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ABSTRACT

A large number of technical reports on waste package component perfor-
mance were reviewed over the last year ia support of the NRC's review of the
Department of Energy's (DOE's) Envirommental Assessment reports. The intent
was to assess in some detail the quantity and quality of the DOE data and
their relevance to the high-level waste repository site selection process. A
representative selection of the reviews is presented for the salt, basalt and
tuff repository projects. Areas for future research have been outlined.
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EXECUTIVE SUMMARY

As part of the Waste Package Program, BNL has carried out a review of re-
cent DOE waste package research data for the basalt, salt and tuff repository
programs, The intent was to assess the quantity and quality of the data with
respect to the DOE repository site selection process. The work included:

a. Compiling a list of recent reports, data and assumptions pertinent to
waste package performance for the three host rocks.

b. Assessing the accuracy, reliability and applicability of DOE data on
waste package performance.

c. Identifying, using the data reviews, those 1issues which will deter-
mine the suitability of a site for further evaluation and develop-
ment.

d. Determication of the additional data needed for package performance
assessment.

Most of the testing to date has centered on individual package components
but there is some information oan the effects of component interactions on
waste form leaching and container corrosion. Nevertheless, there is a severe
lack of whole package testing work either in the form of laboratory tests or
in situ evaluations. Because of this, there is very limited information on
the effect of waste emplacement on the geochemistry and rock characteristics
of basalt, salt and tuff. Since these two geotechnical factors are included
as DOE's site selection criteria, a complete rationale for selecting a parti-
cular site for further development cannot be made. Thus, one expects that
those sites which appear to have the fewest limitations, based on limited
available data, will be selected for additional study.

The additional information which would be useful in an evaluation of the
interactions of the immediate eaviromnment with the waste package includes the
following which relate to the geochemistry and rock characteristic site
selection guidelines in 10 CFR 960.

a. Data are needed to quantify how early boiling of groundwater, and
associated precipitation of dissolved solids and host rock
alteration, will change the composition of water subsequently
entering a waste pactage borehcle when boiling ceases. Major changes
in repository water composition, pH and redox condition may render
iavalid much of the current waste package performance data.

b. A more accurate quantification of the water ingress rate into the
repository and the rate of pressurization is required.

c. Information on the cracking of basalt and tuff host rock arising from
repository excavation and the high temperatures caused by waste
emplacement is needed.



d.

For basalt and salt it is known that the horizontal component of the
lithostatic stress is much larger than the vertical component. The
effect of the large horizontal stress on waste package/repository
integrity needs to be addressed.

There is a need to outline the most likely scenarios for engineered
barrier system failure/degradation so that relevant performance
assessment calcuiations can be conducted. Without such information
there will be considerable uncertainty in determining coatainment
failure times, controlled release rates and releases to the accessible
environment.

The ease of waste package retrieval will vary for the different host
rocks. It seems to be more difficult for a salt site since the high
temperatures during the repositcry operations period may cause the
host rock to creep towards the waste package, therebv sealing 1 in
place if a borehole liner is not used. A description is needed of the
procedures to be undertaken to ensure ease of retrieval for all candi-
date sites,

Documentation is required on pre-closure package and repository moni-
toring procedures that will be needed to confirm that the repository
and waste package are performing within established design limits.

At this time, it seems that the site selection process, which is curcently
centered on Environmental Assessment report analysis, will not be dominated by
engineered barrier system factors since, in most cas=s, limitetions in the
repository site can be mitigatad by changes in the design of the barrier sys-
tem. Thus, there should be comprehensive research and development to evaluate
the interaction of the engineered barrier system and the host geology so that
finalized designs can be established.



1. INTRODUCTION p

The Nuclear Waste Policy Act of 1982 mandates that in the development of
high-level nuclear waste repositories, Eavirommental Assessment (EA) reports
shall be prepared for each candidate repository site. The reports will contain
a description and evaluation of each site based on a set of site-selection
guidelines specified by DOE in order to determine which sites would be suitable
for further development. A list of the proposed guidelines is given in the
Code of Federal Regulations (10 CFR 960, February 7, !983). They include
consideration of:

l. Site g “metry

2. Geohya.ology

3. Geochemistry

4. Rock characteristics

5. Tectonic enviromnment

6. Human intrusion.

7. Surface characteristics

8. Population density and distribution.

Clearly, most of these factors are concerned with natural site characteristics
which will not be influenced by waste emplacement. The exceptions are to be
found ian the guidelines on Geochemistry and Rock Characteristics. Relevant
parts of these sections of 10 CFR 960 are reproduced below:

10 CFR 960.5-3 Geochemistry

The site shall have geocherical characteristics com
patible with waste containment, isolation, and retrieval.
The site shall be such that the chemical interactions among
radionuclides, rock, groundwater, and engineered components
would not lead to a projection of radionuclide releases
greater than those discussed in $§960,3-2.

(a) Favorable conditions. (1) The nature and rates of
the geochemical processes operating within the geologic set-
ting during the past million ycars would, if continued in
the future, not affect or would favorably affect the ability
of the geologic repository to isolate the waste [10 CFR
60.122(b)(1)].

(2) Geochemical conditions that promote the precipita-
tion or sorption of radionuclides; inhibit the formation of
particulates, colloids, and inorganic and organic complexes
that increase the mobility of radionuclides; or iahibit the
transport of radionuclides by particulates, colloids, and
complexes [10 CFR 60.122(b)(4)].

(3) Mineral assemblages that, when subjected to the ex-
pected thermal loading, will remain unaltered or will be al-
tered to mineral assemblages with equal or increased capa—
bility to inhibit radionuclide tramsport [10 CFR
60.122(b)(5)].



(b) Potentially adverse conditions. (1) Groundwater
conditions in the host rock — including chemical composi-
tion, high ionic strength, or oxidizing or reducing condi-
tions and pH -- that could increase the solubility or chemi-
cal reactivity of the engineered barrier systems [10 CFR
60.122(c)(8)].

(2) Geochemical processes that would reduce the sorption
of radionuclides, result in the degradation of the rock
strength, or adversely affect the performance of the
engineered barrier systems [10 CFR 60.122(¢c)(9)].

(3) For disposal in the saturated zone, groundwater con~
ditions in the host rock that are not chemically reducing [10
CFR 60.122(c)(10)].

10 CFR 960.5-4. Rock Characteristics

The site shall have geologic characteristics com
patible with waste containment, isolation, and
retrieval.

§ 960.5-4-1 Physical properties.

The site shall provide a geologic system that is
capable of accommodating the geomechanical, chemical,
thermal, and radiation-induced stresses that are expect=-
ed to be caused by interactions between the waste and
the host rock.

(a) Favorable conditions. None specified.

(b) Potentially adveise conditions. Potential for
such phenomena as thermally induced fractures, hydration
and dehydration of mineral components, brine migration,
or other physical, chemical, or radiological phenomena
that could lead to projections of radionuclide releases
greater than those discussed in § 960.3-2.

As part of the General Techaical Assistance task in the FIN A-3164 Waste
Package Program, BNL has carried out a review of recent DOE waste package re-
search data for the basalt, salt, and tuff repository programs. No attempt was
made to evaluate all the geotechnical factors listed above, since most of these
are being addressed by others. The major aspects of the BNL waste package
evaluation work are to:

a. Compile a list of recent reports, data and assumptions pertinent to
waste package performance for the three host rocks.

b. Assess the accuracy, reliability and applicability of DOE data on
waste package performance.

c. TUdentify, using the data reviews, those issues which will determine
the suitability of a site for further evaluation and development.

d. Determine what additional data are needed by NRC for its EA report
reviews.



Activities in these areas are described below.
2. COMPILATION AND REVIEW OF RELEVANT DOE WASTE PACKAGE DATA

The review process undertaken by BNL proceeded in a step wise fashion from
cbtaining available documents and data, identifying primary issues and
reviewing key documents and data. The final step which involved an in-depth
review of key documents, included an assessment of whether the data provided
were adequate, whether uncertainties in the data have been identified and
whether alternative interpretations are available.

A comprehensive literature search was carried out and DOE reports and
technical papers on waste package research and analytical work were procured
for review. In order to cover the large volume of literature in the time
available, reviews were usually carried out on information published over the
last five years. In addition, it was also necessary in most cases to have
brief general reviews in order to complete the work. However, certain reports
were selected for in-depth comment because of their importance to the waste
package program.

The appendices to this report include the reviews carried out to date.
They are divided into sections dealing with basalt (Appendix 1), salt (Appendix
2), and tuff (Appendir 3) waste package data, and Appendix 4 is concerned with
repcrts/papers which are generic to all three host rocks. Reports considered
to be key documents were reviewed in detail. These were selected if they
contained a detailed data base, described a new important effect with respect
to waste package behavior, described an analytical approach that addresses
licensing criteria, or contained data on long-term tests that help establish
behavioral trends. These reviews appear in Appendix 5. An overview of waste
package data relevant to each host rock is given below.

2.1 Basalt Repository Project (Appendices 1 and 4)

2.1.1 Waste Form Evaluations

Early evaluations of waste forms, including slass, spent fuel and ceram-
ics, started five to six years ago (see McCarthy nd others, RHO-BWI-C-16,
1978; RHO-BWI-C-35, 1978; RHO-C-12, 1978; RHO-BWI-SA-12A, 1979; all reviewed in
Appendix 1). The tests were conducted over a wide range of temperatures in ba-
saltic water and deionized water. Since that time there have been follow-on
studies in which emphasis was focused on glass with some effort devoted to
spent fuel and SYNROC. The reviews carried out in Appendix 1 show several ob-
vious shortcomings in the waste form work:

e There has been too much emphasis on leaching in deionized water as a
test medium. Early tests clearly show that leach rates vary consider-
ably depending on water chemistry (Katayama, 1980; Weed, 1980 -
Appendix 4).



e Water chemistries that simulate pristine groundwater are also not
likely to be valid since they do not account for changes in ionic
strength, pH, redox condition caused by hydrothermal interaction with
host rock and packing materials. In addition, groundwater samples may
contain lower concentrations of dissolved gases since depressurization
effects may release large amounts of gases present under prototypic
geologic conditions.

e Most of the work which measures leach rates for radionuclides cannot
be used to show compliance with NRC release criterion since, under
anticipated slow-water-flov conditions, the solubility of radionu-
cli“es and the amounts of colloids containing radionuclides will prin-
cipslly determine the release rates. Leach rates from short-term
experiments only indicate the speed at which solubility limits may be
reached in the near-field environment, provided the flow rates are
sufficiently slow to allow the leachate to approach saturation.

- Isothermal leaching/solubility tests may not yield conservative
values. For example, Fullam's work (1982 - Appendix 4) shows that
solubilities of radionuclides, measured after cooling a saturated
solution to the test temperature, gave much higher values than those
obtained by carrying out isothermal tests. Since a reposi.ory is sub-
jected to a cooling trend, values obtained by cooling saturated
solutions may be more conservative.

e No leaching/solubility tests have been carried out on waste forms
which chemically simulate aged materials. Assuming that the radionu-
clides are contained for 300 to 1000 years, the fission product inven-
tory will be depleted and the radionuclides of interest are the
actinides.

e A few long-term leaching tests have been carried out for spent fuel at
25°C lasting up to 3.3 years (Katayama, 1980 - Appendix 4), and for
glass in deionized water for times to one year (Strachen, 1982 -
Appendix 4). Generally, however, the test times are less than one
year, and these are insufficient to establish long-term behavioral
trends. Tests lasting for five to ten years should be carried out.

2.1.2 Container Evaluations

Several screening tests have been carried out on container materials rele-
vant to the basalt program (Pitman, 1980; Westerman, 1982 - Appendix 1; Pitman,
1981 - Appendix 4). Materials include iron/steel, stainless steels, copper-,
titanium-, zirconium—-, and nickel-based alloys. One might have expected that a
firm choice for the container meral would have been made several years ago so
that in-depth testing could have been well under way by this time. Instead,
the comprehensive testing of low-carbon steel (current reference) appears to be
commencing this year with the issuance of the Barrier Materials Test Plan by
BWIP., Specific comments on the container evaluation effort are given below:

e Anticipated hydrothermal conditions are being used in testing but the
groundwaters being evaluated may not reflect those present in the
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repository. There are few, if any, tests that incorporate corrosion
in the presence of contacting packing materials. This is a serious
shortcoming since the water chemistry and pH in the metal/packing
interface is likely to be much different than that when packing is
absent. For example, crevice conditions could exist between metal and
basalt pieces such that low pH conditions and accelerated local attack
could occur. Specimens exposed to large volumes of free water would
not exper-ience these aggressive conditions. Work at BNL indicates
that ma‘or increases in 80“2“ concentrations are also likely in
basaltic water at 250°C due to the presence of packing material
(NUREG/CR-3091, Vol. 3, 1984, Appendix D).

. Few data are available to evaluate the effects of gamma irradiation on
uniform and local corrosion. Possibly, the generation of radiolytic
oxidants will prevent reducing conditions from being attained, thus
leading to accelerated corrosion rates.

e Hydrogen from radiolysis of groundwater may be absorbed by the con-
tainer, leading to embrittlement effects. These have yet to be
adequately quantified.

e Very-long-term corrosion experiments lasting for five to ten years are
needed to assess the potential for corrosion failure modes having long
incubation times. These include stress-corrosion cracking, pitting,
and hydrogen embrittlement,

B There are few corrosion data on weldments.
2.1.3 Packing Material Evalvations

It has been stated by BWIP for many years that a 75%Z/254 basal t/bentonite
mixture is the reference packing material. However, there are relatively few
experiments that study this composite packing. Most tests carried out by BWIP
involve basalt/water and bentonite/water studies. It is felt that most work
should be on the basalt/bentonite/H,0 system to evaluate bentonite swelling
capabilities, permeability, sorption/desorption behavior, geochemical altera-
tion, and water chemistry changes since these represent the prototypic
condition. Other comments on the packing material data include:

e Sorption/desorption tests carried out at high temperatures for fission
products are relevant only for accident sceanarios in which the con-
tainer is prematurely breached. Thus, studies such as those described
by Komarneni, 1980; Salter and others, 1981; and Wood, 1982 (Appendix
1) are of little use in addressing the NnC controlled release
criterion.

e Only a few studies (Barney, 1982; Salter and Jacobs, 1982 - Appendix
1) appear to address the low-temperature behavior of barrier materials
with respect to radionuclide solubility, sorption, and transport.

More comprehensive data are needed to adequately address the NRC
controlled release criterion and the EPA standard.



e There appear to be no data available to determine whether performed
packing has the same integrity as the laboratory packing materials
which are being tested.

® The effects of alpha-radiolysis from the actinides on redox
conditions, solubility and sorption behavior have not been fully
addressed. Since alpha irradiation will prevail for thousands of
years, and increase as actinides accumulate in the package components
and the near-field, associated effects need to be quantified.

2.2 Salt Repository Project (Appendices 2 and &)

2.2.1 Waste Form Evaluations

The effort on waste form evaluations for a salt repository are relatively
modest, compared to those for basalt. A possible reason lies in the fact that
there will be limited amounts of brine available for leaching, and it is also
difficult to visualize a scenario in which brine migrating to the hot waste
will be able to transport radionuclides to the accessible environment. Much of
the data on waste form leaching is for relatively low temperatures (<150°C) in
WIPP brines. Such studies appear to be in support of the defense program at
WIPP (Kircher and others, 1982 - Appendix 2; Dukes and others, 1980 and Wicks
and others, 1982 - Appendix 4). Kircher's work, however, describes component
interaction effects on leaching of glass. Comments on the waste form program
are:

e There is a relatively small data base on the leaching of glass and
spent fuel in brine.

e No data are available on leaching/solubility measurements for aged
waste or spent fuel.

e No data are apparently available for very-long-term tests on waste
form leaching or actinide solubility.

2.2.2 Container Evaluations

A major effort has been under way for several years in support of contain-
er assessment for a salt repository. The data are being obtained for both the
defense (WIPP) and commercial waste programs. Test temperatures extend to
300°C and test solutions include WIPP brines and seawater. A range of metals
and alloys, similar to those given in Section 2.1.2, were evaluated.

A review of many of the available PNL and SNL publications may be found in
Appendices 1 and 4.

General conclusions for the salt repository container programs are:
e The WIPP program reference con*ainer material is titanium alloy 12,

whereas that for the commercial program appears tc be carbon steel,
with alloy 12 as an alternate.



e For titanium, the most important failure modes include hydrogen
embrittlement and crevice corrosion. Stress-corrosion cracking is not
likely to occur in brine, based on slow-strain-rate tests.

w Few data are available for welds.

e Few veryv-long-term tests have been conducted. Tests lasting five to
ten years should, therefore, be initiated to determine if failure
mechanisms with very long incubation times are likely.

2.2.3 Packing Material Evaluations

In the commercial salt repository program there will possibly be a crushed
salt packing material. Studies carried out on gamma irradiatiou effects (Levy,
1981 - Appendix 2) and compaction under stress and heat (Shor and others, 198];
Holcomb, 1982 - Appendix 2) address the behavior of crushed salt. Several
studies have been performed to evaluate the rate of migration of brine inclu-
sions in the near-field to the hot waste (Krause, 1981; Jenks and Claiborne,
1981; and Biggers, 1982 - Appendix 2) and work on brine radiolysis has been
under way for the last few years (Jenks, 1980; Jenks and Walton, 1981; Glass,
1981 - Appendix 2). Owing to the complex chemistry of brine, however, and the
effects of its interaction with colloidal sodium in irradiated rock salt (Levy,
1981 - Appendix 2) an accurate determination of i‘he changing waste package
environment in salt is likely to be difficul-.

Some data are available on the sorption of radionuclides on sedimentary
rocks contained in bedded and domed salt (Surne, 1981 - Appendix 4). These are
useful in determining the effectiveness of s.lt minerals in sorbing radionu-
clides.

2.3 Tuff Repository Project (Appendices 3 and &)

The decision to locate the tuff repository in the unsaturated zone at
Yucca Mountain took place about two years ago. Because of this, waste package
evaluations for unsaturated conditions are limited. Some relevant studies are
summarized below.

2.3.1 Waste Form Evaluations

Preliminary leaching experiments have been conducted on 76-68 glaos(l)
in J-13 well water at 90°C in the presence, and in the absence, of crushed tuff
and Type 304L stainless steel container material (Oversby, 1983 - Appendix 3).
Based on boron concentrations in the water, it was found that the addition of
tuff and steel significantly decreased the leach rate. Oversby also gives

1. Since this glass has a composition different from the glasses which may be
' emplaced in a tuff repository (West Valley Demcnstration Plant glass and
Defense Waste Processing Facility glass) the leaching data may be of
limited value.



preliminary data on the solubility of U from irradiated fuel pellets and
pellets clad with defective Zircaloy tubing. Compared to bare fuel, the
defective cladding reduced the concentration of U in 25°C deionized water by
one to two orders of magnitude. Other leaching tests of relevance to the tuff
repository water have been conducted at PNL in HCO;~ solutions at temperatures
up to 90°C (Weed, 1980; Strachen, 1981 and 1982; Wang, 1981; Wicks, 1982 -
Appendix 4). The following are comments on these studies:

e The low-temperature leaching of glass and spent fuel are pertinent to
the post-containment period when liquid water, rather than steam, will
be present in a tuff repository. However, there is no information on
the leaching/solubility of simulated aged waste glass compositions.
Thus, the data obtained so far are not strictly relevant for
addressing the NRC controlled release criterion.

® There are some data on steam/glass hydration effects (Bates, 1983 -
Appendix 4). Although they show the importance of surface alteration
effects, they did not address the release of radionuclides by steam/
air environments in a tuff repository. Such data will be required
since there is a possibility that steam conditions will still be
present after a 300-year containment period.

2.3.2 Container Evaluations

Screening evaluations for tuff repository container materials were only
recently completed (Russell, 1983 - Appendix 3). The four references include
Types 304L, 316L, 321 stainless steel and Incoloy-825. These and other second-
ary metals, such as carbon steel, were tested in water and steam environments
to evaluate corrosion failure modes (McCright, 1983 - Appendix 3). At 100°C in
tuff conditioned water several carbon steels suffered crevice attack but T304L
and T316L show no crevice or local attack after 1000 hours. Slow strain rate
tests in 150°C tuff conditioned water revealed no evidence for embrittlement
compared to air tests. Carbon steel corrosion rates appear to be unaffected by
y-irradiation but T304L stainless steel showed an increase. Comments on this
work are:

e These data are very preliminary since the test times are very short
(1000 h). Since mechanisms such as stress corrosion may take years to
appear, the work performed does not significantly reduce the potential
for this failure mode in the light of data in the literature which
show that the 300 series of stainless steels are susceptible to stress
corrosion under conditions similar to those expected in tuff
repositories.

® Long-term gamma irradiation may cause nitric acid formation since
N,/0; mixtures from the air are present and are known to form nitrogen
oxides.

¢ Long-term tests (five to ten years) are needed to fully evaluate
possible corrosion failure modes.
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2.3.3 Packing Material Evaluations

Packing materials being considered for a waste package in a tuff repository
include crushed tuff with or without a clay binder (Gregg, 1983 - Appendix 3).
This will most likely be used for a spent fuel waste package only, since this
waste form alone may not meet the NRC controlled release criterion.

Significant work has been done on the radionuclide sorption capabilities of
tuff (Serne, 1981 - Appendix 4 and Wolfsberg and others, 1981 - Appendix 3).
However, work on tuff/clay composite packing does not seem to have been
initiated. A major effort will be required to evaluate volatile radionuclide
transport through a tuff packing material by steam-air transport mechanisms, if
this environment is present after containment fails. Alteration of the packing
during the high-temperature steam/air containment period must also be studied,
including effects of nitric acid formation during gamma irradiation,

2.4 Modeling of Waste Package Performance

Many modeling efforts are in place within the DOE programs to evaluate
waste package and near-field behavior. Some appear to be quite sophisticated
and capable of predicting long-term behavior, provided there is sufficient
knowledge of the waste package design and near-field characteristics. For
example, the HEATING5 code is capable of conducting one-, two-, and three-
dimensional calculations on temperature distributions around glass and spent
fuel waste packages in a basalt repository (Altenhofen, 1981 - Appendix 1).
However, the accuracy of the temperature distributions depends sensitively on
factors such as the thermal conductivity of the packing material. Other impor-
tant input data include inhomogeneities in the far-field geology and the need
to couple heat and moisture flow effects.

