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Researches on high-level waste management at the High Level Waste
Management Laboratory and the Waste Safety Testing Facility Operation
Division of the Japan Atomic Energy Research Institute in the fiscal year of
1987 are reviewed in the three sections of the report.

The topics are as follows:

1} On performance and durability of waste forms and engineered barrier
materials, accelerated alpha radiation stability of glass form and Synroc
has been investigated and stress corrosion cracking of canister materials
was examined under simulated conditions.

2) Sorption of‘237Np on granite samples and behavior of iron during weather-—
ing of granites were studied with respect to safety evaluation for
geological disposal.

3) Actual waste was transported from the Tokai Reprocessing Plant and hot

operation using the actual waste was initiated at WASTEF.

Keywords: High-level radiocactive wastes, Glass, Synroc, Radiation Effect,
Leaching, Neptinium 238, Plutonium 238, Curium 244, Stress

Corrosion, Granites, Natural Analogue, Safety Analysis, Hot Cells
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Introduction

S. Tashiro

In regard to the management of high level radioactive wastes Japan has
made rapid progress on the industrial scale activities in the past year.
The Power Reactor and Nuclear Fuel Development Corporation (PNC) finished
the safety examination of the pilet plant for the vitrification of HLW
generated at the Tokal reprocessing plant and started the construction.

The safety examination advisory committee of the Government started discus-
sions on the specifications of returnable wastes from oversea reprocessing
plants. The Japan Nuclear Fuel Service Co., Ltd. (JNFS) has actually
designed a storage facility for the returnable HLW packages and a vitrifi-
cation plant attached to a commercial reprocessing plant to be located at
the Shimokita site.

The Japan Atomic Energy Research Institute (JAERI) has contributed to
the industrial scale activities mainly from a safety aspect as well as has
compiled basic data for the long term safe management.

This report summarizes the status and the results of studies performed
the fiscal year 1987 in the High Level Radioactive Waste Management
Laboratory and the WASTEF (Waste Safety Testing Facility) Operation Division
of the Department of Environmental Safety Research, JAERI.

The report is devided into three chapters; waste forms and engineered
barrier materials, safety evaluation for geological disposal, hot operation
at WASTEF.

The first chapter describes studies on glass forms and Synroc, and
also gives a result of SSC examination of canister materials in disposal

conditions.

237Np and iron in

The second chapter includes reports on behavior of
rock mass, bore hole radar techniques for fracture location, natural
analogue and safety assessment methodology.

Regarding WASTEF work, items supperting the hot examinations are
reported in the third chapter.

The relative annual reports have been previously pressed in the
following numbers; JAERI-M 82-145, 83-076, 84-133, 85-090, 86-13] and

87-131.
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1. Waste Forms and Engineered Barrier Materials

T. Banba

In this chapter, the studies on glass waste forms, Synroc waste
forms, and canisters are described. Examinations of glass waste form
have been carried cut in order to obtain the data on leachability and
radiation durability. In the leaching experiments, the effect of
leachant flow rate on the leachability, and leaching behavior of
plutonium were examined. In the radiation durability tests using
244Cm—doped glass, The radiation effects on the properties of waste
glass under B~y irradiation condition, and the release behavior of
helium were discussed. The technique of radicactivity measurement of

d 237Np and the cleaning technique of Teflon leach container

leache
were also introduced.

Cooperation between Japan and Australia on development of Synroc
waste forms has progressed favorably. In the past year, the leaching
tests of Synroc were carried out under the hydrothermal conditions and
then the precipitates on the surface of specimen were examined. and

244Cm—doped Synroc was prepared for an accelerated d-radiation

the
stability test.

In the safety evaluatlon tests of canister, The stress corrosion
cracking (SCC) in simulated basalt groundwater under vy-ray
irradiation condition was examined. And the effect of external

static pressure by using the high-pressure water tank was discussed.
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i.1 Glass form
(1) Continuous—flow leach tests of simulated high-level waste glass
H. Xamizono

Continuous—flow leach tests were carried out on simulated high-
level waste glass in synthetic Grande Ronde basalt groundwater at 90°C
for up to 200 days. The composition of the glass and the groundwater
used in this study are given in Tables 1 and 2, respectively. Linear
flow rate, which was defined as volume flow rate (m3/day) divided by
specimen surface area (mz), was adjusted at four successive orders
ranging from 5.5 x 107% to 5.5 x 1073 m/day by using a MCC-4 type
leaching apparatus [1]. This apparatus was improved in three ways as
follows:

(i) The shape of the leach containers was designed to provide a
high glass~surface—area to leachant—-volume ratioc of lOOO_mz/m3. This
required fifty pineapple-sliced glass specimens.

{(ii) The leach containers and the connected leachant—-inlets and -
outlets were made of stainless steel capable of enduring gamma
irradiation dose of more than 105R, which would be one possible
experimental condition in the future work.

{(iii} The movable parts of the apparatus which had to be handled
throughout the experiments were designed to be remote-controlled so
that leach tests could be operated under a high gamma irradiation
field in the hot cell.

Here, 6nly preliminary results obtained without gamma irradiaticn
will be described, as reference data comparable with those from future
experiments with irradiation. Figure 1 shows the relaticonship between
the leach rates of silicon and the linear flow rates at a fixed leach
time of 100 days. The solid line in the figure was obtained based on
the assumption in which the leach rate of silicon (L(g/mzday)) was
expressed as,

L =5 xF, -+ (1)
where 5 (g/mg) is the apparent saturation concentration of silicon in
leachant, and F (m/day) the linear flow rate. This assumption holds
true if the leachant around the specimen has been nearly saturated by
silicon leached out from the specimens before being replaced by

freshly pumped leachant.
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It should be mentioned that the leach rate of silicon approaches
its maximum value of 10-l g/mzday when the linear flow rate is more
than 10-3 m/day, which is calculated from a transformation of equation
L,

F = L/s. ea(2)

The results concluded that leach rate of silicon increased in
proportion to linear flow rate up to 10'3 a/day when the leachant had
completed its apparent saturation by silicon. - Above the critical
linear flow rate of 10_3 m/day, leach rate of silicon tended to be a
constant value of about 107t g/mzday.

As the next step, we plan to use about 1300 Ci of Cs-137 as a
gamma emltter near the leach containers. It is expected that the"
gamma irradiation will change the leachant chemistry in such a way
that nitric acid formed by the irradiation results in a stronger
leachant acidity, thereby affecting leaching behavior. We will also
carry out some experiments in the future by using radiocactive glass
incorporating actual high-level waste elements as the goal of the

present series of experiments.

Ref. [1] T. Sagawa, JAERI-M 87-131
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Table 1 Composition of the simulated high~level waste glass

Component Content (wt#) Reagent used
510> 45.20 85104

B2032 13.90 NaB407

Al1503 4.90 Al (OH);

Na»0 9.80 Na,COs3

Ca0 4.00 CaCOs

Li0 2.00 1.i;,C0O4

Zno 2,50 Zno

SeQ2 0.02 Sels

Rb,0 0.12 EbNO3

Sr0 0.34 Sr(NO3)2

Y203 0.20 Y(NO3)3*6H0
Zr02 1.65 Zr0O(N03), *2H20
MoO3 1.74 HoMoOy4 *H, 0
MnO2 0.21 Mn(NQ3)2+6H,0
RuO, 0.92 RuCls*3H.0
Ag,0 0.03 AgNO;

Cdo 0.03 Cd(NO3)2*4H,0
Sn0-» 0.02 $nCl,+5H,0
Sb»03 0.004 ShCl;

TeOD, 0.23 TeO2

Cs,0 0.98 CsNO3

BaO 0.63 Ba(NO3)»
Las03 0.51 La(NO3)}3°6H20
CeQx 1.91 Ce(NO3)3+6H20
Pre011 0.30 Pr(NOs)3*6H,0
Nd-0g 1.65 Nd({NO3)3+6H20
Smo03 0.33 Sm{NO3)3*6H0
Eu,03 0.06 Fu(NO3)3°6H,0
Gd»01 0.04 Gd{(NQ3z)3"6H,0
P20s 0.30 H3POy

Fe,03 0.70 Fe(NO3)3*9H,0
Fe203 2.20 F8203

Cr203 0.50 Cr(NO3)3*9H:0
NioO 0.40 Ni{NQ3)y*6H,0
Zr0s 1,00 Zr0s

Ru 0.12 Ru

Rh 0.15 Rh

Pd 0.43 Pd

Total 100.00
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Table 2 Composition of the synthetic
Grande Ronde basalt groundwater

Leach Rate of Si { g/m?day)

Flement mg /L
Na 355.0
K 4,34
Ca 2.77
Mg 0.00429
Si 30.1
F 27.3
Cl 306.0
30y 172.0
0
10 T E ™ [
ig' - o
. L -
-2
107 ¢ -
T ®
16°} -
-4 | I [ L | |
10 :
) -5 -4 =3 -2
10 10 10 10 10

Liner Fiow Rate {m/day)

Fig. 1 Relationship between leach rates of Si and

liner flow rates.
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{2) Leaching behavior of 238Pu from the nuclear waste glass

T. Banba

The leachability of nuclear waste glasses has been investigated
for the reason that a waste form is the first protectiVe material from
the release of radionuclides in the repository, and that we need to
predict the radionuclide release rates from waste formsl’z). In this
report, the leaching behavior of plutonium, which has a potential long
term environmental hazard because of its long half-life, 1is

investigated.

Experimental

IS0 type static leach tests3) were done using the 238Pu—doped
eimulated nuclear waste glass. The dopant level was 1.35 wt? Pu0,
(238Pu: 6.7 x 107 Bq/g-glass). The composition of waste glass is
shown in Table 1. Five specimens (14 na? x 8 mm%) were prepared by
cutting and polishing. The. experimental conditions are as follows:
1) Leach tests with deionized water are carried out.
2) The ratio of surface area to leschant volume {(SA/V) is determined
to be 0.1 cm™l.
3) The Teflon leach container is used.
4) The test temperatures are chosen to be 25°C and 90°C.
5) After certain intervals the specimen is withdrawn from the leach
container and immediately transferred to a new leach container
filled with fresh leachant. The leachant and contalner are
changed at the first—, second-, fourth—, eighth-, sixteenth—,
thirtysecond-, and sixtyfourth-day after starting the leach test.
Aliquots of 100 ul leachate were dried on cleaned stainless steel
planchets and 238p, concentrations were determined through a
combination of gas flow proportional counting and surface barrier
spectrometry techniques.

