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LEACHING OF ACTINIDE-DOPED NUCLEAR WASTE GLASS IN A TUFF-DOMINATED SYSTEM

FERNANDO BAZAN, J. RECO, AND R. 0. AINES
Lawrence Livermore National Laboratory, P.0. Box 808,
Livermore, CA 94550

ABSTRACT

‘aboratory leaching test has been performed as part of & projuct to
evaluate the suitability of tuff rocks at Yucca Mountain, Nevada, as a site
for a high-level nuclear waste repository. Glass samples were piaced ‘n water
inside tuff vassels, and then the tuff vessels were placed in water inside
Teflon containers. Glass-component leach rates an7? migration through the tuff
were measured for samples cf the ATM_anCtiE§9e glzég, which2}§ a PNL 76-68
based glass doped with Tow levels of 7°Tc Ap U, and Pu to simulate
wastes. Qisc samples of this glass were leached at 90°C for 30, 90, and 183
days inside tuff vessels using a natural groundwater (J-13 well-water) as the
leachant. Some samples were held by 3081 stainless steal supports to evaluate
the effect of this metal on the release rate of glass constituents. At the
end of each leaching interval, the J-13 water present inside and cutside the
rock vessel was analyzed for glass components in solution.

On the basis of these analyses, borgn, molybdenum, and tecinetium appear
to migrate through the rock at rates that depend on the porosity of each
vessel and the time of reaction. The actinide elements (uranium, neptunium,
and plutonium) were found only in the inner leachate. Sodium, silicon, and
strontium are present in the rock as well as in the J-13 water, and the
addition of these elements from the glass could not be determined. Normalized
elemental mass loss values for boren, molybdenum, and technetium were
ca'culated using the combined concentrations of the inner and outer leachates
and assuming a neg]}gible retention on the rock. The maximum normaliied
release was 2.3 g/m" for technetium. Boron, molybden:m, technetium, and
neptunium were released linearly with respect to each other, with boron and
moly5denum released at about 85% of the technetium rate, and neptunium at
5-10% of the technetium rate. Plutonium was found at low levels in the inner
Teachate but was strongly sorbed on the steel and Teflon supports. Neptunium
was sorbed to a lesser extent. Future analysis o+ the tuff vessels will
determine whether the actinides were strongly sorbed on the surface of the
tuff raock.

[NTRODUCTION

The Nevada Nuclear Waste Storage Investigations Project, NNWSI, is
evaluating the tuffaceous rocks of Yucca Mt., Nevada, for suitability as a
site for a high-level nuclear waste repository. As part of that project,
Lawrence Livermore National Laboratory is respansible for the design of the
wast.e package and assessment of its performance in the repository. Dne form
in which high-level waste will be stored is borosilicate glass cast in
stainless steel containers; waste of this form will be produced by the Defense
Waste Processing Facility at the Savannah River Plant, and by the West Valley
Oemonstration Praject at West Valley, New York.[1]

We have performed an experiment to evaluate the leaching of the ATM-8
glass in a water-saturated tuff environment and to study the migration of
glass components in solution through tuff rock., The tuff vessel experiment is
a static leaching experiment in which the glass is held inside a closed tuff
vessel during the redaction time. Similar tests[2,3] have been conducted using
both radioactive and non-radioactive glass, and the results suggest that the
tuff and J-13 ground water environment is less corrosive towards glass than
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J-13 or deionized water alone. Our resylts corroborate that informatioa in
more detail, particularly with respect to borun, molybdenum, and technetium.

EXPERIMENTAL

The glass specimens were nominally 3 mm thick and 10 mm in diameter;[4)]
each désc weighed approximately 0.7 g and had 2 geometric surface area of
2.6 cm“., Three of these discs were used in each vessel, The chemical
composition of the ATM-8 glass is listed in Table I. One of the two analyses
shown in this table was done at LLNL, and the other one was compiled by
MCC.[4] The reference composition used in all calculations in this paper is
that obtained at LLNL. Some of the differences in composition, as shown in
Table I, may be due to the fact that the glass material analyzed at LLNL came
from a composite sampte of crushed glass different from the samples analyzed
at MCC. If the values for elements not analyzed at LLNL are added to the LLNL
total, the result is 100, 38%.