The BALANCE code was developed to calculate mass transfer for geochemical
interactions in groundwater (Parkhust and others, 1982 - Appendix 4). It is
based on quantifying chemical interactions between mineral phases, organic sub-
stances and gases with groundwater. It is limited in usefulness, however,
since the authors warn that the calculations are not totally constrained by
thermodynamic criteria and there is a possibility that reactions which are
energetically unlikely will indeed be predicted to occur.

Another important code is EQ3/EQ6, developed to perform calculations on
geochemical speciation and reaction paths in rock/water systems pertinent to
waste performance assessment (INTERA, 1983 - Appendix 4). It appears to be a
flexible and useful code but requires additional review to es.ablish any limi-
tations.

A recent code for evaluating engineered barrier system performance is
WAPPA. This has been independently reviewed bv BNL staff as part of the FIN
A-3167 (NUREG/CR-3091, Draft Report, 196  program. It i- composed of indivi-
dual submodels including the Thermal Mode!,K the Leach-and-Transport Model, and
the Radiation and Attenuation Model. It '  felt that there are many short-
‘comings in WAPPA and much additional work w:il be needed before it can serve as
an effective and defensible performance assessmen: code.
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In general, the importance of code development cannot be overemphasized.
It is through calculations that demonstration of compliance with regulatory
criteria will be achieved. Comprehensive and reliable barrier system
performance data must be obtained together with a knowledge of the dominant
system failure modes and failure scenarios. Without such information the
accuracy with which a code can predict long-term behavior will be severely
limited, even though the code itself might be technically excellent.

3. ACCURACY, RELIABILITY, AND APPLICABILITY OF WASTE PACKAGE DATA

After the general review of DCE data was completed in Appendices | through
4, a more detailed assessment was made of the accuracy, reliability and
applicability of selected publications. These are given in Appendix 5.
Although general procedures for carrying out the tests are given, there is
usually limited information on possible errors in measurements. Nor is there a
systematic attempt to measure a particular property using different test
techniques to establish the accuracy of the techniques with respect to known
standards.

One cf the most detailed studies on the precision of leach testing data
was conducted by the Materials Characterization Center in which 25 laboratories
carried out MCC-1 static leaching tests on standard glass specimens under a
well-defined set of test parameters (Johnson, PNL-4249, 1982). It was found
that an experienced laboratory could be expected to measure elemental mase los-
ses with a precision of 6~11%. The relative between-laboratory precision was
between 25-40%. Thus, under less-controlled test conditions one would clearly
expect very large ranges of elemental leach rates because of different glass~
surface-area~to-water-volume ratios, sample preparation techniques, water flow
rates, solution analyses procedures, etc., even if the same glass composition
and leachant were used. There is, therefore, an urgent need to accurately de-
termine the anticipated waste package environment so that meaningful leaching/
solubility data can be obtained for the waste form. This will necessarily in-
clude the incorporation of appropriate test temperatures, aged waste form com—
positions, the presence of container and packing components, relevant water
chemistries, and extended test times to quantify radionuclide release rates.
Similar statements are applicable to container and packing material testing.

Even when tests are conducted according to well-defined procedures to in-
crease accuracy and precision, there could remain significant uncertainties in
the data obtained. The detailed reviews given in Appendix 5 show that these
include:

e Testing under limited ranges of temperature and limited numbers of
temperature, makes extrapolation and interpolation difficult.

e T"ssting under limited ranges of redox conditions also makes
extrapolation and interpolation difficult.

e Too few replicate tests to check precision.

¢ Limitations in ability to quantify irradiation dose and dose rate
effects using short-term laboratory tests.
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e Few very long-term tests to determine the validity of extrapolation
procedures.

e Little information on the effects of long-term alteration and aging on
waste package component properties.

e Few tests to evaluate interaction effects among waste package
components and the near-field geochemistry and hydrology.

® No detailed in situ tests to correlate laboratory and field data.

All of these factors must be addressed before the behav.or of the waste
package and near-field system can be adequately understood and modeled to
predict whether compliance with NRC and EPA criteria can be met.

4. WASTE PACKAGE ISSUES RELEVANT TO SITE SELECTION

In addressing the relevance of performance data for the engineered barrier
system with respect to the site selection process (i.e. the DOE EA program) two
questions need to be addressed:

l. 1s the performance of the engineered barrier system sufficiently well
known that its impact on the repository site can be accurately
predicted?

2. Are the adverse impacts of waste emplacement sufficiently severe to
disqualify the site for furt'.er characterization?

Clearly, from the literature reviews carried out in Appendices 1 through 5, and
the summaries given above in Sections 2 and 3, there is still great uncertainty
in the performance of the waste packages. Until waste package designs and
materials have been finalized, and appropriate performance data and performance
assessment calculations have been made, the effects of waste emplacement on
site suitability cannot be adequately quant‘‘ied. Specifically, those aspects
detailed in Section 1, above, on the Geochemistry and Rock Characteristics from
the 10 CFR 960.5 site selection criteria can only be addressed peripherally at
this time. It must, however, be recognized that ‘n some cases a potential
shortcoming in site geochemistry or in rock characteristics that might render a
site less suitable for development can be overcome by a modified waste package
design. For example, BWIP staff assumes that the environment in a basalt
repository will be reducing so that container corrosion effects and
radionuclide solubilities will be decreased. If further studies show that this
is an incorrect assumption then the effects of the more oxidizing conditions
can be minimized by selecting a higher integrity container material and a
packing material that would be more effective in sorbing radionuclides.
Nevertheless, each of the three repository host rocks have inherent advantages
and disadvantages which are currently known. These need to be addressed, as
well as possible, using available data before a site can be recommended for
continued development. A brief summary of thcose is given in Table | together
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Table 1.

Potential advantages and disadvantages of siting a waste repository in basalt, salt and tuff.

Host Rock

Advantages

Disadvantages

Basalt
(Hanford)

Salt
(Generic)

"1

Tuff
(Topopah
Spring)

Located on federal
land assocliated with
nuclear activities

Low population density
Good radionuclide
sorption behavior.

Low water content

Low water permeability
Slow radionuclide re-
lease to accessible
environment

High thermal conduc-
tivity

Self sealing by salt
creep

Simple mineralogy
Easy mining

Located on federal
land associated with
nuclear activities

Low population density
Low lithostatic stress
Low water flow rates
and simple hydrology
Probably low radionu-
clide release to ac-
cessible environment
Easy mining

Good radionuclide sorp-
tion behavior.

Low thermal conductivity

Basalt flows of limited
thickness (but wide
lateral extent)

Complex mineralogy and
hydrology

Difficult mining.

Aggressive corrosion
environment

Complex gamma {rradia-
tion effects on brine
and salt

Potential for thermal
release of acidic gases
Bedded salt has limited
thickness (but wide
lateral extent.) Salt
domes show opposite
characteristics

Purer salt has poor
radionuclide sorption
behavior.

Low thermal conductivity

Limited thickness and
moderate lateral extent

Potential for HNO; forma-
tion due to radiolysis of
alir/steam/water mixtures
Oxidizing conditions will
probably increase radionu-
clide solubilities and con-

tainer corrosion.

Effects on Waste Package Design

Relatively difficult to characterize
repository environment. May need
sophisticated waste package design
to compensate for uncertainties.

Relatively difficult to characterize
brine chemistry. May need high in-
tegrity container to prevent early
loss of containment. The selection
of a site with low brine content and
low 2acondary mineral content will
probably limit container/waste form
corrosion and minimize gamma irradi-
ation effects on salt and brine.

Oxidizing conditions and potential
for HNO; formation may increase
container corrosion rate.



with a very general outline of their impact on the design of the waste package
system (a more complete comparison of the three host rocks may be found
elsewhere (DOE/EA-0210, 1983)). The table shows that the basalt repository is
possibly more difficult to characterize with respect to basic geochemical and
hydrological characteristics. After waste emplacement, the nature of
waste/rock interactions will probably also be more complex compared to salt and
tuff environments. However, as mentioned above, there is no clear indication
that Hanford basalt cannot be successfully utilized for waste isolation,
although it may require more detailed laboratory and in situ testing to specify
an engineered barrier system design that will counter deficiencies in site
performance.

5. CONCLUSIONS

A general review has been carried out on reports and technical papers
concerned with DOE research and development on engineered barrier systems
pertinent to high-level waste repositories in basalt, salt and tuff. Much of
the earlier work was in the form of screening studies on waste package
components with the objective of selecting reference materials. At this time,
firm selections for containers and packing materials have yet to be made but
the waste forms are likely to be spent fuel and borosilicate glass.

Most of the testing has centered on individual package components but
there is some information on the effects of component interactions on waste
form leaching and container corrosion. Nevertheless, there is a severe lack of
whole package testing work either in the form of laboratory tests or in situ
evaluations. Because of this, there is very limited information on the effect
of waste emplacement on the geochemistry and rock characteristics of basalt,
salt and tuff. Since these two geotechnical factors are included as DOE's site
selection criteria in 10 CFR 960, a complete rationale for selecting a
particular site for further development cannot be made. Thus, one expects that
those sites which appear to have the fewest limitations, based on limited
available data, will be selected for additional study.

The additional information which would be useful in an evaluation of the
interactions of the immediate environment with the waste package includes the
following which relate to the geochemistry and rock characteristic site
selection guidelines in 10 CFR 961,

a. Data are needed to quantify how early b ' ing of groundwater, and
associated precipitation of dissolved so...s, and host rock
alteration, will change the composition of water subsequently entering
a waste package borehole when boiling ceases. Major changes in
repository water composition, pH and redox condition may render
invalid much of the current waste package performance data.

b. A more accurate quantification of the water ingress rate into the
repository and the rate of pressurization is required.

c. Information on the cracking of basalt and tuff host rock arising from
repository excavation and the high temperatures caused by waste
emplacement is needed.
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d. For basalt and salt it is known that the horizontal component of the
lithostatic stress is much larger than the vertical component. The
effect of the large horizontal stress on waste package /repository
integrity needs to be addressed.

e, Data are needed to assess the consequences of the recent announcement
at the Hydrology Workshop in Seattle (reported by M. McNeil, NRC) that
the basalt repository horizon is expected to intersect a basalt
flow-top. This will lead to a significantly increased rate of water
intrusion during repository operation and after closure.

f. There is a need to outline the most likely scenarios for engineered
barrier system failure/degradation so that relevant performance
assessment calculations can be conducted. Without such information
there will be considerable uncertainty in determining containment
failire times, controlled release rates, and releases to the
accessible environment,

g. The ease of waste package retrieval will vary for the different host
rocks., It seems to be more difficult for a salt site since the high
temperatures during the repository operations period may cause the
host rock to creep towards the waste package, thereby sealing it in
place 1f a borehole liner is not used. A description is needed of the
procedures to be undertaken to ensure ease of retrieval for all
candidate sites.

h. Documentation is required on pre-closure package and repository
monitoring procedures that will be needed to confirm that the
repository and waste package are performing within established design
limits.

At this time, it seems that the site selection process, which is currently
centered on Environmental Assessment report analysis, will not be dominated by
engineered barrier system factors since, in most cases, limitations in the
repository site can be mitigated by changes in the design of the barrier
system. Thus, there should be comprehensive research and development to
evaluate the interaction of the engineered barrier system and the host geology
so that finalized designs can be established.
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DOCUMENT REVIEW FORM

AUTHOR: M. Barnes (Penn State Univ)

TITLE: Hanford and Columbia River Basin Basalts: X-ray Charicterization
Before and After Hydrothermal Treatment

REFERENCE: RHO-BWI-C-17, June 1978
AVAILABILITY: NTIS

KEY WORDS: basalt, hylrothermal, x-ray diffraction

DATA SUMMARY:
Property and Form of Data:
X-ray diffractogram

Materials and Specimen Ceometry:
Basalt Powder

Test Conditions:
T: 100-400°C
P: 300 Bars
Time: 28-56 days

COMMENTS ON DATA VALIDITY:

There were no major changes in the basalt diffractograms taken before and
after hydrothermal treatment, All the principal labradorite, augite, and
magnetite-ulvospinel lines remained along with a broad glassy band at
20 ~28° (CuKy). The ratio of ulvospinel to magnetite ratio changed
slightly and indicate a change in oxidation state of the system towards
reducing conditions (i.e., higher ratio). This could also be an experimental
artifact.
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DOCUMERT ARSTRACT

The principa\ minerals of Basalls pCR-1 and poil-3 are still present
after hydrothernal treatment up toO 400°'C. HNo new phases hayc peen observed,

with the exception of one in the longest run, 300°C for 56 days. There
{s not enough of this phase present to give positive {dentification in
the bulk powder diffractogram. '
The spinel -agnotitc-uldaspinel was observed to change oxidation
state under some conditions. Because uranium and plutonium are both
tar more soluble in the +6 state than in the +4 state, the paidation
state of the system pasalt + waste ¢ water is important. The basalt
{s in enormous excess and contains both ferrous and ferric fron in its
spinels and in augite. Together they should be the principal influence
on the oxidation state of the system.
several further X-ray measurements would be useful: first, examina-
tion of spinels in runs already made with 2 percent water and with 10x
by weight waters second, examination of runs made in an all-stainless
system; third examination of the Umtanum Basalt from Umtanum Ridge;
fourth, search for 1lmenite after further jnetic separation; and,
fifth, look for possible changes in both sp.nels in order tO follow
the oxidation state in basalt + waste ¢ water.
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DOCUMENT REVIEW FORM

AUTHOR: McCarthy, G. J., et al.
TITLE: Simulated High-Level Waste-Basalt Interaction Experiments Second
Interim Progress Report

REFERENCE: RHO-BWI-C-16, June 1978
AVAILABILITY: Available
KEY WORDS: basalt, HLW, hydrothermal interactions

DATA SUMMARY:
Property and Form of Data: r
x-ray diffraction:glass; SEM:glass
surfaces; description of alteration products

Materials and Specimen Geometry:
76-68 glass; Hanford basalt ({lintunum)

Test Conditions:
1. 300° C: 300 bars; 28 days: basalt Hanford water/waste form
2. 100° C and 300° C; 300 bars: 2-12 months duration

COMMENTS ON DAT. VALIDITY:

Provides detailed analysis of the hydrothermal alteration of PNL 76-68
glass including solid phase alteration products and anlysis of solutions
following hydrothermal treatment,

The usefulness of this document is questionable given the higher than
expected temperatures used. The solid phase alteration products observed may,
however, be indicative of products that may result over long time periods and
under less extreme temperatures. These studies do not take into account
radiolysis/radiation effects in the alteration piocess.
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DOCUMENRT ARSTRACT

3

With the completion of the reconnaissance experiments in March 1978,
the nature of our overall effort has shifted its emphasis to more detailed
individual experiments or sequences of experiments in an atlompl Lo oblain
a clearer understonding of the nature and rate of radionuclide release.
The hydrotherma! alteration of glass, which initially was a leading can-
didate, has been a major thrust area in the recent past. This work has
bheen completed at a modest temperature (300°C) under repository condilions
and has shown Lhat alteration is nearly complete.

To verlect the greater intevest in spent unreprocessed fuel (SURE),
the majority ol Lthe current work is bheing performed on simulated SURP
ftsell or on Lhose phases in SURI Lhat eontain polential near-term
hazardous radionuc! ides and uraniom,

As Lhis approach Lo the understanding ot radioaclive vaste=basalt
interactions has evolved, it has been increasingly clear that the “closed™
system hydrothermal experiments would point the direction to potential
intevactions, Bul, if a closer vepresentation of repository ambients under
hydrothermal conditions were necessary, Lhen an alternative Lechnigque in
an "open™ systom was needed.  This open sysbem was available and has been
advanced into an operative condition. The next several months should see
the mplementation of this apparatus and the vesalls of initial basall
alteralion exporimenty
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DOCUMENT REVIEW FORM

AUTHOR: McCarthy, G. J., et al. (Penn State Univ)

TITLE: Reaction of Water with a Simulated High-Level Nuclear Waste Glass at
300°C, 300 Bars

REFERENCE: RHO-BWI-C-35, 1978
AVAILABILITY: Available
KEY WORDS: waste glass, hydrothermal interactions

DATA SUMMARY:
Property and Form of Data:
Electron microprobe for quantitative elemental analysis; EDX and SEM
provided qualitative elemental analysis; X-ray diffraction data on
crystalline phases; also atomic emission spec.

Materials and Specimen Geometry:
PNL-76-68 glass; specimens were single shards broken from a layer
fragment; wt ~30 mg

Tez* Conditions:
Pressure: ~30 bars; artificial Hanford water used as well as

deionized water; experiments performed in inert gold capsules;
duration: 7, 14, 21 and 28 days.

COMMENTS ON DATA VALIDITY:

Temperatures investigated much higher than antfcipated temperatures.
Elemental composition varied by as much as 10-20% of the base composition for
76~68 glass due to the inclusions present. The experiments used predominantly
deionized water and their "closed system" does not take into account the ef-
fects of radiolysis on solubilities. Under hydrothermal conditions, altera-
tion is a major variable influencing the enhanced leach rate, Since altera-
tion is accompanied by complications such as stress generation, a delineation

of the mechanisms involved in hydrothermal leaching is not easily achieved and
was not attempted by this study.



DOCUMENT ABSTRACT

Terminal storage in underground rock formations is presently con-

sidered the most feasible method of isolating high-level nuclear power
plant wastes from the biosphere. Among the candidates for geologic
repositories are the basalt formations underlying the Hanford Site

in eastern Washington State. One of the many factors that will need to be
considered in repository design ana in setting high-level waste form
acceptance criteria is the effects of the heat produced by radionuclide
decay. Heat would have certain effects on the physical properties of the
repository and, especially when combined with water encroachment, heat
would promete chemical reactions within the immediate repository (1).
Exploring and then carefully defining the effects of hot pressurized
groundwaters on simulated waste forms such as spent fuel and high-level
waste glass in a basalt repository are the goals of a research project

at The Pennsylvania State University (PSU). Research of this type is one
of the activities of the Basalt Waste Isclation Program at Rockwell Hanford
Operations (2).

An important featurs of the PSU research is concern for the products of re-
actions as well as the reactivity of the waste form. Whether hydrothermal®*
reactions in a basalt repository would be beneficial or detrimental to
waste containment is primarily a question of the long-term stability of

the reactions products.
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DOCUMENT REVIEW FORM

AUTHOR: McCarthy, G. J. and M, W. Grutzeck

TITLE: Preliminary Evaluation of the Characteristics of Nuclear Wastes
Relevant to Geologic Isolation in Basalt

REFERENCE: RHO-C-12, May 1978
AVAILABILITY: Available
KEY WORDS: waste forms, basalt repository environment

DATA SUMMARY:
Property and Form of Data:
General review: thermodynamic stability, chemical composition,
leachablity

Materials and Specimen Geometry:
glass (76-68); spent fuel; supercalcine; specimen geometry not
reported

Test Conditions:
76-68-waste: leachability: distilled water; 25°C and 95°C;
soxhlet; spent fuel: leachability: 259C; Henford groundwater and
deionized water; time period not specified

COMMENTS ON DATA VALIDITY:

This document lacks any usefulness with respect to current efforts for

the following reasons: (1) The evaluations used results based on distilled or
deionfzed water for the leach tests. Such conditions are not applicable to an

evaluation of waste forms under actual repository conditions; (2) The presence
of radiation was not taken into account in these evaluations. Radiolysis

resulting in an alteration of groundwater composition, inlcuding solublity,
and the liberation of gases will affect the rates and extent of leaching. The
temperature ranges used to evaluate the candidate waste forms do not reflect
the range of temperatures likely to be encountered under actual repository

conditions. In addition, the lack of information as to specimen geometry and
time durations of tests adds to the lack of usefulness of the document.



DOCUMENT ABSTRACT

The physicul and chemical vharqctariaties of
radioactive waiste wiaieh have bearing upon the
concept of yeoluyie ctorage in bacalt are
revicwed und diceusced. Euch olavs of waste
Jorn fapent unrcprocecued [uel, caluine, glavs,
and cupercaleine) hae ita cun unique character-
ictive which may ¢ may not affact thae concept
of [inal oturaye of radivaciive waate in bavalt.
Theose characterivtica form the baasis for goiun-
tific evaluation of the relutive moriie of aach

of the wacta/bavalt pairs.
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DOCUMENT REVIEW FORM

AUTHOR: McCatrtuy, G. J. et &!. (Penn State)

TITLE: Hydrothermal Stability of Spent Fuel and High Level Waste Ceramics in
the Geologic Repository and Environment

REFERENCE: RHO-BWI-SA-12 A, Apri. 1979
AVAILABILITY: Abstract only
KEY WORDS: spent fuel, borosilicate glass, hvdrothermal conditious, basalt

DATA SUMMARY:
Property and Form of Data:
reactivity; solution composition; alteration properties

Materials and Specimen Geometry:
spent fuel, waste glass, supercalcine ceramic (geometry unspecified)

Test Conditions:
deionized waste; Hanford groundwater (artificial), 100-300° C; 300
bars; time period up to 1 year.

COMMENTS ON DATA VALIDITY:

Data not available for comment; information that supercedes this report
indicates that test conditions may be appropriate as part of a screening
effort, however, conditions are not realistic and expected conditions are
likely to change over time and include radiolysis effects.

This report, as abstracted here, does not appear useful in the overall
review effort,

This paper was presented at the American Ceramic Society Symposium
reeting, Cincinnati, Ohio, April 30, 1979,
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POCUMENRT ABSTRACT

Terminal sto~sse in underground roc: formations is presently onsidered
the most feasible method of isolatinrg high-level nuclear power plant wastes
from the biosphere. Oné of the many factors that will need to be considered
in qeclogic repository design is the effect of the heat produced by radio-
nuclide decay. Heat would have certain effects on the physical properties
of the repository rock and, if combined with the encroachment of water
pressurized by the rock overburden, heat could promote chemical reactions
within the immediate repository.(‘) This combination of hot and pressurized

water could give rise to hydrothermal* conditions.

The occurrence of such a hydrothermal incident could have various ram-
ifications for nuclear waste isolation. I[f containment of the wastes is
maintained throughout the thermal period, then the solutions would only alter
the nearby rock, overpack, and so on. However, if the hydrothermal solutions
contact the waste due to breach of containment, alteration of the waste and

interaction with the repository environment could take placo.‘z’

*The terwm "hydrothermal” is used here to denote reactions involving super-
heated water; i.e., reactions at any temperature above 100 degrees centi-
grade where pressure is sufficient to maintain H20 in the li?uid phase. Note
that in strict earth sciences nomenclature, such conditions fnvolving tempera-
tures between 100 and 373 degrees centigrade are "mesothermal.”
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Both the rate and the products of these interactions are, of course,
strongly temperature-dependent, so increases in the volume of the waste
(decrease in the concentration of waste fission products in the waste)
and/or the repository can be adopted to reduce temperatures. But, as the
authors have pointed out.(‘) this may not be necessary if the alteration-
interaction products are themselves suitable “source terms."

