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SUMMARY AND CONCLUSIONS 

Experimental leach studies in the WRIT Program have two primary functions. 
The first is to determine radionuclide release from waste forms in laboratory 
environments which attempt to simulate repository conditions. The second is 
to elucidate leach mechanisms which can ultimately be incorporated into near
field transport models. The tests have been utilized to generate rates of 
removal of elements from various waste forms and to provide specimens for sur
face analysis. Correlation between constituents released to the solution and 
corresponding solid state profiles is invaluable in the development of a leach 
mechan ism. 

Several tests methods are employed in our studies which simulate various 
proposed leach incident scenarios. Static tests include low temperature (below 
100°C) and high temperature (above 100°C) hydrothermal tests. These tests 
reproduce nonflow or low-flow repository conditions and can be used to compare 
materials and leach solution effects. The dynamic tests include single-pass, 
continuous-flow (SPCF) and solution-change (IAEA)-type tests in which the leach 
solutions are changed at specific time intervals. These tests simulate reposi
tory conditions of higher flow rates and can also be used to compare materials 
and leach solution effects under dynamic conditions. The modified IAEA test 
is somewhat simpler to use than the one-pass flow and gives adequate results 
for comparative purposes. 

Early in the WISAP program, a modified version of the IAEA test was 
adopted to obtain leach rate data. Since this test uses varying solution 
renewal times, the test has been questioned with r~spect to: 1) the possible 
effect of varying solution renewal times on the leach rate, and 2) the fact 
that this sampling scheme does not correctly model the anticipated waste/solu
tion contact in a geologic repository. However, recent studies (Bradley, 
Harvey and Turcotte 1979; Weed and Jackson 1979) have shown that solution 
renewal at low temperatures (25°C) does not have a significant effect on leach 
rates, and may be element dependent. These studies also show that there is 
close agreement for specific element leach rates between the modified IAEA test 
and the SPCF test at 25°C. Despite these encouraging results, the fact remains 
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that the IAEA test does not model repository conditions; therefore, it is 
recommended that this test not be used as the sale source of leaching data. 

The static leach test models the condition of near-zero flow in a reposi
tory and provides information on element readsorption and solubility limits. 
The SPCF test is used to study the effects of flowing solutions at velocities 
that may be anticipated for geologic groundwaters within breached repositories. 
These two testing methods, coupled with the use of autoclaves, constitute the 
current thrust of WRIT leach testing, both for waste/solution and waste package 
interactions with host rocks and their associated ground water. 
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INTRODUCTION 

As part of continuing studies on waste management sponsored by the Depart
ment of Energy (DOE), the Pacific Northwest Laboratory (PNL)(a) has been con
ducting the Waste/Rock Interactions Technology Program (WRIT) for the Office 
of Nuclear Waste Isolation (ONWI). The purpose of this program is to gather 
and interpret data on the release and subsequent migration of radionuclides in 
the event nuclear-waste forms stored in a geologic repository come into contact 
with groundwater. 

Information concerning the release of radionuclides from candidate 
nuclear-waste forms and waste packages is needed to evaluate deep geologic dis
posal concepts. Contact of nuclear wastes by groundwater is the most likely 
process whereby radioisotopes may be made available for transport (de Marsily 
et al. 1977; U.S. Environmental Protection Agency 1978; National Research 
Council 1978; Bredehoeft 1978). Through several different laboratory testing 
techniques, elemental leach data were obtained for interpretation and assess
ment of waste form/solution interactions. 

This report describes the laboratory testing techniques that are being 
used by the WRIT program to investigate leaching characteristics of high-level 
and transuranic nuclear-waste forms. Leach tests are used to determine radio
nuclide or element release rates. We use the term "radionuclide release" to 
be the summation of the concentration of the radionuclide solution plus the 
amount of the radionuclide adsorbed on the walls of the container used to con
duct the leach test. The following tests are being used to 1) gather elemental 
release rate data for safety assessments, 2) provide leach solutions for sorp
tion studies, and 3) provide leached waste forms for detailed surface 
characterization: 

• a modified version of the IAEA's proposed standard leach test (Hespe 1971) 
• a static leach test 
• an autoclave leach test 
• a single-pass, continuous-flow leach test. 