The tuff vessels, such as the one shown in Fig. 1(A), were fabricated at
Lawrence Livermore National Laboratory using tuff rock from Fran Ridge, Nevada
Test Site, a surface putcrop of the Topopah Springs tuff. The vessels were
cored from large samples which did not contain large vugs or altered cracks.,
Each finiched vessel was approximately 7 cm in length and 5 cm in diameter
with a core-barrel 6 c¢m in Tength and 2.5 ¢m in diameter; the 1id was 1 cm
thick. The vessels were cleaned prior to use to r2move surface salt
contamination.

TABLE 1.
COMPOSITION OF ATH-8 GLASS
: -
MCCs(a uee LLHL(d)
|\OX1DE ert® sranoardBeviarion ()
!
tag20 NAL ==
48505 1:98 0.0%
18203 8.1 0.28 {b)
!Ba0 961 002
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1éda <DL, 0,605 e
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{Grzaa e 00% !
:E}'ESJ ‘8 0.00 H
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TaBLE II
YESSEL PERMEABILITY

é Venssl Time Permeability Ture ;
.: No. (d) (ud) Description s
; 1 30 1800 E;;x:l:gsrag:t‘{:npor phase alteration ::
i e 20 300 Large 1ithic fragment included é
E 16 o 1z Large area of vapor phase discoloration "
{ 1 10 580 Uniform weldad tut? g
[T 30 12 Unifors welded tuff i
: i
:. T o0 1400 Large arca of vaper phaze alteration .:
:: 3 ] 28 Uniform wolded tuff. ons healad fracture ::
:Z 10 80 78 Small area of vapor phase discoloration ':
P2 %0 100 Uniforn welded tuff ?
T 0 18 Small area of vapor phase discolorstion !
' and two heaied fracturea 5
:: 13 183 1100 Large area of alteratlon, one open vug ;:
Y 18 28 Small discolored area :
s 183 51 Onifors welded tuff i
ioe 163 s6 Large discolorad arom :
:: 9 183 76 Large discolored area ::
bos 183 © Small discolorsd ares ;
!

Sixteen vessels were used in the experiment and each was tested for its
permeability before any work was begun. The permeability constants range from
12 ud to 1900 pd and are shown in Table II, along with 2 brief description of
each vesseT,

Stainless steel or Teflon supparts were used to hold the samples in
position during the leaching phase. The stainless steel supports were
fabricated from 2.2 x 2.2 cm squares of 0.I6 cm thick 304L stainless steel
coupons. The corners of the squares were bent downward to allow approximately
0.5 cm of space between the top of the support and the bottom of the vessel.
Furthermore, the surface of the support was perforated with nine 0,318 cm-
diameter holes to allow a free path for water circulation around the glass
discs. The Teflon supports were 0.3 c¢m thick screens purchased from Savillex
Corporation (Part No. 465C). Both support types are pictured in Fig. 1(B)

The components of the leaching experiment are shawn in Figure 1{B) and the
configuration is shown in Fig. 1(C). Because of space restriction inside the
tuff vessel, the three glass discs lay flat next to each other on top of
either a stainless steel or Teflon support which rested at the base of each
vessel. A known amount of J-13 water (pre-eguilibrated for two weeks at 90°C
with each individual vessel), based on the surface area of the glass discs and
a surface area to volume ratio of 0.39 ¢cm™*, was added to the inside of the
vessel, The vessel was covered with its loose cap and placed in a 500 cm
Teflon jar; then a known amount of pre-equiiibrated J-13 water based on the
height of the volume inside the vessel, was carefully added to the annular
space between the exterior of the vessel and the Teflon jar. This jar was
screw-capped and the entire package was weighed to reccrd a gross starting
weight.