The research described here deals largely with the first stage of
comprehensive waste-rock hydrothermal interaction studies, closed system
waste-water reactions. Closed system experiments are ideal for exploring
the reactivity of solid-1iquid systems and establishinc the direction of
thermodynamic equilibrium. The experiments simulate the case where super-
heated water is admitted through a breached canister and reacts with the
waste in a region where the chemistry of the waste initially dominates the
course of the reactions. Determination of the long-term reactions and the
ultimate source terms requires experiments incorporating canisters and mas-
sive excesses of the repository rock. Initial results from these waste-rock
experiments will be described to illustrate the importance of these more
complex studies in deriving waste form performance criteria.

Experimental conditions included temperatures from 100 to 300 degrees
centigrade at 300 bars pressure. Spent fuel and 2 simulated waste
forms, a glass and a supercalcine-ceramic were treated under these conditions
with deionized water (DW), an artificial Hanford ground water (HGW), and a
brine. It will be shown that, in the upper temperature range, spent fue)
and supercalcine were largely unreactive with the DW and HGW, but moderately
~reactive with the brine. The glass reacted readily with all solutions, but
the reaction mechanism differed between the DW/HGW and the brine. Reaction

rates, of course, decreased with decreasing temperature.
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It will also be shown that when two non-evaporite rocks, basalts, and
shales were incorporated into these experiments, the reaction behavior in the
two cases was comparable, but, as expected, the resultant source terms were
quite different.

This research is supported by the U. S. Department of Eneray through
the Office of Nuclear Waste Isolation and Rockwell Hanford Operations.
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DOCUMENT REVIEW FORM

AUTHOR: Smith, M. J. (Principal Author)

TITLE: Engineered Barrier Development for a Nuclear Waste Repository in
Basalt

REFERENCE: RHO-BWI-ST-7, 1980
AVAILABILITY: Published

KEY WORDS: basalt, waste package, corrosion, backfill, glass

DATA SUMMARY:
Property and Form of Data:
Corrosion data of candidate canister material - in/yr, swelling
pressure and permeability of backfill MPa vs. ton/m? - m/s vs,
ton/m3.

Materials and Specimen Geometry:
Alloys of steel, titanium, chromium, nickel and zirconium,
borosilicate glass, Synroc, supercalcine, bentonite, zeolites.

Test Conditions:
Single and interactive tests in simulated repository conditions.

COMMENTS ON DATA VALIDITY:

This publication is a comprehensive compilation of data, integrated for
the purpose of understanding the effects of isolating nuclear waste in the
basalts at the Hanford site., It contains a considerable amount of useful data
regarding canister corrosion, physical and chemical characteristics of back-
fill materials, leach data of radionuclide from waste forms in simulated
groundwater, and chemical and mineralogical composition of several flows in
basalt. This report can serve as a useful reference for evaluating the
isolation of nuclear waste in a basalt repository.
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This publication does not contain an abstract,

Al-16



DOCUMENT REVIEW FORM

AUTHOR: Ames, L. L. and J, E, McGarrah (PNL)

TITLE: High-Temperature Determination of Radionuclide Distribution
Coefficients for Columbia River Basalts

REFERENCE: RHO-BWI-C-111, 1980
AVAILABILITY: NTIS

KEY WORDS: sorption, basalt, hydrothermal, cesium

DATA SUMMARY:
Property and Form of Data:
Kd.

Materials and Specimen Geometry:

Test Conditions:
P: 6.9-27.6 HP..
T: 150°C and 300°C,

COMMENTS ON DATA VALIDITY:

A Kd represents an empirical result that can be affected by system vari-
abies. If all components of the system as it will exist are not included in
the testing, the validity of the Kd value is open to question, The Kd values
reported for Pu and Am are essentially meaningless, because they are so large,
especially at high temperatures, Complete sorption on the Teflon liner
occurred even in the absence of basalt. Poth radionuclides were probably
present at pH 8.0 of the synthetic groundwater as colloidal polymers that
tended to further polymerize and sorb on surfaces as a result of increasing
temperature and solution ionic strength. This process cannot be properly
described by ion-exchange concepts such as Kd,
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DOCUMENT ABSTRACT

This report discusses initial results of the high-temperature
sorption studies on Columbia River basalts. From the results, the
following conclusions were made:

® (Cesium Kd temperature effects, used as an example of the high-
temperature Kd experiments, showed that the techniques developed for

the high-temperature Kd work yielded valid and reproducible Kd
results.

e The best techniques included frequent sampling at temperature and
pressure of relatively high chloride sclutions over a 45- to 60-d
period with no agitation of vessel contents and use of a relatively
large solution volume, heated externally in a Teflon-1lined
Inconel 600 pressure vessel.

o Initial temperature effects on the cesium Kd with basalts showed a
decrease with increasing temperature to 150°C. Above 150° to
300°C, cesium Kd values increase, perhaps due to sorption and

removal on growing secondary mineral phases or incorporation into
secondary minerals.

¢ Pressure effects on cesium Kd values were found to be minimal
between the 6.9 to 27.6 MPa (1,000 to 4,000 lb/in.zq) pressure
range expected in i nuclear waste repository in basalt.
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AUTHOR: Barmey, G. S., Wood, B. J.

TITLE: Identification of Key Radionuclides in a Nuclear Waste Reposltory
in Basalt

REFERENCE: RHO-BWI-ST-9, 1980
AVAILABILITY: Published

KEY WORDS: migration, basalt, commercial waste, spent fuel

DATA SUMMARY:
Property and Form of Data:
Ranking system identifying the degree of radionuclide hazard
according to quantity, toxicity, leach rate and transport rate,

Materials and Specimen Ceometry:

Input data is based on waste from an LWR or PWwR as a borosilicate
vaste form and spent fuel. Radionuclide quantities were obtained by
using the code ORIGEN and their toxicities from the recommended
concentration guide.

Test Conditions:

Hazard measure (HM) i{s obtained from the sums of the individual
hazard rankings., Transport data is based on release rate and
application of the single dimension transport equationm.

COMMENTS ON DATA VALIDITY:

Radionuclides have been ranked in a descending order of their hazard
measure. Additional information concerning waste forms, geology of the
repository and transport properties could alter the order of the list. The
methodology seems appropriate but the procedure in the report raises ques-
tions, e.g. the fact that leach rate data are based on the use of deionized
water,
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RHO-BWI-ST-9
ABSTRACT

Radionuclides were identified which appear to pose the greatest
potential hazard to man during long-term storage of nuclear waste in a
repository mined in the Columbia Plateau basalt formation. The criteria
used to select key radionuclides were as follows:

Quantity of radionuclide in stored waste
Biological toxicity

Leach rate of the wastes into groundwater
Transport rate via groundwater flow.

The waste forms were assumed to be either unreprocessed spent fuel or
borosilicate alass containing reprocessed high-level waste. The nuclear
waste composilion was assuwed to be that from a light water reactor.

Radionuclides were ranked according to quantity, toxicity, and
release rate from the repository. These rankings were combined to obtain

a single 1ist of key radionuclides. The ten most important radionuclides
in order of decreasing hazard are: 99Tc. 129!,'237Np. 225Ra, l°7Pd.

23oTh, 21°Pb. 1“Sn. 795e, and 24zPu. Safety assessment studies and

the design of engineered barriers should concentrate on containment of
radionuclides in this list.
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AUTHOR: Komarneni, Sridhar, et al. (Rockwell Hanford)

TITLE: Hydrothermal Inters:tions of Cesium and Strontium Phases from
Spent Fuel with Basalt Phases and Basalts

REFERENCE: RHO-BWI-C-70, March 1980
AVAILABILITY: Available

KEY WORDS: spent fuel, basalt, hydrothermal, cesium, strontium

DATA SUMMARY:
Property and Form of Data:
Hydrothermal solubility determined/stability of the phases
investigated. Elemental and phase composition results from X-ray
diffraction and atomic absorption spectrometry are presented.

Materials ard Specimen Ceometry:
Natural wnd synthetic basalt, =200 mesh (<75 um) reacted with
CsyU07 and ¢rZr0O3 (synthesized).

Test Condit’ons:
Pressu'e: 300 bars, temperatures: 200°C for 56 days,
300°C for 28 days, reacted in sealed gold capsules,

COMMENTS ON DATA VALIDITY:

Test temperatures are higher than anticipated under actual repository
cond{ tions,

Decreasing solubility of Cs with increasing temperatures is questionable,

Elevated oxygen pressure prevalent during the experiments is not likely
to be present under actual repository conditions,

Water used in the experiments does not reflect the chemical composition
of groundwater exposed to a radiation fleld such as {s likely to be present
under actual conditions. Changes due to radiolysis will alter solubility
results.
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This publication does not contain an abstract.
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AUTHOR: Kupfer, M. J. and Palmer, R. A.

TIT.E: Physical and Chemical Characterization of Borosilicate Glasses
Containing Hanford HLW

REFERENCE: RHO-SA-189, October 1980
AVAILABILITY: Published

KEY WORDS: borusilicate glass, leach resistance, phaze separation,
mechanical strength, thermal analyses, Hanford waste

DATA SUMMARY:
Property and Form of Data:
Composition of waste/glass (wgt %), leach resistance (X wgt loss),
thermal characteristics (e.g. melt temp.), thermal conductivities
(w/mK), crystalline phases, thermal expansion coefficient,

Materials and Specimen Geometry:

l. Teach specimens - crushed glasses; 2., Thermal expansion - 5 cm
rods; 3, Conductivity - solid pieces; 4. Phase analysis - samples
cooled at rate of 15°C/hr from 1100 to 400°C,

Test Conditions:

l. Leaching - DIW, 1 M HNOj, 1 M NaOH, soxlet test at 95°C,
at 25°C {n DIV; 2. Thermal expansion - 5 cm rods, 250°9C-350°C;
3. Thermal conductivity - solid pieces, 25°C, 110°C, 300°C.

COMMENTS ON DATA VALIDITY:

For specimens studied, leach resistance found to increase with decreased
waste loading. Devitrification studies done {sothermally and some glasses
show development of crystalline phases. In glasses showing development of
cry=talline phases, leach rate increases from 1.5 —> 5 x. Data serves to
compare potential resistance of different glass-waste compositions. Data also
indicates changes induced by devitrification., Data not applicable to expected

repository conditions. No groundwater/repository water leach data or anlayses
for component: released.
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Scouting studies are being performed to develop and evaluate sili-
cate glass forms for fmmobilization of Hanford high-level wastes, De-
tailed knowiedge of the physical and chemical properties of these glasses |
fs required to assess their suitability for long-tem storage or disposal.

Some key properties to be cons’dered in telecting a glass waste
form include leach resistance, resistance to radfation, microstructure
(includes devitrification behavior or crystallinity), homogeneity, vis-
cosity, electrical resistivity, mechanical ruggedness, thermal expansion,
thermal conductivity, density, saftening point, annealing point, strain
point, glass transformation temperature, and refractive index. Other
properties that are important during processing of the alass include
volatilization of glass and waste components, and corrosivity of the
glass on nelter components.

Experimental procedures used to characterize silicate waste alass
forms and typical properties of selected glass compositions containing
simulated Hanford sludge and residual 1iquid wastes are presented. A
discussion of the significance and use of each measured property s
also presented.
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AUTHOR: Pitman, S. G., B, Griggs and R, R, Elmere (PNL)

TITLE: Evaluation of Metallic Materials for Use in Engineeri g Barrier
Systems

REFERENCE: PNL-SA-8939, November 1980
AVAILABILITY: Available

KEY WORDS: HLW, corrosion, metals, alloys, basalt, brines

DATA SUMMARY:
Proparty and Form of Data:
Chemistry of leach solutions; V-notched specimen tensiie, impact
and fracture roughness tests; weight change data and extrapolations.

Materials and Specimen Geometry:

Crushed basalt; V-notched and plates used; 304L SS; 316L S§5;
321L §/S; 40O5L §/S; 410L S/S; Inconel 600, 625, 800; Titanium 2, '2,
6AL-4V; Zircaloy, cast iron, copper.

Test Conditions:

Hanford basait groundwater; NaCl-MgCl; brine; autoclave - 5.52 MPa;
250°C/tensile tests - 20-25C°C Venotched specimens tested; fatigue-
crack-growth rate tests - 90°9C; corrosion tests duration -~ 20-72 days.

COMMENTS ON DATA VALIDITY:

The corrosion data was conducted in simulated Hanford groundwater at
150°C, This type of testing is useful in screening a variety of candidate
metal/alloys but does not represent conditions likely to be encountered under
actual repository conditions, The contacting solution {s likely to undergo
several changes in chemistry over to operations and post-emplacement period as
a result of radiolysis and alteration product (host rock) formation.

The test results in this report appear too preliminary for useful
application in current review efforts,
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This publication does not contain an abstract.
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AUTHOR: Scheetz, B, E,, et al, (PSU)

TITLE: Hydrothermal Interaction of Simulated Nuclear Waste Glass in the
Presence of Basalts

REFERENCE: Scientific Basis for Nuclear Waste Management, Vol. 2,
Plenum Press, N.Y., 1980, pp. 209-214

AVAILABILITY: Published

KEY WORDS: basalt, glass, hydrothermal reaction, reaction products,
solution composition, Cs, Sr, Ba, Ca, Na, Si

DATA SUMMARY:
Property and Form of Data:
Glass-basalt hydrothermal reactions., Interaction products
fdentified and quantified and concentrations of Na, Rb, Cs and U in
solution were measured.

Materials and Specimen Geometry:
(a) Intimate mixtures of Umtanum basalt and 76-68 glass powders,
(b) Large pieces of the same materials.

Test Conditions:
Hydrothermal conditions (300°C, 300 bars) were used. Sample:
exposed in gold lined capsules for periods up to 4 months,

COMMENTS ON DATA VALIDITY:

The work verified the importance of the Fe**/Fe*™™* content of basalt
in altering the oxidation state, and hence solubility of U, For large glass/
basalt surface area ‘atios Weeksite was formed and the U®* content was not
significantly altered., In the presence of abundant basalt, however, the U®*
was reduced,

Basalt increases the Cs release rate by a factor of 2-4 but reduces the
loss of Sr, Ba, Ca, Na and 51, Thus basalt/glass effects are very important,

These data are extiemely valuable since they directly address synergistic
effects of waste package components,
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Chemical analyses of the solutions indicated that the perceant-
ages of Ce releoased from glass into solution at 100° or 300°C in~
creased by a factor of 2 to 4, while Sr, Ba, Ca, Na and 51 suom to
have decreased to vurlous =xtunts In the presence of basalt. The
principal ccnclusion which results from these studies is that basalt
has a marked influence on the hydrothermal alteration behavior of
the glass waste form. Not only does it cause new solid phases to
form, but Lt wlwo wodifles the wolution chemistry significancly.

In particular, it seens to increase the amount of Cs which is taken
into solution, & result which requires more careful investigation.

One important result of these experiments is the verification of
the oxygen buffering capacity of the ferrous/ferric content of the
basalt and its effect on the uranium componant of the waste glars.
Where the glass was the most reactive material, as in the experiments
vith polides of low surface area, weeksite vas formed, indiceting that
the content was not o:'neunly reduced. However, wvhere the sur-
face ares was large, the component was reduced, preventing the
formation of weeksite.

The solid phase characterization has revealed several compounds
from the long duration runs that were not observed in products of the
thorter runs. New phasos such as quartz, orthoclase, pollucite and
villemite were found. The presence of these phases may be indicative
of a closer approach to equilibrium, or at least an indication of
phases which are more stable { . the presence of basalt than in its
absence.
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REFERENCE :

AVAILABILITY:

KEY WORDS:
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DOCUMENT REVIEW FORM

Altenhofen, M. K.

Waste Package Heat-Trensfer Analysis: Model Development
and Temperature Estimates for Waste Packages inm a Reposi-
tory Located in Basalt

RHO-BWI-ST-18 (October 1981)

National Technical Information Service,
Springfield, VA 22161

Thermal, Model, Package, Basalt, Heat

The author presents thermal analyses of vertically em
placed waste packeges in Umtanum basalt based on the hest
conduction code HEATINGS. The author assumes a quasi-
steady-state equilibrium condition in the packsge and then
examines acceptable ways to determine the reference
temperature of the edge of the emplacement hole. In order
to do that, the author compares the prediction of 3-D, 2-D
and 1-D calculations. It turns out thsgt a 3-D model for
the far-field is needed during the first 100 years after
emplacement, Later on a 2-D model canm do. A 1-D model
could be used after a few thousand years.

Regardless of whether the analyzed designs and emplacement
option are still pursued by DOE for the BWIP site, the re-
port is a good illustration of an acceptable methodology
for coupling near- and far-field models without sac-
rificing accuracy to costs. Also, the conclusions resched
by this author are noteworthy, i.e., (1) inhomogeneities
of the far-field should be incorporated in future studies,
however they do not comstitute a priority issue; (2)
coupling of heat and moisture flow within the waste
package packing and in the very near-field basalt should
be a priority issue, as peak waste package temperatures
are very sensitive to the thermal comductivity of packing
materials,
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RHO-BWI-ST-18 October 1981

DOCUMENT ABSTRACT (Abridged)

Beat-transfer analyses were performed for three nuclear waste types which
exhibit different characteristics—commercial and defense high-level waste
(both immobilized in borosilicate glass) cad spent-fuel elements. The waste-
isolation system parameters used in these analyses reflect the current concept-
ual designs for a high-level nuclear waste repository constructed in basslt,
Details of the thermal properties of the host rock and waste package relevant
to a repository in Columbia River basalt and the relevant propertizs of the
waste forms themselves are presented and discussed.

The physical layout of the nuclear waste repository was modeled using the
heat-conduction computer code, HEATINGS. This code uses the Crank-Nicolson
finite-difference method to evaluate transient temperature behavior. Tran-
sient heat-transfer analysis is necessary because the heat generated by
nuclear waste varies with the radioactive decay of fission products,

The results of one-, two-, and three-dimensional models were integrated
to produce an accurate estimate of waste package/host rock-interface tempera-
tures as 8 function of time., The more precise three-dimensicnal model pro-
vided the most accurate estimate of temperature behavior very near the waste
package. A comparison of the two- and three-dimensional models indicates that
the two-dimensional results are equivalent to the three-dimensional results
for positions ) 2,14 = from the waste package row centerline. Comparison of
the one- and two-dimensional model results beyond 500 yr of storage iadicates
that the one-dimensional results are canuivalent to the two-dimensional results
for positions ) 4.9 m above the waste package. The one-and two-dimensional
models always underestimate the temperatures near L ¢ waste package; however,
at times 21,000 yr, the error becomes insignificant. This error is primarily
due to the fact that in the simpler model the heat source is distributed over
a much larger volume.

In order to use the results of one~ and two-dimensional models, far- and
near field-temperature estimates were used to determine hole surface tempera-
tures beyond the time for which the three-dimensional model is used (100 yr).
Linkage was provided by extrapolating the short-term tramsient gradient be-
havior from the three-dimensional model to the long-term gradient behavior
calculated using & quasi~-steady-state relationship for a single cylindrical
heat source inm basalt., At low-heat strength, the transient gradient will ap-
proach the quasi-steady-state gradient. The extrapolated transient gradient
behavior was used to estimate. emplacement hole temperatuses from two—
dimensiona]l model results. Waste package internal temperatures were then
evaluated by applying quasi-steady-state conditions between the emplacement
hole surface and the waste package materials,

The results of this analysis indicate that peak temperatures and the
times for which they occur at the waste package centerline, canister, and em
‘placement hole surface are 426°C (2.5 yr), 362°C (3 yr), and 255°C (4.5 yr)
for commercial high-level waste; 178°C (22 yr), 172°C (23 yr), and 164°C (26
yr) for defense high-level waste; and 269°C (4 yr), 264°C (4 yr), and
191°C (7 yr) for spent-fuel elements. These result: reflect the decay-heat
characteristics of each of the waste types and the 2mplacement configuration
of each of the waste packages.
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AUTHOR: Anderson, W. J., PNL

TITLE: Corrosion Tests of Canister and Overpack Materials in Simulated
Basalt Groundwater

REFERENCE: RHO-BWI-ST-15, 1981
AVAILABILITY: Published

KEY WORDS: basalt, canister, corrosion, groundwater

DATA SUMMARY:
Property and Form of Data:
Weight change measurements expressed i{n -;/dnz in addition to
visual observation of the test specimens for corrosion.

Materials and Specimen Geometry:
Inconel, Hastelloy, Titanium, Ferrallium, Cupronickel and
Zircalloy - sheet 3/4"x4",

Test Conditions:
Autoclave, 250°C, 5.8 MPa, simulated groundwater, anoxic
environment - separate tests with variable pH for a 60 day period.

COMMENTS ON DATA VALIDITY:

The results indicate that simulated groundwater with varying levels of
oxygen is not highly corrosive to the materials tested, with the exception of
the cupronickel alloys. These alloys showed significant corrosion at higher
oxygen levels during the 60 day test.

The data appears applicable but does not include probable synergistic
repository effects.
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RHO-BW1-3T-15

ABSTRACT

Corrosion tests of candidate container materials for nuclear waste in
a simulated basalt environment are in progress. Test conditions in the
first series of autoclave tests were 2500C temperagure. 5.8 MPa pressure,
with simulated groundwater (oxygen fugacity ca 10°°Y MPa, pH ca 9.5).
Control of oxygen fugacity of the water was obtained by use of an argon/
hydrogen mixture in the test chamber and in the solution reservoir.
Periodic sampling and analysis of the test solution were used to monitor
the efficacy of the control of water chemistry and the products of speci-
men corrosion. Materials placed under test included titanium, nickel,
ccpper, and iron-based alloys identified as potentially useful for either
canister or overpack containers in the engineered barrier system concept.
Results regarding control of water composition and material corrosion in
the initial phase of testing are presented.
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AUTHOR: Barmey, G. S.

TITLE: Radionuclide Reactions with Groundwater and Basalts from Columbia
River Basalt Formations

REFERENCE: RHO-SA-217, 1981
AVAILABILITY: NTIS

KEY WORDS: sorption, basalt, Kd values

DATA SUMMARY:
Property and Form of Data:
Kp.