(a) Pacific Northwest Laboratory is operated for the U.S. Department of Energy 
by Battelle Memorial Institute. 
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The waste forms are characterized before any of these tests are conducted. 
This includes determining the chemical composition, radionuclide composition 
and homogeneity of the waste form. Samples are kept of each waste form tested. 

These tests attempt to simulate the range of temperatures and flow condi
tions that may be encountered in a repository. They are not currently being 
used to model specific repository conditions or to describe waste package 
(waste form, canister, engineered barrier, backfill, host rock) performance. 
However, in the WRIT program, procedures and methodologies for performance 
tests on waste packages are being formulated at this time. Table 1 shows the 
current status of WRIT leach tests. 

TABLE 1. Current Status of WRIT Leach Tests 

Leach Test 

Mod if i ed IAEA 

Static 

Autoc 1 ave 

Major Characteristics of Test 

Replenishment of the leach 
solution on a varying time 
frequency. No sample 
ag itat ion. 

No replenishment of leach 
solution. No sample 
agitation. Models near zero 
or low groundwater flow 
cond it ions. 

No replenishment of leach 
solution. No sample 
agitation. Models zero flow 
of groundwater at elevated 
temperature conditions, 

S)ngle-Pass, Continuous flow of fresh 
Continuous-Flow solution past waste form 

sample. Models groundwater 
flow in a repository. 

Experience 
(years of use in 

Waste Forms Being Tested the WRIT program) 

Nonradioactive and 2 1/2 
radionuclide-doped glass, 
spent fuel, TRU 

Nonradioactive and 1 1/2 
radionuclide-doped glass, 
spent fuel, TRU 

Nonradioactive and 1 
radionuclide-doped glass, 
U02, spent fue 1 

Radionuclide-doped glass, U02 1 1/2 

Currently for the WRIT program modified IAEA and single-pass, continuous
flow leach tests, we are reporting the results in terms of an incremental leach 
rate or a cumulative fraction leached. Static leach tests results will be 
reported in terms of time-dependent solution concentrations. The equations 
used to calculate these are as follows: 
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1. Incremental Leach Rate (ILR) 

An 
ILR = 

where 

Ao·S.t 

t = leaching time in days 

An = activity of a radionuclide (disintegrations/min) or amount 
(grams) of a given element in the leach solution and adsorbed on 
leach container walls after leach time t 

Ao = specific activity of a radionuclide (disintegrations/min-gram) or 
amount (grams/gram) in the specimen being leached 

S = geometric surface area of sample, cm2• 

2. Cumulative Fraction Leached (CFL) 

where 

CFL = ~~n 
o 

An is summed over the incremental leach times. 

3. Time-Dependent Solution Concentration (TDSC) 

An 
TDSC = A .S 

o 

This method of reporting data from static tests utilizes one sample for each 
leach time and is therefore not cumulative. 

This report gives the background of each testing method and describes the 
procedure used. It is intended that others may adopt these tests to standard
ize current and future data collection and/or may suggest areas that could be 
improved or alternative methods. 
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MODIFIED IAEA LEACH TEST 

BACKGROUND 

In August 1969, two leach test methodologies applied to immobilized 
radioactive waste solids were drafted by a panel of experts convened by the 
International Atomic Energy Agency (IAEA). The first was called the "Inter
comparison Method" and the second, the "Environmental Method." These methods 
were proposed as standard leaching tests by Hespe (1971). The procedures for 
the Intercomparison Method are described below: 

1. The leach sample is made in a specific cylindrical size, according to 
radiation level, with height equal to diameter. 

2. The sample is leached in the container that it is made in. Only the top 
surface of the waste form contacts the solution. The waste form adheres 
to but does not react with its container mold. In the case of a concrete 
container, the specimen is removed from its preparation canister and 
coated, except for the top surface, with a water-proof compound that 
adheres to the surface. 

3. The leach solution is deionized water of not more than 1.5 ~mho/cm 
conductivity. 

4. The sampling frequency is: 

• daily for the first week (or until the leaching rate is virtually 
constant, or until the pH of the leachate rises above 8.0) 

• weekly for the next 8 wk 

• monthly for the next 6 mo 

• twice per year thereafter. 

5. At the sampling time, the leach solution is decanted into another con
tainer which is sent for analyses. The solid waste specimen is then 
covered with a fresh volume of leachate and the test continues. 

6. Th 1 f th r ti volume of leachant . t t e va ue 0 e a 0, exposed surface area of specimen' 1S no grea er 
than 10 cm. 
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7. The temperature is 25° ~ 5°C. 