The pH of leachate was measured with a pH meter (TOA Electronics
Ltd, Model HM-10K). All leachates had the value of pH range between

5.8 and 6.4.
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Results and Discussion

238 238

Pu from the Pu-doped simulated nuclear waste

The release of
glass is 1llustrated in Figure 1 and 2. Figure 1 shows the

238

normalized elemental mass losses (g/mz) for Pu plotted as a

function of time for test temperatures of 25°C and 90°C, and Figure 2
238

shows the normalized leach rate (g/mzday) for Pu versus time for

both temperatures. 238Pu has the value of normalized elemental mass
loss with asymptotically approaching 0.5 g/m2 for 25°C, and 1 g/m2
for 90°C after 64 days. Namely, it appears that the leach rate of
238Pu reaches a constant value of 0.002 g/mzday after 64 days (Figure
2).

Figure 2 indicates that the effect of temperature on the

238Pu is very small. The factor of Pu

normalized leach rate for
leach rate between 25°C and 90°C is 4.8 at 8 days which is the largest
value during this experiment, and then it decreases with the
increasing leach time. ~ These factors are less than that of the other
elements, e.g., the leach rate of Cs increases by factor of 33 betwecen
40°C and 90004). Que of reasons for the small temperature-dependence
of 238Pu leach rate will be explained as follows: Plutonium is more
concentrated in the alteration layer than in bulk glasssz This
implies that Pu is blocked from diffusing into solution by the
alteration layers. As the growth rate of the alteration layer
increases with the rising in temperature, it is considered that the
protective effect of the layer on the release of Pu becomes larger at
higher temperature. Consequently, the temperature—dependence of Pu

leach rate becomes smaller than the other elements such as Cs.

References

1) T. Murakami and T. Banba; Nucl. Techunol., 67, 41% (1984)

2) T. Banba and T. Murakami; Nucl. Techmol., 70, 243 (1985)

3) "Long-term Leach Testing of Radicactive Waste Solidification
Products”™, ISO/DIS-6961l, International Organizatioun for
Standardization (1979)

4) J.E. Mendel; PNL-5157, pl-35 (1984)

5) J.K. Bates, et al.; Mat. Res. Soc. Symp. Proc., Vol.15, 183 (1983)
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Table 1 Composition of Simulated High-Level Waste Glass

Component Content (wt%) Component Content (wt%)

Additive Haste
Bo04 13.9 CSZO 0.98
A1203 4.9 Bal 0.62
Ca0 4.0 La203 0.45
Na,0 9.8 Cel, 0.90
n0 2.5 Prs01y 0.44
Li20 2.0 Nd203 1.48

Sm» 03 0.29

Waste Eu203 0.06
RbZO 0.12 Gds03 0.03
Sro 0.34 Se0s 0.02
Zr0, Z2.64 Fen04 2.90
Mo0O4 1.73 Ni0 0.40
Ag,0 0.03 Po0g 0.30
Cdo 0.03
Sn02 0.02 PUOZ 1.35
Sby04 0.004




Normalized Elemental Mass Loss (g/m?)

Fig. 1

Leach Rate (g/mday )

Fig. 2 The normalized leach rates for 23
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(3) Accelerated Alpha Radiation Stability Test (AARST) under Beta and
Gamma Irradiation

S. Matsumoto and S. Tashiro

Following a previous test on alpha radiation stability of vitrified
froms, a.new series of the test was initiated using 75 Ci of 2"*Cm under beta
and gamma irradiation at WASTEF. During the test some similar conditions
have been established to the test specimen as in the long term duration of
actual waste forms. Total alpha disintegration density in the specimen will
reach finally to 7.76 * 10'® alpha disintegration/cm®, and then the nuclide
transmutation of curium 244 to plutonium 240 will be about 7 7% and the
third is absorption dose; 3.5 X 10° rad for gamma radiation and 6.3 X 107
for beta radiation. Test specimens of disk shape have been stored for a
given duration upto 2 years and then measured or observed on the alteration
in density, leachability, fine structure, helium behavior etc,

At the moment the test has been proceeded the 5,000 year equivalent.
The test procedure is shown in Fig. 1 and the results are shown in Fig. 2.

The test will finally finish in the coming June at 10,000 year simulatiom.
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Glass Frif] Simulated Wastes Alpha Nuclides

Borosilicate
Glass (77 %)

FP(9%) Cm-244 (75Ci)
Others {11 %)
Cs-137 (175mCi)

Mixing

l

Melt

|

1150
2 hrs

Preparation

{4mm £ x 4mm
21 specimens

l

Cs-137 |7 Irradiation
1200Cix 2 Storage

Test Time after preparation
8.6 month { 300 years equivaient)

i6.2m.{ 1000y. equiv.)
24.1 m.({ 5000y.equiv.}
28.3m.{10000y. equiv.)

Tests
| I
He Generation Density Microscopic Observation
Stored Energy Leachability

Fig. 1 Block diagram of the test method for accelerated.alpha

radiation stability under By irradiation of vitrified

forms.
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{4) He release behavior from Cm~doped glass specimen

K. Morikawa

{Introduction] _

Alpha decays of actinides generate the excessive helium in high level
radicactive waste glass. This helium may affect characteristics of the
waste glass.

In this study 2L'L'Cm—doped simulated waste glass which was prepared for.
an accelerated alpha radiation stability test was used as specimen aged four

yvears after the doping.

[ Experimental]

The glass specimen irradiated to 6.1 X 10'8 alpha disintegration/g was
reformed into the sized of 3mm¢ X 0.5mm, 3mm¢ X 1.0mm, and 3mm¢ X 2.0mm.
The test was carried out in a vacuum system in the No.5 hot cell of WASTEF,
An outline of the equipment is shown in Fig. 1. Each specimen was put on
the alumina stand and heated at a given temperature of 260 ~ 540°C., It
usually took about ten minutes before the specimen reached the given témper~
ature. Released gas was lead to a reserve tank and the concentration was
measured with a mass spectrometer.

The release of helium from the specimen obeys the Fick's second law.

2
€ _p {-§~% +

3c . d%c
5t 5T P (L

ar + 3z2

H |~

where D is a diffusion coefficient of helium in the specimen, aﬁd C is
concentration of helium in the specimen. A solution of Eq.(l) is given
using the following initial conditions and boundary conditions,

Initial conditions C=C; at t=0, 0<4<a, 0<z<L,

Boundary conditions C=0 at t*0, r=a , z=0,L,
where Cg is a initial concentration of helium in the specimen, a is radius
of the specimen, and L is thickness of the specimen. The sclution gives

fractional release (Mt/Mw) of helium as,

M [ w0
Lo 52 y 3 [”““‘—l“‘““f

= T G2,2 7
M, [ s ) {2k+1) an

X exp {—D(an2+(2k+1)2ﬂ2/L2)t}] N (2)

where Mt is the amount of released helium from the specimen at the time ¢,

M, is the total amount of helium in the specimen, and o is a positive zero
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point of Bessel function of zero dimension, Jo(a,an)=0. Thus, the diffusion
coefficient of helium in the specimen can be lead by fitting this equation

to the obtained data.

[Result and discussion]

The obtained data and a curve given by fitting the Eq.(2) to the
data are shown in Fig. 2. This curve is good fitness to the obtained data
for early time. But when fractional release (Mt/Mm) excess 0.8, it is bad.
It is suspected that helium is trapped with radiation defects and bubbles,
so helium release was late from natural diffusion. Again, Eq.(2) was
fitted to this region of data, and a new diffusion coefficient was given.
A diffusion coefficient of untrapped region was named D(u)}, and a diffusion
coefficient of trapped region was named D(t).

Arrehnius plot of both the D(u) and D(t) of several temperatures is

shown Fig. 3. Each coefficient is shown by the follow equations,

D(u) = 1.80 x 10 ¥ exp(-12.7 kcal/RT) cm?/s ,
and

0.176 exp(-19.9 kecal/RT) cm? /s

D(t)

It suppose that the reason of difference of activation energies is trapping

of helium to radiation defects and bubbles.

Cell wall

L L L X aMs,
Specimen ///

Bell Jjar /Fumace/ Reserve
/ \Tonk g ] Standard
e / gas
: T.C. /
i ,
I {X Diffusion
777/ pump

Fig. 1 The outline of the equipment
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Fig. 2 Obtained data and a fitting curve at 350°C
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(5) Alpha~- and gamma-radioactivity measurements of neptunium-237
in leachants for waste glass leach tests

S. Nakayama and T. Banba

Introduction

Concentrations of actinides contained in glass leachates obtained from
waste glass leach tests are generally calculated from their alpha radioac-
tivities. An aliquot of the leachate is dried on a stainless steel pan, and
alpha particles emitted from the smaple are counted with a proporticnal
counter or a silicon surface bérrier detector. This method is not favorable
when the ionic strength of the leachate is high, because the energy of alpha
particles are more or less absorbed by the dried salts formed on the pan and
a part of alpha particles are not detected. The energy absorption makes
precise radiocactivity measurement difficulrt.

. At JAERI a leach test for neptunium-237 (237Np)—doped simulated waste
glass has been carried out with synthetic basalt groundwaterl) as a
leachant. The above-mentioned problem in radiometric determination is
serious in this leach test because (1) a large volume of the glass leachate
is required for measurement due to the low specific activity of 237Np and
(2) the leachate (synthetic basalt grounwater) forms a much amount of salt
when dried, which is likely to effectively inhibit detection of alpha
particles. On the other hand, gamma-ray detection seems applicable for
237Np determination because the yields of gamma emission from *°*’Np are
measurably high: 14.0 % for 29.3 keV and 12.6 % for 86.5 keV of gamma
rays., However, long-time measurement is needed due to low detection
efficiency of gamma-ray detectors,

The objectives of this preliminary experiment are as follows; (1) to
know the effect of the energy absorption of alpha particles in the dried
groundwater leachant on the alpha-radiocactivity measurement and to study if
it is practically possible to correct the so measured alpha radicactivity
to obtain an exact value of radioactivity, and (2) to study if it is
practical toc measure radioactivity by long-time gamma-ray detection for

small amount of leachants (0.5 ml).

Results
Figures 1(a), (b) and (¢) show the alpha spectra of 237Np emitted from
a standard source (Amersham), dried deionized water and dried synthetic

h 237

basalt groundwater leachant spiked wit Np, respectively. 1In Fig. 1l{(c),




JAERI-M 88-2C1

peak tailing can be seen resulting from the absorption of energies of alpha
particles. A part of alpha particles is not detected in appropriate energy
channels and not counted. Hence, the proportionality cannot hold between

detected counts and concentration of spiked 237

Np. This tendency is shown
in Fig. 2 by blank circles. In practice, it seems impossible to estimate
alpha radiocactivities from this result with sufficient accuracy. The
typical period for alpha-radioactivity measurement with 27T gas-flow
proportional counter was 5 to 10 minutes. Samples prepared for the above
alpha-radiocactivity measurement were also used for gamma-radicactivity
measurement with the low-energy photon spectroscopy equipped with high-
purity germanium detector. The measurement period required was a half to
one day. The measured gamma radioactivities are shwon in Fig. 2 by blank
triangles. A solid line in this figure represents the measured alpha
radicactivities for %°’Np-spiked deionized water, for which little energy
absorption in dried salt is observed as expected by Fig. 1(b). Comparison
of the measured gamma radicactivities with the solid line shows that
gamma-radioactivity measurement is practically applicable with sufficient

accuracy though it takes a long period for measurement.