Materials and Specimen Geometry:
Basalt, altered basalt, secondary minerals, crushed.

Test Conditions:
Ambient,

COMMENTS ON DATA VALIDITY:

In general, sorption of each radionuclide increases in the order:
basalt < altered basalt < secondary minerals., This document conveys the
complexity of mechanisms that are operative in radionuclide sorption reac-
tions. However, the data was obtained under ambient conditions and did not
include other materia.s which will be present in the repository situation.
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Several conclusions can be made concerning the mechanisms of radionuclide
sorption reactions in Columbia River basalt formations. Cesfum sorption on
the solids is by fon exchange with possibly some cs* "fixed" in mica-11ke
minerals. Both K' and Nzﬂs’ fons can replace pirt of the sorbed Cs. Sorption
is very extensive for both altered basalt and secondary mincrals. A slow
diffusion of Cs* into secondary mineral sorption sites continues over many
weeks after an initially rapid sorption reaction,

Strontium sorption appears to be strictly a simple fon exchange reactfon,
except when Sr concentrations are high and Sr is precipitated. Sodium and
Caz’ fons effectively complete with Sr for sorption sites. In Grande Ronde
groundwater Na* concentration is much higher than Caz’ and therefore, at
dominates the exchange reactions. Because of slow dissolution of Ccz’ and
Ngz’ from basalt, Sr is slowly desorbed over a period of =20 weeks.

Under the Eh conditions of Grande Ronde basalt tormations, Np should
exist as Np{lIV). Using a hydrazine Eh buffer, Np(1V) was found to sorh
much more stron?ly than Np(V). Bicarbonate dccreascs sorption bg forming
up(cos), complexes. Large differences in Na* o E y or Ca” concentra-
tion had no effect on Mp sorption indicating that sorption is not by fon
exchange. Additional evidence for this conclusfon is the fact that Np(IV)
sorption on secondary minerals (which had the highest ion exchange capacity)
was the weakest of the solids measured. Neptunfum(IV) must be chemisorbed
on the mineral surfaces.

The oxidation state of Pu in basalt is probably Pu(IV). Plutonfum(1V)
is much more strongly sorbed than the higher oxidation states. Calcium and
sodfum salts increase sorption by formation of insoluble Pu compounds. These
may be slightly soiuble double salts such as CaPuF6 or NaPqu. As for Np,
no evidence for fon ex.hanqe of Pu on minerals surfaces was found.

Americium solubility and sorption are strongly influenced Hg « The
solubility is lowered and sorption is increased when ng* is present. R
appears that Am forms an insoluble compound with Mg. Bicarbonato and SO 2-
decrease ~:-yrion due to formation of complexes such as Amco3 and An504 p

Technetium probably exists in the +4 oxidation state under the reducing
conditions of a basalt formatfon. A possiblo species is Tcoz which {s
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strongly sorbed on the threce solids studied. The only significaht parameter
found was the Eh buffer, hydrazine, which reduced Tco" to Te(1v).

Selenite ion, 50032'. was not reduced to Se. by hydrazine as expected
from the standard half-cell potentials. Selenium does not sord by anfon
exchange, but by chemisorption or precipitation, Calcium increases sorption
probably by formation of a CaSe compound. Carbonate decreases sorption by
making c.z unavailable by.forming complexes such as c.uco, and Caco3 .

As might be expected, Ra sorption is similar to that of Sr. Cation
exchange is the main sorption mechanism, Sodium ion and k* both compete
with Ra for sorption sites.

A1l sorption reactions studied thus far can be acrurately described
using the Freundlich {sotherm, except when precipitation occurs. These
{sotherms can be used to quantify sorption and to determine at which point

precipitation becomes important for various radionuclide-groundwater-solid
systems. '

Kinetics studies show that most sorption reactions are relatively fast.
However, some groundwater-geologic solid reactions are slow and can in-
fluence sorption by dissolution of so'id components. These are most im-
portant for reactions with secondary minerals which are not near equilibrium
with Grand Ronde groundwater. Altered basalt, however, comes very close to
being in equilibrium with this groundwater.
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AUTHOR: Coons, W. E.

TITLE: Basalt Waste Isolation Project Data Package for Reference
Physicochemical Conditions

REFERENCE: Scientific Basis for Nuclear Waste Management, Vol., 3, 1981
AVAILABILITY: Published

KEY WORDS: basalt, groundwater, temperature

DATA SUMMARY:
Property and Form of Data:
£0;, Eh and pH as a function of temperature. Log f0; (atm),
pH, Eh(V), temperature (°C) - hydrostatic and lithocstatic pressure
(bars, psi).

Materials and Specimen Geometry:
Field measurements, experimental testing and calculations - no
details given - Ref, RHO-BWI-ST-7.

Test Conditions:
Calculated for repository "period of geolgoic controls" and
“thermal period."

COMMENTS ON DATA VALIDITY:

Grour lwater compositions used in the test are reported to be in agreement
with USGS data. The f0;, pH and Eh were calculated as functions of tempera-
ture and a maximum lithostatic pressure of 300 bars for the operational and
containment periods of a basalt repository. The report states that pH will
function as the ratio of rock to water changes, {.+, the pH will be lower when
groundwater is dominant and will increase when the rock is dominant. The data
is more readily applicable to a stagnant system and less predictable where
groundwater is freely flowing.
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ABSTRACT

This package defines the physicochemical conditions expected
to prevail in a closed nuclear waste repository mined from
Columbia River Basalt. Estimates have been derived from experi-
mental data, in-situ measurements, or thermodynamic calculations.
Equations are provided from estimation of Oz, Eh and pH as a
function of temperature. Expected concitions are summarized below.

Temper- Equili- log Oxygen

ature brium pH Pugacity (atm) Eh(V)
(*c)
Period of
Geologic Controls 65 9.4 -64.5 to =67.15 =0.50 to -0.54
Thermal Period 100 8.7 -57.8 to -60.0 ~0.49 to ~0.53
150 7.9 -49.6 to -51.8 ~0.48 to ~0.53
200 % -43.3 to =45.4 ~0.47 to -0.52
250 6.7  =38.3 to =40.2 ~0.48 to -0.52
300 602 ‘3‘.1 to -35'9 ’0.‘5 to '0'51
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AUTHOR: Salter, P. F., L. L. Ames, J. E, McGarrah (Rockwell Hanford)

TITLE: The Sorption Behavior of Selected P-dionuclides on Columbia
River Basalts

REFERENCE: RHO-BWI-LD-48, Informal Report, August 1981
AVAILABILITY: NTIS

KEY WORDS: Umtanum basalt, sorption, Kd, hydrothermal conditions

DATA SUMMARY:
Property and Form of Data:
Sorption, Kd values for I, Se, Tec, Sr, Cs, U, Ra, Pu, Am, Np.

Materials and Specimen Geometry:
Columbia River basalts - 0.30 to 0.85 mm.

Test Conditions:

Effects of temperature, pressure, groundwater composition, and
Eh (reducing and oxidizing) ~ =-.4V (150°C, 6.9 MPa) and (300°C,
27.6 MPa), 60 day.

COMMENTS ON DATA VALIDITY:

Based on the sorption data presented, it appears that, under the expected
ambient repository conditions, the Columbia River basalts are capable of
strongly retarding Cs, Sr, Ra, and Np migration and moderately retarding U,
Tc, and Pu migration. The basalts are not capable of significantly retarding
the migration of I and Se. It should be noted that Kd values are empirical
and may vary depending on what environment is occurring. Whole package
testing conditions and specific reference basalts should be used.
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Radionuc'ide distribution ratios provide one means of evaluating
the ability of a geologic substrate to retard the nigration of key radio-
nuclides to the accessible environment from a repository mined in basalt.
Due to the empirical nature of the Kd value, it is necessary that radio-
nuclide Kd values be determined under conditions which simulate the
expected repository environment as closely as possible. Radionuclide .
Xd value: determined for I, Te, Np, Se, U, Ra, Pu, Am, Cs, and Sr under
oxidizing and, where applicable, reducing conditions for the Columbia
River basalts indicate:

(1) lodine is present as a simple uncomplexed anfon and is poorly
sorbed by the basalts,

(2) Cesium 1s present as a simple uncomplexed catinn and is strongly
sorbed by the basalts. Cesium Kd values vary wilh temperature as
a function of changing competing fon concentrations and secondary
reactions (new mineral formation),

(3) Strontium, Ra, and Se (oxidizing coyxditions) sorption is probably
a combination of ion exchange and chemisorption. Strontium and
Ra, being cationic, are strongly sorbed by the basalt and Se
being anionic, 43 poorly sorbed by the basalts. Their Kd values
vary with temperature as a function of increasing competing ion
concentration and sccondary reactions (incorporation inte or
sorption onto new mineral phases).

(4) Uranium, Np, and Pu are weakly sorbed by basalt under oxidizing
conditions, Under reducing conditifons, solubility constraints
will keep U concentrations <1 E-08M, Np concentrations <i E-18M,
and Pu concentrations <1 E-09M in the groundwater Their sorp-
tien is very dependent on temperature, pH, and groundwater
composition since these factors strongly influence their
Speﬁiasign (e.g., whether they are dominantly anionic or
cationicj.

(5) Americium, under oxidizing conditions, {s strongly sorbed by the
:e:alti ES?A=b111ty constraints should keep the Am concentration
eiow - .

(6) Technetium, under oxidizing conditions, is present as an anion
and, therefore, is poorly sorbed by the basalts, Under reducing
conditions, Tc concentration is controlled by the solubility of
TcOp and the aqueous speciation of Te(IV).
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M. J. Smith, P, F, Salter, and G, K. Jacobs

Waste Package Performance Requirements for a Repository in
Basalt

RHO-BWI-SA-172, 1981

Published s

Waste Package, Basalt

GENERAL COMMENTS: This paper provides a summary of a study performed to des-

cribe preliminary waste package performance requirements in
& basalt repository and establish a relationship between NRC
eriteris applicable at or near the waste package and EPA
total curie release criteria applied at the accessible
environment,

This study does not perform a near field analysis., It
assumes that the waste is contained for 1000 years after
which there is a 1000 year leach time for all nuclides.
Given this release rate, the tramsport to the enviromment is
calculated using a one-dimensional model. This procedure
wvas first used by Wood, RHO-BWI-ST-10.

Two test problems were modeled and evaluations were made by
first ignoring and then considering solubility limits of the
nuclides. The first problem considered transport through
2.8 km of basalt to the enviromment with a groundwater
velocity of 0.32 w/yr. The second problem assumed that an
event occurred that increased the water velocity to 7.9 w/yr.

The results of the studies indicate if solubility limits are
not taken into account the waste package must have release
rates less than 1073 per yeaar, as assumed, for many of the
sctinides and some must have release rates less thanm the NRC
limit of 10~5 per year in order to meet the EPA standards.
This applies for both test problems. When solubility limits
are accounted for, all nuclides have cumulative releases
less than the EPA limit in the low filow rate case. However,
Np-237 and Pu-239 exceed the EPA limit in the high flow rate
problem.

This report suffers from a lack of documentation and/or
motivation in describing their reasoming behind the selec-
tion of key parameters. An example of this is the solubi-
lity limits used. There is no reference detailing where
they obtained the data or the test conditions. Before
accepting the gquantitative results of this study a thorough
evaluation of the key variables in the model is needed.
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This publication does not contain an absitract.
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AUTHOR: Anderson, W. J., PNL

TITLE: Conceptual Design Requirements for Spent Fuel, High-Level Waste
and Trar uranic Waste Packages

REFERENCE: RHO-BW-ST-25P, 1982
AVAILABILITY: Publish>d

KEY WORDS: commercial waste, spent fuel, basalt, waste package

DATA SUMMARY:
Property and Form of Data:
Data form given is mostly "number presently used in de ign" (NPUD)-
heat generation rates of CHLW, DHLW and SF vs, time-temperat.re limits
for waste package components °C - physical properties of basal.

Materials and Specimen Ceometry:
See the reference: and a, 'endices given in the report.

Test Conditions:
Information compiled for the storage of spent fuel, CHLW, DHLW and
TRU waste in a basalt repository.

COMMENTS ON DATA VALIDITY:
This report is a compendium summarizing the available data that is

presently being used for waste package design. It could ser:: as a useful
reference to the BWIP program, but only up to the publication date.
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This publication does not contain an abstract.
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AUTHOR: Barmey, G. S.

TITLE: Radionuclide Sorption and Desorption Hechanisms in Interbed/
Groundwater Systems of the Columbia River Basalt Formation

REFERENCE: RHO-BW-SA-276P, October 1982
AVAILABILITY: NTIS

KEY WORDS: sorption, desorption, basalt, interbed, hysteresis

DATA SUMMARY:
Property and Form of Data:
Sorption, isotherms.

Materials and Specimen Geometry:
Sandstone and tuff interbed materials, crushed.

Test Conditions:
£ 85°cC.
Reducing and oxidizing.
(-0.8 V).

COMMENTS ON DATA VALIDITY:

Desorption isotherms for Se, Te, Np, U, and Ra have much smaller slopes
than for corresponding sorption isotherms (except for Se and Tc under oxi-
dizing conditions). These nuclides are apparently irreversibly sorbed on the
interbed solids. This is applicable c¢uly to the waste package in the sense
that criteria for containment of the waste in the package can be viewed in
terms of the containment provided by the site. Perhaps some of the data on
the tuff interbed material would be applicable to a tuff repository.
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DOCUMENT ABSTRACT

The sorption and dosorption mechanisms of koy radionuclides (Te, Np,
Pu, Am, Cs, Sr, and Ra) In groundwater=intorbod systoms of the Columble
River basalt formation wore Investigeted. Sondstono and tuff Intorbed
materiols from soloctod sedimontary Interbods were usod In these
oxporimonts. The offects of groundwotor composition and Ch on rodionuci Ido
sorption and dosorption on the saloctod goologlc solld woro studiod.
Sodium, pctassium, and calclum In tho groundwator docrosso sorption of Cs,
Sr, end Ra by lon exchange roactions. Groundwater Eh strongly affocts
sorption of Tc, Np, Pu, and U sinco chomical specles of theso elemonts
wnalnl"g the iowor axidation states aroc more extonslively sorbod by
choaisorption. Effocts of radionuclide comploxation by groundwater onlons
on sorption wore not cbservei excopt for noptunlium corbonate (or
bicarbonate) comploxes end fiutonium sulfoto complexes.

Sorption and dosorption Isothorms waro cbtolned for sorption of key
rodionucl idos undor oxidlzing and roducing condltions., Tho Froundlich
equation accuratoly describos most of those Isothorms. Most radlionuci Idos
ore epparontly Irroversibly sorbod or ooch of the goologlc sollds since the
slopos of sorption ond dos‘orpﬂon Isothorms for a glvon radionuc’ ldo aro
diffcront. This hystorosis effect Is vory largo onu will Causo o
significent doloy In rodionuciido transport. It, thereforo, should beo
Includod In modeling radlonucl ide transport to occuratoly assoss tho
Isolation copablilitios of 8 ropository In basalt.

Al-46



DOCUMENT REVIEW FORM

AUTHOR: Barmey, G. S.

TITLE: Radionuc.ide Sorption of Columbia River Basalt Interbed Materials
REFERENCE: RHO-BW SA-198P, May 1982

AVAILABILITY: NTIS

KEY WORDS: sorptios,, isotherms, basalt, interbed, Kp

DATA SUMMARY:
Property and Form of Data:
Sorption, isotherms, Kp values.

Materials and Specimen Geometry:
Sandstone, tuff, crushed materials.

Test Conditions:
23°, 60°, 85°C,
Oxidizing, reducing.

COMMENTS ON DATA VALIDITY:

This material is not directly applicable to the package. However, some
of the testing techniques are. The use of hydrazine to lower the Eh of the
system interfered with the sorption of Cs*, Sr2+, and Ra?* because the
protonated form of hydrazine, N2H5+, competes with Cs*, Sr2+, and
Ral* for sorption sites. The use of hydrazine may also interfere with the
sorption of Np, Pu, and Te.
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Sorption and precipitation of key radionuclides in the groundwater-
rock systems expected in Columbia River interbed zones were investigated.
Sorption {sotherms ware defined for sorption of Ce, Sr, Se, Tc, Ra, U, Np,
and Am on an interbed sandstone standard from the Rm:imukc Ridge
interbed. In addition, the effect of groundwater composition and redox
potential on sorption and precipitation of these radionuc 11des on intorbed
sandstone and tuff ware studied. [sotherms were measurcd at 239, 609,
and 85°C. Tho Freundlich equation accurataly fits the isotharm data
when precipitation does mot occur. Solubility limits were obtained for Tc
and Se using the isotharms. Sorption of Cs, Se, Te, U, and Am s strongly
affected by tomperature over the 23° to 859C range.

The majgr chemical components of Grandg Ronde groundwater (Ma*,
Ca2*, k*, mgd*, €1+, F-, COY", HCO3, and SO0§") ware studied for their
influence on sorption and precipitation. § atistically designed
experiments identificd significant groundwater components and measured
their effects. The resilts gave evidence for selecting sorption
mechanisms for cach radionuc 1ide (ion exchange, chemisorption, redox
rextions, complex formation, or pmipitations. Strontium, Ra, and Cs
are sorbed by fon exchange and compate for exchange sites with fons of
similar size. The Np, Py, and Tc are reduced by hydrazine to their (IV)
oxfdation states and are sorbed by chemisorption. Selenium is mot reduced
to the meta) by hydrazinae, but appears to be precipiated as a calcium
compound. The groundwater varfables had 1ittle effect on Am sorption. A
;Jiqntly soluble Am compound appears to form which is more soluble at Yow
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AUTHOR: Early, T. 0., Jacobs, A. K., Drewes, D. R,

TITLE: Geochemical Controls on Radionuclides Releases From a Nuclear Waste
Repository in Basalt, Estimated Solubilities for Selected Elements

REFERENCE: RHO-BW-SA-282P, 1982
AVAILABILITY: Published

KEY WORDS: solubilities, speciation in groundwater, thermodynamic data,
actinides, fission products

DATA SUMMARY:
Property and Form of Data:
Calculated maximum concentration of (m/L) of dissolved radionuclides
in equil. with stable solid phase. Reference Grande Ronde water
composition, dominant solution species.

Materials and Specimen Geometry:
Basaltic groundwater, Ni, Sc, Np, Zr, Pu, Pd, Sn, Sm, Eu, Pb, Th,
U’ M.

Test Conditions:
Data only applicable at 25°C, pH range ~9, Eh = -0,6V —> 0V,

COMMENTS ON DATA VALIDITY:

Analyses limited by uncertainties in thermodynamic data base, assumpticns
used (e.g. reducing conditions, pH, low temperature, no radiclysis effects for

very near field). No estimate of data uncertainties on results of the
calculation.
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Two basalt flows within the Grande Ronde Basalt ct the Hanford Site
in southeastern Washington are candidates for a high-level nuclear waste
repository. In order to determine the anticipated rate of release and
migration of key radicauclides from the repository, solubility controls
must be determined. Solubilities, solids controlling solubility, aﬁd
aqueous speciation in groundwater have been determined from available
thermodynamic data for a variety of actinides and fission products.
Groundwater compositions used include all available analyses from the
selected radionuclides include hydroxides and hydrous oxides (Pd, Sb, Sm,
Eu, Pb, Am), oxides (Ni, Sn, Th, Np, Pu), elements (Se, Pd, Sb), and
silicates (2r, U). Oominant soluble species include hydroxy complexes (Zr,
Pd, Sn, Sb, Sm, Eu, Th, U, Np) and carbonate species (Ni, Sm, Eu, Pb, U, Np,
Pu, Am). In addition to 1imitations in completeness and accuracy of thermo-
dynamic data, solubility estimates of the radionuclides are sensitive to
the following: (1) Eh and the degree of redox equilibrium, (2) temperature,
(3) tcrmation of metastable solid phases, and (4) coprecipitation. Eh
effects hove been evaluated for each radionuclide and are significant for
Se, Pd, Sn, ana possibly U and Np. Solubil .ty estimates also have been
calculated at ambient temperature (55 + 5°C) for Grande Ronde basalts for
those nuclides for which sufficient data exist. Effects of metastability
and coprecipitation cannot be treated quantitatively but their contribu-

tions have been estimated in reference to available experimental data.
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DOCUMENT REVIEW FORM

AUTHOR: Hodges, F. N., et al., (PNL)

TITLE: Development of a Backfill for Containment of High Level Nuclear
Waste

REFERENCE: Scientific Basis for Nuclear Waste Management V, Vol. 11,
Elsevier, N.Y., 1982, pp. 641-648

AVAILABILITY: Published

KEY WORDS: bentonite, water migration, swelling, sorption, controlled
releases, Rd

DATA SUMMARY:
Property and Form of Data:
Rd values for selected radionuclides, hydraulic conductivities
for bentonites and bentonite/sand mixtures, thermal conductivities
of bentonites.

Materials and Specimen Geometry:

Na- and Ca-bentonites, sand-bentonite mixtures., Disk samples
of bentonite are compacted to a density of 2.1 g/cc for permeability
tests.

Test Conditions:
For permeability tests the water pressure used is 2200 psi; tests
were at RT for times up to 28 days.

COMMENTS ON DATA VALIDITY:

The peper specifies the attributes of a well designed backfill including
retardation of water flow and radionuclide migration, retardation of corrosive
species to the container, control of Eh/pH, and provision of mechanical sup-
port for the container and waste. Work was focussed on bentonite for non-salt
repositories.

Water migration rates through compacted bentonite (2.1 g/cm’ density)
show that water will migrate threough thin samples quickly but that the rate of
migration is slower in terms of breakthrough times for thicker specimens.

Slow water diffusion through the swellable clay is postulated to explain this
behavior.

It was found that Cs, Sr and Am are strongly sorbed to bentonite and Yp
and U are moderately sorbed.