8. There is no agitation of the leach solution or the waste specimen between 
sampling times. 

9. The leaching container does not interact with the leachate solution. 

The IIEnvironmental Method" differed from the "Intercomparison Method ll only in 

that: 

• Water from the disposal environment was to be used instead of deionized 
water. 

• The chemical composition, pH, and chemical oxygen demand (COD) were to be 
determined for the leach solution. 

• The duration of performing daily samplings was not to be changed when the 
pH rose above 8.0. 

The IImodified IAEA" test procedure used by WRIT differs with respect to 
items 1 through 5 above; items 6 through 9 remain the same. The "modified 
IAEAII test used for the WRIT program entails the following: 

1. The waste specimen to be leached is not required to be a specific size or 

shape. For spent fuel, a sieved fraction of +8 mesh is used. Detailed 
photographs are taken to estimate as closely as possible the geometric 
surface area. For waste glass a replicable procedure for making hemi
spherical beads is used to provide specimens for leaching. Details of 
this procedure are available in other reports (Bradley, Harvey and 
Turcotte 1979; Burkholder et al. 1979). 

2. The waste sample itself is leached without the presence of its preparation 
canister or mold. The waste sample is suspended in the middle of the 
leach solution in a nylon basket attached to the lid of the leach con
tainer. The basket is to have the largest possible open weave to provide 
minimal contact with the sample and yet prevent the sample from falling 
through the openings in the basket weave. 

3. Any leach solution can be used as long as it is characterized prior to 
contact with the waste sample. Characterization includes chemical 
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composition and pH. Eh measurements before and after leaching were once 
included, but since no changes have been detected in a variety of solu
tions after a 1-yr leaching time, the measurements are no longer routinely 
taken. 

4. The modified sampling frequency is: 

a. Daily for the first 4 days 

b. Weekly for 8 wk 

c. Monthly until the test is stopped. Although the effect of monthly 
changes in sampling frequency seem to have a minor effect on leach 
rate (Bradley, Harvey and Turcotte 1979), there was a pronounced 
effect on leach rates in earlier tests where a semi-annual sampling 
frequency was used (Bradley 1978). 

5. During sampling times, the specimen holder is removed from the solution 
and placed in an equivalent amount of fresh solution in a new leaching 

\ container, which allows an analysis of the elements adsorbed onto the 
walls of the leaching container. A more detailed account of the steps 
taken in the WRIT-modified IAEA test follows. 

Figure 1 shows the apparatus used at PNL for the modified IAEA leach test. 
Figure 2 shows a close-up photograph of an actinide-doped waste glass specimen 
holder. 

The above WRIT-modified version of the IAEA leach test was used in the 
first series of leach tests started in the WISAP program (Burkholder et al. 
1979). The original intent was to gather comparative leach data and not to 
closely model anticipated repository conditions or to provide conclusive data 
for the elucidation of leaching mechanisms. The semi-annual sampling frequency 
was changed because a study using fully radioactive glass showed that the semi-

\ 

annual sampling frequency did have a large effect on the observed leach rate 
(Bradley 1978). Also, to keep costs and analysis time within reason, the long
est sampling frequency was set at 1 mo. A progress report on the results of 
this test to date using waste glass doped with technetium and various actinides 
has been reported (Bradley, Harvey and Turcotte 1979). 
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FIGURE 1. Modified IAEA Leach Test Apparatus 

Although some of the actinide leach rates (plutonium and neptunium in par
ticular) appeared to be affected by sample frequency, the effect is not large. 
Also, no effect has been noted for the primary glass matrix element silicon. 
A comparison between the WRIT-modified IAEA test and a true single-pass, con
tinuous-flow solution flow test conducted at Lawrence Livermore Laboratory has 
been made. The same waste form materials (both tests used waste glass made 
during a single run at PNL), and the same leach solutions were used. Solution 
was flowed past the waste glass (details of this test start on page 23) at the 
same lIeffective rates seen in the modified IAEA test for a daily, weekly, and 

monthly sampling frequency. The results to date (Weed et al. 1979) show close 
agreement in leach rates for both Np and Pu. Figure 3 shows this agreement for 
neptunium release from 76-68 waste glass in O.03M sodium bicarbonate solution. 
Thus, it appears that: 1) the WRIT-modified IAEA test does not yield results 
that are significantly different from a true flow test under the conditions 
studied, and 2) the WRIT-modified IAEA test appears to give adequate results 
for comparative purposes. 
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FIGURE 2. Waste Form Specimen Holder for Modified IAEA Leach Test 
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FIGURE 3. Neptunium Leach Rates from Modified IAEA and 
Single-Pass, Continuous-Flow Methods 