Blank samples were aiso assembled to be run concurrently with the glass
samples.  These blanks consisted of the tuff vessel, pre-equilibrated J-13
water inside and gutside the vessel, and a stainless steel or Teflon



_~Tatlon far

i Fig. 1 (A} Tuff vessel Ho. 1;
(B} Components of the tuff
‘eaching test; {C) Configuration
of the tuff vessel components.

| Tuff vessel
| _——laner leachate

(—Glass farm
/-Tullnn suppart

\Outer leachate
(annutar space]

support. The average of the inner and outer elemental concentrations of thase
blanks for each time interval was used as the blank correction on the glass
samples.

When both the inner and outer Teachates were removed from their respective
containers at th» egd of 30, 90, and 183 days, the pH of each solution was
measured and a 1 cm” aliquot from each sample was removed for anion
analysis. The remaining portions were acidified with nitric acid in clean
Teflon containers and placed in a 90°C oven for 24 hours. At the conclusion
of this period, aliquots of the solutions were removed for cation analyses
with a Jarrell Ash Inductively Couplec Plasma (ICP) Spectrometer.

Two elements, cesium and uranium were ara‘yzed using x-ray fluorescence.
Technetium was measured by beta counting. Neptunium and plutonium were
measured by alpha counting.

The normalized elemental mass loss, NLi, was calculated for boron,
molybdenum, technetium, neptunium, and plutonium. These results are expressed
in grams of dissolved glass per square meter of the gecmetric surface area of
the specimen.
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The boron, molybdenum, and technetium values were calculated using the
formula:

) CBI)
;- TF(SAT )

where C, = concentration of element x 15 the leach sclution, g/cm3
V" = volume of leach solution,
= mass fraction of element_x in the unleached specimen

Sﬁ = specimen surface area, mZ

In this experiment, the total mass of element x in the leach solution was
obtained from the concentration inside the tuff vessel and the concentration
in the annular space.

The reptunium and plutonium elemental mass loss values were calculated
from the formula:

i (ﬂ )(S“)' (NO) (2)

activity of isotope x in the leach solution, dpm/cm3

origina: activity of isotope x in the-unleached specimen, dpm
original mass of the specinen, g

as defined in (1)

as defined in (1).

where

oo oo

RESULTS ANO DISCUSSION

Permeability Measurements

All sisteen tuff vessels were individually measured for permeability. The
calculated constants shown in Table II erhibited a large range, from 12 to
1900 pd. The more permecble vessels developed localized flow patterns, with
the higher leakage paths associated with specific altered areas or
inclusions. This alteration can enhance permeability by opening pathways or
can decrease it by precipitation of secondary phases. Major areas of leakage
always correspanded to altered areas but not all of the altered areas leaked
as observed during the permeability tests.

The Topopah Springs welded tuff frequently has inclusions of other tuffs,
which were picked up during magma transport as solid pieces. In the vessels
fabricated for this experiment, there are many gray lithic fragments of this
type. Most are small (<lcm) but vessel No. 8 contains a large frasment making
up about 40% of the vessel, This vessel is distinct in the final pH and
release rates, apparently because of the different properties of this lithic
fragment. Some of the variability seen in the other vessels may also be due
to their smaller lithic fragments.

Blank Samples

Four blank samples were run concurrently with the vessels containing the
glass specimens. The "blanks" were assembled in the same manner as the real
samples but did not contain glass, The objective of running control samples
was to obtain elemental concentrations which could be subtracted from the
sample solutions containing the leached glass components. Because of the



limited supply of vessels, only single blanks were run with the 30-day and the
90-day samples whereas duplicate blanks were run with the 183-day samples.

The inner and outer leachate concentrations were averaged and the average
value was then used as a blank correction; in the case of the 183-day samples
all four values were averaged to obtain a single correction value. Boron and
molybdenum correctians were applied in the treatment of the data as discussed
later in this report; the other elements discussed had blanks of zero.

pH measurements were made in each of the leachate solutions soon after the
conclusion of the Teaching periods. The pH readings are tabulated in
Table III as a function of the reaction time and the presence of steel or
Teflon inside the vessel. Also shown in the same table are pH readings of the
“blank" solutions.

