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ABSTRACT

Results of experiments are described that combine backfill, radio-
active waste, pnd repository host rock In a single flowing groundwater
stream In a manner analogous to a hydraulic breach of a waste repository.
The experimental design Is used to Identify the chemical interactions
that would occur if repository components were breached by flowing water.

The results indicate that of three parameters studied, the alteration
of the repository components as might occur upon aging had the most
substantial influence on the migration of radioactive elements dissolved
from the solid radioactive waste. The other two parameters, the metal
alloy used in the apparatus and an ionizing radiation field imposed on
the experimental apparatus, had little or no measurable effect on radio-
active element transport by flowing water.

Inasmuch as the alteration of the repository materials represent
aging in an actual repository, it is concluded that changes with age
may detrimentally affect the ability of a repository to isolate plutonium
and neptunium, and possibly other radioactive eleaents in nuclear waste.

INTRODUCTION

Disposal of radioactive waste in geologic formations may offer a
practical method of permanently isolating the waste from the biosphere.
For such disposal, solidified nuclear waste is surrounded by multiple
barriers such as a metal canister and backfill, which isolate the radio-
active waste. But even if groundwater infiltrates these barriers, then
dissolves radioactive elements in the solid waste, and eventually trans-
ports the radioactivity into fissures and pores of the surrounding rock,
the radioelements can react with the rock and again become immobile.
Thus, the geologic formation itstlf is a barrier to the radioelements.
Both man-made barriers and the geologic formation can prevent the
dispersal of radioactivity into the biosphere.
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The detailed technical understanding of the retention of radioactiv-
ity by all these barriers Is not simple. In a comprehensive description
of the performance of the repository, there are enormous numbers of
solution and sorbed species that participate in the chemical processes of
dissolution, complexation, ion exchange, sorption, and precipitation*
Reactions involving the chemical Bpecies are kinetically controlled and,
thus, depend on groundwater flow rate. The reactions occur in the
radiation and thermal fields that are centered on the waste itself.
Moreover, the reactions change as the repository ages. Since the perfor-
mance of a repository even after thousands of years is important for the
safe disposal of the nuclear waste, the understanding of the long-term
performance of the repository is also needed.

Issues Addressed by this Research

Specific issues addressed by this research are the following:

1. What interactions occur between repository components that
influence radioelement dispersal from a waste repository breached
by flowing water?

2. What concepts and measurements (of solubility products, leach
rates, adsorption ratios, etc.) are sufficient to describe
radioelement migration in systems with flowing water?

3° What effects, relative to confinement of radioactive waste,
can we expect from different metal alloys, gamma radiation, and
aging of the repository?

Background and Objectives

Much experimental work to evaluate the potential for dispersal
of radioactivity has fccused on a single process such as the leaching
of solid nuclear waste or the adsorption of radioactivity by rock. Each
process studied is very complex and merits individual scrutiny. Other
fundamental studies have resulted in measurements of thermodynamic
properties of solids and solutions. These measurements allow predictions
to be made of chemical reactions in many geologic systems.

In contrast to these fundamental studies, the approach pursued in
this work has been to combine repository components in laboratory experi-
ments using flowing water. Backfill, radioactive waste, and repository
host rock are coupled in a flowing groundwater stream in a manner analo-
gous to a breach of a waste repository (Seitz, M. G., 1981 a,b; Vandegrift,
G. F.). In the experiments, we identify the chemical interactions that
occur when repository components are combined. The phenomena leading to
significant mobilization or retention of radioactive elements, once
identified, can then be studied in detail in more conventional experiments.

The experimental program examined a waste repository in
Bentonlte mixed with basalt was considered as the backfill and borosili-
cate glass as the nrclear waste form.