The advantages of the WRIT-modified IAEA l each test are that i t is a 
simple test to conduct, requires little laboratory space, and is relatively 
easy to conduct in a hot-cell environment (with respect to the single-pass, 
continuous-flow and autoc lave te sts). The dis advantages are that it requires 
more time to conduct than a stat i c l each test because of t he need to replenish 
the leach solution on a deSi gnated time schedule; generates numerous leach 
solution samples, thus i ncurring higher analytical costs; does not correctly 
model probable groundwater flow conditions t hat could occur in a geologic 
repository; and does not lend itself eas ily to mechanistic or mathematical 
treatment of resulting data primarily because of periodic leach solution 
replacement during the test (solution changes cause cyclic pH and solution 
concentrations, which in turn affect leaching). Thus, we recommend that the 

test be used for materials comparison or to provide generic information on 
parameter effects such as solution composition. 
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WRIT-MODIFIED IAEA LEACH TEST PROCEDURE 

Note: To facilitate document control, the experimenter is required to record 
all information regarding the leach test in registered log books. This 
procedure is common to all of the WRIT leach tests. 

1. Leach solutions are made up in 10-liter batches using reagent-grade chemi
cals and deionized water, and are stored in polypropylene containers. 
Following solution makeup, samples are taken for analysis of pH, conduc
tivity (on deionized water) and chemical composition by inductively cou
pled plasma spectroscopy (ICP) (early samples were analyzed by spark 
source mass spectroscopy). 

2. Prior to placing the waste form sample in its basket, the sample is washed 
with methanol or acetone to remove surface-adhering fine particles and 
dried. The sample is weighed and its dimensions measured and recorded to 
enable the geometric surface area to be calculated. 

3. Wide-mouthed polypropylene bottles are used and waste form sample sizes 
are chosen such that the waste sample may be placed in the middle of the 
leach solution with ease. 

4. The waste sample is placed in its holding basket, the proper amount of 
solution is added to the bottle to provide a leach solution volume to 
waste form geometric surface area ratio of 10 cm3/cm2• 

5. The waste specimen basket is carefully lowered into the solution-filled 
bottle, the lid is tightened, and the apparatus is placed into a holding 
rack. 

6. At designated times the bottle is removed from the holding rack and the 
lid carefully removed. The waste specimen basket (with attached" lid) is 
placed into a fresh leach solution in a new bottle, and returned to the 
holding rack. 

7. The solution in the leach container is swirled and the following samples 
are removed: 

a. One sample is removed via disposable pipet and placed into a poly
propylene bottle and acidified with 100~~ of ultra-pure nitric acid 
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per 10 m~ of solution. This procedure has been shown to prevent 
radionuclides adhering to container walls (Bradley et al. 1979). 
This aliquot is used for counting alpha, beta, and gamma emitters. 

b. Another sample is placed into a polypropylene container and is not 
acidified. This sample is used for pH, conductivity (in the case of 
deionized water), silicon analyses, and Iep analysis of elemental 

composition. 

c. The remaining solution may be used for radionuclide sorption/rock 
studies, or be discarded via the appropriate waste solution handling 
procedures. 

8. Since many (if not all) of the radionuclides being studied adsorb to some 
degree on the leach container wall, the following steps are taken to 
determine the extent of this adsorption: 

a. An aliquot of 5 M HN0 3 + 0.05 M HF solution (reagent acids added 
to deionized water) is added to the now empty leach container. A 
volume equal to the original leach solution volume is added. 

b. The solution is allowed to stand in the leach container for 1 wk. 
After this time an aliquot is taken and placed in a polypropylene 
bottle and submitted for alpha, beta, and gamma analyses. 

c. The results of the analyses from 8b are added to those from 7a to 
yield the total release of a given radionuclide from the waste form 
specimen. 

d. The leach bottle and remalnlng acid wash solution are then discarded 
via the appropriate waste handling procedures. 
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STATIC LEACH TEST 

BACKGROUND 

Within a year from the start of the WRIT-modified IAEA leach test, three 
other tests were started to gain specific information on parameter effects and 
to model more closely anticipated repository conditions. One of these tests 
was the static leach test. As the name implies, no sample agitation, solution 
flow, or solution replenishment is involved. To avoid potential difficulties 
with periodic removal of only a small leachate sample for analyses, the tests 
were designed such that a series of replicates, started at the same time, would 
serve as the complete test series over time. When a sampling time was reached, 
one replicate would be sacrificed for analysis. 