The pH of the inner and outer leachates are approximately the same,
suggesting that the presence of the glass inside the vessels has 1ittle effect
on the final pH of the solution. The fact that the system may be dominated by
the tuff and the J-13 groundwater is further confirmed by the pH readings
taker on the "blanks™., The average value of the eight readings corresponding
to the four blank samples is 8.87 ¢ 0.25, which is in the same range as the
samples containing glass.

Measurements were also made on the starting solutions which originated
from the separate two-week equilibrations of the vessels prior to the leaching
phase. The average pH vatue of these 16 solutions (listed in Table II1) is
8.48 t 0.18, which is slightly lower thaii the pH values of the leachates at
the end of each leaching period. These solutions were returned {o the vessels
for the leaching phase.

TABLE I[IT

pH MEASUREMERTS

YESSEL SUPPORT REACTION INITIAL FINAL pB
Ha. TYI TIME PH INNER

i
; PE QUTER
i 15 Tetlon 10 §.22 B4z 877 E
8 Steel 30 8.48 8.20 8.94
P Steel 30 8.33 8.56 8.8 |
; 1 Tetlon 10 8.55 8.5z 9.02 |
i 12 Toflon a0 8.48 .64 9.00 ?
; 7% Steel 20 8.31 8.90 a.6s b
3 Stael 80 8.%9 .92 o1
; 10 Steel 20 9,44 8. 74 Bor |
2 Tetlon %0 .24 9.02 B
: 4 Tetlon 90 .93 9.12 o300 |
: i
£ Stael 163 8.45 8.92 3.13 }
Po1ax Teflan 183 8.60 5.95 9.17 %
5 Stesl 183 8.48 8.62 o1
; 6 Steel 183 8.37 .95 TR
] Teflon 183 .54 8.78 s.00 |
} 15 Teflon 183 8.68 a.11 9.24 ;

POTE: Average Initial pH = B.48 +/- 0.18.
* "Blank” Samples
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Figure 2 shows the pH results as a function of time for the innar
leachates. The pH follows the same trends and values as seen when
equilibrating tuff alone[5] and the blanks fall within the sample range for
each time period. Figure 3 shows the final inner pH as a function of the
initial pH in the two-week equilibration., If the tuff alone contrals the pH,
it might be expacted that there would be a positive correlation. There is
some evidence of this occurrence; samples 15 and 4 had both the highest
initial and final pH. The remaining samples fail in a fairly tight cluster.
Sample 8 appears to behave differently because of the large 1ithic fragment it
contains. If we ignore this anomaly, the 30-day samples show a linear,
positive trend as do the combined 90 and 183-day samples.

When 76-68 based glasses such as AYTM-8 are tested in deionized water, the
pH equilibrates in the range 9.5 to 10.{6] The laower pH values in this study
are due to the combined buffering effects of the tuff rock and the carbonate
dissolved in J-13 water. The range of pH values is indicative of the
complexity of the interaction of these buffering agents with the components
released by the glass.

92 - : : 92 -

9.0 - 9.0 -

TR
L3-buexia

“a
27-blany

88 - oo

86 - 5

8.8 - v
8.6

84 LIRS

Final pH of the inner leachate

82 - .
82 84 86 88 90
Initia) pH of the inner leachate

Final pH of the inner leachate

0 40 80 120 160 200 240
Reaction time (days)

Fig. 2 pH of the leachate inside Fig. 3  Fin2l pH inside the tuff
the tuff vessel as a vessel as a function of
function of reaction time. initial pH. (Sample Nos.
{Sample Nos. are next to are next to data points.
data points.) Solid symbols represent

30-day samples.)