Scope of Research

The experimental program is intended to identify the important
processes that could lead to substantial dispersal of radioelements in
flowing groundvater. The experimental design is of a simple, well
defined system in which radioelement migration is measured directly. To
identify the processes important to migration, these measurements are
compared to predictions of r.adio^lement migration obtained from results
of simpler experiments and from calculations of computer-based models.
Hence, the results of thiB experimental program are intended to be used
with ether experimental and analytical approaches to gain understanding
of radioelement migration.

Relationships between the results reported here and behavior expected
in an actual repository can be complex. Specifically, no single scaling
factor is Intended to relate experimental results to repository behavior
since a single conelation between experiment and repository parameters
is not always valid. However, measured parameters such as radioelement
concentrations, distances of radioelement migration, and groundwater
compositional changes can all be projected to conditions expected in a
repository.

METHODS

A schematic of the apparatus for these experiments is shown in
Fig. 1. In an experiment, groundwater is pumped at a rate of 0.5 mL/h
through the system so that it passes through the first vessel, which
contains basalt chips, bentonite, and the nuclear waste form; then
through the second vessel, which contains more bentonite and basalt
chips; and then through a narrow basalt fissure in the third vessel. At
this flow rate, water moves through the first and second vessels at a
linear flow rate of 30 m/yr and through the basalt fissure at a rate of
V>00 m/yr. The flow is maintained 30 days prior to the introduction of
the radioactive waste to allow the groundwater and sclids to adjust
chemically. The apparatus is maintained at a temperature of 90°C, which
is 40°C hotter than the ambient temperature of the Umtanum flow considered
for the waste repository (Table 5-30, Rockwell Hanford Operations).

Solutions are collected continuously at the outlet of the core for
the five month duration of the experiment, with the exception of inter-
mittent sampling taking place at the outlets of the first and second
vessels. These solutions are analyzed fo«: stable and radioactive con-
stituents. After termination of the experiment, the apparatus is
dissassembled and materials are analyzed to determine the chemical and
•ineralogical changes and the distributions of radioelements that were
leached from the waste form.

Analytical Methods

Water compositions were analyzed by emission spectroscopy, ion
chromatography, and acid-base titrations. Uranium concentrations were
measured by laser fluorescence spectrometry; radioisotopic concentrations
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Fig. 1. Schematic of the experimental apparatus

were determined by gamma- and alpha-counting analyses. Because of the
high dissolved solid content (830 mg/L) of the eluant water, 239Pu a a d

"'Np were separated from the dissolved solids by hexone extraction
prior to analysis by alpha counting (Steindler, M. J., 1982). Analyses
were performed on both filtered (0.1-um pore size filters) and unfiltered
water samples to determine characteristics of the suspended materials.

Thi bentonite and rock samples were subjected to elemental analyses
by micsroprobe, X-ray diffraction analyses, and radioactivity-counting
analysis, and were examined by optical microscopy.

Experiments

The initial two experiments were run to test if constructing the
apparatus from different metal alloys would affect the results. A third
experiment was performed in a gamma-radiation field (0.2 to 1.1 x 105 rad/h)
to examine if changes in waste-form leaching and solution speciation would
lead to substantially different behavior of the leached radioelements.
The fourth, fifth, and sixth experiments were performed with hydrothermally-
altered materials to examine whether alteration, such as could occur upon
aging of the repository components, would substantially modify the
migration of the radioelaments.



Experimental Materials

The water used In these experiments was prepared to represent
the composition of groundwater from Well DC-6, Grande Ronde Formation,
which samples water primarily from 200 m below the Umtanum unit on the
U.S. DOE Hanford site (Gephart, R. £.)• The water contains 83C mg/L
total dissolved solids with sodium, chloride, sulfate, carbonate, bicar-
bonate, and silica the major constituents. Five other constituents,
calcium, magnesium, potassium, borate, and fluoride, are present in
lesser amounts and make up the balance, with the water having a pH of
10.1 at 25°C.