Conclusion

The measurement of alpha radicactivities was not appropriate to
determine the concentration of 237Np contained in the synthetic basalt
groundwater. The salt formed by drying the groundwater absorbed energies
of alpha particles so that alpha particles were not detect correctly. The
gamma-radiocactivity measurement was, though it took long time, practically
applicable for 237Np determination in both the deionized water and the

groundwater.
Reference

1) Jones, T.E.: '"Reference Material Chemistry - Synthetic Groundwater

Formulation'", RHO-BW-ST-37P (1982).
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(6) Removal of fluorine from Tefloéﬁ PFA containers by the MCC
cleaning procedure
S. Nakayama

Introduction

237Np-doped waste glass

In WASTEF a leach test has been carried out for a
since June 1987. Before the leach test it was found that the pH of purified
water stored in TeflonﬁaPFA {Polytetrafluoroethylene-Perfluoroalkylviny-
lether) containers at 90°C decreased from 5.7 to about 4 during the first 3
days. The Teflon PFA containers have been recommended to use as leach
containers by the MCC (Materials Characterization Center) -1 Static Leach

Test Methodl)

, and before the test the containers used were cleaned following
the procedure described by the MCC manual. Water used was found to have no
measurable impurities,.

From the pH 4 water about 1l ppm of fluorine ion was detected by using
an ion chromatography. The two facts, the decrease in pH and the increase
in fluorine ion concentration, imply that hydrogen fluoride HF remained in
the Teflon PFA containers. An aqueous solution of HF is hydrofluoric acid.
This acid is known to disscolve silicate such as glass, Then the HF
released from Teflon PFA containers to leachant may affect the leaching of
glass.

The objectives of the present experiments are (1) to find convenient
ways of cleaning in addition to the MCC cleaning procedure in order to
remove HF from the Teflon PFA containers to the level that the pH decrease
is not observed, and (2) to study whether HF remained in Teflon PFA con-

tainers affects the weight loss of a simulated waste glass,

Experiments and results

Removal of fluorine by the MCC cleaning procedure

The MCC cleaning procedure described in Ref.l) consists of following

eight steps:

1) Heat new containers at 200°C for one week.

2) Soak for 1 h in 6MHNO;~0.2MHF.

3) Rinse with 3 container volumes of high-purity H:O.

4) Soak in 6MHNO; for 4 h at 50°C.

5) Soak for 30 min in »60°C high-purity HyO.

6) Soak for at least 8 h in fresh high-purity H,0.

7) Boil for 30 min in fresh high-purity H»0.
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8) Rinse with successive container volumes of high-purity Hs0 until the
pH of two successive rinse solutions is within 0.5 pH unit of the
original high-purity H,0. A minimum of three rinses is required.

In order to study the extent of removal of fluorine from Teflon PFA
containers by the above procedure, new Teflon PFA containers were prepared
as the following three kinds, to which different steps of the cleaning
procedure were subjected.

Container A: Supersonically cleaned in tap water for 10 min and rinsed
with purified water. (The purified water used in these
experiments was provided by Kyouei Seiyaku Company, Chiba,
Japan.)

Container B: In addition to the procedure for the Container A, step 1) of
the MCC cleaning procedure (heating at 200°C for one week)
was made.

Container C: Steps 1) to 8) were completed.

About 40 cc of purified water were put in the containers A, B and C.
They were kept at 90°C in an oven, At desired time those containers were
taken out from the oven and cooled to room temperature., The pH and the
fluorine ion concentrations.of waters were measured. (This procedure is
called a cleaning test in this report.} The measurement of the fluorine ion
concentration was made with an ion chromatography (Shodex IC) equipped with
an anion-exchange column (Shodex IC I-5244).

Figure 1(a) shows the pH for samples A, B and C. The pH values of all
these three samples rapidly decrease in one day., The extent of the pH
decrease is in order of A > B > C, which agrees the extent of cleaning.

Even in the sample C, for which the MCC cleaning procedure was completed,
the pH decreased to about 4. Figure 1(b) also shows the pH for samples A, B
and C. This result was obtained by the procedure in which after each pH
measurement the containers were rinsed with purified water and fresh
purified water were put into the containers. This procedure allows to
detect smaller pH changes. Figure 1(b) shows that it took about 60 days for
the pH to recover to that of purified water.

Figure 2 shows the hydrogen ion concentration [H+] and fluorine ion
concentration [F ] for samples A, B and C. The [H+] were calculated from
the measured pH values plotted in Figure 1(a). As shown in Figure 2, [F ]
and [H+] change in a similar manner. Quantitatively [F ] seems nearly
equal tb [H+] throughout the studied period. This fact leads to an assump-

tion that the impurity remained in Teflon PFA and causing the pH decrease is
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hydrogen fluoride HF.

In order to study effects of heating on removal of HF, heating duration
was extended to 2 to 4 weeks and the cleaning tests were carried out. As
shown in Table 1, more than 3 week heating is effective to remove HF from

Teflon PFA containers, but not sufficient.

The effect of the hydrofluoric acid concentration on glass leaching

A glass leach test was carried out with hydrofluoric acid of different
concentrations as a leachant. The [F ] in the leachant were adjusted td 0,
2.1 and 23 ppm. These values cover the range of [F ] corresponding to that
of [HF]'released from Teflon PFA containers. Cylindrical specimen of
simulated waste glass (5 mm D30 mm L} were leached at 90°C for 14 days.
The SA/V ratio was 0.17 cmfl.
Table 2.

The measured weight loss was listed in

The pH of glass leachates increases as the leaching progresses. Also
in this leach test, the final pH values (9.0 to 9.3) were much highér than
initial pH values (3 to 6). Since the final pH values were almost identi-
cal, there would be no effect of pH on glass leaching at this time. The
effect of pH would appear at shorter leach time if any, where the pH values
were different from sample to sample. The result shown in Table 2 means
that under the considered leaching condition there is little effect of

hydrofluolic acid on glass leaching.

Conclusion

Hydrogen fluoride HF seems to remain in new Teflon PFA containers even
after the MCC cleaning procedure. To remove the HF more than about 2 month
soaking of the containers in purified water at 90°C is required feollowing
the MCC cleaning procedure. It is also effective to extend the heating
(200°C) duration to three weeks or longer. These two procedures should be
added to the MCC cleaning procedure.

A ld~day glass leach test at 90°C was made to study whether HF of
concentrations as high as those remaining in the Teflon PFA containers
affect the glass leaching., The weight loss was measured. Little effect was

observed under the considered condition.

Reference
1) Materials Characterization Center: ''Nuclear Waste Materials Handbook',

Test Methods, MCC-1P Static Leach Test Metheds, Revision 1 (1983).
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Table 1 Effect of heating duration on pH of rinse

solutions®’
heating pH after pH after a cleaning
duration cleaning test and the MCC

{week) test cleaning procedure

1 4.57 —

4.70 —

4.11 —

2 4.96 —

5.00 —

3 5.4 5.02

6.0 4,87

4 " 6.9 5.13

6.8 4.85

a) Heating temperature was 200°C. A cleaning test was
made at 90°C for one week,

Table 2 Weight loss of simulated waste glass
in different concentrations of
hydrefluoric acidad)

fluorine ion

\ pH weight loss
C°“°?;;;§t1°“ initial final (%)
0 5.7 9.31 0.45
2.17) 4.01 9.23 0.31
23 3.22 9.04 0.41

a) Leach test was made at 90°C for 14 days.
b) These wvalues were measured with the ion chromatography.
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B: supersonically cleaned and heated at 200°C for 1 week,
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1.2 SYNROC

(l) TIdentification of the surface precipitates produced in
hydrothermal dissolution of SYNROC
H. Mitamura and T. Murakami

Introduction

High level nuclear waste (HLW) is to be solidified and then
isolated from biosphere over one million years since it contains a lot
of hazardous long-~lived radionuclides. SYNROC is a titanate ceramic
designed for the immobilization of HLW elements which are incorporated
as dilute solid solutions in three main constituent minerals, namely
hollandite (BaAlzTi6016), perovskite (CaTi03) and zirconolite
(CaZrTi207). After a geoleogical disposal of the HLW form, release of
the radionuclides can occur due to percolating ground water. Many
studies have been carried out using various kinds of leaching methods
to elucidate the release mechanisms and to assess long-term release
rates of the radionuclides from the waste form. From the results of
these studies, surface layers and/or precipitates are considered to
greatly influence the release rates of some hazardous long-lived
radionuclides. In the present study, we examined surface precipitates
under hydrothermal condition which is assumed to accelerate the growth

of the surface products.

Experimental

An ANSTO SYNROC {(SFG 556) containing 10 wt?% of nonradiocactive
simulated HLW was sliced into two millimeter-thick sections. A part
of the sections were polished with diamond paste of 0.25 um before
leaching. The test was carried out using deionized water at 190 °C
for 28 days in accordance with the Materials Characterization Center
(MCC)-2 method. After leaching, test vessels were naturally cooled to
room temperature and then the samples were dried after a rinse with
deionized water. Leached samples were subjected to observation of
scanning electron microscopy {(SEM) equipped with energy dispersive ¥~
ray analyzer. A part of the surface products were collected and
dispersed on a microgrid for observation of anmalytical transmission

electron microscopy (ATEM).
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Results

Figure 1 shows a SEM image of the SYNROC sample after the
leaching test. In this figure, granular precipitates below 0.3 um are
distributed all over the surface. Needle-like precipitates .up to 60
um are also scattered on the granular surface products. Figures 2.0
and 2.9 -2.®, respectively, display a SEM image and X-ray mapping
images. These figures show that the needle—~like precipitates contain
neodymium and cerjum. It is not clear in these figures whether
phosphor is included in the needle-like precipitates or not because
the X-ray peaks of zirconium-L and phosphor-K occur at almost the same
enrgy range.

ATEM revealed that the needle-like precipitates consisted of
neodymium (Nd), cerium (Ce), calcium {(Ca) and phosphor (P) (Fig.3).
Electron diffractometry elucidated that these precipitates had a
monazite structure and that they were extended along the c—axis.
Secondary electron images using ATEM clarified that the needle-like
precipitates were rectangular prisms in shape. On the other hand,
ATEM also revealed that the granular surface products consisted of

titanium (Ti).