Boron, Molybdenum, and Technetium

The boron, molybdenum and technetium concentrations in ppm are shown in
Table IV. These results, along with the volumes of the leachkates, were then
used to calculate a) the total amounts inside and outside the vessel and b)
the fraction of the total dissolved element in the annular (outer) space.

In the 30-day sanples, the boron conzentrations in the annular space are
88, 44, 73, and 45% of the total boran released into solution for the four
vessels with permeability constants of 300, 12, 590, and 12 yud respectively.
The parmeability effect is more evident in the case of technetium; here, the
concentrations in the annular space are 70, 6, 63 and 6% for the same four
vessels, In the case of molybdenum, the concentrations for the two samples
with the higher permeability constants (300 and 590 ud) are 84 and 52%
respectively. The molybdenum concentrations in the two samples with
permeability constants of 12 ud were not calculated because the measured
concentrations in the outer leachates were at the same level as the blank
{control} samples.
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: 1001 9 1 1450 ID%.e ! Y045 004 0517 0.028 0,000 Outp !
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€ 760 187 1 1832 1907 ool 006 0,983 Q.07 0.00% 6!
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In the S0-day samples, the permeability constants of the four vessels
range from 18 to 100 pd. Aithnugh, this spread 1s not as severe as in the
case of the 30-day samples, again the permeability effect in tihe migratic. of
the three elements, across the tuff is evidenced in sample 2 (100 pd). The
concentration of the total boron, molybdenum, and tecknelium released in
solution in the annular space is 60, 51, and 66% respectively whereas the
concentrations for the other three vessels with lower permeability range frem
21 to 44%.

In the 183-day samples, the permeability effect is not noticeable either
ocause of equilibration due to the longer reaction time or because the
permeability constants of the four vessels are ciustered between 40 and
76 pd. Thus, tne annular concentrations are Yikewise clustered together with
boron showing the highest values {74 to 78%), then technetium (67 to 72%},
and, last, molybdenum (38 to 58%).

Uranium_and Cesium

Uranium and cesium analyses were performed on all teachates. Uranium was
detected only in the inner leachates of the 90-day and 183-day samples; the
concentrations in the outer leachates were below the limit o¥ detection of the
analytical method. Similarly, the cesium results were all below the Timit of
detection of the analytical method. Consrquentiy, migration of uranium and
cesium across the tuff is not evident,

Plutonium_and Neptunium

Plutonium and neptunium were detected only in the inner leachates. The
concentrations in the outer leachaies were all below limit of detection.
Measurements were also made on the steel and Teflon supports which were used
inside the versels, These data are shown in Table Y. The plutonium activity
found in solution is low and non-systematic; the residual activity found on
the supports was significancly larger and it appears to be much mo.e strungly
associated with the steel supports than with the Teflon supports. It is not
entirely surprising that this residual activity is so large since the pH of
the leachates is approximately 9.0 at the end of each reaction reriod, and
plutonium terds o adsorb or prec1p1tace under this condition.

The neptunium activity found in solution is somewhat larger than the
plutonfum activity but still non-systematic; the residual activity on the
supports varies greatly from sample to sample. The amount sorbed on the
Teflon is small and non- systematic, that on the steel shows a gcod 1inear
relationship with the activity in solution.
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TABLE V
NEPTUNIUN-237 and PLUTONIUM-233 DATA