For the experiments, thr water is sparged and stored under nitrogen
gas to limit oxygen and CO2 pickup. Prior to being pumped into the
apparatus, the water was sparged with nitrogen bubbled through a chromous
chloride solution to remove oxygen (computed to be below 1 x 10~20 JJ 02,
Seitz, M. 6., 1979). The lowering of dissolved oxygen in water is not
intended to determine the oxidation states of solutes in the water that
dissolve from the solid waste or the rock. Rather, by reducing the
oxygen in the water we allow the redox characteristics of the waste glass
and rock to control oxidation states.

The rocks were taken from the Pomona flow in the vicinity of the
Hear Surface Test Facility at the Hanford, Washington, site. The Pomona
flow consists of high-magnesium basalt (̂ 7.0 wt Z MgO, Ames, L. L.) and
occurs at a depth of 250 m at the reference location for the proposed
repository (Figure 6-1, Rockwell Hanford Operations).

Basalt cores were cut from the interior of rocks supplied by personnel
of the Basalt Waste Isolation Project, were ground to size (6.83-cm
diameter by 14.60-cm long, weighing ^1545 g), and were split to provide
a flow path for the water. (The two halves of the core were held
0.017 cm apart by two strips of gold ribbon.)

Backfill in waste disposal nay serve as a primary chemical barrier
to radioelement migration. Bentonite mixed with crushed basalt has been
proposed as one material to serve this function (Coons, W. E.; Turcotte,
R. P.), and was used as the backfill in these experiments. Five grams of
basalt having a surface area of <\.30 cm2 was used in each holder with
bentonite. The bentonite is a source clay, SWy-1, of the Clay Mineral
Society. It is primarily sodium smectite with albite, quartz, mic&,
calcite, amorphous silica, aluminum oxide, and iron oxides as minor
phases (Van Olphen, H.). The sample is from the Newcastle Formation
(cretaceous), Crook County, State of Wyoming.

The solid radioactive waste was prepared by mixing eight radio-
elements (24lAm, 238U> 237Np> 1333a> l41Ce| 152EUf 137C8> §5Sr) a s d r i e d

oxides or chlorides with crushed frit of the 76-68 borosilicate waste
glass. The frit was melted under argon gas at 1050°C for six hours,
cooled, then annealed at 500°C before being cut into wafers with average
weight of 0.4 g and average dimensions of 1.1 x 0.90 x 0.13 cm. The
product was found to consist mostly of glass with M3.8% by volume



chromite, 0.2X by volume bubbles, and a tiny amount (yl x Iff"*!) metal,
possibly palladium or ruthenium. The alpha-active radioelements ware
uniform on a microscopic scale, with uranium in the oxidized (+6) valence
state.

Materials of construction of vessels, tubing, and couplings for
each experiment were either Hastelloy C-276* or Monel-400+.

Hydrotheraal Alteration of Materials

Three fissured basalt cores and bentonite were altered by placing them
in an autoclave with water and gas at ^32Q°C for 27 to 60 days. Each
of the cores was run with either air or argon as specified in Table 1.
The rock cores were found to have reacted with the water and formed
secondary minerals (quartz, antophyllite, scapolite, sericite, and
zeolites) on their surfaces.

Table 1. Conditions for alteration of three fissured rock cores.
Each alteration run contains a rock core of ^1545 g
and 1 L of water solution.8

Time at Materials
Alteration Temperature Temperature for Use in

Run Gas (°C) (d) Experiment Ho.

1

2

3

Air, 350 mg

Air, 350 mg

Argon, 490 mg

320

320

325

30

60

27

4
5

6

aThe 2-L autoclave was made of Hastelloy C-276 alloy.

The bentonite used in three of the experiments was altered hydro-
thermal ly by placing 6 g of bentonite, 6 g of water solution, and ̂ 0.003 g
of air in four sealed stainless steel vessels and heating two vessels
for 30 days and two vessels for 60 days at a temperature of 320°C. The
altered bentonite was grey in color (as opposed to the yellow starting
material) and formed clods that did cot disperse in flowing water.
Analyses by X-ray diffraction of the bentonite revealed no changes in
mineralogy due to this treatment.