Discussion

A chemical form of the needle-like precipitates is considered to
be (Nd, Ce, Ca)PO, based on the results of SEM, ATEM and electron
diffractometry. XKastrissiocs et al.ll] have reported that a perovskite
phase is more soluble than the other main constituent mineral phases
and dissolves congruently under hydrothermal conditions similar to the
present study. ATEM revealed that perovskite grains contained rare
earth elements such as neodymium {(Fig. 4). Rare earth elements in the
needle-like precipitates is considered to originate from those in
perovskite grains. On the other hand, phosphor was rarely detected in
perovskite grains in the present study. This element must be derived
from the other scluble SYNROC phases.

Figure 2 indicates that needle—-like precipitates are conceutrated
in a region rich in ruthenium and iron. In this region, the granular
precipitates are distributed widely. Since most of these surface

products is supposed to originate from the perovskite grains, rare
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earth elements in these grains may be consumed for growth of the
needle-like precipitates. Therefore, the other soluble SYNROC phases
in the ruthenium— and iorn—-rich region need to be considered as source
for the eqivalent amount of phosphor, but it is still unknown.
Monazite usually contains uranium and/or thorium in natural
minerals and has long-term stability in terms of radiation damage and
chemical durability[zl. This phase is considered to be desirable as
the host phase for actinide elements in HLW. A part of these élements
are incorporated in perovskite phase in SYNROC. Although a perovskite
phase has lower chemical durability than the other main constituent
phases, actinide elements dissolved are again incorporated in the
monazite-structure precipitates in which actinide elements are hardly
dissolved. This phenomenon ﬁay be favorable for confinement of HLW

elements.

References .
[1] KASTRISSIOS, T., STEPHENSON, M., TURNER, P. S. and WHITE T. J.,
"Hydrothermal dissolution of perovskite: Implications for Synroc

formulation,"” J. Am. Ceram. Soc., 70[7} (1987) cléb—-cl4é,

[2] ABRAHAM, M. M., BOATNER, L. A., BEALL, G. W., FINCH, C. B.,
FLORAN, R. J., HURAY, P. G. and RAPPAZ M., "A review of research on
analogs of monazite for the isolation of actinide waste,” CONF-
8005107, U.S. Department of Energy, Technical Information Center, Oak
Ridge, TN (1981).
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Fig. 1 Scanning electron micrograph of SYNROC surface after

leaching at 190°C for 28 days.
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(2) Fabrication of curium-doped SYNROC

S. Matsumotc and H. Mitamura

Introduction

Alpha decay of actinide elements in nuclear waste forms results
in the formation of two particles: a recoil nucleus and an alpha
particle. In the waste forms, the former particle has a short range
of ~» 10 nm and produces several thousand atomic displacements, while
the latter particle has a range of ~20 pm and produces several hundred
atomic displacements [1]. It is generally assumed that radiation
damage in the waste forms results primarily from atomic displacements.
In Synroc, the actinide elements can be incorporated mainly in
perovskite and zirconolite phases. Consequently, two alpha damage
mechanisms are supposed to exist in Synroc including actinide
elements: synergistic damage due to recoil nuclei and alpha particles
in the actinide containing phases, and alpha particle damage in the
actinide free phases.

An accelerated alpha radiation stability test was plannéd at
WASTEF using curium—244 under a co-cperative program between JAERI and
ANSTO. In order to carry out the test, a set of hot cell épparatuses
was installed in the hot cell of WASTEF, which mainly consists of a
calciner and a hot press {see Figs. 2 and 4 in Ref. 2). The Synroc
blocks containing curium244 vere prepared using fhe apparatuses in

the first week of December, 1987 and then the test was initiated.

Fabrication of Curiumdoped Synroc
1} Curium Source

The curium source (as dioxides) was enclosed in two small
capsules which were shipped from the Oak Ridge National Laboratory
(ORNL), USA. The total amount of the curium source collected from the
capsules was 1.48 g which corresponds to the total alpha activity of
1.90 TBq (51.3 Ci) and the 2%%Cm activity of 1.89 TBq (51.1 Ci) as of
the beginning date of Synroc fabrication (Table 1). These activities
have been calculated using a mass assay in shipping data sheets of
ORNL. 1In this calculation, long-lived nuclides (half life: more than

8 x 103 vears) were regarded as stable omes, and the elemental
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impurities were neglected since the total amount of the impurities was

less than 1.5 wtZ.

2) Substitution of Curium Source

In order to estimate the accumulated alpha disintegration demsity
of an actual Synroc in a disposal time and assign it to that of the
curium-doped Synroc in a storage period, the following assumptions are
adopted:

{1] It is assumed that the actual Synroc contains 10 wt% of an
as~calculated HLW which will be termed "JW".

[2] The 105—year disposal time is supposed as a maximum
accelerated term in the present alpha radiation stability test.

{3] The curium content is fixed so as to complete the test in two
years.

These assumptions demand that the curium source of 1.48 g should be
incorporated in 91.7 g of the curium—doped Synroc. Therefore, the
content of the curium source in the Synroc becomes 1.61 wtZ.

Next, it is assumed that 10 wt% of a simulated HLW named JW-A is
loaded in a Synroc before curium-doping. As our curium source is used
without further purification, it contains the appreoximately same
amount of the plutonium element which is daughters of the curium
nuclides. The total amount of curium and plutonium elements are
substituted for all of actnides and rare earth elements of higher mass
numbers in the JW-A waste on a mole basis. Table 2 shows the
composition of a simulated JW-A waste which is partly substituted by
the curium source. From this substitution, the curium—doped Synroc is
to have 10.39, 87.42 and 1.99 wt% of the simulated JW-A waste,

precursor and titanium metal, respectively (Table 3).

3) Fabrication Process

Table III shows the composition of the Synroc precursor which was
prepared by -a hydroxide-route process. Figure 1 shows the preparation
process of the curium—doped Synroc. At the beginning, the precursor
and the sinmulated JW~A waste only excluding the curium source were
made up in a cold laboratory. This waste was not subjected to piH

adjustment with nitric acid because an adequate amount of nitric acid
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was added to the simulated JW—-A waste as the solvent of the curium
source mentioned below. |

In the hot cell, the curium source of 1.48 g was dissolved in
concentrated nitric acid (41.7 g) with some drops of hydrofluoric acid

o , . .
C. This curium solution was dark green.

(0.11 g) on a hotplate at 60
Although the weight of the curium soulution was measured, its volume
was not done as the curium source was dissclved in a glass beaker to
facilitate the remote handling. The curium solution was divided with
a balance into three equal parts to mix with the Synroec slurry
consisting of the precursor and the simulated JW-A waste because the
capacity of the calciner was not sufficient to treat at a time. The
pH of each mixture was adjusted to about 9 with ammonium hydroxide
before introduction into the calciner. The each mixture was dried at
70 °C for more than 24 h and calcined at 750 °C for 2 h.

For one of the three batches of the calcined powder, the pour and
tap densities were measured using a graduated polyethylene cylinder, a
funnel and a spatula by remote handling. The capacity of the cylinder
was 50.cm3 and the minimum graduated scale was 0.5 cm3. The calcine
powder of 44 cmd was poured into the cylinder to measure the pour
density. The 1 cm-high tapping was repeated until it caused no change
in powder volume.

Adequate amounts of the calcined powder were collected from the
three batches to mix with titanium metal powder ( < 44 pm) in the
blender at a time. This mixture enables us to make four Synroc blocks
of 20 wm in diameter and 10 mm in thickness. On the other hand, the
residue of the calcined powder has been.stored in teflon containers.

The runs of hot pressing at 1200 ®C and 29 MPa for 2 h were
carried out four times. The graphite mould was renewed at each rum to
guarantee a safe and reproducible operation during hot pressing. The
Synroc blocks were ground to remove the surface skins contacting the
graphite moulds. The periphery of each block was polished with #600
of grids and the flat surfaces were done with 6 um of diamond paste.

After polishing, the densities of the four Synroc blocks will be

measured using water displacement method.

_34_
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Results up to date
The curium-doped Synroc which consisted of the simulated JW-A
waété (the Cufium source), the precursor &nd titanium metal of 10.59
(1.61), 87.42 and 1.99 wt%, respectively, was prepared for the alpha
radiaticn stabiiity test using the calciner and the hot press in the
hot cell. The Synroc slurry containing 1.48 g of the curium source
(total alpha activity: 1.90 TBq) was calcined at 750 °C for 2h with
very little powder carryover. The calcined product had the pour and

3, respectively. The mixture

the tap densities of 0.5 and 0.85 g.cm
of a part of the calcined product, and titanium metal powder was hot
pressed four times at 1200 °C and 29 MPa for 2 h. This process made

the four Synroc blocks of 20 mm in diameter and 10 mm in thickness.

References

[l] W.J.WEBER and F. P. ROBERTS, "A review of radiation effects in
solid nuclear waste forms”, Nucl. Technol. 60, 178(1983).

[2] S. MATSUMOTO, “In-cell Synroc solidification apparatus” in JAERI-M

87-131 (Eds. H. NAKAMURA & S. TASHIRO), Japan Atomic Energy Research

Institute, Tokai (1987).
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%
Table 1 Estimated assay of 1.48 g of the curium source

Component Content (g) Activity (TBg)
244¢n0, 0.714 1.89
245¢mo, 0.011 | S
246¢mo, 0.060 -
247
cmo 0.001 -
2
248¢mo, 0.001 -
240pyp, 0.692 0.01
236
vo 0.001 -
2
[Total] 1.480 1.90

*:  Values as of November 1, 1987. These are calculated on the basis
of shipping data of the Oak Ridge National Laboratory, USA.

**.  Symbol indicates that activity is less than 0.001 TBg.

Table 3 Composition'of curium-doped Synroc

Component Content (wt%)
Precursor

T10, 62.24

Cad 9.70

Zro, 5.95

Ba0 4,81

Al,04 4.72

[Subtotal) 87.42
Titanium (metal) 1.99

Simulated JW-A waste {oxide) 10.59

[Grand total]l 100.00




Table 2 Composition of simulated JW-A waste

JAERI-M 88-201

(1)

Component Content (wtZ) Component Content (wt%)
(Fission Products) La,04 2.48
Se0, 0.10 Ce0, 4.95
RbZO 0.60 Pre0i 2.43
5r0 1.66 N, 0412 2.2
Y504 0.98 Smy04 -
Ir0, 5.05 Eu,04 -
Mo0 4 8.49 Gd,05 - y15.24
Mn0, 1.26 (U and Actinides) as (CmO,
RuO, 4.78 ce0,(3) -] +puoy)
Rh,04 0.99 (Process Chemicals)
PO 2.61 Na,0 15.60
Ag,0 0.14 P05 1.58
Cd0 0.15 (Corrosion Products}
50, 0.09 Fey0y 13.05
5b,05 - 0.02 Cry04 1.89
Te0, 1.11 Ni0 1.65
Cs,0 4.79 [Total] 100.00
Bal 3.07
(1): Substitution of a JW-A waste by the curium source

is carried out on a mole basis.