The static tests were initiated to investigate the effects of increasing 
solution radionuclide and matrix element concentration as well as re-adsorption 
reactions on radionuclide release rates. The advantages of the static leach 
test are that it is the easiest test to conduct and simulates near-zero or very 
low groundwater flow in a repository. The static test also allows study of the 
approach to solubility limits for various radionuclides and matrix elements, 
which is important in determining thermodynamic solubility constraints. The 
test is also easily adopted to hot-cell environment operation and requires 
minimal work space. Possible problems when using plastic leach containers are 
solution loss, container material/leach solution interactions, and container 
degradation when running the tests for long times (>1 yr) at temperatures near 
lOQoC. These problems can be overcome by utilizing welded gold or platinum 
capsules, but the cost becomes prohibitive. Possibilities for improving the 
long-term aspects of the static test are to use Teflon® containers or double 
containers. However, these possibilities have not been verified. 

The procedures for the static leach test borrow a good deal from the pre
viously discussed modified IAEA leach test in terms of: 

• sample sizes 
• leach container specifications 

• solution analyses 
• leach solution volume to sample geometric surface area ratio. 
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WRIT STATIC LEACH TEST PROCEDURE 

1. Since the solutions are not changed and all tests are started at the same 
time, a large enough solution batch is prepared to supply all of the 
tests. Following solution makeup, samples are taken for analysis of pH, 
conductivity, and chemical composition. 

2. Prior to placing the waste form sample in the leach container, the sample 
is washed with methanol or acetone to remove surface-adhering fine parti
cles and dried. The sample is weighed and its dimensions measured and 
recorded to enable a geometric surface area to be calculated. 

3. Since the solution is not changed during any leach time interval, the 
waste specimen is not held in a basket. Rather, the specimen is placed 
on the bottom of the leach test container, and leach solution is slowly 
added. 

4. For the tests using radionuc1ide-doped waste forms that can be handled. 
outside a remote facility, polypropylene bottles are used. It is recom~ 
mended that for long times (>l yr) or temperatures greater than 50°C, that 
Tef10n@containers be used. For tests with spent fuel, fused silica jars 
with flat-ground, fused silica lids are being used. The weight of the 
container and contents before and after the test is measured to check 
whether slow leakage or evaporation has occurred. Figure 4 shows the type 
of apparatus being used. 

5. Since our static tests are located in an area with insufficient building 
temperature control, controlled temperature baths are used (~lOC). 

6. At designated sample times a leach test container is removed from the 
temperature bath and the following steps are taken: 

a. A solution sample is removed via disposable pipet and placed into a 

polypropylene bottle acidified with 100~~ of ultra-pure nitric acid 
per 10 m~ of solution. This aliquot is used for counting alpha, 
beta, and gamma emitters. 

b. Another sample is placed into a polypropylene container and is not 
acidified. This sample is used for pH, conductivity, and rcp analy
sis of elemental composition. 

14 
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FIGURE 4. Static Leach Test Apparatus (Spent Fuel) 

c. The remaining solution may be used for radionuclide/rock sorption 
studies or discarded via the appropriate waste solution handling 
procedures. 

d. The waste specimen is removed from the container using forceps and 
is rinsed briefly (less than 30 sec) with 5 to 10 mt of deionized 
water. 
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e. The specimen is then placed into a clean, dry container, and under
goes surface analyses via scanning electron microscopy (SEM), Auger 
spectroscopy, and electron spectroscopy for chemical analyses (ESCA) 
or similar techniques. 