*Tradenark of the Cabot Corporation. Hastelloy C-276 contains 59%
nickel, 17% molybdenum, 15% chromium, and 4Z tungsten by weight.

•^Trademark of Huntington Alloys. Monel-400 contains 66.5% nickel,
31.5* copper, 1.2% iron, 1.0% manganese, 0.2Z carbon, and 0.2%
silicon by weight.



The borosillcate waste ylass was hydrothermally altered In saturated
steam and air. Two glass wafers were suspended In a 35.6-mL Hastelloy
C-276 autoclave to which was added 10 mL of water solution. After being
heated at 340°C for 17 days, the autoclave was cooled and disassembled.
The glass had substantially altered with a green hydrated layer having
formed from about half the original volume of the glass. The hydrated
layer broke away from the unreacted substrate of one glass wafer.
Analyses revealed no radioactivity in the condensed phase, indicating
that the radioactive waste glass was not contacted by liquid water.

The altered samples were stored at room temperature in humidified
chambers prior to their use in the experiments.

RESULTS

Changes in Solution Composition

Water traversing the experimental apparatus underwent compositional
changes that depended upon whether the materials had been altered or not.
The greatest changes in solution composition were found using the as-
received bentonite; the as-prepared waste glass, and the freshly fissured
basalt (experiments 1, 2, and 3). In these experiment:: most of the
change in solution composition occurred when the water contacted the
fissured core of basalt (Vandegrift, G. F.). No change in major con-
stituents of the water were attributed to leaching of the radioactive
waste glass. None are expected (Steindler, M. J., 1983) based on ana-
lyses of leach data obtained from continuous flow tests (Coles, D. G.;
Strachen, D.). The results of the first three experiments can be sum-
marized as follows.

Hater exiting the apparatus was found to exhibit increased levels of
calcium (from an initial ̂ 1,5 to 46 mg/L) and magnesium ('vO to 14 mg/L)
and decreases levels of sodium (315 to 220 mg/L). Changes in other
cations and changes in anions were noted as well. Generally, the largest
changes in chemical composition occurred initially, during the condi-
tioning period. Smaller, but still substantial, changes from the initial
composition persisted as the experiments progressed.

The changes in composition of the water from experiments 4, 5,
and 6 with the hydrothermally altered materials were quite limited, with
calcium, magnesium, and sodium levels unchanged after 90 days of water
flow. Changes noted were increases in potassium and total carbonate plus
bicarbonate in the exiting water (Vandegrift, G. F.). These results
indicate a chemical compatibility of the water with the altered basalt
surfaces suggesting that the altered basalt ii similar, chemically, to
the naturally aged fissured surfaces of the basalt.

Migration of Radioelements

Migration of radioelements leached from the radioactive waste
glass and transmitted by the flowing water was determined from analyses
of the solutions and solid materials obtained from the experiments.
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Analyses of solutions from the first, second, and third experi-
ments showed cesium, europium, barium, uranium, neptunium, and plutonium
to have moved in detectable quantities downstream from the radioactive
waste glass. Because none of the neptunium activity was removed when the
solutions weve filtered, neptuniua was concluded to be in solution rather
than *.n .-.olloidal form. In contrast, a substantial amount (̂ 50Z) of
plutonium In some solutions was removed by filtering The level of plu-
tcnium associated with particulate was lower the further downstream the
solutions were collected. In addition, the overall couceutratlon of
plutonium decreased with distance away from the waste forms.

In contrast to the strong removal of plutonium, little adsorption
of neptunium occurred upon passage of the water through the bentonite.
Similarly, uranium is not removed from solution by bentcalte.