Inner Leachate {luter Leachste supports
; 7 dpe T dpm/0.icad | dom :
i i i H :
Time | Support | Np-237 Pu-239 | WNp-237 Pu-239 | WNp-237 Pu-238}
; H : ; H
i H H H H
30 !5.Steel | 23 4/- BX 8 e/~ 13% i <0.3 .02 | 29 198 §
30 i5.Steel | 144 +/- 3% 4 e/~ 17% ; <0.1 <D.0Z ! 38 619 !
30§ Teflon | BT +/- 4% L e/~ 2% 1 <1 <0.02 § 18 207 |
30 | Teflon | 104 +/- 5% 12 /- 33% i <0.3 <0.02 } 16 32z
90  i5.Steel | 623 +/- 2% 18 +/- 9% <21 <0.02 ! 191 4300 ¢
90  i5.Steel | 140 +/- 4X B +/- 2% i «<0.L <0.02 i 22 1000 !
80 ! Teflon | 220 +/- 3% 4 +/- 16% ! <0.f <0.0Z ! 18 203 |
90 | Teflon | 386 +/- 45X 5 +s- 12% | <0.1 <0.02 { 21 s !
: | H { J
183 iS.Steel | 330 +/- 1% 12 +/- B% ! <0.1  <0.02 ! 108 4920 }
183 |5.3teel | 96 +/-2X, C+/- 105 1 <01 <0.02 | 2 2790 |
183 | Teflon | 245 »/- 2% 27 +/- 5% | <0.i «<0.32 ! 11 285 |
183 | Teflon | 273 </~ 1X 9 «/- 8% 1 <0.1 <0.07 & 28 381

Radfochemical Hothod Inner Samplé 5: Hp=353 cpm (1%), Pu=9 dpm (13X)
Radiochenlcal HMethod Inner Sample 15: Np=302 dpm (1X), P
Radiochomical Mathed Outer Samples £,6,9,15: Hp=<D.}1, Puz<D.0Z dpa

Normalized Elemenial Mass Loss

Normalized elemental mass 1oss values were calculated for boran,
molybdenum, technetium, neptunium, and plutonium. Thesr are shown in
Table VI. The boron, molybdenum, and technetium values were calculated ucing
the sum of the inner and outer leachate amounts; neptunium and plutonium were
found in the inner leachates only. The technetium normaiized mass loss values
are the highest. When these values are plotted as a function of time as shown
in Figure 4, the trend is that of initial rapid release followed by slawer
release. This trend has been observed previously in stztic leach
testing.[2] The boron and molybdenum data behave very much like the
technetium data. There also seems to be a s:imilarity between the pattern of
mass dissolution rate of technetium as a function of time and the pH pattern
of the inner leachates shown in Figure 2. Tnis similarity is an indication of
the strong correlation Letween pd and the net breakdown of the glass, which
would normally be expected due tn the graduatl increase in ph as the glass
releasee Sasic components.[6] In this system, the pH appears tc be contralled
Dy the tuff vessel, vet the glass release is still strongly correlated to the
pH (Figure 5).

TABLE VI

NORMALIZED MASS LOSS: g glaas/a?

‘SAMPLE TIHE TYPL PERH B Mo Te Pu Rp INNER |
{ %O (d4) SUPPCKT  (ud) PH 1}
i B
H 8 30 Stoa) 306 0.38 0.1¢ 0.21 9.40E-05 6.00E-03 8.2 }
H 18 0 Steel 12 0.82 ©.32 0.45 3. BDE-05 3.9DE-u2 8.56
) 11 30 Teflon 590 0.47 0.29 0.75 1.00E-05 2.3DE-02 8.52
i 12 30 Teflon 12 0.90 0.38 Q.56 1.40E-04 2.70E-02 8.84 |
i 3 0 Steol 28 1.54 1.82 2.27 1.90E-04 1.60E-01 8.92 |
H 10 30 Stesl 78 . 48 0.43 (.51 B.B60E-05 2J.6DE-02 8.74
‘ 2 90 Teflon 100 0 92 1.10 1.32 4.80E-05 5.6Le-J2 g8.02