7. Since many (if not all) of the radionuclides being studied adsorb to some 
degree on the leach container wall, the following steps are taken to 
determine the extent of this adsorption: 

a. An aliquot of 5 M HN0 3 + 0.05 M HF solution (reagent acids added 
to deionized water) is added to the now empty leach container. A 
volume equal to the original leach solution volume is added. 

b. The solution is allowed to stand in the leach container for 1 wk. 
After this time an aliquot is taken and placed in a polypropylene 
bottle and submitted for alpha, beta, and gamma analyses. 

c. The results of the analyses from 7b are added to those from 6a to 
yield the total release of a given radionuclide from the waste form 
specimen. 

d. The leach bottle and remalnlng acid wash solution is then discarded 
via the appropriate waste handling procedures. 
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AUTOCLAVE LEACH TEST PROCEDURE 

BACKGROUND 

In order to investigate the effect of temperature on radionuclide release 
at temperatures greater than 100°C, autoclave equipment is being used in leach
ing of waste forms. The experimental temperature range covered on the WRIT 
program is from 25° to 250°C. The autoclave tests that have been conducted to 
date have been nonflowing or static leaching tests. Single-pass, continuous
flow autoclave work is planned for future testing, and a hot-cell autoclave 
system has been designed which has flowing leach solution capability. However, 
at this time a procedure has not been written for the continuous flow autoclave 
leach tests. Thus, the current autoclave leach test is simply a static leach 
test conducted at higher temperatures and confined by a pressure vessel. To 
reduce the time and operating costs by allowing several tests to be run at the 
same time, gold capsules are used for the waste form/solution interaction stud
ies, including both spent fuel and waste glass. Direct solution sampling of 
autoclave experiments will be performed in future tests that do not use gold 
capsules; however, this discussion will be restricted to gold-encapsulated sam
ples only. Figure 5 shows a gold leach test container used for autoclave test
ing. An autoclave system used for simulated and radionuclide-doped waste forms 
is shown in Figure 6. Figure 7 shows an autoclave designed for hot-cell remote 
operat ions. 

An advantage of autoclave tests is that they can simulate repository tem
perature and pressure conditions, and due to accelerated leaching at elevated 
temperatures, the tests are of shorter duration. Another advantage is that 
element solubility limits can be more rapidly achieved at the higher tempera
tures. However, autoclave tests have several disadvantages. They are the most 
expensive of leach tests, cannot easily handle large numbers of samples, 
require more laboratory space than the other leach tests and are not easily 
used in a hot-cell environment. The tests also require experienced personnel 
for operation and maintenance, and special safety precautions. 

17 
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FI GURE 5. Autoclave Leach Test Sample Container 

WRIT AUTOCLAVE LEACH TEST PROCEDURE 

1. A large enough l each solution batch is prepared in order to supp ly all of 
the tests i n a gi ven series . Fo1lowing solution makeup, samples are taken 
for ana lysis of pH , conductivity, and chemical composition. 

2. Pr i or to pl acing t he waste form sample in the gold capsule, t he samp l e is 
washed with met hanol or acetone to remove surface-adhering f i ne part ic les 
and dried. The sample is weighed and its dimensions measured and 
recorded t o enabl e a geometric surface area to be calculated. 
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FIGURE 6. Autoclave System for Simulated and Radionuclide-Doped Waste Testing 



FIGURE 7. Autoclave for Hot-Ce l l Testi ng 

3. Each gold capsul e is cleaned by: 1) dipp ing i t in concent rated nitri c 
acid for 5 min, 2) rinsing it in deionized water for 5 min, and 3) rinsi ng 
it for an additional 5 min in fresh dei on ized water . The capsules are 

then dried and an identification code is light ly scribed onto the gold 

capsul e . 

4. Calculat i ons are made to determine the amount of solution to add for a 
given waste sample size so that the solution vo l ume- to-sample geometric 

surface area ratio is 10 cm3/cm2 at the specif ied operating temperature. 
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5. The waste form sample is placed in the gold capsule, solution is added and 
the air above the solution is purged with argon for 1 min. The top of the 
capsule is crimped with flat-headed pliers and is welded shut using a 

tungsten arc inert gas welder (TIG). The capsule is then weighed. The 
weld closure integrity is checked by vacuum leak checking. 

6. The appropriate number of capsules are loaded into the autoclave, and the 

correct amount of deionized water is added. The autoclave is then sealed. 

7. The autoclave is pressurized to 2000 psi using an inert gas. The auto

clave is then heated rapidly to the desired operating temperature, and 

the pressure is maintained at 2000 psi. The time the autoclave heating 
started and the time the autoclave reaches the correct temperature are 
recorded. Temperature and pressure are maintained and monitored for the 

specified time period. 