Both plutonium and neptunium and, to some extent, uranium, are
removed from solution upon passage through the rock core. This is
illustrated in Table 2, which shows concentrations of actinides in
solutions before and after passage of the solutions through the rock
cores. Higher concentrations »jf plutonium and lower concentrations of
neptunium were seen from the radioactive waste when leached in an ionizing
radiation field. This effect for plutonium had been noted in previous
leach tests (Nash, K L., 1982; 1983).

The data in Table 2 for the first three experiments indicate the
strong retention of both plutonium and neptunium by the fissured rock
surfaces. The neptunium distribution on the rock cores, as illustrated
in Fig. 2 for one experiment, shows that the neptunium is removed upon
its contact with the initial third of tlie rock.

In contrast to results from the first three experiments, the results
from the latter experiments with hydrothermally altered materials indicate
that substantially higher concentration of plutonium, neptunium, and
uranium are dissolved from the hydrated waste glass (experiments 4 and
5). Moreover, a greater fraction of the leached uranium, neptunium, and
plutonium pass through the altered rock cores (experiments 4, 5, and 6).
This behavior is in contrast to that for cesium, which 1B substantially
removed from solution by the altered rock. (Solution from experiment 4
contained a concentration of 7.2 x 10~14 y radioactive cesium at the
inlet to the rock core and a concentration of 0 + 0 . 4 x I0~l* M at the
outlet to the rock core.)

Relationship of Hydrothermal Alteration to Aging

Laboratory treatments of repository materials were selected in this
work to reproduce the major effects of aging of the materials in a
nuclear waste repository. By the treatments, materials were prepared
for use i« oTiwulniPTifa t-n Mnl ore the performance of an aeed reoository.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agtncy thereof, nor any of their
employees, makes any warranty, express or implied or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademaiV
manufacturer, or otherwise does not necessarily constitute or imply its endors* —t, recom-
mendation, or favoring by the United States Government or any agency thereof, .ae views



Table 2. Actinide concentrations at the inlet and outlet
of the fissured basalt core.

Plutonium Neptunium Uranium
Experiment (10~11 mol/L) (10~9 mol/L) (10"9 mol/L)

1

2

3

4a

5a

6c

inlet
outlet

inlet
outlet

inlet
outlet

inletb
outlet

inletb
outlet

inletb
outlet

1.2
<0.02

0.3
<0.02

16
0.003

89
41

128
105

3.3
1.4

15
0.08

14
0.2

2.2
<0.003

109
67

120
120

19
0.4

149
40

114
47

31
2.5

2560
1660

3000
2730

172
9

aPlutonium, neptunium, and uranium concentrations de-
creased significantly with time throughout the course of
experiments 4 and 5. These values are near the maximum
values.

brhis sample was from the outlet of vessel 1, but is
expected to be similar to a sample collected at the
inlet to the core.

cThese data were taken early in the experiment, 20-30
days after the waste form was in place, and may not be
characteristic of z steady-state condition.

The agins that will occur after emplacement of waste in a nuclear
waste repository involves many processes, such as devitrification,
hydratlon, dissolution, radioelement transmutation, radiolysis, radiation
damage, and chemical reaction.

Aging depends on the compositions of the materials (chemicals added
to the waste, the backfill that is ultimately used, etc.) and is in-
fluenced by open-system variables (groundwater flow rate, groundwater
composition, etc) which may be influenced by the rock (e.g., the com-
position of groundwater may be controlled by reaction with rock).
Aging of repository materials also depends on the size and geometry of
breaches of the waste package. Responding to ao many variables, the
materials may acquire any one cf many possible different aged conditions.
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Fig. 2. Distribution of neptunium along the face of the
basalt fissure from the first experiment. Hater
Inlet to the fissure is oi the left, outlet is
at 14.6 cm.

Different aged conditions may exist simultaneously in a repository
containing hundreds of waste canisters. The practice In this program
was to produce the modifications of repository materials that were
thought to be most significant in terms of radioelement release and
migration.

