(mCi) gzs line (24 fmC i) gas line (9)
Pipe line *Z 2,9 20, 3 — 1. 2 20. 7 —
Condenser 0. 9 6, 3 1 0, 8 13. 8 1
Ru absorber - — — 3., 4 58, 6 10
Cooler neeg. - — neeg. -— -
Spray serubber | 1 0. 3 72,0 53 0., 3 5, 2 4
Filter 6. 2 1, 4 <o 0.1 1.7 oo
Total 14, 3 100 5, 8 100

%1 Decontamination factor

%2 The line between the pot and the condenser
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3.2 Alpha autoradiography of vitrified forms
T.SAGAWA and S.TASHIRO

A technique for alpha autoradiography of vitrified
forms has been develcoped to know locations of alpha-decay
nuclides in vitrified forms and those on handling
apparatus, and to carry out safety examinations on
vitrified high level wastes with alpha nuclides more
preciously. The technigque was applied to detect homogeneity
of Cm~-244 and Pu—-238 in the specimen for an accelerated

alpha radiation stability test first.

The foundamental technigue was arranged to specimen
with very high radiocactivity from a method for weak
radicactivity as shown in Fig. 1. The specimen for alpha
autoradiography were prepared from glass forms by slicing
and polishing. A sheet o0of cellulose nitrate film rapped
with polyethylene based film of 30 Mm thick(5.5 mg/cm* ) was
exposed to the specimen. Exposing period depends on
radicactive density on the specimen surface. For the
specimen which contained 120 GBg/cm® the film was exposed
about 15 seconds. Exposed films were etched in a agqueous
solution of NaOH, KOH and KMnO, at a temperature of 35 °C and
in a period of 15 minutes, washed in water, dried in air
and then observed in ‘the_ form and distributicn of alpha
trucks with a microscopy. Fig. 1 shows schematically the

experimental procedure of the alpha autoradiography.

The homogeneity of alpha nuclides in the specimen used
for accelerated alpha radiation stability test performed in
WASTEF has been proved by an application of the teéhnique.
Two photos in Fig. 2 show the alpha tracks on the etched
film. The 1left photo covers the full surface of a specimen
and the white image indicates alpha tracks. The right also
shows those in black images under a microscopilc
magnification. It is clear that there has been no
coaggregated particle of pluteonium larger than 2x10"* Ci(leO‘I3

.g),which can be calculated with the exposing pericd and

the specific activity. Regarding the macro scale
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homogeneity alpha tracks were counted 1in a unit area o¢of
various sur face parts of specimen. The results are
summarized in Table 1. Nine parts fcor the counting were set
at crossed positions on the specimen surface. Position
number 3 is at the center position and position 1, 5, & and
9 are at the outer. Mean values of the specimen A, B and C
are 1.42, 1.30 and 1.26X10% tracks/mm? and the standard
deviations are 0.08, 0.06 and 0.06 respectively. This means
that the fluctuation of track density is within 6% of the
mean value, thus 1t has been proved +that plutonium was

homogeneous in the specimen enough tc be used for the test.
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Vitrified form specimen with «-nuclids

Dimension; 17 4 mnD X S mm t

Polishing

Measurment of radicactivity

Exposure

Ftching

Washing and drying

with 7 ¢4 diamond Paste

by o Scintillation survey meter

Film material ; celluloce nitrate
, (100 #mthickness )
Time 1 5 seconds

Solution : NaOH+KOH+KMnOa+H20

Temperature; 35T
Time ; 1 5 minuts

Microscopic observation

Heasurement of track density

Fig 1. Experimental

Procedure of «-autoradiography
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3.3 Adhesive behaviour of TRU elements leached out from

vitrified forms on various surfaces

K.NUKAGA and S.TASHIRO

Adhesive property of radicactive substances leached out
from wvitrified forms has been investigated on various
materials for leaching apparatus as a preliminary study to
select a suirable material for the leaching flask and to
make leaching data mcre accurate. Furthermore,
understanding of adhesive behaviour of radicactive
substances leached out will help analysis of wmigration

behaviour in disposal circumstances.

Main scheme of the experimental method is shown in Fig.
1. vVitrified forms with Cs-137, Ce-144, Pu-238 and Cm-244
were used as radicactive source and Teflen, fused silica
and gold were tested as materials fcor leaching apparatus.
Three pieces of each test material were immersed with a
vitrified source in 100 ml water in a glass flask and
boiled for 7 days. This contamination procedure was applied
to three vitrified scources of Cs-137;0.4 Ci and Ce—-144;0.8
Ci in 1.76 g, Pu-238;0.56 Ci in 3.35 g, and Pu-238;0.34 Ci
and Cm—244;2.28 Ci in 2.00 g respectively. After
contamination radicactivity of the leachate and both sides
of test pieces were measured with a suitable method for the
radiations. Alpha autoradiography was also applied to alpha
contaminated pieces. Then, all contaminated pieces were
decontaminated by immersion in 0.2 N HNQO, solution, and the

radicactivity measurement was repeated.

The results on the contamination and its
decontamination are summerized in Table 1. The values are a
mean of three pieces and the values in parentheses indicate
the standard deviation. Regarding the contaminability of
three materials by the radioactive substances, the results
show in general that teflon has the highest and gquartz has
the lowest. The contaminability of teflon by plutonium is
higher about 50 times than that of fused silica. Residual

amounts on fused silica after the decontamination were also
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smallest among the three matarials. As the radiocactivity in
leaching solutions was 3.34 uCi for Pu-238 source, 159 uCi
for Pu-238 and Cm—-244 source, and 0.847uCi for Cs~-137 and
Ce—144, the ratio of the radicactivity in leachate to the
adhesive radiocactivity on the apparatus wall is in maximum
5.2 din combinaticn of teflon and Pu-238 socurce and in-
minimum 0.050 in combination of fused silica and Pu and Cn

2
source when the immersed area is 50 cnm

Regarding adhesive property of leached radiocactive
substances, plutonium showed a specific decontaminability
that 1is much 1less than the others. It would attribute to
its coagulated contamination on the surface, as shown in
Fig 2. A further study has been c¢ontinued for detailed

discussions concerning this subject.