8. At the selected sampling time the autoclave is turned off and rapidly 
cooled to room temperature while the pressure at 2000 psi is still main
tained. The pressure is reduced to ambient after the cooldown, and the 

time when the autoclave was turned off and the time the autoclave reached 
room temperature are recorded. 

9. The autoclave is opened and the gold capsules are removed. A sample is 
taken of the external fluid (the deionized water added at the start of 

the test) and is sent immediately for chemical analyses (ICP). 

10. The gold capsules are weighed and then carefully opened. After measuring 
pH, the solution is decanted into a polypropylene bottle and is acidified 
with 100~~ of ultra-pure nitric acid per 10 m~ of solution. This sample 

is sent for ICP analyses and radioisotopic analyses as required. If there 
is an adequate volume of solution resulting from the test, an un-acidified 

sample may be taken for radionuclide/rock sorption studies. 

11. The inside of the gold capsule and the surface of the waste form specimen 

are visually examined for reaction products. If visible reaction products 

are present, they are removed, placed in a clean container and transferred 

for analyses, such as SEM/microprobe and photomicroscopy. 
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12. The waste specimen is removed, dried and weighed, and then transferred for 
detailed surface analyses, SEM/microprobe, Auger, and ESeA as necessary. 

13. The gold capsule is then filled with a solution of 5M HN03 + O.05M HF. 
After 24 h, the solution is sampled and transferred for chemical analyses. 
The remainder of the solution is decanted, and the gold capsule is dried 
and weighed. 
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SINGLE-PASS, CONTINUOUS-FLOW LEACH TEST 

BACKGROUND 

The complement to the static leach test is one that accurately meters the 
leaching solution as it passes the waste form sample. This type of test would 
more correctly model the condition of solution flow or convective migration 
through a repository. As part of the WRIT program, study of the effects of 
flow rate on radionuclide release is being conducted at subcontract was placed 
with Lawrence Livermore Laboratory (LLL). 

The concept for a single-pass, continuous-flow (SPCF) leach test evolved 
at LLL when the need arose for a laboratory method to evaluate the release rate 
into groundwater of radionuclides from the melt glass produced during an under
ground nuclear explosion. Since groundwater invades the explosion cavity when 
detonations occur beneath the water table, a potential exists for this slowly 
flowing groundwater to leach radioactivity from the melt glass and carry it 
along to distant discharge areas. 

Weed and Jackson (1979) first devised the SPCF concept in an attempt to 
reproduce these underground flow conditions in the laboratory and to assess 
realistically the stability of explosion melt glass, or candidate waste forms 
for nuclear waste disposal, to groundwater leaching and corrosion. The SPCF 
leach test concept is schematically illustrated in Figure 8. A low-volume 
peristaltic pump provides the solution metering and delivery from a supply 
carboy to the rest of the system. Small-bore plastic tubing is used to con
nect the various system components. The leaching cell contains the waste form 
of interest. Figure 9 is a cutaway view of an assembled cell. All internal 
components that the solution contacts are made of plastic to minimize element 
sorption and changes in solution chemistry. Filters can be used between the 
inlet and outlet filter grids to contain fine material. For coarser samples 
using only the filter grids allows more trouble-free solution flow through the 
cell. As solution exits the cell, it is directed into plastic bottles. Solu
tion is collected, and at predetermined intervals, removed from the system and 
analyzed for radionuclides and other elements leached from the waste form. 
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FIGURE 8. Si ngl e-P ass, Continuous-Fl ow Leach Test System 

Several parameters can be studied simultaneous ly with t his t ype of experi
ment. Solution compos iti ons r anging from di stilled water t o saturated salt 
brine and temperatures of 25° and 75°C have been used successfu ll y. The flow 
rate can be var i ed over a wide range of values that are commonl y f ound in natu
ral aqui fers, and a variety of wa ste f orms can al so be st ud ied . In addition, 
it i s possible to place candi date repository rock in contact wit h and down

st r eam from t he waste form . This t yp e of test is cu rrently bei ng designed to 
assess t he waste/ rock groundwater i nter acti ons as wel l as the sorp tion of 
leached consti tuents direc tl y on t o the repos i tory rock . 