The aging process selected for the solid waste in this work was
hydration In water vapor. This Is expected to be the aost common aging
process for solid waste because the durable, essentially lesk-free
containers (canister and overpack) and clay barrier envisioned in reposi-
tory designs will exclude most of the water. Some water for hydration
nay exist in the sealed containers or diffuse through holes in the
barriers. Hydration would be the dominant aging process in a repository
built in unsaturated sediments (Winograd, I. J.)»

Factors that affect the hydration of glass are temperature, time at
temperature, water-vapor pressure, glass composition, and vapor species
other than water. The relation of hydration to time and temperature has
been studied for obsidian (Erlcson, J. E.; Ewing, R. C ; Friedman, I.;
Tombrello, T. A.), reviewed by the U.S. Ruclear Regulatory Commission
(Barkatt, A.), and can be approximated by the relationship,
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where k is the aaount of hydration [(ym)2/1000 yr], A is a constant,
£ is the activation energy of the hydration process (cal/mol), R is
the gas constant (cal/aol-K), and T is temperature (K).

The thickness, d, of the hydration layer is given by

d - (kt) 1 / 2 (2)

where t is the time in units of 1000 years. These relationships incor-
porate (in the values selected for A and £) the effects of water-vapor
pressure and glass composition, both of which are known to affect the
aaount of hydration. In these analyses, water is assumed to be the only
important vapor species.

To simulate a repository condition using our present understanding,
it is necessary to assume that the above relationships are valid, to
ignore the effect of water pressure, and to use data obtained for obsidian
(which are the best data we have for this analysis). When this is done,
the value adopted for A is 1 x 10*6 y m2 ^eT ]Q00 yr and for E is
2 x 104 cal/mol (Tombrello, T. A.).

If the aging conditions in a repository are assumed to include
water vapor at a temperature of 100°C for 1000 yr, the hydrated layer
is estimated to attain a thickness of 150 pm. This thickness is compara-
ble to that produced by the hydrothermal treatment incorporated in this
program. However, this calculated thickness could vary between 17 and
320 pm/1000 yr on the basis of the full range of known values for A and E
[A ranging from 1.4 x 1015 to 1.8 x 1016 pm* per 1000 yr and E
ranging from 19,200 to 20,,700 cal/mol (Friedman, I.)]. Given the uncer-
tainty in the thickness of the hydration layer, consideration of a more
detailed thermal history for a repository does not appear to be warranted.
This analysis is consistent with known behavior of waste glasses where a
hydration thickness of 150 ya would be predicted for the waste glass
SRL-131 (Bates, J. K-, 1982 a,b).

Recent fracture surfaces of basalt (within and surrounding a
recently constructed repository) will age in the hydrous and thermal
environments of the waste repository. Fracture surfaces will age
primarily by reactions with groundwater. The approach used for the
laboratory modification of basalt surfaces to represent aging was
hydrothermal treatment of fresh basalt surfaces in water formulated to
represent the composition of water from the Grande Ronde formation. The
laboratory aging would be comparable to that expected to occur in a
repository that quickly becomes saturated with groundwater.

A great deal of information on the alteration of Pasco Basin basalts
by groundwater, aeteoritic water, and humidity is presented in several
reports (Ames, L. L.; Benson, L. V., 1978; 1979; 1980; Teague, L. S.)
that could be used as a guide to the alteration products expected in a
repository. Unfortunately, the specific conditions under which the
basalts were altered are poorly not known. As aight be expected from
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the variety of conditions leading to alteration, there are great dif-
ferences in alteration products from place to place- These observations
substantiate the viewpoint that ©any aged conditions of a material are
possible and that any aged condition is a result of the particular
environment to which the material was subjected.

Although bentonite may not alter to different minerals in a basaltic
environment, it may be modified in other rays. Temperatures at the
interface of the canister and engineered barrier may be as high as 300°C
(Taylor, C L.). The hydrotheraal treatment used for the engineered
barrier did not change the mineralogy of the clay but did alter its
physical and chemical properties in a fashion that eas readily observable
from its interaction with flowing rater.