{2): Part of meodymium 1s also replaced by the curium source.

(3): Cerium was substituted for uranfum,

americium and curium in the JW-A waste,

neptunium, plutonium,
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1.3 Container

(1) Slow Strain Rate Stress-corrosion Test under gamma~ray irradiation for
container materials

S. Muraoka

[Introduction]

Currently at JAERI there is an effort to evaluate the candidate
material as a prime corrosion resistant material for high-level waste con-
tainers which will be emplaced in deep geologic repository. Preliminary
data indicate that local corrosion such as stress corrosion cracking (SCC)
is likely to present a problem with respect to failure of a container.
Little information is available on possible localized corresion failure
mechanisms under gamma-ray irradiation condition. The assessment of
localized corrosion mechanisms is essential for the prediction of the life
time of the containers. This report outlines initial results on SCC in a

simulated basalt ground water solution under gamma-ray irradiation.

{Experimental]

Slow strain rate test were performed using the tensile machine as shown
in Fig. 1 in the hot cave with a Co-60 source.  All tests were carried out
in simulated basalt groundwater and its synthetic composition is shown in
Table 1. The specimens of Type 304 stainless steel and 1020 low carbon
steel were used in this investigation. The compositions are presented in
Table 2 along with the condition of heat treatment. The temperature tested
was 90°C. Gamma-ray irradiation dose rate was 2.8 X 10* R/hr at the test
specimen. The test lasted for periods of 22 to 260 hours until failure for

specimens.

[Results and Discussion]

Fig. 2 shows the stress-strain curves of Type 304 stainless steel and
1020 carbon steel under gamma-ray and non-irradiation respectively. To
evaluate the susceptibility of SCC we applied the concept of SCC suscepti-
bility index developed by Okada(l). The material susceptible to SCC shows
the decrease of rupture strain due to crack propergation.

The proposed index of susceptibility to SCC is expressed as follows:
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Pb(€b+1)

I =
P (e +
sce 0( o 1)

where Pb is maximum load (tested in basalt ground water)
Eb is maximum tensile strain at the maximum load (tested in
basalt ground water)
P is maximum load (tested in oil)

£ 1s maximum tensile strain at the maximum load (tested in oil).

IsCc value becomes smaller according to the SCC susceptibility. 1In the
case of non-susceptibility to SCC the values shows unit. To obtain the data
of P0 and 60, SCC tests were carried ocut in the oil at 90°C under the non-
irradiation condition. The results are summarized in Table 3. ISCC value
of low carbon steel shows nearly unit. This suggests carbon steel is not
susceptible to SCC in the experimental condition. On the other Hand Type
304 stainless steel shows Iscc value of smaller than 1. .

The result shows the enmhancement of SCC susceptibility by gamma-ray

irradiation.
Reference

(1) H. Okada, Y. Hoshi, S. Abe and S. Yamamofo; J. Inst. Metals 38 (1974)
646
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Table 1 Composition of synthetic basalt groundwater.

Chemical Species mg/ |
N a't 393
K * 4. 14
C a6® 0.286
Mg &t 0.00¢
F - 8.1
c 1l - 389
S O 4% 169

Table 2 Chemical composition and heat treatment of test materials.

‘Alloy Camposition (%)
c Si Mn ? 3 Ni Cr Fe
Carbon Steel 0.20 0.25% 0.490 0.01% 0.017 a. .05 0.08 Bal
SUS 304ss 0.0%6 0.29 1.17 0.034 0;022 . 049 18.21 Bal

Heat Treatment

700°Cxi00min heating—>Air cooling—>

500°Cx24hr Air

cooling—=>Air cooling
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Table 3 Result of stress corrosion cracking test.

Environment

Steel P (Kg) g [ scc

Solution Y -ray

Basalt water Tes 211 0.202 1.068
Carbon
Steel Basait water No 148 0.207 1.09
1620

0il No 104 0.168 -

Basalt water Yes 213 0.230 0.60
Typdod
Stainless Basalt water No 241 0.432 0. 384
Steel .

0il No 257 0.707 -
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(2} Experiment to evaluate integrity of high~level waste canister in the
high~-pressure water tank

T. SUZUKI

Introduction

The effect of external static pressure on the high-level waste canister
was examined by using the high-pressure water tank.

The purpose of this test is to evaluate the integrity of a canister
throughout the canister handling and disposal.

In this test, the deformation of simulated high-level waste canister

was observed by increasing the hydraulic pressure gradually.

Experimental

The tested canister was made of Type 304 stainless steel and was in the
form of typical canister as shown in Fig. 1. 1In the canister, the concrete
was filled to simulate the vitrified waste, and 16 strain gages (triaxial
0°, 45°, 90° crossing or biaxial 0°, 90° crossing gage) were provided on its
outer surface axisymmetrically as shown in Fig., 2, to measure strain changes
due to the hydraulic pressure increase.

The deformation of the canister was proved to be axisymmetric by
analyzing the strain data from one radial of strain gages (gage No. @, @, @,
@ as shown in Fig. 2).

A couple of principal stresses can be calculated as follows:

g te £ +€ 2 € € 2

ey =090 4 <_.9_§ﬂ_gw> +<__2“_9.od ’ m
LI e ¥ 2 € € 2

€2 5 2 T‘EJO_ E:Ln; +<——2"9‘0— (2)

E -
_ . EatVeEq 4
GZ_E l_\)z . ()
where £1,€2 : principal strain (-)

60,845,6 O: observed strain (-)

01 +C2 ¢ principal stress (kgf/mmz)
E : modulus of elasticity (kgf/mmz)
V : Poisson's ratio (-).
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According to Mises-Henkey theory of the biaxial stress condition; materials

yvield when its stress condition satisfies the next equation:

012 - 01 * Oy + 032 = Usz » (5)

where US : uniaxial tensile strength (kgf/mmz).

O and E were determined previously to be 14.6 kgf /mm? and.18114
kgf/mm?, respectively, from another uniaxial tensile strength tests, and v
was assumed to be 0.24 that equals to the average value of Type 304 stain-
less steel. | |

Calculated values of £ (= 012—01'62+022) versus hydraulic pressures are
plotted in Fig. 3, and the yielded hydraulic pressures were determined by

the intercept of the curve and the line of X = Usz = 14.62 = 213.2.

Results

The result shows that the plenum of tested canister was yielded by
hydraulic pressure from 0.37 Mpa to 1,32 Mpa gradually and axiéymmétrically.
Meanwhile, as shown in Fig. 4, a sudden hydraulic presSure”decrease was
observed in the course of increasing hydraulic pressure at the point A due
to the large and radical deformation at the hydraulic pressure of.1.46 Mpa.
Fig. 5 shows the outer shape of the canister after the test. _

It was confirmed that the plenum is the most weak part of the canister.
It should be noted that large and radical deformation caused the fesiduél
stress and then it can cause stress corrosion cracking (SCC) after the deep
underground disposal.

The plenum should be protected to prevent the defomation and the

occurrence of SCC.
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all dimensions in wmillimeters
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Concrete simulating vitrified waste
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Fig. 1 General view of simulated canister

Fig. 2 Schematic distribution and designation of the strain

gages and the strain directions
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2. Safety Evaluation for Geological Disposal

S. Muraoka

An extensive R and D has been carried out for the long term assessment
of the geological disposal of high-level waste. The research activities for
the pfesent period are as follows;

Diffusion of non-sorbing iodide ions in granite and tuff was studied.

Sorption of 237Np on rock samples was studied by autoradiographic method
using thin granitic rocks.

Behavior of iron during weathering has been examined by analysing the
naturally weathered rock.

In-situ bore hole radar measurement techniques have been developed to
investigate the locations of fracture zone in granitic rock mass.

CRNL information was reviewed for nuclide migration modeling.

As a natural analogue study, infrared microspectroscopy was applied to
minerals in order to analyse a hydrated surface layer to get information of
water-rock interactions.

The computer code LEACH2DF was developed to quantify the disolution of
nuclide waste glass and HYDROCOIN level-3 problems were tuckled by using 2D-
SEEP and 3D-SEEP.

Safety assessment scenario was discussed for preclosure and postclosure

phase respectively.
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2.1 DNuclide migration and retardation in rocks

(1) Porosities and diffusion coefficients of iodide anion in rocks

H. Kita

Introduction

In the case of diffusion of non-sorbing radionuclides in rocks having
no major fractures, diffusivities of the radionuclides can be correlated
closely with porosities of rock matrixes. Measurements of porosity and
diffusion coefficients were conducted on samples of granites from Inada,
tuffs from Izu and schists from Iwaki. Based on the results, the correla-

tion between the porosity and the diffusion coefficient has been studied.

Experimental
A, Porosity measurement

The rock pieces (¢40 x 100 mm) are put into a vacuum chamber filled
with water. After 72 hours the pieces are weighed in water (the water
saturation weight in water; Wl1). The surfaces of the pieces are wiped off
with wet cloths. The pieces are then weighed in the air (the water
saturation weight in the air; W2). After keeping the pieces at 110°C in a
drying oven for 24 hours, they are cooled in a vacuum desiccator. The
dry pieces are weighed (the dry weight; W3)., The value of porosity can be

calculated based on measured three different weights.
porosity = (W2-W3)/(W2-Wl)

B. Diffusion experiment

The diffusion experiments were conducted on rock samples (¢ = 25 mm,
L =5 mm), using 1M KI solution as a source of iodide anion(Il ). The
method was in principle the same as that has been used previously by KITA
et. al. (1987)(1) and by other investigators (see, for examples, SKAGIUS and
NERETNIEKS, 1986(2)). For schist samples, two types of sample are prepared,
one is set in the diffusion cell having schistosity parallel to the diffusion
direction, another having schistosity perpendicular to the diffusion

direction.

Results and discussion
The concentrations of iodide anion which has diffused through rock

samples are plotted on a normal diagram as a function of time. The curves
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can be fitted to straight lines by the asymptotic solution of the diffusion

equation:
Cy = (De C1A/VL)t-ALC /6V,

where De is the effective diffusion coefficient, C; the concentration in the
reservoir, C; the concentration in the measurement cell (with C; < Ci1), A
the cross-sectional area of the rock sample, L the sample thickness, V the
volume of distilled water in the measurement cell and t the time. The

rock capacity factor o is defined here by
o =¢ + pRd

with the porosity €, the density of rock p and the distribution ratio Rd.
D can be obtained from the slope of the fitted straight line (KITA et. al.,
1987(1); SKAGIUS and NERETNIEKS, 1986(2)).