Contamination by | Radioactive glass sampic
Test pieces
leachate, 100 'C. 7 days ! 100 ml water

. L. 137 144
Radicactivity measurement of Cs+ Ce: 2m gas fiow counter

238
Pu:Ins detector

. . 238 244
solution and test piece Pu-+ Cm: SSB detector

Immerse decontamination by

0.2 HNO, solution (24 hrs)

Evaluation of contaminability

and decontaminability

Fig. 1 Experimental procedure
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adiograph of contaminated fused silica surface

Fig.2 Alpha autor

om vitrified source of Pu and Cm

£y

by leachate fi
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3.4 Accelerated alpha radiation stability test; results of

10,000 vears simulation

S.TASHIRO

An accelerated alpha radiation stability test started
in connecticn with characterization tests of re turnable
wastes from oversea vreprocessing and finished at 10,000

vear simulation.

The test method is schematically shown in Fig. 1. Added
alpha nuclides replaced transuranium elements and 90 % of
rare—-earth elements in a simulated waste. Melt was carried
out in platinum crucible of 14 mm in diameter so that each
specimen has a platinum ring 1in the outside circumference
during the test. Four or five specimens were taken out at
random from storage pits for each time duration includding
zero time test. Helium generation was measured by a mass
spectrometer for both of the released from and the remained
in the glass matrix. The former was analvzed from helium in
an atmosphere of enclosed neon gas, and +the latter was
detected with gas from a heated specimen. Stored energy was
measured by a DSC analyzer. Leachability was examined by

Soxhlet type leaching apparatus.

Results on He generation, density and leachability are
shown 1in Fig. 2. More than 99 % of generated helium was
retained by glass matrix, and the most came out to the
atomosphere at temperature of above 500 °C. Density of the
specimens decreased slightly with the elapse of time and
then the decrement of 1.1 % was observed at 10,000 years
equivalent. Regarding leachability some various values were
observed at the test initiation but a flat curve obtained
consequently through 10,000 vyears equivalent. Microscopic
observation also could not find any alternation in the
micro structure. Those results seem.. to promise that alpha
radiation will have no influence on the confinement ability

of vitrified forms to high-level wastes.
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Glass Frit Simulated Wastes

Borosilicate FP(8%)
Glass(77%) Others{11%)

Alpha Nuclides

Cm—-244 79C1
Pu-238 8Ci1
({Total 4%)

Mixing

Melt

1150 °C
2hrs

Preparation

Tests'

14mm¢x S5mm
24 specimens

Storage|Test Time after preparation

9.8 month(5C0 vyears eguivalent)

12.5 m. (1000 y. equiv.)
19.8 m. (5000 v. equiv.)
23.5 m. (10000 yv. eqguiv.}

He Generation Density

Microscopic Observation

Stored Energy

Leachability

Fig.1 Biock diagram of the test method for accelarated
alpha radiation stability of vitrified forms
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Aged time equivalent to actual waste form (vear)

Fig.? Results of accelerated alpha radiation stabitily
test for vitrified forms
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3,5 Nuclide Diffusion in a Granite Matrix

K. SHIMOOKA

A concept of multibarrier system is suggested for a geological
disporsal system. A number of barriers such as waste forms, canister
and buffer materials would delay the release and transport of radio-
nuclides from the repository. The major barrier preventing the radio-
nuclides from reaching the biosphere would be host-rock itself. Material
released from the repository can be transported by the groundwater flow
in the host-rock. The most important pathways would be the network of
open fractures where the groundwater can flow. During the radionuclides
migrate with groundwater, those nuclides may be retarded by dispersion,
diffusion and chemical interaction between nuclides and rock.

In order to study the nuclide migration behavior in the rock,

diffusion experiment is carried out.

Experimental

Granite block (5 cm in diameter and 5 cm in height) which has 3 small
holes (1 em in diameter) surrounded a center hole (2 cm in diameter) was
prepared for the diffusion experiment of Pu and Cm. Three holes were
arranged to set the diffusion distance from the center hole, approximately
2, 4 and 6 cm respectively. The block was saturated with distilled water
before the diffusion experiment. In the center hole, a disk of vitrified
Pu and Cm was immersed in distilled water to make the concentration of Pu
and Cm constant, and distilled water was kept in 3 other holes. The granite
block itself was also put in the distilled water in a plastic case with
lid and kept at a room temperature. golutions were sampled after 20 days,
4 months and 8 months from each hole and baked on the stainless steel for
radicactive assay. Activities of Pu and Cm were measured by the surface

barrier semi-conductor detector.

Result

Apparent diffusivities (D) for Pu and Cm in the granite block were

calculated with the following equatiocn

C/ Gy = erfcX / 2 YDt

—102—
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where Cp is the concentration of Pu and Cm in the center hole at time = 0
and C is the concentration of each nuclide in the sampling hole at
distance X from the center hole.

In Figure 1 and 2, the measured activities in the sampling holes as
a function of distance are shown. The diffusivity of Pu and Cm in the
granite was estimated to be approximately an order of 107!l - 10712 p?/s,

The expeirment is underway and will be continued untill the end of

this year.

—103—
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