Because the temperature of 320°C used in the hydrcthenaal treatment
Is not substantially highsr that expected in a repository (300°C), it
sould be reasonable to assume that the results using laboratory-altered
bentonite sight have relevance to its performance upon aging.

Overall Results

In a series of sis experiments, the influences of apparatus, ionizing
radiation, and hydrothennal alteration of the repository materials on the
migration of eight radioactive elements in nuclear waste were examined.
Migration of the radioactive elements was found not to be measurably
changed by the use of either of the alloys, Hastelloy C-276 or Monel-400,
as a material of construction for the apparatus. Because these alloys
differ substantially in composition, the results Indicate that neither
elloy affected the chemical properties of dissolved radioelements.

The dissolution of plutonium from radioactive waste glass
found to be enhanced and the dissolution of neptunium was found to be
depressed by ionising radiation. The species leached in s radiation
field interacted with bentonite and basalt measurably the same as species
leached in the absence of radiation. This result suggests that ao
radioelement species produced by radiolysis migrate differently than
species formed In the absence of radiation.

The largest effects observed from the series of experiments uare the
greatly enhanced dissolution of plutonium, neptunium, and uranium from
hydrated ^aste and the movement of these leached species through ben-
tonite and. basalt that uare hydrotheraally altered to simulate aging of
the repository saaterials.

!PThe oxidation states of the actlnide elements, plutonium, neptunium,
and uranium, are initially those In the simulated uaste glass. The oxida-
tion states can change upon reaction uith the ferrous-ferric redos couple
In the water and the ferrous Ion on the rock surfaces (Jacobs, G. K.). At
the pH range of 8 to 10, the ferrous ion would reduce higher oxidation
states to Mp(IV), Pu(IV), and U(1V) (ApLed, M. J.; Duffy, C. J.; Moody,
J. 1.; Sydberg, J.). This ie most likely still true with the complesantn,
e.g., the 003^" and W, that are present In the groundwater.



13

CONCLUSIONS

Of the three parameters investigated experimentally, alloy of
construction of the apparatus, ionizing radi&tion field, and altered
conditions of the repository components, the altered conditions of the
repository components were found to have the most substantial influence
on the migration of radioactive elements dissolved from the waste glass.
Inasmuch as the alterations represent changes that may occur upon aging
of the repository, the ability of a repository for nuclear waste to
isolate many radioactive elements is concluded to degrade with time due
to aging of the repository system.

RECOMMENDATIONS

The most striking behavior seen in these experiments is that plu-
tonium and neptunium moved more rapidly through hydrothermally altered
basalt than through freshly fractured basalt. While this behavior can be
understood in terms of reduction of the radioelements at the basalt
surface (Meyer, R. E.) the behavior is contrary to that predicted from
the generally accepted trend that sorption of radioelements increases
with extent of alteration of basalt (Barney, G.S.; Deutsch, W. J.). This
trend is valid for elements such as cesium and strontium and is due to
the increased surface and cation exchange capacity of the altered basalt.
However, the extrapolation to other radioelements, specifically those
radioelements that are sensitive to reduction, is not valid. The major
recommendation from this work is that safety assessments of a repository
in basalt should consider the enhanced mobility of plutonium and neptunium
that is expected with age. Moreover, greater attention needs to be
given, in general, to the consequence of aging of a waste repository. An
additional recommendation would be that assumptions used to predict
radioelement migration be checked experimentally* Experiments that
measure radioelement movement, such as those described here, give results
that can be compared directly to those predicted in models of radioelement
migration. The experimental approach is flexible and can be used to
investigate many repository configurations in both saturated and unsatu-
rated rock.

PLANNED RESEARCH

Experimental studies of repository systems are planned to investigate
the movement of radioelements from waste solids through saturated and
unsaturated tuff. This work will examine issues of repository safety
with regard to developments for a nuclear waste repository at the Nevada
Test Site.
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