One advantage of t he SPCF tes t is the cl os e analogy to an act ual flooded 
repository where grou ndwater is slowly flowing past t he waste because of the 
natural hydrau li c gradient . Peris talt i c pumps and t ubi ng (wi t h a hole diameter 
as small as 0.13 mm) are avail able, wh i ch wi ll deliver a minimum volume flow 
rate of 1 m£/d. This corres ponds t o an empty cell linear f l ow rate of 
0.2 cm/d. As an example, an undergrou nd water ve loc ity of 0.2 cm/d, or 
0.72 m/yr, is less than t he typi cal values of 2 to 76 m/ yr measured on eastern 
Pahute Mesa at t he Nevada Test Site (NTS) (B l anken nagel and Wei r 1973). Con

sequently, actual fl ow rates encountered i n nature can be reproduced in the 
laboratory us ing t he SPCF l each test techno lo gy . 
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FIGURE 9. Si ngle-Pass, Continuous-Flow Leach Test Ce ll 

Anot her advant age is the ease of obtaining data regardi ng flow rat e 
eff ec t s on leach rate. Flow rate is an important parameter because it is 
rel ated to the total volume of water which contacts the waste f orm and may con
tro l t he rate at wh ich radionuclides can be leached f rom t he waste f orm. 
Because candi date repositories will probably be located in a var i et y of ground
water veloc ity regimes, an understanding of the effect of f l ow rat e on leach 
rate cou ld become a key factor for evaluating probable repository performance. 

The primar y disadvantages of the SPCF method are increased complexity and 
expense when compared to the WRIT-modified IAEA and static l each tests. Pumps, 
hoses, cell s and assemb ly time are required. The assemb ly , monitoring, and 
maintenance of the test requires experienced personnel. The test demands more 
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laboratory space than the WRIT-modified IAEA or static leach test, and, like 
the autoclave test, the test is not easily adaptable to a hot-cell environment. 

The SPCF test method only simulates conditions of a flooded repository 

after the thermal pulse from the waste has passed. That is, operating tempera
tures can only go as high as the ambient temperatures (below 100°C) expected 
at moderate underground depth since the system operates only at one atmosphere 

pressure. This parameter is not a problem if, in the breached repository sce
nario being studied, the waste form canister remains intact until the thermal 

pulse has passed. If the canister is breached before this time, then hydro
thermal leach tests must be used to understand the waste form stability under 
these higher temperature, groundwater flow conditions. 

As has been previously discussed for the other tests, care is taken in the 

design of the experiment to choose materials having minimal chemical interac

tions or sorptive properties. 

SINGLE-PASS, CONTINUOUS-FLOW LEACH TEST PROCEDURE 

1. The leach solutions are made up in volumes as large as conveniently pos

sible in order to reduce the number of batches needed if the test is to 

be run a long time period (up to 1 yr). 

2. Prior to placing the waste form sample in the leach cell, the sample is 

washed with methanol or acetone to remove surface-adhering fine particles 
and dried. The sample is weighed and its dimensions measured and recorded 
to enable a geometric surface area to be calculated. 

3. The leaching cell is assembled with the waste form (>2 mm in dia) of 

interest loosely packed between the filter grids. If finer-sized samples 

are used, the cell is assembled empty with small-pore membrane filters 

between each set of grids. The waste form samples are then introduced 
through the side port while applying a vacuum on the cell. 

4. Using a syringe, the cells are filled with the appropriate leach solution 

and are immediately attached to the preset flowing system and placed into 
a temperature-controlled bath. The time is noted. 
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5. The solution samples, collected in sample bottles downstream from the 
leaching apparatus, are removed according to a prearranged schedule. 

a. One sample is placed into a polypropylene bottle and acidified with 
100~~ of ultra-pure nitric acid per 10 m~ of solution and is used 
for radioisotopic analysis. 

b. Another sample is placed into a polypropylene container and is not 
acidified. This sample is used for pH, conductivity, and ICP analy
sis of elemental composition. 

c. The remaining solution may be used for radionuclide/rock sorption 
studies or discarded via the appropriate waste solution handling 
procedures. 

6. After the test has ended, a detailed analysis of the tubing and leach 
cell is carried out to determine the extent of any radionuclide adsorp
tion on the container walls. 

7. At the conclusion of the test, a waste form specimen is removed from the 
leaching cell using forceps and is rinsed briefly «30 sec) with 5 to 
10 m~ of deionized water. The specimen is then placed into a clean, dry 
container. The specimen will then undergo surface analyses (SEM, Auger 
spectroscopy, ESCA). 
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