.: 4 90 Teflon 18 1.09 ! .35 1.56 5.20E-05 3.00E-02 .12
H $ 183 Steel 51 1.64 1.2 .40E-02 8.62 !
i ] 1B3 Stesl 56 0.71 0.3%6 -40E-02 8.95
i 9 181 Teflon 76 1.71 1.39 .20E-02 8.78 |
i 15 181 Teflon 40 1.4 1.3 .00E-D2 9.11
h H
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Another important factor in dissoiution rate would be the permeability of
the vessel. In this experiment, the annular space of the vessel contains
about 10 times as much water as the inner space; if there were free
interaction of the fluids, the surface area of the glass to volume of leachant
ratio (SA/V) would decrease by a factor of 10, resulting in more rapid
dissolution of the glass. Figure 5 shows there was no correlation between
permeability of the vessel and total release, This indicates that, with
regard to the factors controliing release, the vessel is either totally
permeable or totally impermeable. Since the pH was higher in the outer volume
in 14 out of 16 vessels, the tuff does not arpear to be totally permeable with
regard to hydrogen ion.
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Boron, molybdenum, technetium, and neptunium were all found at constant
ratios to each other within each reaction period. These relationships are
illustrated in Figure 6, which shows the normalized mass loss values of
neptunium as a function of the technetium normalized mass loss values., It is
extremely unlikely, on the basis of previous knowledge of glass leaching, that
the neptunium to technetium ratio, for example, represents differential
release from the original glass matrix. It is much more Tikely that it is due
t- the elements being sequestered at varying rates in layers forming on the



457

|
|
\

g 0.15-
© 4
< i
£ :
3 1
s;\ 0.10 ~ . .
%-5 Fig. 6 Neptuqium release as a
; ) : - function of technetium
% oos- release
] j e
E : ey,
3 .

0t e e e

05 1.0 1.5 2.0

Normalized technetium release (g/m?)

glass, and in the tuff rock. The normalized release rates shown in Table VI
are very low for PNL 76-68 based glasses.[6,7] This may be attributed to the
relatively low pH and high silicon concentrations caused by the tuff rock
surrounding the sample. The low actinide concentrations in solution are
probably caused by the effects of sorption onto the rock and the pH. The
rapid exchange of technetium from the inner to the outer space of the vessel
indicates that it is not strcngly sorbed on the rock.

CONCLUSIONS

The following conclusiaons are based on the data obtained in the
experiment. Further details may be found in (8].

1. Boron, molybdenum, and technetium migrate through the walls of the
tuff vessel. Their rate of migration appears to be controlled by the
permeability of the rock as well as the length of the reaction
time. The higher the permeability constant, the higher is the
fraction of the leached product that is found in the annular (outer)
space of the vessel. The ratias of the concentrations outside the
vessel to inside are constant for all three elements within each
reaction period.

2. The pH of the inner vessel leachates appears to be dependent on
reaction time up to 90 days. The pH range at the end of 30 days is
8.20 to 8.64, at the end of 90 days the range is 8.74 to 9.12, and at
the end of 183 days the range is 8.78 to 9.11, The tuff rock and the
J-13 water appear to dominate the system since the pH of the blanks
falls in the same range as the pH of the samples for each reaction
period.

3. 237Np, 238U, and 2395 are foggg only in the leachates inside the
tuff vessel. Both & Np and Pu were also found in varying amounts
on the suEgeces of the stainless steel and Teflon supports. The
residual Pu activity is much more strongly associated with the
steel than with the Teflon supports, with the Teflon supports showing
a censtant value, but the steel suppsrgs showing activities as muchn
as 400 times that in solution. The Np activity on the supports
varies. No systematic retention is observed in the Teflon supports
but the activity on the steel supports shows a 9039 linear
relationship with the activity in solution. The ’Np in solution is
3-4 times as large as that sorbed on the steel supperts,
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4, Normalized elemental mass loss values were calculated for boron,
molybdenum, technetium, neptunium, and plutonivm. The highest
norma]iﬁed dissolution rate value belongs to technetium, 2.3 g
glass/m~, and the Jowest values are recorded for plutonium, 108 times
lower than the technetijum value. The boron, molybdenum, technetium,
and neptunium values are constant with respect to each other within
each reaction period. Boron and molybdenum were released at about
85% c¢f the technetium rate. The neptunium rates are three orders of
magnitude Tower and ihe plutonium rates about six orders of magnitude
lower, The low loss rate of all elements may be attributed tc the
high silicon content of the leachates and to their moderate pH. Both
effects appear tu be caused by the large amount of tuf’ present in
the system.
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