These data are of scientific interest but should be used with caution in
the design of a waste package. This is especially true for the water permea-
bility studies since in BWIP, for example, the bentonite is blown into the
borehole and compacted clay will not be present unless the borehole collapses
around the waste package.
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wdium amd valcium bentonitus, pressod to donsitios lau“nn '-91 &2
y/cw’, havo hydraulic conductivitios in the range of 107" to 107 “cm/s.
Watch sorption discribution ratius (i) indicato that &r, Cw, and M are
neromily serbod on bontonitos wml wouliton, that N amd U are sodurately
woriasd  on buntoniton wmd seuliten, wml Lt Amy Ny U, &, ami T arv
stronyly worbod on charcoal. Sorption rowults with basalt and tuff ground
waters aro similar; however, iwiino in tuff ground water sorbs more
ntronyly on nontonln-, Thormil diffunivity wmoanuromonts for dry,
vomaictod (P ~ 4.1 y/om”) wodium buntonite imdicateo that thoe thormal
conductivity of a hiyh donuity bontonito backfill should bo rouyhly visilar
tu that of nilivate oot rocks  (amalt, yronite, Wil). e results
indicato that a bhontonite backfill can significantly delay tho (first
roloano of many radionuclides into the host rock amd that by forainy a
diffumion Imierior o bentonlte backfill cun significantly docreaso the lony~
turm roloase rate of radionucliideon frum the waute packayo.
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AUTHOR: Palmer, R, A., et al.

TITLE: Characterization of Reference Materials for the Barrier Materials
Test Program

REFERENCE: RHO-BW-ST-27P, June 1982
AVAILABILITY: NTIS

KEY WORDS: basalt, metals, alloys, clay, waste form, examination, analyses,
waste package

DATA SUMMARY:
Property and Form of Data:
Physical and chemical properties char:cterization,

Materials and Specimen Geometry:
Engineered barrier reference materials as received.

Test Conditions:
Ambient.

COMMENTS ON DATA VALIDITY:

The RUE-1 basalt was found to be a siliceous mass consisting of a glassy
mesostasis, plagioclase, pyroxene, titaniferous magnetite and clay. Qualita-
tive SEM/EDS examination of the reference bentonite confirmed the presence of
calcium plagioclase, iron oxides, gypsum, and nontronite as well as the pri-
mary phase, sodium-montmorillonite. Also present are small amounts of quartz,
illite, and possibly calcite., Metal characterization by SEM/EDS of the candi-
date canister materials are reported. The chemical composition of a variety
of waste forms is also detailed.

This report details the procedure for preparing standard sieved basalt
from basalt monoliths, It states that all weathered basalt should be removed
by hand from the unweathered basalt before final processing because weathered
basalt may interfere. It is identified by a yellow exterior surface. Tests
should be run with basalt as received.
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Reference basalt entablature, colonnade, and flow top specimens have
been selected from the Umtanum flow, which is the primary basalt flow
under consideration for repository siting. Material from the Mabton
Interbed Stratum, Pomona Flow basalt, smectite clay from the Pomona Flow,
a potassium clinoptilolite, Beverly sandstone and tuff, and Grande Ronde
groundwater are also included in the suite of reference geologic materials.
Reference engineered barrier materials include sodium bentonite and
canister metals such as carbon steel, cupronickel, Hastelloy and Inconel

alloys. Spent fuel, borosilicate glass, and supercalcine ceramic comprise

the reference waste forms.
Characterization of these materials has ranged from simple

macroscopic examination of the bulk material to sophisticated analyses
with analytical electron microscopes. Chemical compositions of the
materials were determined by X-ray flourescence spectroscopy, electron
microprobe, and energy dispersive X-ray spectrometry in combination with
scanning and analytical scanning transmission electron microscopy (SEN,
ANSTEM ). Particle wmorphologies were determined by optical microscopy,
SEM, and MNSTEM. Petrographic analyses of thin sections, X-ray powder
diffractometry, and electron di(lfaccion in the ANSIEN were all utilized

to identify the crystalline phases present in these materials.

Analyses of the elemental and pPhase chemistries for most of the
reference materials have been completed on typical samples. Determinations
of material homogeneity are currently bheing performed. These analyses
provide the basis for the interpretation of later experiments designed to
define the behavior of host rock Ccamponents, engineered barriers, and the
waste form under conditions expected in a repository in basalt.

The data included in this document reflect the work completed through

M of 1982.
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AUTHOR: Salter, P. F., et al. (RHO)

TITLE: Application of Systems Analysis to Develop Engineered System
Performance Requirements for a Hard Rock Nuclear Waste Repository

REFERENCE: RHO-BW-SA-210P, 1982 (?)
AVAILABILITY: Obtained as preprint from author.

KZY WORDS: basalt, engineered barriers, natural barrisrs, controlled
re.ease, system analvsis

DATA SUMMARY:
Property and Form of Data:
System analvsis data addressing the performance of BWIP system
with respect to regulatory criteria.

Materials and Specimen Geometry:
As per BWIP.

Test Conditions:
As per BWIP.

COMMENTS ON DATA VALIDITY:

The paper describes a gen ral analysis to evaluate the roles of
engineered and natural barriers in meeting NRC/EPA criteria. Two release
scenarios were postulated for the calculations: Case I - Non-disruptive
phenomena: transport tnrough a basalt flow-top to the access’ble environment;
and Case II - Disruptive phenomenon: transport through an interbed to the
accessible environment., If radionuclide release is assumed to be not con-
trolled by solubility effects then, for Case I, l‘c, 7980. 99Tc, 237Np
and U isotopes and their daughters were the only potential problems. For Case
II, additional elements were 1350;, 126Sn, 1°7Pd. 2“3An. 262py and
23’Pu. If solubilities are estimated from experiments and calculation as-
suming solubility limits then it i{s found that all radionuclide releases to
the accessible environment are within EPA criteria. Also, releases meet the
NRC controlied release criterion.

The main potential problems with this analysis center on the use of valid
solubility data. There i{s currently little information on solubilities mea-
sured trom the supersaturated solution condition (see Fullam's paper), the
effects of colloidal material transport, {irradiation effects which could still
prevent reducing conditions from being present, etc. More representative
analytical data are needed before the findings of this paper can be verified.
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The Basalt Waste Isolation Project has developed a systems-
analysis approach to establishing performancz requirements for
the engineered system of a geologic nuclear waste repository.
These requirements assure that the engineered system is cesigned
to complement the natural system. This approach results in the
optimal design for the engineered system by reducing the func-
tional requirements of that system. While applied only to the
basalt system at this time, this approach is applicable to any
geologic system. As an example, the systems-analysis approach
has been applied to the problem of establishing performance -
requirements for a waste package in basalt and has resulted in
the design of a less-complex, more cost-efficient waste package
for a nuclear waste repository in basalt. This paper points
out the importance of developing site specific rather than
generic waste packaoes.
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AUTHOR: Salter, P. F. and G. K. Jacobs

TITLE: Evalustion of Radionuclide Transport: Effect of Radionuclide
Sorption and Solubility

REFERENCE: Scientific Basis for High-Level Waste Management V, Vol. i1,
Elsevier, N.Y., 1982, pp. 801-810

AVAILABILITY: PTublished

KEY WORDS: BWIP, controlled release, sorption, solubility, groundwater
travei times, Eh/pH

DATA SUMMARY:
Property and Form of Data:
Calculated radionuclide release rates at the accessible
environment to se'ected radionuclides,

Materials and Specimen Geometry:
Not specifically g'ven.

Test Conditionas:
Specified for the anticipated BWIP repository system: 59-300°C,
1-114 bar, Eh + 0.5 to ~0,.61¢, pH, 6.0-9.6.

COMMENTS ON DATA VALIDITY:

The work is a preliminary assessment of radionuclide release using
available data on sorption and soiubility of key radionuclides for the BWIP
system. Using estimated conditions within BWIP it is concluded that the
release of the tollowing radionuclides czan be controlled to values within
those specified by the EPA at the accessible environment,

One potential problem is that sorption ¢f radicnuclides for the reducing
condi tions anticipated over the long term were estimated in tests in which
hydrazine was used to obtain the highly reducing conditions. This procedure
has been questioned by NRC in the SCA report, Also it i{s not clear whether
solubility data were selected for the appropriate rudionuclide species. Much
more work is needed to obtain a more solid data hase on sorption/solubility
effects before an accurate analysis can be made. The NRC 10'5/y controlled
release rate has not been addressed,
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This publication does not contain an abstract.
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AUTHOR: Westerman, R. E., et al. (PNL)

TITLE: Development of Engineered Structural Barriers for Nuclear Waste
Packages

REFERENCE: Scientific Basis for Nuclear Waste Management, Vol. 6,
North-Holland, N.Y., 1982, pp. 363-370

AVAILABILITY: Published

KEY WORDS: uniform corrosion, crack growth tests, stress-corrosion
cracking, basaltic water, gamma radiation, cast ironmn,
cast steel, titanium grade 2, titanium grade 12

DATA SUMMARY:
Property and Form of Data:
Uniform corrosion rates, fast crack propagation rates, slow
strain rate tests,

Materials and Specimen Geometry:
Titanium grades 2 and 12, ASTM A536 grade 60-40-18 ductile cast
iron and ASTHM A217 grades WC6 and WC9 cast steel coupons and tensile

specinens.

Test Concditions:

Slow strain rate tests at displacement rate of 2x10~7 to 10-%
in/sec.; corrosion tests at 250°C in basaltic water, crack growth
test: were done at 90°C in Hanford groundwater.

COMMENTS ON DATA VALIDITY:

This s*udy conducts s:reening tests on Titanium grades 2 and 12, ductile
cast iron, and two cast steels in the presence and absence of y irradiation in
basaltic groundwate-. Slow strain rate tests on the titanium based metals
show some degradation of ductility at 250°C which may be partly due to
internal effects not assoc!ated with aqueous corrosicn. At 90°C there was
no environmental effect on fast crack growth rates., General corrosion of the
iron/steel samples was conservatively estimated to be about 1"/1000 years at
250°C. No stress-~orrosion cracking was detected in U bund specimens.
Basaltic water chemistry was not altered by 105 rad/h y-irradiation at
40°C. However, oxygen levels were not apparently measured.

' The tests are adequate for preliminary screening purposes to identify

corrosion failure modes. However, very long term exposures of several years
may be needed to fully determine the likelihood >f a pa.cicular failure
mechanism occurring.
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The dovelopmont of atructural barriers for nucloar waste
packages involves soloction of candidato materials, their
screening by mechanical and corrnaion tosting, rigorovs
sccoloratod testing, and ovaluation and comparison wi.:
other package elements. Thia document presonts rosults
from work conductod on titanium and cast steels.
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AUTHOR: Wood, M. I. (RHO)

TITLE: Evaluation of Sodium Bentonite and Crushed Basalt as Waste Package
Backfill Materials

REFERENCE: RHO-BW-ST-21P, 1982
AVAILABILITY: Published

KEY WORDS: bentonite, basalt, groundwater, pH, Eh, ionic strength,
hydrothermal testr, sorption, alteration, swelling pressure

DATA SUMMARY:
Property and Form of Data:
Solubilities of selection of ions at 200, 300°C. Swelling
pressure of bentonite, pH changes with time for groundwater in
presence of packing.

Materials and Specimen Geometry:
Compacted bentonite for swelling tests, 75%/25% by weight of
basalt/bentonite for solubility tests.

Test Conditions:
Solubility and pH tests at 200°C/300 bars, 300°C/300 bars.

COMMENTS ON DATA VALIDITY:

The report described results of studies to quantify the aqueous condi-
tions in BWIP waste package packing material and the identification of altex-
ation products in the packing. The data show that at 300°C/300 bars and
200°C/300 bars the basalt glarry phase alters to {llite and a smectite clay
and quartz; reducing conditions were stated to be present and the pH of the
unter fell to a stable value of ~6. No significant changes in F°, Cl17,
$0,~2 were detected.

An issue is raised in this work since similar studies ac BNL (NUREG/CR-
3091, Vol. 3, Appendix D, 1984) show that the F~ level decreases, Cl”
remains unchanged but SO~2 concentrations are raised by a factor of about 4,
Si and Fe are also greatly increased. The major difference in the RHO and BNL
studies was the presence of a gamma field in the BNL work. Ths increased
sulfate may alter the corrosion behavior of the container and should be
further studied by RHO.

Data were also given on sorption for various radionuclides.

In the BNL work, CH, was found to be present after testing. No such
observation was made in the RHO study. More work will be needed to assess
CH, effects since these have been identified in groundwater samples taken at
the BWIP repository horizion.
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Uydrochermal experlments ia the basalt/groundwater and the bentonite/
grounxiwater Systems were conducted as part of an overall program designed
to evaluate the suitability of crushed basalt and bentoaite &5 waste
package backfill materieds in a basalt eavironment. The major purpose of
the cxperimeats was to estlmate the chemical (e.g., Jong term) stability
of these materials. '

Preliminary hydrothermal experipents were completed at JOO°C, X0 .
bars and 200°C, 300 bars in the basalt/groundwater system to determine the
chemical stability of crushed basalt. Analysis of solution data from the
J00°C experiments as a function of tlme and reaction products indicated
chat the primary reaction was the alteration of the basalt glass phase to
illite and/or smectite clays and quartz. The establishment of steady
state pi values of ~6, the apparent rapid occurrence of a highly reducding
env ironment in the system, and an insignificant lpcrease in the solution
concentration of potentdally corrosive aquecus species :(fluoride,
chloride, and sulfate) were observed. These data indicate that a waste
package backfill comtalning a significant amount of crushed basalt will
provide a near-field geochemical eavironment favorable to the chemical
stability of metal canister materials. Also, such an eaviroament will
promote the low solubility of actinides.

A preliminary experiment was also completed in the sodliua bentonite/
groundwater system &t JOO°C, JOO bars. Analyses of the reacted solutions
and solids show that bentoaite remains esseatially stadle with caly ainor
alterations to albite. Sorption data were generated on crushed basalt,
secondary minerals in basalt, and sodium bentonite at 60 to 65°C under
oxic and anoxic conditions. These data indicate that cesium and stromcium
will be completely ccntained in a waste package backfill due to the
formation of inso.uble secondary ainerals, lon exchange, and specific
adsorption. Under reducing conditians, neptuniua will be retaired beyond
1,000 yr and uraniuw and plutoniua will be retained under reducing
conditlans over 300 yr. An increase ln reteation tise can be expected to
occur with an increase in temperature. Theoretically, calculations and a
1imitod data base have been used to propose a reference waste package
backfill cowponent whick will (1) diffusionally control wass Cranspost,
(2) exert a swelling pressure less than bydrostatic pressure (~10 ¥Pa),
and (3) effectively coaduct beat away from tio vaste package such that
waximum allowable waste package temperatures are ot exceedad. The
reference backfill component consists of 25% sodiun bentanite and 75%
crushed basalt with an initial deasity of 3.1 g/ca’® and & thickness of
0.152 m.
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AUTHOR: Smith, M. J., et al. (RHO)

TITLE: Repository and Waste Package Designs for High-Level Nuclear
Disposal in Basalt

REFERENCE: RHO-BW-SA-303P, 1983

AVAILABILITY: Available as preprint for paper to be presented at the
International Conference on Radioactive Waste Management,
Seattle, WA, May 1983.

KEY WORDS: repository design, waste package design, container corrosion,
bentonite, thermal conditions, groundwater

DATA SUMMARY:
Property and Form of Data:
General description of waste package and repository designs,
including anticipated repository conditions.

Materials and Specimen Geometry:
Varies depending on type of waste package.

Test Conditions:
Not applicable.

COMMENTS ON DATA VALIDITY:

The paper describes in general detail the efforts of BWIP and subcon-
tractors in defining waste package designs for CHLW, DHLW and spent fuels.
Included are descriptions of the pristine geology, geochemistry, temperature
and pressure at the repository horizon and what changes are anticipated from
waste emplacement.

For spent fuel the borehole surface temperature will be a maximum of
235°C after 5-10 years of emplacement, At closure the temperature will fall
to 170-200°C, Hydrothermal tests at BWIP show that dissolved oxygen in the
groundwa ter will fall to levels of <10~ mg/L in 600 h at 150°C due to a
basalt/H0 interaction. However, tests at BNL indicate that radiolysis ef-
fects may not give these highly reducing ~onditions. This, then, is an open
issue. Nevertheless, BWIP is specifying a 1 cm corrosion allowance on the
carbon steel container to give 1000 y containment., BWIP also assumes that
pneumatic injection of dry bentonite around a container will be sufficiently
dense (>50% theoretical density) to inhibit groundwater travel, No actual
‘tests have been run to confirm this, It seems that long distance pneumatic
injection could allow voids to form in the packing which would allow easy
access of water to the container,
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The Basalt Waste Isolation Project is part of the U.S. Department of
Energy's National Waste Terminal Storage Program. An important feature of
the Basalt Waste Isolation Project's mission is to develop compatible
waste package and repository designs for spent fuel and processed high-
level waste disposal in basalt. This paper will report the results of a
joint effort among the Basalt Waste Isolation Project, Westinghouse-Waste
Technology Services Division, and Raymond Kaiser Engineers Inc./Parsons
Brinckerhoff Quade & Douglas, Inc. to develop a repository conceptual
design and compatible waste package conceptual designs for basalt. During
fiscal year 1982, waste package and repository designs for the permanent
disposal of commercial and defense high-level waste and circular bundles
of spent fuel rods from three pressurized water reactor assemblies or
seven boiling water reactor assemblies were developed on the basis of cost
effectiveness. Each of the designs is based on environmental and regula-
tory performance factors that were used in the development of waste pack-
¢ge and repository design criteria. The Basalt Waste Isolation Project
reference waste package conceptual design, based on site-specific environ-
mental conditions, consists of a waste form contained by a low-carbon
steel canister, which is then surrounded by a backfill mixture of benton-
ite clay and crushed basalt. The waste package designs have been fully

integrated into the remainder of the engineered repository structure.
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AUTHOR: Smith, M. J., et al. (RHO)
TITLE: Waste Packages for a Rerository Located in Basalt
REFERENCE: RHO-BW-SA-530P, 1983

AVAILABILITY: Preprint of paper to be presented in Civilian Radiocactive
Waste Management Information Meeting, Washington, D.C.,
December 1983

KEY WORDS: waste package, corrosion, bentonite, stability, gamma
irradiation, basalt, design, performance evaluation,
hydraulic conductivity, sorption

DATA SUMMARY:
Property and Form of Data:
Variety of corrosion, sorption, hydraulic conductivity and
bentonite stability da*a are given.

Materials and Specimen Geometry:
Carbon steel, bentonite, basalt.

Test Conditions:
High temperature tests up to 370°C for the various package
components,

COMMENTS ON DATA VALIDITY:

Paper des:ribes progress towards an advanced waste package conceptual de-
sign. Inciuded are general descriptions of procedures for pneumatic injection
of package, an ASME code case for structural design and alternate package con-
figurations. In hydrothermal tests at 200°C the solubility of many radionu-
clides from CHLW are decreased due to establishment of reducing conditions.

Sr and Sm, however, have elevated solubilities. Low carbon steel corrosion
rates in anoxic groundwater decrease with time and increasing temperature,
Corrosion products in the presence of bentonite are either Fe-rich clay or Fe
silicates. Corrosion tests at PNL under oxic conditions in the presence of
basalt gave pitting with the deepest pit measuring 11.5 mils after exposure at
150°C for >5 months. A linear extrapolation will give a pit depth of 8.3
inches after 300 years. For a corrosion test under a gamma flux of 3x10°
rad/h for 13 months the uniform corrosion rate increase by a factor of 2-3
compared with non-irrad’ation conditions. In bentonite rehydration tests {t
was stated that experiments showed that heating to temperatures up to 370°C
did not destroy the clays ability to reswell upon contact with water so that

its water retardation behavior would not be compromised.

Issues arising from the peper center on the fact that gamma radiolysis
will not allow the establishment of reducing conditions so that accelerated
corrosion and pitting are quite possible. More long term irradiation-
corrosion tests are required for whole package configurations,

An outline of waste package performance evaluation i{s also given,
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This paper presents the status of the BWIP waste
package materials testing, model!ing, and design
activities and plans for continuing these activie
ties thmrh FY 1984. The first in a series of
design activities leading to the final design of
waste packages that will relfably meet Federal
performance criteria has been completed. These
activities have led to the development of waste
package conceptual designs for commercial and
defense high-level waste (borosilicate glass) and
spent fuel rods. Planned engineering studies,
together with an improved materials data base,
will proyide the necessary information for the
preparation of waste package advanced conceptual
design requirements during FY 1984.

Tests of hydrothermal reactions between basalt and
simylated Grande Ronge Basalt groundwater showed
thit Eh conditions that were inftially oxidizing
bec:me progressively more reducing as oxygen was
~onsumed by the oxidation of ferrou: iron released
"y the dissolving (glass) mesostasis. The pH of
samples perfodically withdrawn from ths autoclaves
decreased rapidly from a value of 9.8 and then
rose to stadle values of 7.5 and 7.5 at 200° and
3000C, respectively. Mydrothermal tests show that
basalt will reduce radfonuc)ide releases from waste

forms under conditions simulating those expected
in an NWKB. As an example, in testing of Tc-doped
borosilicate glass, sz:Myosuu concentrations of
Tc in solution were found to be about three crders
of magnitude lower when basalt was present. Mot
cells have been prepared and hydrothermal testing
using fully radicactive waste forms was initiated
by the BWIP on November 1, 1983. An extensive
program to test waste package components in the
presence of radicactive waste forms and to assess
the effect of basalt and barrier materials on
releases of key radionuciides from waste packages
under repository conditions has been developes for
the hot-cell facility,

Corrosion testing of the BWIP reference canister
matarial, LCS, and the two backup materials,
FedCriMo alloy steel, and 90-10 Cupronicke! are
being cunducted to develop a relfable data base
for waste package design and modeling activities.
Exposure of LCSs with varying carbon content at
temperatures from 100° to JO&'C in the presence of
the basalt/bentonite backfil]l showed that, under
the conditions of the test, corrosion rate was
‘ndependent of carbon content. Also, corrosion
rates generally decreased with increasing tempera-
ture. This feature was attributed to the tenacity
and degree of development of an iron-rich clay
surface corrosion product that became more protec-
tive as the temperaturs fncreased. Testing to
date also shows that under oxic conditions and at
high flow rates (35 mL/hr), the corrosion rates of
iron-base materials increased two to three times
in the presence of gamma radiation. Preliminary
SSR testing of LCS in repository-specific ground-
water showed a slight susceptibility to stress-
corrosion-cracking, whereas early results of static
crack growth testing under eduivalent conditions
revealed no tendency toward stress-corrosion
cracking.
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Studies of the effects of radiation on corrosion
and mechanical behavior will continue in FY 1984.
Studies to develop pitting kinetics will be fniti.
ated. [n addition, long-term corrosion tests will
be started to improve the corrosion data base for
waste package per ‘ormance modeling.