Correlation between porosities and effective diffusion coefficients of
iodide in granites and gneisses from Sweden, which have been obtained by
SKAGIUS and NERETNIEKS (1986)(2) are plotted on a logarithmic diagram in
Fig. 1. The straight line in Fig. 1 is a fitted line of their data by a
least-squares method. Results on the present study are also plotted on the
same diagram. The points for the granite and tuff samples obtained in this
study are located roughly on the extension of this fitted line. The
effective diffusion coefficient at the zero point of log porosity given by
the further extended line is 6.4 X 10_'10 m?/s. This value is close to the
reported value about 2 x 107° m?/s of diffusion coefficient of iodide anion
in water (WADDEN and KATSUBE, 1983(3)).

However, for schist samples there is a large difference in effective
diffusion coefficients between two types of sample in spite of the same
porosity. This difference can be readily understood by the fact that
diffusion of iodide anion will be much easier along the linear structure of
rocks (schistosity) than perpendicular to it.

The empirical logarithm-linear correlation is useful to estimate
diffusion coefficients of the iodide anion in homogeneous porous rocks such
as tuffs. However, in the case of rocks having oriented structures such as
schistosity, a careful consideration should be paid to the structure of

rocks as well as the porosity.
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schist from Iwaki whose schistosity is per-
pendicular to the diffusion direction (this

study) .




JAERI-M 88-201

£ 237

{2) Sorption o Np on thin sections of granite

M. KUMATA

Introduction

In order to evaluate natural barriers to radionuclide migration in
groundwater, radionuclide sorption properties of various rocks have been
studied. The rock samples studied are complex polymineralic materials, and
variations in mineral composition of rocks can lead to large differences in
sorptive properties between rocks. These complexities can lead to diffi-
culties in the interpretation of the laboratory sorption measurements.

Several qualitative autoradiographic experiments on rock thin sections
were carried out to identify the specific phases in granite which were

responsible for the sorption of 237Np, one of the long-lived radionuclides.

Experimental

The granite used in this study was Inada granite. Thin sections of the
granite, about 25 % 25 mm square and about 30 micron thick, were prepared
with a surface ground to a 1/2 micron finish. The thin sections were
observed under a polarization-microscope and amalysed petrographically. The
areas of the thin sections to come in contact with the radionuclide-
tagged solutions were delineated with a black hydrophobic ink, which
prevents the radicactive solutions from spreading beyond the marked area.

Natural groundwater was used in the sorption studies. The composition
of the groundwater is shown in Table 1. A radionuclide solution including
about 18 uCi was added to 500 ml pre-filtered groundwater (through a 0.45-
micron Millipore) and left to equilibrate with air for about one month.

0.7 ml of the spiked groundwater was dropped on the thin sections, These
thin sections were placed in plastic chambers. The chambers were filled
with deionized water to provide a humid atmosphere.

After a 48-hr contact period, aliquots of the spiked groundwater
solutions were removed. Then the surface of the thin sections were rinsed
with deionized water. The remainder of the solution was removed with
filter papers and the thin sections were dried in air.

Two types of solid state nuclear track detector were used in this
study. They were CR-39 (Solar Optical Japan Co.) and Kodak CN-85. CR-39 is
a plastic plate about 5 mm thick. Kodak CN-85 is a thin cellulose nitrate
film. These detectors can be exposed under ordinary room light. The

detectors were exposed to the "cold" thin sections for one week to determine
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if any natural activity was associated with individual mineral grains.
However no natural activity was detected.

The exposure consisted of placing the thin section with the detector
for an appropriate period of time. To prevent transfer of sorbed
radionuclide from the thin sections to the detectors, the thin sections were
wrapped up with a mylar film, After exposure, the detectors were developed

according to the manufacturer's instructions.

Results and Disscussion

Photomacrographs of a granite thin section are shown in Fig. 1.
However photomacrographs of the thin section .are close-up photographs, and
these two photographs indicate different information. TFig. 1{a) is
originally a coloured photograph. This photograph emphasizes locations of
biotite. On the other hand, Fig. 1(b) is originally positive. In this
photograph, grain boundaries and microcracks of minerals are optically
emphasized.

Autoradiographs of 237Np sorbed on the granite thin section are shown
in Fig. 2. The low magnification photograph of the autoradiograph (Fig.
2¢a)) is positive, so the bright areas in the photograph indicate the
locations of the sorbed radionuclides. The high magnification photograph is
negative, so the dark spots indicate each alpha track. Autoradiographs of
237Np indicate preferential sorption on the biotites in comparison with-
the feldspars and quartzs.,

In the solutions employed for these studies, the Np is expected to
exist as the Np02+ cation. Generally, it is known that biotite contain
Fe(II) in the crystal structure. It suggested that the mechanism of -
sorption most likely involﬁes reduction of Np02+ to the much less soluble
Np(IV) by Fe(II). One possibe sorbed Np state is NpO; solid phase

reduced by the following reaction.
NpOp_+ + Fe++ - NpO2 + Fe+++

There is some background sorption on the quartz and feldspar. This
background sorption might be connected with the electric double layer on the
surface of these minerals.

Further, there are many bright lines in Fig. 2(a). These lines
correspond to the grain boundaries of quartz. Fig. 3 is a secondary

electron image showing grain boundaries among quartz grains. It suggests
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that 237Np is trapped in the grain boundaries ditches. If radiomuclides
migrate through intact rock, grain boundaries are most important as a path
for the grain boundary diffusion. However, further examinations are
necessary and the autoradiograph method is expected to be a useful

technique for the study of graiﬁ boundary diffusion.

Table 1 Chemical composition of groundwater (ppm#*)

DO pH COND. NH, Na K Ca Mg Fek* Mn*% (r##

9.31 8.4 125 <0.1 19.2 0.7 5.5 <0.1 <0.1 <0.1 <0.1

Ni . Al HCO3 SO, Cl NOj PO, Si*% gix*%  RBOD

<0.1 <0.1 47 8.3 4.7 0.7 <0.5 7.0 6.9 <5

* except pH and cond.
¥% total
**% dissolved
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Fig. 3 Secondary electron image of grain boundaries among

quartz grains.
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(3) Behavior of iron during weathering of a granitic rock

T. Nagano

Weathering is a phenomenon that rocks are altered by surface water for
a long period. In this study, weathered granitic rocks were analyzed with a
specilal reference to behavior of iron during weathering. Granitic rock
samples were collected from a c¢liff near Mizunuma Dam, Kita-ibarakishi,
Ibarakiken, Japan. This cliff can be classified into three major weathering
zones, A, B and C [1]. The weathering degree increases in the order of A, B
and C.

X-ray powder diffractometry (XRD) reveals that the rocks are composed
of four major mineral phases, namely quartz, biotite, microcline and
albite and that the peak height of biotite decreases as the weathering
degree increases. Quantitative XRD analysis using internal standard method
permits the determination of biotite content in bulk rocks. The result is
shown in Fig. 1. The biotite content clearly decreases as the weathering
degree increases, and this fact can be understood by the increasing
dissolution of biotite in a geological time scale. The decrease of biotite
content in bulk rocks can be taken as an indicator of the weathering degree.

A rock sample from the highly weathered zone (C zone) appears more
reddish and yellowish than that from less weathered zone (A zone) with the
naked eye., Stereomicroscopic images of the samples from the three
different weathering zones show that brown parts around biotites, which can
be seen more widely in an image of the high-weathered rock, are origins of
the reddish tone of color. Moreover, an analysis by scamming electron
microscopy equipped with energy dispersive X-ray analyzer (SEM-DEX) shows
that these brown parts contain only Fe among elements heavier than Na.

These are then considered to be iron oxides or hydroxides.

The color of rock powders from each weathering zone was measured by
means of diffuse reflection method [2]. The result is shown in Fig. 2. A
weak broad peak in the wavelength of 480-500 nm region appears to increase
its absorbance as the weathering degree increases. The peak areas of this
region are calculated and shown in Fig. 3. 1In this figure, the peak area
of C zone is takne as 1. The increase of the peak area of 480-500 nm
region due to the weathering is now obvicus. This peak can be considered to
be due to iron-bearing oxides (hematite), hydroxides (goethite) or amorphous

materials [3].
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Based on the above results, the following hypothesis can explain the
behavior of iron during the granite weathering: diron in biotite was
dissolved into surface water and then precipitated as iron-bearing minerals
around biotite. Since iron can be regarded as an indicator of behavier of a
part of radionuclides which are often coprecipitated with iron hydroxides,
this study provides some quantitative parameters, such as dissolution and
precipitation rates, for the radionuclide behavior during low temperature

water—-rock interactions.
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(4) Field test (Borehole radar investigation)

R. Yamashita

Fracture zones are thoght to be main paths of radionuclide migration in
crystaline rock masses. TFor the purpose of investigating locations and
inclinations of fracture zones, the borehole radar measurement technique has
been developed. Preliminary in-situ experiment was carried out at Inada

quarry to estimate the possibility of this method.

Measufing system

There are two kinds of measurements using borehole radar. One is the
crosshole measurement, another is the singlehole reflection measurement.
The formar one was performed at the site. The schematic diagram of the
crosshole measurement is shown in Fig. 1. Antennas of 80 MHz and 150 MHz

were used.

Computed tomography

In crosshole measurements, a lot of paths covering the area surrounded
by two boreholes are used. Travel time and attenuation of electromagnetic
wave were determined from the recorded wave forms, and used as input data
for'tomography analysis. Reconstruction of the.distribution of velocity and
attenuation rate in surveyed area was made by means of computed tomography

technique. Discretized equations for radar tomography are as follows.

Dij /Vj _ (D
-Dij/Bj (2)

Ti
In(Ai)

where Ti : travel time measured at path-i

Vi : velocity of element-]

Ai : relative amplitude measured at path-i
Bj : skin depth of element-j

Dij : length of element-j crossed by path-i
i : path number

N : element number

The simultaneous equations are solved by ART (Algebraic Reconstruction

Technique).
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Experimental

Measurements were performed for four cross sections (Bl-B2, B2-B3, B3-
Bl, L3~L4) (Fig. 2). The examined rock masses consists of granite and a
vertical fracture zone was observed on the floor of the test chamber.
One of the results of computed tomography analysis is shown in Fig. 3. It
is hard to say that the fracture zone observed at the floor was successfully
represented in the reconstructed picture. One of the reasons for this is
that the reconstruction is difficult when a fracture zone has a small angle
to the borehole axies and properties of rock do not have large variation
along the boreholes, But as the result of the measurements, it was made
clear that travel times and specific inductive capacity measured and calcu-
lated in the cross sections including the fracture zone were larger than

those in the cross sections where there was no fracture zones,
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]
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Fig, 1 Schematic diagram of the radar measurement.
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Fig. 3 Calculated result of slowness(l1/Vj) for the section
B1-B2.
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(5) Consideration of Radionuclides Migration Model Based on Field
Studies at Chalk River

H. Nakamura

Detailed information of past field program at CRNL about the
radionuclides migration from low-level waste disposal area and glass block
burial test sites, were transfered to JAERI based on the JAERI-AECL coopera-
tion agreement. JAERI staffs visited CRNL to discuss the data in details.
By reviewing the documents transfered to JAERI, the following important

suggestions on the modelling of radionuclide migration are obtained:

D The mechanisms to make the leaching rate reduce with time are considered
to be formation of inscluble protective surface layer depending on com-
ponent of waste and/or groundwater rather than saturation of groundwater

with glass components.