Irreversible dehydration of the crushed basalt/
bentonite reference packing materfal fs not
expected to cccur at temperatures below 3700C as
demonstrated in thermal testing. At 300°C exposure
1t was found that bentonite reactions were rela-
tively minor and chemical stability was littie
affected. Thus, the ~eference packing material
(75% crushed basalt/25% bentonite) may remain
stable over long perfods of time. Measured
hydraulic conductivity of packing material was
found to be significantly less than that required
to maintain do’rusmul contro] of radionuciide
releases, an expected means of controlling radio-
nuclide mass transpori through the packing mate-
rial, Sorption hysteresis effects observed in
recent radfonuclide sorpifon studies are expected
to decrease the mobility of radionuclides in the
packing material, Ouring FY 1984, hydrothermal
long-term (up to § yr) packing material stability
tests at 1509C wil)l be inftfated. The measurement
of thermal conductivity of saturated packing mate-
rials will be initiated. Measurement of packing

material physical propertics (swelling, hydraulic
conductivity, etc.) will continue,

Models are being developed to allow prediction of
waste package relia 1lity, degradation, and radio-
nuclide release. [n addition, two engineering
test plans have been completed for tests that
employ fullescale waste packages to measure the
rate of packing material satu:ation under a therma!
radient and the degradation of waste package can-
ster and packing material using canister heaters
to simulate radiogeniz heat,
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AUTHOR: M. I. Wood

TITLE: Experimental Investigation of Sodium Bentonite Stability in
Hanford Basalt

REFERENCE: RHO-BW-SA-219P, February 1983
AVAILABILITY: NTIS

KEY WORDS: bentonite, basalt, hydrothermal

DATA SUMMARY:
Property and Form of Data:
Ionic concentrations. f

Materials anc Specimen Geometry:
Umtanum basalt powder (fines washed off), bentonite powder,
synthetic groundwater.

Test Conditions:
T = 300°C, P = 300 bars, 616 hrs, 2130 hrs.

COMMENTS ON DATA VALIDITY:

The change in concentration of the following were monitored with time in
a a;atcm containing basalt and bentonite: Si, Na, Al, K, Ca, Mg, Fe, B,
§04¢, F*, C17. Potassium showed an increase followed by a decrease
in concentration in the basalt-containing system., Data is shown in document
abstract. The sulfate species decreased with time, which is the opposite of
what occurred in FIN A-3167, Task 4 Phase I and Phase II experiments (whole
package). The data presented in this report do not support the conclusion
that bentonite will be hydrothermally stabie and will cont.nue to swell to
the same degree. Experiments should have subjected mixture to dry heat, to
simulate repository condition before water ingress, before testing packing
ma terial in the zutoclave.
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Scdium bentonite is a candidate material for the waste packace
backfill corponent in a repository in basalt at the Hanford Site.
Preliminary hydrothermal experinents have boen conducted under
near-field geochemical conditions expected to occur in the reference
repository location in the Grande Ronde Basalt. Experiments have
been conducted in the tasalt/grounduater, bentonite/groundwater,

function of time and preliminary solids analysis by scanning
transmission electron microscopy and X-ray diffraction. Solution
Msotummjumspcmmmurmmm
Systems and are characterized by: (1) the gradual roduction of
the pH value from +9.75 to a steady-state value of v6, (2) an
muunmmumlmwaqummmm
concentration, and (3) a slight or negligible increase in sodium,
sulfate, and chloride concentrations. In the Lentonite/oround-~
wicer experiment, arall amounts (<l%) of an albite reaction
product were observed. Conversely, the formation of illite, a
comran bentonite alteration product, was not cbserved. These
results indicare that eodium bentonite will remain sufficiently
stable at 300°C under hydrothemmal conditions in basalt to
permit its use as a backfill material.

might be acplicable to the basalt geochaudical environment also suggest that
sodium rontmorillonite is stable at J00°C. Other experiments involving hydro-
thermally reacted montmorillonites at high taq]:mturn (4] show that saturated
montirorillonite did not react to mixed-layer clay in a potassium-free rystem at
J00°C for 1 mwmth, Howover, noticeable roaction did occur at 400°C in a 17-day
run vhere the reaction products rectorite (mixed=-layer paragonite and montmor-
illonite), albite, kaolinite, and quartz were obsorved. More expariments and
longer run times are required to datermine the behavior of sodium bentonite
under site-cpecific geochamical conditions. In particular, the validity of the
albite alteration and the degree of alteration must be addressed in future

Untanum baat:ft (RUE-2) + bentonite + synthetic Grande Ronde groundwatar, 300°C
300 bars; initial water:solids = 10:1; basalt:bentonite = 1:1; basalt mesh
size = ~115+250, ] months

Corcentration Time (hr)
(my/L) O 1 20 118 134 672 1337 2130
si M 333 551 632 661 632 537 479
Na 375 361 4 295 290 302 238 213
Al <0.08 15.9 1.1 7.4 6.0 4.5 1.6 3.0
K 4.00 27.2 37.4 36.9 29.0 24.9 18.1 14.8
Ca 3.01 2.60 1.5%9 1.68 1.92 2.35 1.12 0.70
Mg 0.31 <0.10 «0.10 <0.10 <0.10 <0.10 <0.10 <0.1
Fe <0,006 0.1 0.0% 0.04 0.04 0.08 0.03 0.05
B 0.27 1.35 2.49 2.45 2.54 2.89 2.60 2.48
soi~ 168 150 170 170 180 90 S0
" 30 21.5 16 10 7 6.5 5.5
a” 276 320 320 320 150 345 285
9.70 6.67 5.9 5.79 5.78 5.42 5.38 5.35
(25°C)

Zero hour solution sample = starting synthetic groundvator
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AUTHOR: Wood, M. I. (RHO)

TITLE: Experimental Investigation of Sodium Bentonite Stability in
Hanford Basalt

REFERENCE: Scientific Basis for Nuclear Waste Management VI, Vol. 15,
North-Hol land, N.Y., 1983, pp. 727-734

AVAIZABILITY: Published

KEY WORDS: sodium bentonite, Umtanum basalt, Grande Ronde groundwater,
pH, solution chemistry, hydrothermal testing, alteration,
stability

DATA SUMMARY:
Property and Form of Data:
Solution pH and chemistry, examination of alteration products.

Materials and Specimen Geometry:
Bentonite powder, and crushed Umtanum basalt (-115 to +250 mesh)
from an outcropping, synthetic Grande Ronde water.

Test Conditions:
300°C, 300 bar autoclave tests for up to 2000 h,

COMMENTS ON DATA VALIDITY:

The study evaluated Na-bentonite chemical stability with and without the
presence of Umtanum basalt at 300°C and 300 bars. Synthetic Grande Ronde
groundwater present in the autoclave was periodically analyzed for changes in
dissolved species. The results show that the pH falls from an initial value
of ~9.75 to about 6., Si concentration initially increases and then slowly
decreases, whereas Na*t, 8052‘, and C1° show small or negligible in-
creases. In the presence of bentonite an albite product was detected but
illite, a common bent-nite alteration product was not found. It was, there-
fore, concluded that bentonite would be stable enough at 300°C to be useful
as a BVWIP packing material.

The results presented are useful for determining initial fast changes
in greundwater pH and chemistry, and bentonite alteration over a period of
2000 h. However, stability of bentonite can only be assured if much longer
hydrothermal tests are conducted.

Al-69

4,



DOCUMENT ARSTRACT

Sodium bentonite is a candidate material for the waste package
bk li1] componont e o roposi tory e sl ab the Iknford Bile,
Predunisny hydrodhemal oxpernnts have boon conductad wndor
noar-{icld yoochomical conditions oxpocted to occur in the roference
ropository location in the Grande fonde Dasalt. Bxporiments have

and basalt/bentoni ter systems., The expariments have
boon conductal at 300°C using o sbmilatoad Grande Honde «rouncdwator,
roloronce Uetiuuas basalt, and sxliue Lonconite. Koy dutna gonoratod

trerds of the major aquoous spocies wore similar in tho throo
systans axl are charactorizal by: (1) the gradul roduction of
Wl walue Cram 9,75 W o stady=stato value of ~6, (2) an
initial rapid incroase followed by a yradual decrease in silica
concantration, and (3) a slight or negligible increase in sodium,
sulfate, anxl chloride concantrations. In tho bontunito/yrouwnd-
wakor axperimont, small amounts (<li) of an albite ronction
product wore ohsorvad, Convorsely, tho formation of illito, o
cunpen Lontunite altorution product, was not obsorvod. ‘Thoso
results indicate that sodium bentonite will remain sufficiently
stable at 300°C undor hydrothermai conditions in basalt to
pennit its usc as a backfill matorial.
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AUTHOR: Wood, M. I., et al. (RHO)

TITLE: The Near Field Waste Package Environment in Basalt and Its Effect
on Waste Form Releases

REFERENCE: RHO-BW-SA-331P, 1983

AVAILABILITY: Preprint of paper to be published in Civilian Radiocactive
Waste Management Information Meeting, Washington, D.C.,
December 1983

KEY WORDS: solubility, hydraulic conductivity, controlled release,
modeling, Eh

DATA SUMMARY:
Property and Form of Data:
General data on solubilities, hydraulic conductivities, gives
simple ID mass transfer calculation to estimate controlled release.

Materials and Specimen Geometry:
Not usually specified.

Test Conditions:
Generally pertinent to BWIP conditions,

COMMENTS ON DATA VALIDITY:

Wood gives data on the kinetics of dissolved oxygen depletion in Grande
Ronde water at 100° and 150°C with and without basalt present. Basalt
quickly decreases the oxygen level to a value <1 mg/L at 150°C over a period
of only 200 h, A measured Eh value of between 0 to -0.lV was obtained. RHO
cite this evidence for reducing conditions as being highly beneficial since it
will decrease container corrosion and the solubility of radionuclides in
water. However, they have done little {f any work to measure dissolved oxygen
levels and Eh in the presence of gamma radiolysis effects., Testing at BNL
indicates that for a simulated waste package at ~150°C in the presence of
gamma radiolysis, oxidizing conditions prevail after 60 days of reaction,

In calculating controlled release values to ass:ss compliance with
LOCFR60 and 40CFR191 Wood assumes (a) solubility constraints apply with the
low Th value defining the solubility levels, (b) mass transport through
package is diffusion controlled. Assumption (a) is questiorable since gamma
or alpha radiolysis may still be significant in the post-containment period.
‘Also, solubility levels used in Wood's calculations could be in error if they
are estimated from isothermal tests since work at PNL (Fullam, 1982) show
solubilities are greatly elevated when approached from the "supersaturated”
direction. Also the assumption of diffusion-controlled transport through
packing i{s not adequately supported,
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A licensable waste package for a nucledr waiste
repository in basalt must contrel | term radio-
nuclide reiease to the host rock within epproved
limits as defined by regulatory criteris. Oemon-
stration of satisfactory long- perforsance
requires experimental data that characterize radio-
nuclide behavior in the sxpected geochemical waste
package environment, Also, an accepted model fs
required to predict the long-term release of radio-
nuclides from the waste package into the host rock.
Experimental data are summarized that pertain to
radionuc]ide behavior in the nuclesr waste reposi-
tory in basalt waste package (e.g., oxygen consump-
tion, hydrothermal reactions, hydraulic conduc-
tivity)., A simple, one-dimensional, composite
media transport model 1s described that provides
calculations of maximum radionuciide release rates
and cumulative releases (over 10,000 yr) at the
wiste package packing material/host rock interface
on 4 radionuc! ide<by-radionuc!ide basis. The mode!
demonstrates that radionuc!ide release from the
waste package is linearly dependent on the solubi-
Ity values chosen for the radionuc!ides of
interest., The calculated releases are compared
with Nuclear Regulatory Cosmission and Environ-
mental Protection Agency criteria as well as the
available experimental data. The experimenta)
daty indicate that the maximum release rates and
cumylative releases of the radionuciides techne-
tium, neptunium, end plutonium from the waste
package should satisfy Environmental Protection
Agency and Nuclear Regulatory Commission
requirements,
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REVIEW OF WASTE PACKAGE DATA FOR SALT REPOSITORY PROGRAM
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AUTHOR: Jenks, G. H.

TITLE: Radiolysis and Hydrolysis in Salt-Mine Brines
REFERENCE: ORNL-TM=3717, March 1972

AVAILABILITY: Published

KEY WORDS: salt, temperature, migration, brine

DATA SUMMARY:
Property and Form of Data:
Radiation levels (rad/hr) and temperature (°C) around waste cans as
a function of time (yrs)-brine composition (molarity) and G-value of
Hy-reaction for thermal and radiation chemistries.

Materials and Specimen Geometry:
Buried waste can in a salt-mine, high level waste repository.

Test Conditions:
Literature review,

COMMENTS ON DATA VALIDITY:

The information presented i{s based on data compiled during a test in
which a pilot waste container with 10 year old waste was emplaced in crushed
salt. Interpretation of the data with respect to brine migration by high
temperature fracture of the salt and radiolytic hydrogen genmeration are dis-
cussed. Estimation of hydrogen diffusion through the salt beds with the
potential hazard for fgnition are considered. Although the work is dated, it
is a multi-component test and has data which could be applicable,



DOCUMENT ADSTRACT

Summary

We made a detailed reviev and a.alysis of literature informatioan
bearing on the radiation and thermal chemistries of the salt and brianus
vithin the vicinity of a buried wvaste can in a salt-mine, high-level,
vaste repository. The objectives were to identify the final rediolysis-
and thermal reaction-products and to estimate the amounts formed and
released into the spaces around & can.

Iamportant radiolysis products include Hp, Oz and possibly Cl0y ,
and BrOy . Most of the Cl0s and BrO3 will decompose to halides and
0; at the high temperatures around & can; Mg(BrOs); if present may give
rige to some Bry. Nearly all of the H;, and the accompanying oxidized
epecies, are formed within the migrating brine inclusions by the radia-
tions absorbed vithin the brine and by dissolution of the interstitial
chlorine and trapped electrons from the irradiated solid salt. The brine
is rich in MgCl; (2.3 to 3M), and hydrolysis of the MgCl; around a can
vill produce HCl.

No pocoibly-cericus problems arising from rodiolytic or thermal
effects in the repository were recognized vhich couldn't be counteracted
by some modification of the design or operation of the repository.
liovever, the poscible ellects have not teen completely evaluated. The
repocitory project 1o plunning or i1s presently conducting edditional
vork in a number of additional areas including vork in brine migration
and rediolysis and radiation damege in the salt. The results of this
vork will help in evaluating the amounts and the effects of radiolysis,
hydrolysis und corrosion producto.



AUTHOR : B. ¥, Davis

TITLE: Preliminary Assessment of the Thermal Effects of An Annular Air
Space Surrounding An Emplaced Nuclear Waste Canister

REFERENCE : UCRL 15014

AVAILABILITY: Published, April 1979

KEY WORDS: Thermal, Canister, Salt

GENERAL COMMENTS: This report presents the results of a study of the effect
that an annular air space around a horizontally emplaced
canister may have on the heat transfer from the spent fuel
canister to a surrounding salt eavironment, Their results
showed (1) the air gap could lead to canister surface
temperatures significantly lower than would be obtained if a
crushed salt backfill was used; (2) radiation heat transfer
is more important than convection and; (3) the air gap did
not greatly alter the temperature distribution in the far
field, defined as distances greater than 5 ft. from the
canister,

The analysis is limited in that (1) the calculation was
performed for only one set of values for the physical para-
weters and only one geometry; (2) the possibility of salt
creep diminishing and eventually closing the air gap was not
considered; and (3) the effects of saturated air or steam on
convective and radiative heat transfer was neglected,



. UCRL 15014
DOCUMENT ABSTRACT

Modeling results have previously shown that the presence .ot a large
air space (e.g., & repository room) within a nuclear waste repository is
expecied to cause a waste canister's teaperature to remain cooler than it
would othervise be. Resultc presented herein show that an annular air
6pace surrounding the waste canisters can have sinilar cooling effects
under certuln prescribable conditions; for a 16' x 1' diameter canister
containing 650 PWR rods which initially generate a total of 4.61 kw,
analysis will show that annular air Spaces greater then 11" will permit
the canister surface to attain Peak temperatures lower than that which
would result from a sero-gap/perfect thermal contact.* It was determined
that the peak radial temperature gradient in the salt varies in pro-
portion to the inverse of the drill hole radiis. Thermal radiation is
shown to Le the dominant mode of heat transfer across an annular air
space during the first two years after omplacement. »r..ll;, & method-
olog is presented which will allow mvcaunt'm to easily aodel radia-
tion and convection heat transfer through air spaces by treating the space
as * conduction olonpt that possesses non-linear temperature dependent

\

conductivity. "\

\

|

\ ORI TIGERERR, Jp—

"~ %0nly this one set of powor lovel (4,61 kw) and canii'er gesmotry was
studied in numerical detail, It should be noted that a different power level
or a different canister|geometry will result in an alr space size different

from 11* (for_ the_condition :10wm:umntm.~qmmm101m-rnt thermal
|

l
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AUTHOR: Claiborne, H. C,, et al.

TITLE: Expected Environments in High-Level Nu:lear Waste and
Spent Fuel Repositories in Salt

REFERENCE: ORNL/TM-7201, August 1980
AVAILABILITY: Published

KEY WORDS: salt, brine, canister, temperature, spent fuel

DATA SUMMARY:
Property and Form of Data:

Heat generation HLW and SF (relative value vs. years), thermal
conductivity of salt (°C,W/m*k), density (kg/m3), heat capacity
(J/g*k), conductivity (W/m+k) for HLW, SF and salt, salt stratigraphy
(m), corrosion (mil/year)

Materials and Specimen Geometry:
Steel, zirconium,

Test Conditions:
Literature review.

COMMENTS ON DATA VALIDITY:

The purpose of this report {s to describe the expected environments as-
sociated with HLW and SF repositories in salt formations., These environments
include the thermal, fluid, pressure, brine chemistry and radiation fields
predicted for the repository conceptual designs, The authors state that "at
this time, design parameters for a HLW or SF repository in salt are suffi-
ciently well defined that it is possible to predict with some confidence many
of the conditions that will be encountered in the vicinity of the waste canis-
ters in the repository."” GCenerally, the results are based on calculations
using single component tests. Interactive tests would provide more complete
data.
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H. C. Claiborne, L. D. Rickertsen,* and R. F. Graham*

ABSTRACT (r\ Bleice N 1 Y LL‘.)

The purpose of this report is to describe the expected environments
associated with high-level waste (HLW) and spent 7uel (SF) repositories
in salt formations. These environments include tne thermal, fluid,
pressure, brine chemistry, and radiation fidlds predicted for the
repository conceptual designs.

Initial thermal loadings, distributed over the room and pillar,
areas, are assumed to be 2,16 kW/canister and 150 kW/acre (37.1 W/m¢)
for HLW and 0.55 kW/canister and 60 kW/acre (14.8 W/m?) for SF in a
baseline repository. Thermal environments are calculated in terms of
near-field and far-field models. The salt temperature for HLW peaks at
412°F (211°C) ~16 yr after emplacement o’ 10-yr-old waste. The peak for
SF 1s broader, occurring ~60 yr after emplacement at a temperature of
211°F (99.4'C$. At the canister surface, with a 4-in. (10.2-cm) barrier
(2 in. (1 cm) of crushed salt and a 2-in. (5.1-cm) air gap], the maximum
HLW temperature is 587°F (308°C) and peaks ~10 yr after emplacement.

For SF, the maximum canister temperature is 237°F (114°C) and occurs
ewin ;r after emplacement.  The maximunm HLW waste centerline temperature
of 670°F (354°C) 1s reached ~3 yr after anglacclont. The maximum temper-

ature of the SF pin assembly is 280°F (138°C), occurring ~5 yr after
emplacement.

Sensitivity studies are presented to show the effect of changing
Lhe arcal heal load, Lhe canister heat load, the barrier material and
thickness, ventilation of the storage room, and adding a second row to
Lhe emplacement configuration. Decreasing either the areal heat load or
the canister heat load reduces the canister surface temperature. For
decreasing areal heat load, the effect becomes more pronounced as the
years after emplacement increase; however, the effect for a decreasing
canister heat load is most dramatic during the early years after emplace-
ment. The effect on canister surface tewmperature of a change in the
barrier is presented in the form of graphs which will permit the designer

The calculated thermal environment is used as input for brine
migration calculations. The brine inclusions can be considered in terms
of a particle density that obeys the time-dependent continuity equation,

A computer code (MIGRAIN) was developed, and predictions compared favorably
with experimental data of the Waste Isolation Pilot Plant (WIPP) Salt
Block 11, The total flow for HLW 1s ~12 & after 1500 yr, and the corres-
ponding flow for SF 1s 6 t.
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DOCUMENT REVIEW FORM

AUTHOR: Jenks, G.

TITLE: Review of Information on the Radiation Chemistry of Materials
Around Waste Canisters in Salt and Assessment of the Need for
Additional Experimental Information

REFERENCE: ORNL-5607, March 1980
AVAILABILITY: Available

KEY WORDS: brine, radiation, salt repository, radiolysis

DATA SUMMARY:
Property and Form of Data:
Dose rates; temperatures; brine compositions; brinc radiolysis;
gas formation.

Materials and Specimen Geometry:
Reference HLW package in salt; generic effects of radiation on
brins and salt.

Test Conditions:
Overview document,

COMMENTS ON DATA VALIDITY:

Useful review monograph on radiation effects in a sal:-brine environment,
including radiation damage to salt, gas generation and changes in brine chem-
istry. Work applicable to both spent fuel and HLW. Emphasis is given to the
radiolytic formation of oxidants (0; or Cl03™ or both) under certain
conditions. The pH conditions likely to be encountered over the period of
interest are not addressed. Recent BNL work on irradiation of salt and brine
has indicated a wide range of pH conditions are likely to exist at any par-
ticular point in time throughout the operational and post-emplacement time
period. Changes {a brine-salt chemistry over time require experimental
verification not offered in this report,
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DOCUMENT ABSTRACT

The brines, vapors, aad salts precipiiacted from the brines
will be exposed to gamma raye and to elevated tomporatures in
the regions close tr & waste package in the salt. Accordingly,
they will be subjec’ to changos in composition brought about by
seactionu induced by “he radiacions and heat.