@ As phenomena of adsorption of nuclides on solid phase of geosphere, there
are irreversible reaction such as very slow reactions and mineralization
rather than reversible reactions. TFor some nuclides, the irreversible
reactions are dominant. Main minerals contributing to the irreversible
reactions are iron oxyhydroxide and biotite—vermiculite for almost every

nuclides.

@ As main species of radionuclides in solution, Tec, I, Ru and Sr are
stable as ions prospected with thermochemical data, that is, Tc, I and Ru
are anion and Sr is cation. Strongly adsorbing and easily precipitating
mnuclides seem te be mostly neutral or anionic chemical forms when they are
stable in solution. The chemical species are mainly colloids and organic
complexes. Microbiology contributes not only to the oxidation-reduction
potential of groundwater, but also to the formation of colloids and organic

complexes of easily adsorbing nuclides.

Considering the above suggestions, the migration mechanisms of
nuclides in geosphere may be summarized as shown in Fig. 1. Most popular
nuclide migration model for safety assessment in geological disposal is
based on ion-exchange chromatography. Reversible Kd is used and only one
Kd for one muclide is used in general. The results of field investigations
show that contribution of irreversible reactions, and neutral and anionic

non-sorbing chemical forms can not be neglected.
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2.2 Natural Analogue

S. Nakashima

Application of natural phenomena to the safety evaluation of radioac-
tive waste disposal has many approaches covering various disciplines. Among
many aspects of this "natural analogue” study, a) elucidation of mechanisms
of trace element migration-fixation processes in geosphere which might also
work for waste radionuclides, and b) evaluation of their quantitative
aspects in a geological time scale, are of primary importance (1).

Study of chemical forms of microphases in minerals and rocks, which are
supposed to play an important role in radionuclide migration-fixation, is
now in progress. Infrared microspectroscopy was first applied to minerals
in order to study chemical states of water and its spatial distribution in
minerals., A hydrated surface layer was detected on a red altered feldspar
along paleo-water path, and this is considered to act as a water-rock
interface permitting mass transfer.

Weathering degree of a granitic rock has been studied to pick up
parameters which can be used to quantify low temperature water-rock
interactions. The behavior of iron during weathering was hypothesized and
this provides models for simulation experiments aiming the determination of
kinetic parameters, such as dissolution and precipitation rate constants,

These studies give information on chemical forms of elements during
water-rock interactions in a geological time scale and provide models for
reaction paths to simulate long-term behavior of waste radionuclides in

rocks,

(1) Infrared microspectroscopy of minerals as a tool for analyzing water-

rock interactions

S. Nakashima

Fourier-transform infrared (IR) spectrometer equipped with IR micro-
scope was used to analyze microscopic areas of minerals in the spectral
range 4000 - 700 et Among three methods tested (reflection, transmission-
reflection, transmission), transmission spectra of rock thin sections (about
30 um thick) give clear information on water in minerals (2).

Detailed mapping of 10 Um step on hydrous mineral inclusions in red

altered feldspars (Fig. 1l and Fig. 2a) has been carried out in order to
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verify the spatial resclution of IR microspectroscopy for water in minerals,
Prehnite [Cag(Al,Fe3+)2813010(0H)2] has a sharp OH peak at 3482 em™!, and
its peak height was taken to show a 3-dimentional map as shown in Fig. 2b.
This map should show spatial distribution of prehnite in this 120 x 140 um
area, In fact this IR mapping result coincides very well with the spatial
distribution of prehnite identified under an optical microscope. The same
IR mapping was done for chlorite [(Mg,Al,Fe)lz(Si,Al)BOZQ(OH)ls] by taking
its OH peak maximum at 3400 cm_'1 (Fig. 2c¢). The "L-shape' distribution of
chlorite observed on this IR mapping is consistent with the optical
distribution of this green mineral. These results suggest that IR micro-
mapping by IR microspectroscopy can provide information on spatial
distribution of different states of water in minerals in regions as small
as 10 pum.

An application of IR microspectroscopy was made on a red altered
granitic rock. Feldspars (now albite) are altered into reddish colors along
fractures (now filled with prehnite) (Fig. 1 and Fig. 3a). Electron
microscopy reveals that the reddish parts of feldspars corresponds to Na-Ca
rich portions rather than K-rich ones, and iron minerals of about 0.5 uUm are
disseminated in Na-Ca rich portions of feldspars. These iron minerals
(possibly hematite [Fe;03} and goethite [FeO(OH)]) are considered to be
responsible for the reddish color of feldspars.

IR transmission spectra on a thin section of these red feldspars

! at the mineral surface (about 200

indicate higher peak heights at 3622 cm”
um from the surface) than inner parts of the mineral (Fig. 3b). This IR
peak is considered to be due to molecular water in feldspars and its
intensity can be used to calculate water content by using reported molar
absorption coefficients (3). The mineral surface is considered to contain
about 0.6 wt% of molecular water compared with about 0.3 wt% in the inner
parts.

The presence of chemically altered surface layers has long been assumed
for leached minerals in the course of water-rock interactions and the
diffusion of elements through these layers are assumed to be a rate-
determining step of the mineral dissolution (Fig. 4). However, the presence
of leached layer enough thick (10 - 100 nm at 25°C) to control the reaction
rate has not been verified either by electron microscopy or X-ray photoelec-
tron spectroscopy (XPS) (4). Recently, a resonant nuclear reaction (RNR)
has been employed to do hydrogen depth profiling for dissolving minerals and

glasses, ' This technique reveals the presence of surficial hydration layer
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of 0.05 - 2 um thick at around 70°C. The thickness of this layer might be
much larger for higher temperatures. Based on this result, migration of
molecular water into the surface has been hypothesized to be a key step in
the dissolution kinetics (5, 6). However, RNR analysis only reveals the
presence of hydrogen in the surface layer and cannot discriminate between

+, H,0, OH ). The speciation of

hydrogen-containing species (H+, H30
hydrogen_is'possible under IR microspectroscopy as indicated above and so
that the present results can be considered to be a first evidence of the
presence of molecular water in the hydration laver.

Based on the present results of IR microspectroscopy, the red colora-
tion of the granitic rock along fractures can be explained by the following
hypothesis (Fig. 1): (a) diffusion of molecular waterAihto fel&spars and
the formation of surficial hydration layers; (b) diffusion of iroﬁ,ihrough
the hydréted sﬁrface layers of feldspars; (c) iron precipitation as iron
hydroxides—oxides in microscopic cracks formed by the dissolﬁtion of Ca-rich
melecules of feldspars, which are the most soluble portion among the
constituents of the studied granitic rock. h

These results provide bases to model the reaction paths and the rate-
determining steps for the radionuclide migration-fixation during water-rock -

interactions (Fig. 4).
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ALTERATION QF A GRANITIC ROCK
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I[ron~bearing —--——-+---—-¥1 Hydrated surface layer
minerlas FeldsPars

Panatration of water and iron

Precipitation of iron minerals
in microcracks formed by
Ca rich molecule dissolutiaen
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: feldspars with dots representing schematically the density of
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Fig. 1 Alteration of a granitic rock along fractures.
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Fig. 2¢

IR peak height map at 3400 em™!
for the hydrous mineral in-
clusions in a red althered
feldspar. This map coinsides
with the spatial distribution
of a chlorite crystal.
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Line-profile analysis of 100 um step

——

500 um

"A Prehnite
e CTENS aTN L
Prehn1te vein

']tered'feidspar

e
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2.3 Safety Assessment
(1) Development safety assessment scenario for geological disposal

H. Nakamura

The first preliminary safety assessment of geological disposal system
is planned in 1990 FY at JAERI. Scenario and data for the post-closure
assessment have been selected from experimental data of our laboratory and
informations from international cooperation programs. The pre-closure
assessment has been discussed using informations from experts outside and
investigations by contructed construction companies.

When the concept is decided, the scenario of assessment is selected
according possible events and phenomena in the.concept. Japanese Goverment
has not selected any any candidate disposal site and concept of the
facilities vet. Before discussing the safety assessment, dominant scenarios
adverse the safety must be classified. The discussions are summarized for

post- and pre-closure safety assessment,

1) Post-closure

Following critical values of parameters were discussed for classifica-’

tion of the scenario.

U The 1ife of container

Potential hazard of the waste sharply decrease until 1,000 years with
decay of ®%sr and '%7cs. During the following 10® years, it decrease very
slowly. Then it is critical for evaluation of source term whether the life
of container is longer than 1,000 years or not. This value becomes almost

international consensus.

@ TFlow rate of groundwater in near field

The flux to geosphere of the radiocactivity is divided into threg
regions as a function of water flow rate, by the leach rate, water acéess,
and diffusion in the water. The respective critical flow rate depend on the

disposal system in near field.

(3 Flow rate of groundwater in far field

The nuclides migrate with water convection and diffusion in the pore
water. The critical flow rate for diffusion dominant region can be
calculated by the formula 4D/L approximately, where D is diffusion coeffi-

cient and L is distance of migration.
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& Migration time

It is critical whether the activity decays out during the migration or
not. °°Sr and 1*7Cs should be decayed before the container is damaged. The
thickness of buffer is possibly designed that diffusion time is enough for
decay of these nuclides considering abnormal damage of the container. Even
for long-lived nuclides such as °?Tc and 237Np, there is possibility to
design the thickness of rock mass for their decay if the flow rate is slow

enough for diffusion control region of migration.

A set of scenario was discussed as lst draft in our group.