The objectives ot the work discussed in this report were
to review tho status of information on the radiaction chemistry
of brincs, gascs, and solids which might be prosont around a
waste package in salt and to assvss the need for additional
loboratory investigations on the radiation chemiscry of these
waterialy,

The basic uspects of the radiation chemistry of water and
aqueouy solutions, including concentrated salt solutions, wore
reviewed briufly and found to be substantially unchanged from
those presented in Jenks's 1972 roview of radiolysis and hydro~
lysis in sali-mine brincs. BSome additional inforwation per-
taludug to the rudleolytic yiolds and roactions iu brine solu-
tions has bucowo avallable wince the provious review, and thie
information will bo useful in the eventual, complete elucidation
of the radiation chemisctry of the salt-mine brines.



DOCUMENT REVIEW FORM

AUTHOR: Lowry, W. E., B. W. Davis and H. Cheung (LLL)

TITLE: The Effects of Annular Air Gaps Surrounding an Emplaced
Nuclear Waste Canister in Deep Geologic Storage

REFERENCE: UCRL-84152, June 1980
AVAILABILITY: Available

KEY WORDS: annular air gaps, waste package, temperature, bedded salt,
basalt, spent fuel

DATA SUMMARY:
Property and Form of Data:
Three-dimensional numeric modeling results: gap sizes;
temperatures.

Materials and Specimen Geometry:
Modeling efforts,

Test Conditions:
Spent fuel (aged 3-10 yrs); canister size: 1' diam x 16' length;
air gaps of 3, 6, 18, and 42 inches used,

COMMENTS ON DATA VALIDITY:

Approach useful in design-configuration aspects of emplacement, The
temperature of the waste canister is determined in response to variations in
(1) surface properties of the gap, (2) the size of the annular air gap,

(3) the presence/absence of a sleeve, and (4) canister and areal {nitial
thermal power levels. As gap size increases from zero gap, the temperature
rapidly approaches peak at a critical width; beyond this widt.. gaps produce
lower temperatures. Results of such efforts should be investigated in the
field,
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DOCUHENT ADSTRACT

THE EFFECTS OF ANNULAR AIR GAPS
SURROUNDING AN EMPLACED NUCLEAR 2
WASTE CANISTER IN DFEP GEOIAGIC STORAGE

William B. Lowry
Un‘versity of California Laweence Livermoce National Laboratory
Livermore, California

Bill W, Davis
Northern Arizona University

Henry Cheung
University of California, lawcence Livermore National Laboratory
Livermore, California

ALSTRACT

Annular air spaces Surcounding an omplaced nuclear waste canistor i, deor,
Jeologic storage will have significant effects on the long-~term performance of
the waste form, Addressed Specifically in this analysis is the influence of a
94P on the thermal response of the waste package. Throe dimensional numerizal
modeling predicts temperature effects for a sSories of parameter variations,
including the influence of gap size, surface emissivities, initial thermal
Pwer generatine rate of the canister, and the Presence/absence of a sloeve.
Particular emphasis is placed on determining the effects these variabloes have
on the canister surfaco temperature. We have identified critical gap alzes at
which the peak transient tomperature occurs when 9ap widths are varied for a
range of power levels. 1t is also shown that high emissivities for the heat
exchanging surfaces are desirable, while that of the canister surface has the
greatest influonce. Gap offocts are more pronouiced, and therefore more
effort should be devoted to optimal design, {n situations where the absolute
temperature of the noar fleld modium (g high, This oucurs for highor powor
level emplacements and in geomedia with low therma) conductivities, Pinally,
loosely incerting a sleeve in the borehole effectively Creates two gaps and
drastically raises the canister poak temperature. It s possible to use these
recults in the decign of an opt imun package configuration which will mairtain
the canistor at accrptable temparature leveln, a discunsion js provided which
relates these findings to NRC regulatory considerations.
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DOCUMENT REVIEW FORM

AUTHOR: Magnami, N. J., and Braithwaite, J. W. (SNL)
TITLE: Corrosion Resistant Metallic Canisters for Nuclear Waste Isolation

REFERENCE: Scientific Basis for Nuclear Waste Management, Vol. 2,
Plenum Press, N.Y., 1980, pp. 377-384.

AVAILABILITY: Published

KEY WORDS: T304 SS, TiCode 12, WIPP Brine A, seawater, uniform corrosion,
stress-corrosion, slow-strain-rate testing

DATA SUMHMARY:
Property and Form of Data:
Uniform corrosion rates in um/y and reduction-in-area values from
slow-strain-rate tensile tests to evaluate stress-corrosion cracking.

Materials and Specimen Geometry:
Ticode-12 and T304 SS metal coupons for uniform corrosion tests
and tensile specimens for stress-corrosion tests.

Test Conditions:

Seavater and Brine A for uniform corrosion at 250°C; seawater,
Brine A, air, dry salt and wet salt for slow-strain-rate tests at
250°c,

COMMENTS ON DATA VALIDITY:

The program is designed to give basic data on corrosion of containers for
the WIPP and the subseabed disposal program. The data show that in deoxy-
grnated solutions the uniform corrosion rates for both materials are higher in
Brine A. For both solutions the uniform corrosion rate for TiCode-12 is 6
times lower in seawater.

In the slow-strain-rate tests the T304 SS is embrittled in wet salt and
Brine A but not in dry salt (0.7% H;0). TiCode-12 is not embrittled in dry
salt or Brine A. Dissolved 07 is a major factor in susceptibility of
T304 SS to embrittlement,

The test temperature is possibly high for commercial waste disposal in
salt but is a useful accelerated test to show that stress corrosion is a
possible failure mode for stainless steel. No data are given for {rradiation
corrosion or the effects of ad jacent waste package components,
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DOCUMENT ABSTRACT

A prograe with the goal of vstimuting the potential of a mate-
fial to wurvive 300 yuurs au 4 huclear waste canister is underway at
Sandia Laboratories. The corrosion and stiess corrosion cracking be-
navior of the leading candidate, TiCode=12%**, ig contrasted to that
of a commonly used engineering ulloy, 304 stainless steel. Experi-
@ental evidence is presented which shows the inadequacy of 30/ stain-
less steol in potential Tepusitory eavironments and ghows tha. Ti-
Code-12 could endure the desired 300 years. Purther work reg:ired to
qualify TiCode=12 is outlined.

A2-14



DOCUMENT REVIEW FORM

AUTHOR: Rankin, W. N. (SRL)
TITLE: Canister Compatibility with Carlsbad Salt

REFERENCE: Scientific Basis for Nuclear Waste Management, Vol. 2,
Plenum Press, N.Y., 1980, pp. 395-402.

AVAILABILITY: Published

KEY WORDS: rock salt, Cor-Ten carbon steel, T304 55, uniform corrosion,
container

DATA SUMMARY:
Property and Form of Data:
Uniform corrosion depth in mils. Some characterization of metal
oxides formed.

Materials and Specimen Ceometry:
Cor-Ten carbon steel and T304L SS cylindrical specimens embedded
to crushed rock salt,

Test Conditions:
Sealed capsules exposed for 5000 h at 80 and 225°C and unsealed
capsules exposed for 10,000 h at 80, 225 and 600°C,

COMMENTS ON DATA VALIDITY:

The study addresses the corrosion of Cor-Ten carbon steel and T304L SS
as candidate materials for HLW containers to be emplaced in bedded salt. For
samples heated for 10,000 h the materials exposed at 80°C showed no visible
corrosion, At 2259C the T304L SS showed only small patches of attack 1 mi’
in thickness after 10,000 h., 1Ir the same period the carbon steel was attacked
and contained corrosion products to a thickness of 0.6 mil, Samples of
T304 SS exposed in sealed capsules for 5000 h at 80 and 225°C showed no oxi-
dation, Carbon steel samples, however, were covered with a black oxide. At
600°C the stainless steel was covered with a thin black oxide and the carbon
steel showed a much thicker oxide scale.

The data are valid for predicting general oxidation behavior in the
presence of rock szalt, However, much longer term tests will be needed to
determine the uniform corrosion rates which can be used in design, and to
ascertain {f new corrosion failure modes are likely.
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DOCUMENT ABSTRACT

No significant reaction was found when candidate canister alloys
vere heated with salt from Carlsbad, New Mexico, for up to 5000 hours
in sealed capsules and for up to 10,000 hours im unssaled capsules at
temperatures (80 to 225°C) that bracket the maximum temperature cal-
culated for reference Savennah River Plant (SRP) waste containers at
20~foot spacings in salt (2). Additional tests wero made at 600°C in
sealed capeulos to characterise reactions that msay occur between

candidate canister alloys and any component of the salt that ‘s
released when decrepitation veenrs. Undur thuse cxlroee cond il ivns
Lhere wan ne wignilicant atta « of Type JU4L stainices stoel. but,
there was up to 20-mils attac ., of the low-carboa steel.



DOCUMENT REVIEW FORM

AUTHOR: CGClass, Robert S.

TITLE: Effects of Radiation on the Chemical Environment Surrounding Waste
Canisters in Proposed Repository Sites and Possible Effects of the
Corrosion Process

REFERENCE: SAND81-1677, December 1981
AVAILABILITY: Published

KEY WORDS: canister, groundwater, corrosion, radiation damage

DATA SUMMARY:
Property and Form of Data:
Tuff groundwater composition mg/L, seawater, Brines A and B ppm,
chemical reactions produced in H0, seawater and brines by gamma
radiation (rads/hr).

Materials and Specimen GCeometry:
Titanium alloys, stainless steel, Fe, Cu, Ni.

Test Conditions:
Literature Review.

COMMENTS ON DATA VALIDITY:

This report provides several of the chemical reactions that will occur
during {rradiation of the environment surrounding the canisters, The cor-
rosion effects caused by this irradiated environment to possible canister
materials such as stainless steel and Fe, Cu, Nl and T{ alloys sre given.
This information is useful for supplementing data taken from other component
tests., Irradiated interactive tests that include backfill and host rock are
not provided in this report.
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DOCUMENT ABSTRACT

SANDBL-1677
Unlimited Release

EFFECTS OF RADIATION OnN THE CHEMICAL ENVIRONMENT SURROUNDING
WASTE CANISTERS IN PROPOSED REPOSITORY BITES AND POSSIBLE
EFFECTS ON THE CORROSION PROCESS*

Robert 8. Glass
Sandia National Laboratories
Albuquerque, NM 87185

ABSTRACT

This report explores the interaction of ionizing radiation with various
environments. In particular, worst case (aqueous) environments for the
proposed nuclear waste repository sites are considered. Bmphasis is on
the fundamental chemical and physical processes involved. The
identities of possible radiolysis products (both transient and stable)
have been soug'it through a literature search. The effect of radiation
ON COrrosion processes is discussed.

The radiation-induced chemical environment in the worst case repository
Bites is not well defined. Attention should therefore be given to
fundamental studies exploring the interaction of such environments with
components of the nuclear waste package, including the canister
materials and backfills. Identification and quantification of
radiolysis products would be helpful in this regard.

*This work supported by the U.S. Department of Energy.
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DOCUMENT REVIEW FORM

AUTHOR: G. H. Jenks and J. R. Walton

TITLE: Radiation Chemistry of Salt-Mine Brines and Hydrates
REFERENCE: ORNL-5726, July 1981

AVAILABILITY: Available .

KEY WORDS: radiation, salt, brines, hydrates

DATA SUMMARY:
Property and Form of Data:
Analysis for Cl03™, H0;, Cl; and other gas components
(H3, 03, CHy, COp, N3, Ar, He).

Materials and Specimen Geometry:
NaCl-saturated MgCl,-containing solutions; MgCl, hydrates.

Test Conditions:

Temperatures in the range of 30-180°C; aerated and deaerated
solutions used; irradiation time, 20-210 minutes; cobalt source used
(Shepherd 89-TBq).

COMMENTS ON DATA VALIDITY:

Document useful in documenting experimental work undertaken to establish
the values for the yield of Hy[G(H3)] in the gamma-ray radioclysis of con-
centrated brines that might occur {n waste repositories in salt. However,
gas liberation and generation will also take place from the irradiation and
heating of the rock salt and contribute to the overall gas production process.
The availability of hydrogen formation may contribute to hydrogen-assisted
failure of titanium. Brines also tend to be acidic at elevated temperatures
and could yield HCl. Also, the interaction of sodium with brine may lead to
the formation of sodium hydroxide (NaOH). These factors will contribute to
the deterioration of the container and packing material,




DOCUMERT ARSTRACT

Certain aspects of the radiation chemistry of NaCl-saturated
MgCl, solutions and MgCl, hydrates at temperaturcs in the range
of 30 to 180°C were investigated through experiments. A principal
objective was to establish the values for the yields of 1 [G(113)]
and accompanying oxidants in the gasma-ray radiolysis of con-
centrated brines that might occur in wnste repositories In salt.

We concluded that G(li;) from gamma-irradiated brine solution
into a simultaneocusly irradiated, deaerated atmosphere above
the solution is between (.48 and 0.49 over most of the range 30
to 143°C. The yield is probably somewhat lower at the lower ond
of this range, averaging 0.44 at 30 to 45°C. Changes in the
relative amounts of MgCl, and NaCl in the NeCl-saturated solu-
tions have negligible effects on the yield.

The yield of 0; into the same atmosphere averages 0.13,
independent of the temperature and brine composition, showing that
only ~50% of the radiolytic oxidant that was formed along with
the H, was present as 0;. We did not identify the species that
compose the remainder of the oxidant.

We concluded that the yield of H; from a gamma-irradiated
brine solution into a simultanecusly irradiated atmosphere con-
taining 5 to 8% air in He may be greater thén the yield in
deaerated systems by amounts ranging from OX for temperatures
of 73 to B5°C, to about 30 and 40X for temperatures in the ranges
100 to 143°C and 30 to 45°C, respectively. We did not establish
the mechanism whereby the air affected the yiclds of Hy; and 03.

The values found in this work for G(il;) in deserated systems
are in approximate agreement with the value of 0.44 for the gamma-
irradiation yield of H; in pure H,0 at room temperature. They
are also in agreement with the values predicted by extrapolation
from the findings of previous researchers for the value for
G(Hz) in 2 M NaCl solutions at room temperature. They are in
poorer agreement with the value of G(H); = 0.42 for NaCl-
saturated solutions in the range O to 85°C stated by Spiteyn
et al.' The higher values for G(ll;) in brine (n2) inferced by
Jenks? from results with KC1 solutions reported by previous
Russian workers are completely discounted.

OQur conclusions regarding the effects of 5 to 8% air on the
values for G(H;) apparently do not agree with the stated findings

of Spitsyn et al. that the va
- igdopancnt = lue for G(Hz) in salt solutions
Addictionally, we concluded that deaerat
10 to 12 @ MgCl,; and irradiatod at 150 to 1l;gc.:::::::.c:;n;.‘niu'
values greater than those for solutions of lower MgCl, mc:n-
traticns at lower temperatures by factors ranging from 1.0-1.25
at 150-160°C to 1.6-2.0 at 170-180°C. Presumably, the 1;¢ro;ood
hydrolysis of MgCl,; at higher Lemperatures and concentrations ie
responsible for some or all of the increase in G(lz). Also, we
found that radiolytic decomposition of the water of hydract&n in
crystals of MgCl;*6H;0 takes place, but that the effective values
for G(Hz) are wuch less than those in a liquefied solution with
:::.o::: ::;::.:f "'gii t:.ugo. Most of the Hy; 18 not released
8 un the 1
the liquefaction ta-poraturo.tt.‘i.t.d EUSTTEY §F NUSAEY GV
Sowe suggestions for additional exper
presented which would help (1) in the tsun::::::ttzzt:t.:;o
several oxidized species that are apparently formed in the radi-

olysis of brine solutions and (2) in th
radiolvsis in the brines. ( )AZ-ZO SRR A" v
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DOCUMENT REVIEW FORM

AUTHOR: G. H., Jenks, H. C. Claiborne

TITLE: Brine Migration in Salt and Its Implications in the Geologic
Disposal of Nuclear Waste

REFERENCE: ORNL-5818, December 1981
AVAILABILITY: Available

KEY WORDS: brine, salt repository, migration, HLW

DATA SUMMARY:
Property and Form of Data:
Theoretical and experimental; brine migration data; thermal
gradient-induced brine migration.

Materials and Specimen Ceometry:
Bedded salt; various geometries, single crystal and crushed
salt,

Test Conditions:

Overview document includes data on migration rates of brine in
single crystals at temperatures up to ~250°C; thermal gradient-
induced brine migration at temperatures from 50-200°C,

COMMENTS ON DATA VALIDITY:

Useful overview on rock salt characteristics affecting brin.: migration;
theoretical aspects of liquid brine migration within crystals of NaCl; migra-
tion rate data for bedded salt; migration of gas-liquid inclusions in NaCl;
experimental and theoretical information on migration of fluids within rock
salt walls of waste emplacement hole; brine flow estimates based on MIGRAIN
code, Such aspects as decrepitation and consolidation not tak:n into account
with regards to enhancing brine inflow rates. Radlation effec s, such as
weakening of salt structure and lowering temperature at which lecrepitation
occurs, not considered in this report.
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DOCUMERT ABSTRACT

Redded and domal salt deposits within the United States that are
belng consldered for usc Ln the disposal of spent light=-water reactor
(LWR) fuel and/or solldified high-level wastes contaln a small volume
franction of brine inclusions, which are located within salt crystals
and/or at crystal boundaries. These inclusions can migrate through the
salt to the waste package when sufficiently large gradients (primarily
temperature fradlents) exist in the chemical potential of the salt
around the inclusions. The fluids could also move hydraulically {f suf-
ficiently large microcracks are formed in the salt.

Information con.arning the rates and total amounts of hrine
mlprating to a waste packape within a salt repository are needed in eva-
luating the suitahility of a given disposal concept. HArine migration in
salt has heen studied extensively during the pait 15 years, and the
nhiective of the present report is to provide a ecomprehensive teview and
analysis of this available information for use in the preparation of a
l1icensinn topical report (LTR) on hrine migration. The ohjectives of
the licensing report are discussed clsewhere.

The topics covered in this report relate to three general areas:
(1) the characteristics of salt formations and waste packapges germane to
considerations of rates, amounts, and effects of brine migration, (2)
experimental and theoretical {nformation on hrine migrations, and ()
means of designing to minimize any adverse effects of brine migration.
Ploonding, hrine pockets, or other factors will presumahly he precludod
hy appropriate site selection and reposiiory desipn.
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DOCUMENT REVLiEW FORM

AUTHOR: Krause, W, B,, and P, F, Gnirk
TITLE: Domal Salt Brine Migration Experiments at Avery lsland

REFERENCE: The Technology of High-Level Waste Disposals, Technical
Information Center, DOE, 1981, pp. 110-135

AVAILABILITY: Published

KEY WORDS: brine migration, thermal gradient, Avery Island, heaters

DATA SUMMARY:
Property and Form of Data:
Moisture collection rates in gms for given thermal gradients
ic domal salt.

Materials and Specimen Geometry:
Avery Island salt dome.

Test Conditions:
Maximum salt temperatures between 30-53°C, and thermal
gradients up to 1.42 °C/cm, Test times up to 329 d.

COMMENTS ON DATA VALIDITY:

The paper reviews prior work on brine migration in salt and gives a
detailed account of the Avery Island heater experiments. Measurements were
made of brine migration rates in thermal gradients imposed on the salt by
the heaters, A model {s proposed for the migration wechanism which {s i(n
agreement with measured values.

This paper {s of value in defining the anticipated influx of brine into a
package borehole. It will be useful with respect to quantifying the amount of
brine available for container corrosion and glass leaching and also will help
to understand the {mportance of brine migratio:« in assessing the controlled
release rates for radionuclides.
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DOCUMENT ABSTRACT

Conclusion

The concept of the migration of
orine inclusions lnrroud:1 & heater
macroscopic \
The macroscopic scale considers the
gross influences of therma! conditions
(gradient and temperature) on the
moisture moving toward the heater
borehole. Microscopic studies consider
the change in inclusion shape, ble
movement of tagged synthetic brine
through grain boundaries, and related
petrographic examinations.

These brine migration experiments
aad three primary ok jectives. The
first was *o conduct scoping and

experiments in domal salt
o examine brine movemeat. This
objective has been achieved. The
socond objective was to examine tech-
nuLm for more sophisticated future
fuilow-on experiments. A more sophis-
licated moisture collection system
snould include a “closed- cold-trap
system” and dew-point
methods to determine the relative
umidity in the heated borehole
*nvironment. The third objective was
-0 determine the in situ permeability
of salt at different temperatures; it
was also achieved. The measurements
indicate that permeability changes

significantly during rapid cool down
cfah.uthonhz.

Because of the low moisture coi-
hatdhllllhll‘th‘u.l:;i\;;l:;
mwtumum .
oy t:‘l; nﬂlhﬂwa}"

expected 2
:;umummw. The
moisture collection rates were indeed
quite small, but they were still within
a reasonable measurement range for

agreement with analytical predictions
based on present brine inclusion
migration .