Base scenario

a} Contact of groundwater with package

b) Corrosion of overpack and leaching of the glass

c) Leaching of soluble nuclides at the same rate as the hydration rate of
glass matrix
Saturation of groundwater surrounding the glass with low soluble
nuclides

d) Diffusion of nuclides in buffér material and rock mass near field

e) Dilution and migration with groundwater flow in fracture zone, diffusion
into rock mass near the fracture zone
Reverible adsorption, irreversible reactions such as precipitation and
mineralization

£) Dilution with surface water; groundwater, river and/or sea water

g) Ingestion with drinking water and food

Inhalation with dust

Other scenario

a) Slow change of water level by tectonic crustal movement
{change of water flow rate)

b) Abnormal corrosion of overpack (change of container life)

c) New formation of faults (loss of diffusion dominant rock mass barrier)

d) Failure of shaft sealing (loss of natural barrier)

e) Deposition of nuclides at dicharge point (Reconcentration of radio-
nuclides in biosphere)

f) Erosion of disposal pit at ground surface after long time tectonic

movement (loss of all barriers after long period)

2) Pre-closure
The 5 year program of pre-closure safety assessment was started in 1986

FY. Many facilities handling nuclear fuel materials have been inspected by
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national authority. The safety assessment methods and standards were almost
completed, which will be applied to the disposal facility. However, we have
a few experiences for the underground facilities. Accidents specific to the
underground facilities have been examined, which include flooding, faults in
shaft and fire accident. Flooding accidents were examined assuming several
conceputual facilities.
The results were as following;
(i) Countermeasures for reducing damage
(D sSeparation construction time and/or area from emplacement including
transportation
@ Preperation of reservation area for flooded water and pumping up
system
(3 Cautious pre—inspection of rock mass for characterization of
hydrology
(ii) Results of the assessment
(@ There is no possibility of radiological contamination outside
facility.
) The time is available for workers to evacuate.
It is posible to keep the retrievability.
Concepts of transportation system and ventilation system were designed

for next year (1988) program, faults in shaft and fire accident examination.
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(2) Model for safety assessment

H, Kimura, R. Yamashita

Numerical model of glass leaching

Computer code LEACH2DF was developed to quantify dissclution of nuclear
waste glass. The dissolution model is described by the diffusion in the gel
layer and glass matrix taking into account geochemical reactibns between the
glass-surface and liquid phase. The geochemical calculations are performed

with computer code PHREEQE.I)

Boundaries of leachant-gel layer and gel
layer-glass are treated with moving boundaries as shown as Fig. 1. The
surface reactions of silica which is main component of glass matrix are
considered as the representative of glass leaching mechanism, The reaction
rate (dissclution flux from waste glass) rm(t) of HySi0y 1s given as

2)

follows:

/K

- + —_
rm(t) =k (1 IAPSioz SiO2) (L)

where IAP is the ion activity product of (= quSiOz/(aHzo)2 for the reaction
810, + 2H;0 = HqSiOq),'k+ is rate constant and k* is solubility product of
$i0,. Supersaturation is indicated by IAP/K > 1, whereas a solution below
saturation shows values for IAP/K < 1. The diffusive tramsport equation is
discretized by the Galerkin Finite Element Method and solved using Neumann

type specified flux boundary condition (see eq.(1)).

HYDROCOIN study

HYDROCOIN (International project for studying groundwater hydrology
modelling strategies) level-3 study deals with uncertainty and sensitivity
analysis and compries seven cases. We calculated 3 cases {case 1, 3, 7) of
level~3 study using 2D-SEEP and 3D-SEEP code.

In case 7 of level-3 studies, efficiency and accuracy of particle
tracking algorythm are examined. As shown in Fig. 2, a single well
discharging at a constant rate is located in a uniform flow field. (The
well is located at (x,y) = (0,0), and the uniform flow field is given as
head gradient is 0.0l in x direction.) The head and the velocity at each
nodal point of finite element mesh are determined using the given analytical
solution. Pathlines were calculated from the head field (head is given at
each nodal point and velocities are calculated by the head gradients)} and

from the velocity field (velocity is given at each nodal point). TFinite
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element grids used were coarse grid (40 elements), medium grid (112
elements), and fine grid (364 elements). Error of trajectory, numerically
calculated using coarse grid, from analytical trajectory for path no.7 is
shown in Fig. 3. It is better to use the velocity field in the particle

tracking calculation when the grid is coarse.
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Fig. 1 Model of moving boundaries.
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Analytical solutions

2
analytical pressure head p = C.01x + 0.51n(x%+y?)

x==-200m discharging well

Fig. 2 Trajectories of particles released at eight points.
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3. Hot Operation at WASTEF

S. Tashiro

The WASTEF (Waste Safety Testing Facility) has continued studies on the
performance and long-term durability of HLW solidified forms and the related
materials in storage and disposal conditions.

Actual high-level radioactive liquid waste was transported to WASTEF
from the Tokai reprocessing plant of the Power Reactor and Nuclear Fuel
Development Corporation and the safety examination using the actual waste
was initiated on HLW materials. (Table 1)

Curium-244 doped Synroc was also produced at the hot cell of WASTEF and
a accelerated alpha radiation stability test on Synroc started. It will end
two years later at the 10° years equivalent aging of actual waste. (Table 2)

Besides the above two topics leachability tests using various
radionuclides, accelerated alpha radiation stability test under beta and
gamma irradiation on giass forms, and various activities supporting the

safety examinations have been continued.

Table 1 Vitrified Form Production

;E;;Zi Volume iidtgzugiijjits The Purpose of Production
HB7008 1 % Preparation of actual waste test
H87009 0.5 X Preparation of actual waste test
187010 0.5 R Preparation of actual waste test
H87012-1| 0.25 & | Cs-134, Cs-137 etc. | Solidification test of actual waste

(Total 146Ci)
H87012-2 | 0.44 & | Cs=-134, Cs-137 ete. | Solidification test of actual waste
(Total 146Ci)

Table 2 Synroc Production

Serial Radionuclides _
P f Product
Number Volume in the Products The Purpose o oduction

587001 3.14 mR | Cs-137 (2.17 mCi) Performance test of the apparatus
887002 3.14 m% | Cs-137 (2.17 mCi) Performance test of the apparatus
S87003 | 3.14 ml | Cs-137 (2.17 mCi) Performance test of the apparatus
S87004 3.14 m& | Cs-137 (2.17 mCi) Performance test of the apparatus

S87005 3.14 mf | Cm=244 (13 Ci) Alpha~radiation stability test
S87006 | 3.14 ml | Cm-244 (13 Ci) Alpha-radiation stability test
S87007 | 3.14 mi | Cm—244 (13 Ci) Alpha-radiation stability test
$87011 | 3.l14 mR | Cm-244 (13 Ci) Alpha-radiation stability test
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(1) Transport of actual high-level liquid waste to WASTEF
N. Yamada

An accelerated alpha radiation stability test for the Power Reactor and
Nuclear Fuel Development Corporation (PNC) grass smaples was planned with
actual liquid waste under a collaboration between the Japan Atomic Energy
Institute (JAERI) and the PNC on HLW Management. Prior to the test, the
actual liquid waste of about 13 £ was transported using an approved
packaging from the Reprocessing Plant of PNC to WASTEF of JAERI, on
December 24th, 1987.

Details of the transport are summarized in the followings:

1) Packaging Used
a) Name of Packaging: HLW-79Y-4T
(""CENDRILLON" called by CEA France)
b} Identification Mark of Package Design Approved: J/60/B(M) (Rev.l)
c¢) Serial Number of Packaging Resistered: S1B60
d) Outer Dimensions and Its Weight with skids:
144 em ¢ X 139 e¢m H (spherical)
3,930 kg (nominal &t)
e} Drawings: See Fig. 1
2) Specifications of Contents Transported
a) Content: HIW in solution of nitric acid
b) Weight and Its Volume: 1.56 kg in liquid (about 13 % containing
small amounts of uranium and plutonium)
c¢) Radioactivities: 3,736 Ci
Major nuclides

Sr- 90 591 Ci
Cs-137 692 Ci
Pr-144 154 C1i
Am-241 7.3 Ci

d) Heat Generation: 14 watt
3) Shipment Procedure Applied

a) Transport Mode: Land Transport with a Truck of loading capacity 10 t

b) Criteria of shipment: Exclusive Use (Full Load)

¢} Transport Route: Exclusive Line Constructed only for Nuclear
Materials Transports between the Tokai Works of PNC
and the Tokai Research Establishment of JAERI.

Under the witness of the Science and Technology Agency (STA) Technical

Officials, applicable inspections were carried out to confirm that our
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package and its content met the technical requirements provided in the Law.
The following inspection were required for the witness of officials:
a) wvisual appearance inspection,
b) 1lifting inspection,
¢)  weight measurement inspection,
d) surface contamination level inspection,
e) -radiation dose rate inspection,
f) temperature measurement inspection,
g) leaktightness inspectien,
h) pressure measurement inspection, and
i) radioactive contents ihspection.

In above details of visual appearance inspection, fitting conditions of
plugs, bolts and other devices were checked carefully in order to reconfirm
no problem on leaktightness in transport and on other related functioms.

In surface contamination level and radiation dose rate inspections,
their results were negligible values in comparison with the background level
and were accepted by the officials.

In leaktightness inspection, more times than scheduled were spent to
stabilize a helium detector and its indicator before measurement and
recording.

Presure measurement inspection required settlement of ever 15 hrs. to
achieve given pressure in the internal cavity and to reach to thermal
equilibrium, therfore, it was necessary to make up the package containing
the high-level liquid waste in the previous day of inspecting. And so the
preparation of the packge were started the day before the shipment.

And then, additional inspections for the shipment method were also
carried out by the Ministry of Transport (MOT) Official., Futher more, the
Public Safety Commission of Ibaraki Prefecture superviced the safe
transport, and the tranport was arranged with the Local Governments
(prefectual and village), based on the Regional Agrement on Safe Operation
of Nuclear Facilities between JAERI and the local Governments.

This transport of actual liquid waste included preparation and sending
of empty packaging to PNC, loadind of actual liquid waste in the Repro-
cessing Plant, Shipping from PNC to JAERI and receiving at WASTEF, and
therfore, the above mention of sequence was safety and carefully finished
without any kind of trouble on December 23th to 24th.

As a result of many efforts of us for the transport the practice gave

us many worthy experiences for the future plan.

_84_
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(2) Test plan with actual wastes

S. Tashiro

The first vitrification of actual wastes at WASTEF was carried out
with one liter (292 Ci) of high radioactive liquid waste from the PNC
Reprocessing Plant on Jan. 21, 1988. The full test scheme is given in
Fig. 1.

The acidity, radioactivity, concentration of chemical elements and
amount of total oxides in the liquid wastes were analyzed prior to the

106p,, 14%%ce, 15%E, and

vitrification. The radioactivity of 13705, 13%Cs, .
155py was measured with a highpurity germaniﬁm,(PHGe) coaxial detector,
2%20n, 244em and 2%*Am with a silicon surface barrior defector, 241 Am with

a HPGe planer type detector (LEPS), and gross alpha with 2 gas flow
detector, respectively. The concentration of Na, Ni, Sr and Rh was analyzed
with an atomic absorption spectroscopy and Fe, Cr, La, Nd, Zr and Mo with an
inductively coupled plasma spectroscopy. ﬂ -

Final confirmation has been made for the performance of the vitrifica-
tion apparatus by the first two runs of preliﬁinary vitrification although
it promises a good result by the production of more than 30 rédioactive
glass blocks. The products of the preliminary runs are to be used for
preliminary tests of volatilization and leachability. '

Main product of the actual waste will be crashed into granuleé'and
remolten with 2**Cm to provide test specimen for an accelerated alpha

radiation stability test with actual waste.
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