Al the heater power levels
at sites 8B and NB were moderate,
the heat fluxes produced by the
heaters are tly greater than
those of types of nuclear fuel
This information was originally dis-
cussed by Krause (1879) in the experi-
mental plan for the brine migration
experiments at Avery Island. These
comparisons are summarized in
Table 6.
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DOCUMENT REVIEW FORM

AUTHOR: Levy, P. W., et al. (BNL)

TITLE: Radiation Damage Studies on Synthetic and Natural Rock Salt
for Radioactive Waste Disposal Applications

REFERENCE: The Technology of High Level Waste Disposal, Technical
Information Center, DOE, 1981, pp. 136-167

AVAILABILITY: Published

KEY WORDS: natural salt, pure salt, electron irradiation, colloidal
sodium, Fecenters, dose rate, hydrogen

DATA SUMMARY:
Property and Form of Data:
Fecenter and colloidal Na generation rates as a function of
frradiation time, dose rate, and temperature,

Materials and Specimen Geometry:
Salt samples from Asse, Avery Island, WIPP, Lyons, Retsof (NY)
and Seskatchewan; melt-grown NaCl from Harshaw Chemical Co,

Test Conditions:
1.5 MeV electron irradiation between 100-200°C, doses 30-340
Mrads/h, irradiation times up to 1.6x10% sec,

COMMENTS ON DATA VALIDITY:

The paper describes a basic study to evaluate damage to synthetic and
natural salt caused by 1.5 MeV electrons at temperatures between 100 and
300°C, Production rates for Fe-centers and Na colloids were measured by
optical absorption techniques for different dose rates and shown to (ncrease
monatomically, For Na colloid formation the Jain-Lidraid theory was shown to
be capable of predicting much of the observed concentrations,

Results of this work are valuable for defining the amounts of Fecenter
and colloidal sodium formed during frradiation, This will enable calculations
to be made regarding the anticipated change in pH and alkalinity, and in
hydrogen release caused by brine Interaction with collofdal sodiur. Waste
form and container corrosion are closely connected with these parameters,
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Radiation damage, particularly
F-center and sodium metal colloid
part'cle formation, was studied at
100 to 300°C in synthetic melt-
grown NaCl crystals and natural
rock salt from different geological
localities. Optical absorption mea-
surements were made at coatrolled
temperatures during irradiation
with |.5-MeV electrons in a unique
facility for making optical absorp-
tica and other measurements dur-
ing irradiation. The electron irradi-
ations produced the same damage as
do gamma rays of similar energy.
Phenomenologically, damage forma-
tion was similar in pristine oatural
aad unstrained synthetic rock salt.
Al temperatures where colloids are
formed readily, F-center concentra-
tion va. dose curves increased mono-
tonically at a decreasiog rate (o a
well-defined teau. Concomi-
taatly, colloid formation was
described by classical nucleation
and growth curves, with the onset
of rapid growth (L.e., the end of the
induction period) occurring at doses
of roughly 10" rads, where the F-
centers reach a plateau. The F.
center a.uu levels were highest
at 109°C, decreased monotonically
witk in 'reasing tempersture, and
weve oegligible at 300°C, la con-
trast, the colloid formation rate was
low or sero near 100°C, increased
with \ncreasing temperature to &
broad mazimum at 150 to 175°C,

and decreased to a negligible level

at high temperatures (275 to 300°C).
The high-dose part of the colloid
growth curves was well approxi-
mated by (irradiation time)® or
(dose)" relations. In natural rock
salt aot strained in the laboratory
the average o value for 14

was LS5 = 0.18 ot 150°C and at a
dose rate of 1.2 X 10° rade/h. In
unstrained synthetic NaCl, o values
were in the 4 10 § region below and
in the 2 te 3 region above 190°C, At

(irradiation time)® or (dose)" rela-
tions to doses expected at the sur-
face of the waste form in a radiose-
tive waste repository indicated that
doses of 10" rads will convert 0.1 to
10% and 2 X 10" rads will con-
vert | to 50% of the adjacent rock
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DOCUMENT REVIEW FORM

AUTHOR: Molecke, M. (Sandia), Bradley, D. J., and Shade, J. W, (PNL)
TITLE: PNL Sandia HLW Package Interactions Test: Phase One
REFERENCE: SANDS1-1442C, November 1981

AVAILABILITY: Paper

KEY WORDS: corrosion, backfill, I{nteraction, waste package, salt

DATA SUMMARY:
Property and form of Data:
Brine composition in ppm before and after test,

Materials and Specimen GCeometry:
1.0 am TiCode~12, PNL 7668 glass, briuve, J04L SS canister
1.3 em thick,

Test Corditions:
Interactive test in autoclave 13,3 MPa, 250°C, 95 days.

COMMENTS ON DATA VALIDITY:

This test {s composed of a 3" dia x 15" WLV form in & 55 J04L canister
inside & TiCode:12 overpack surrounded by brine saturated 30¥/o bentonite i(n
sand, enveloped in rock salt and placed in an autoclave lined with Inconel~
63C. The results of this test indicate that the glass leach rate 18 not
linear, e.g. the reaction rate was similar to static leach rates of a
shorter duration. Post-test mechanical testing of TiCede-12 d1d not yleld
any significant degradation of properties. Extensive general corrosion was
observed on the 55 JO4L canister particularly around the welds, The Inconel-
600 liner clearly showed evidence of pitting corrosion, Relative weight
percents ol Al, §1, and Fe in the backfill were analyzed before and after the
test. It was observed that the ratios of §1/Fe and S1/A! had increased during
the test, This appears to be a worthwhile (ntersctive test but the effects of
radlation are not included.
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ABSTIWCT

The first phase of a complex high=level wasce (HLW)
peckaye Antoractions teut in & salt environment has been
cunplotuds  The test oystum Congasted of PUL 760-6u JilwW
yluss (loadnd with inective fissivn products and 44y
surrounded Ly & stainless steul waste caniuter, gtjgggdu-
12 overpack, a bentonite/cand backiill, excose brine
ICBUIGRE, and & bedued rock salt containe:, all held
withidn a l9-liter autuclave. ALl conponents wure phyei~
Cully vempromived an ordur Lo force wacteform=bairier=soit
INLeractione Lo Oeuur duriny thiv Yieday, 24%0°C overtoest.
Mulyuvs vl lvachunto sastedoim, and ald barrior surfeces
were perlormed. Tout date snwiuded the synerylstiv
eifucty bvtwoun barrices and confirmed proviouws analyees
el osampler systems. The ylass wastefoim oxhibited som
uslosw wlveretion Wt was ot disuwived Lo any Bayniti-
Cant degievs The TiCodu=12 ovarpack showed winamal wni =
il verreneen and ne lesabiavd attavk:  Olmorvod mingeal =
Viavas alberation o Vhw ekl ll was manimal
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AUTHOR: Molecke, M. A., et al,

TITLE: Sandia WLW Canister/Overpack Studies Applicable for a
Salt Repository

REFERENCE: SANDSL-1585, Octobe: 1981
AVAILABILITY: Published
KEY WORDS: salt, corrosion, canister, brine, commercial waste

DATA SUMMARY:
Property and Form of Data:

Corrosion rate (mm/yr) for seawater, Brine A, Brine B, Brine A
with 600 ppm 0y ~ corrosion rate (mm/yr) in test solutions above

as a function of gamma radiation (rads/hr).

Materials and Specimen Geometry:

1018 steel, SS5-304L, 316L, Nitronic 50, Ebrite, Monel, Incomel,

Zr, T1 alloys.
Test Conditions:

Temperature 250°C, 28 days and 90°C, 49-87 days for
irradiated tests.

COMMENTS ON DATA VALIDITY:

This report gives corrosion data for approximately 20 WLV candidate

alloys wnder irradiated and non-irradiated conditions, TiCode-12 was shown

to be the least corrosive of all the materials tested, Other materials such
as Inconel, Incoloy, 1018 steel and some cast frons are still being evaluated
a3 alternates, The data appears significant and could be used in conjunction

with other {nformation.
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NOCUHENT ABSTRACT

ABSTRACT

An expecimental program to develop candidate materials for
use as high-level waste (HLW) overpacks or canisters in a
salt repository hatc been in progress at Sandia National
Laboratories since 1976, The main objective of this pro~
gram has been to provide a waste pacua!o barcier having
long lifetime in the chemical and physical environment of
a repository., This paper summarizes the recent corrosion
and metallurgical results for the prime overpack material
TiCode~1l2 in the areas of unilorm corroslon (extremely low
tate and extent), local attack, e.g. pits and crevices
(none Lound), <tress corcosion cracking susceptibility (no
significant changes in macroscopic tensile properties
detected) and hydrogen sorption/embrittlement eftects
(testing wtill in process), elfects of gamma irradiation
in solution (still in process), and sensitization eflects
(still in process). Previous candidate screening analynen
un other alloys and recent work on alternate overpack
alloye are reviewed., All phusce of these interrelated
3abor=go:y, hot=cell, and fleld experimental studies are
@scr ed,

- — - ——
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AUTHOR: Shor, A. J., C, F. Baes, Jr., and C. M, Canonico
TITLE: Consolidation and Permeability of Salt in Brine
REFERENCE: ORNL-5774, July 1981
AVAILABILITY: Avallable
KEY WORDS: salt repos.tories, conscolidation, permeability, brine
DATA SUMMARY:
Property and Form of Data:
Consolidation: void fraction/time with temperature.
Materials and Specimen Geometry:
Beads of NaCl crystals sized in the ranges of 75-150, 150-177,

177250, 250-420 um in Monel tubes (1.27 or 2.54 em ID ysed) and
stressed by piston-driven ram.

Test Conditions:
Temperatures: 209C; 509C; 85°C
Time: 107 to 10% minutes

Stress: to 155 bars (range: 20-155 bars)
COMMENTS ON DATA VALIDITY:

Salt crystals in brine subjected to constant stress consolidated in n
approximately linear fashion with the logarithm of time, The rate of con-
solidation was found to decrease with additions to the brine of MgCl;
(resulting in decreased NaCl solubility)., The approach {s useful, hovever
radiolysis effects will alter solubilities and affect consolidation, This
type of experimentation should be undertaken to include the presence of a
radiation fileld,




DOCUMENT ARSTRACT

CONSOLIDATION AND PERMEABILITY OF SALT IN BRINE
A. J. Shor, C. F. Baes, Jr., and C. M. Canonico

ABSTRACT

The consolidation and loss of permeabllity of salt crystal aggregates, important In
assessing the effects of water in salt repositories, has been studied as a function of
several variables. The kinetic behavior was similar to that often observed In sinter-
ing and suggested the following expression for the time dependence of the void
fraction:

(1) =9 (0)~ (A/B)n(1 + Bt/3(0)%),

where A and 8 are rate constants and Z(0) Is Initlal average particle size. With brine
present, A and ¢ (0) varied linearly with stress. The initial void fraction was also
dependent to some extent on the particle size distribution. The rate of consolidation
was most rapla in brine and least rapid In the presence of only air as the fluld. A
brine containing 6 m MgCl; showed an intermediate rate, presumably because of the
greatly reduced solubility of NaCl. A substantial wall effect was Indicated by an
observed Increase In the vold fraction of consolidated columns with distance from
mmmmowmm»mcmwoumodmmmom
the column height and radius. manmommcum-mmbyum
dcmowanodbchmcmvuodyuM'mmdmmmw.
With Increasing temperature (to B86°C), consolidation proceeded somewhat more
rapidly and the wall effect was reduced. mmummm
rapidly with consolidation, decreasing with about the sixth power of the void fraction.
In general, extrapolation of the resuits to repository conditions confirms the self-
sealing properties of bedded salt as a storage medium for radioactive waste.
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AUTHOR: Biggers, J. V. and G. 0. Dayton (Penn State)

TITLE: Brine Migration {n Hot-Pressed Polycrystalline Sodium Chloride
REFERENCE: ONWI-415, December 1Y82

AVAILABILITY: Available

KEY WORDS: brine migration, salt

DATA SUMMARY:
Property and Form of Data:
Microstructural analysis of hot-pressed samples; brine migration,

Materials and Specimen Geometry:
Polycrystalline NaCl (hot-pressed); pressed into circular cylinders:
4.7 cm in diam., 5 cm long.

Test Cond{ tions:
3 migration cells used: one using thermal gradient of 120°C/em;
a second using 10-15°C/cm; a third using 4-8°C/cm.

COMMENTS ON DATA VALIDITY:

The attempt vas made to provide an assessment of the effects of grain
boundaries i{n polycrystalline salt on the mechanisms and rates of brine migra-
tion, Experimental difficulties resulted in the attempt to produce defect-
free specimens ({.e. to adequately control microstructure) and in the assembly
of experimental equipment capable of maintaining & linear thermal gradient,
Microstructural changes occurring in the polycrystalline salt were difficult
to observe. There is indirect evidence to suggest that migration rates are
enhanced along paths that follow grain boundaries and other similar crystal
defects.

Continued efforts (n this area are needed and should involve the use of

natural salt and radiation-induced damaged salt, Attempts should be made to
provide quantitative data on migration velocities.
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DUCURERT ARSTRACT

This report describes experiments designed to prcvide data on brine migra-
tion in polycrystalline salt. Polycrystalline samples of various grain sizes,
density, and purity were prepared from several commercial grade salts by hot-
pressing. Three distinct experimental set-ups wvere used to place salt billets
in an induced thermal gradient in contact with a brine source. The test designs
voried primarily in the way in the thermal gradient was applied and monitored
and the way in which brine migration was detarmined. All migration was in
enclosed vessels which precluded visual observation of brine movement through
the mlcrostructure.

Migration velocities were estimated either by the timed appearance of hrine

at the hot face of the sample, or by determination of the penetration distance

of migration artifecta in the microstructure after tests of fixed duration. (
For various reasons both of these methods were subject to a large degree of
error. Our results suggest, however, that the migration velocity in dense
polycrystalline salt may be at least an order of magnitude greater than that
wupposted by single crystal experiments.

Microstructural analysis shows that brine prefers to migrate along paths of
liigh crystalline activity such o8 grain and subgrain boundariecs and im dispersed
rather quickly in the microstructure. A series of tests were performed using
virious types of tracers in brine in order to flag migration paths and locate
brine in the microstructure more decisively. These attempts failed and it
appenrs that only the aqueous portion of the hrine moves through the microntrue~
ture with the dissolved ions being lost and replaced rather quickly. This

suggests the use of deuterium as @ tracor in future work.
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AUTHOR: Griess, J. C. (ORNL)

TITLE: Evaluation of Corrosion Damage to Materials After Three Years
in the Avery Island Salt Mine

REFERENCE: ORNL/TM-8351, August 1982
AVAILABILITY: Availabdle

KEY WORDS: corrosion, salt, metals, alloys, carbon steel, hastelloy
titanium, zircaloy

DATA SUMMARY:
Property and Form of Desta:
Corrosion: descaled weight loss (mg/em?),
Average corrosion rate (um/year).
Corrosion with depth (m),

Materials and Specimen Ceometry:

Specimens: carbon steel; titanium; E-Brite 26-1; Hastelloy C-276;
JO4L SS; and Zircaloy-2 coupons (~4 cm long x 1 cm wide) mounted on
sleeves,

Test Conditions:

Electric heaters used to simulate decay heat in mine floor,
152 m below sea level; specimen coupons and thermocouples attached
to sleeves and lowered into borehole; time, ~3 years; temperature
range, ~25-280°C,

COMMENTS ON DATA VALIDITY:

This type of fleld testing extremely useful in assessing corrosion damage
of candidate materials. No backfill was used for these studies (experiments
with crushed salt backfill underway); the presence of radiation in studies of
this type will more closely resemble actual repository conditions and effects
on corrosion rates will be more realistic and thus more useful,
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EVALUATION OF CORRUS LON DAMACE TU MATERIALS AFTEK

!ﬁﬁ!! YEARS IN THE AVERY 1SLAND SALT MINE
Js Ci Cricss
ABSTRACT

The corrosion results obtained from two heated steel pipes
that had beon buried in a salt mine at Avery lsland, Louisiana,
for about three years are reported. In addition, weight lossos
of corrosion specimens of several alloys attached to the outer
surfaces of the pipes were also obtained, and the maximum depthe
of penotration wore weasurod. The greatest attack was noted on
carbon steel, particularly when the water content of the salt
was high. The maximum penctration rate observed was about
| wm/yoar. All other materials tested underwent wuch less
attack than did carbon steel; titanium end llastelloy C~276 were
totally wnaffectod on both pipes. Minisal attack was also noted
on Zircaloy=32 and type J0AL stainless eteel, whoreas E-Brite
26-1 oxpucienced pitting, and, at high temporatures, a wore
peneral attack on sowe areas.
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AUTHOR: D. Holcomb and D. Hannum

TITLE: Consolidation of Crushed Salt Backfill Under Conditions
Appropriate to the WIPP Facility

REFERENCE: SAND-82-0630, November 1982
AVAILABILITY: Avallable

KEY WORDS: salt, backfill, consolidation, WIPP, creep tests

DATA SUMMARY:
Property and Form of Data:
Time-dependent compaction of crushed salt; changes in sample
volume due to compaction (quasistatic tests and creep tests conduc ted),

Materials and Specimen Ceometry:
Crushed rock salt ~] cm particle size,

Test Conditions:
Temperature Range: 21-100°C,
Pressure: 1.72 MPa-2l1 MPa
Duration: Quasistatic, BC00 sec; Creep, 300,000 sec.

COMMENTS ON DATA VALIDITY:

The tests were conducted assuming dry conditions. The presence of brine
will enhance the rate and extent of consolidation and should be l.gludcd in
experiments of this type., The test durations were limited to 3Ix10” seconds
and although the creep consolidation rate was seen to decelerate (under dry
copditions), it {s not known whether the deceleration will continue and at
what rate, Also consolidation i{s known to result in the expulsion of brine;
this report does not address whether or not brine was released from the salt
during consolidation, Although consolidation under dry conditions was seen
not to be very temperature dependent in the range of 21°C to 1009C this
situation may differ in the presence of brine,
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DOCUMERT ABSTHACT

Mochanical properiios of granulatod rock salt are of interost to the WIPP
projoct borause nabive salb from the oxcavations will probably be used aAs
back il around the wasie packages and as void fllor in sborage rooms ,
shafls and other oponings. Hackfill propersios will be an Imporiant facior
in controlling room closure rates and local permoability. To NIl the need
for daia on Ume depondant compaction of crushod sall, wo have dono a
worien of Lexbs bo measure tho compacton aa a funclion of Mme, bomperature
Aund prossure. Tosis wore done for a range of lomporatures from 31 to 100
“C and promsures from 1.73 MP’a to 31 MPa, under quasistatic and croep
conditions. All tosts were done under pure hydrosiatic conditions. A rock
erushor was usod o produce crushod salt with a masimum parsicie sise of
I em. All basibs wore done under nominally dey condibions which means the
only walor prosont was the s 5% waler content of the salt. Tho major
conclusions are: (1) Croep consnlidation under hydrostatic siresses prococds
Ak & rabe of aproximately ', whero ¢ in tha Ume In soconds. Tolal eroep
consolidation s a funchion of log(t) and s very slow. (3) Consolidation
s not very Lomperaiure dopandent In the range 21°C ta 100°C. Thess
conclusions are bosbod only for bimen wp b 3 X 10" soconds.The major
quostion ls whothor the croep consolidation rate will conbinue to decnlorate
rapidiy. If rapid decolerstion continunos, then for the Wime periods of inlcros,
creop consolidation will be small eompared to the consolidation produend

.',' R R N S T T AL
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AUTHOR: Magnami, N. J. (SNL)
TITLE: Corrosion Resistant Canisters for Nuclear Waste Isolation

REFERENCE: Sclentific Basis for Nuclear Waste Management, VI, Vel, 15,
1983, pp. 669-676

AVAILABILITY: Published

KEY WORDS: Ti, TiCode-12, Inconel 600, Inconel €25, Incoloy 825,
Hastelloy C+276, Cu, Cupronickel 90-10, Monel 400,
uniform corvosion, container, brine, basaltic water, SCC

DATA SUMMARY:
Property and Form of Data:
Uriform corrosion, crevice corrosion, H; embrittlement, SCC
data for temperatures between 70-250°C,

Materials and Specimen GCeometry:
As above,

Test Conditions:

Varied for different corrosion mechanisms., Temperatures between
70-250%C, dissolved oxygen between 30 ppb te 450 ppm. Brine A and
seavater,

COMMENTS ON DATA VALIDITY:

Brief review of 9 metals and alloys in order to select a reference WLW
canister material for the SNL waste contalner program. At 250°C, tests in
Brine A and seavater for a period of 28 d shows that TiCode«1l2 has a uniform
corrosion rate of 3 um/g in Brine A and | um/g in seavater., This was the
lowest of the range of alloys tested., Electrochemical tests show that tita-
nium based materials have a high resistance to passivity breakdown, TiCode-l2
shows less corrosion at 250°C {n 450 ppm Oy brine when compared to 30 ppbd
03 brine.

The SNL studies state that no crevice attack has been seen to date and
that very acidic conditions will not destroy passivity. Work at BNL refutes
both these statements, In the area of SCC {n brine and basaltic water SNL
believes that (¢t (s not a likely problem with TiCode~12 unless it is associ~
ated with hydrogen eubrittlement, Detalled work on such embrittlement s
under way.

Magnami also discusses ifron/steel corrosion fallure modes. He concludes
that pitting and SCC are not likely {n basaltic water or brines. Recent un-
published BNL work shows pitting In 150°C basaltic water, however. The data
review 1s preliminary and does not recognize new important corrosion data at
BNL.
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Gl ok b POl e Gl nlu e Wy b depeer Lokl QU b
of the enyineored barriers of a nucloar waste disyosal
systom, In addition to providing containment for the wasto
form during tramportation amd veplecomsunt, a durabilo
Cominter van olimisaty hpdrothorms ] inkeract b with tis
wante Tarme Mo o leot ton wl o repas by Bty el
weilacomont techniyue will allfect canister uesiyn and could
alse lspect metorial soloction. While thore are #till msany
iasuos to be roselved, thoro are twe differont concopts
oy ovaluwo bl e providae durable ganistorn for wanto
dbgmsiad s H) camintern baber beatost vt ol osbives iy
COrrosion rusistant maturials suoh o8 TivLuwe oF Nicuase
alloys, and (3) canistors fabricatod out of lews durable
wmolurfaln bt demiguesd with o corronion ol lvwmmmy . Kok
ol Chwne bypun of canlobors gould Tedl e soul Siw doniyn
o vt bvwn Chrowgh o varloty of fallure prooviess, e
o rmpaer Cand ool Hleaws wew ol scwinasd
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AUTHOR: Molecke, M. A., et al. (SNL)

TITLE: Materials for High Level Waste Canister/Overpacks in Salt Formations
REFERENCE: SAND-0429, 1982

AVAILABILITY: Published

KEY WORDS: TiCode-12, iron/steel, corrosion, gamma irradiation, salt, brine,
seavater, pH, gamma {rradiation

DATA S.MMARY:
Property and Form of Data:
Uniform and localized corrosion data for temperatures up to 300°C,
Slow strain rate tensile tests at 90°C,

Materials and Specimen Geometry:
Mainly TiCode-12 and cast iron.

Test Conditions:
Brine A, Brine B, seawater corrosion data for temperatures up to
3o00°c.

COMMENTS ON DATA VALIDITY:

The paper is a detailed account of much of the available work in DOE on
HLW container material selection and evaluation for salt repositories. After
iritial screening tests the 2 main materfals studie” were cast iron and
TiCode-12. In some tests, heating of Brine A to 250°C in the presence of
bentonite gave a solution pH of 3.4, This was thought to be due to the
formation of Mg oxysulfates and HCl,

SNL did not at any time observe crevice corrosion in TiCode-12 in high
temperature brine but stated chat BNL studies had shown {t to be present in
150°C Brine A.

Gamma {rradiation tests indicated that radiation accelerated uni{form
corrosion, possibly by the action of radiolytic Hy in partially reducing the
passive film.

Test data were also ;iven to show that TiCode-12 is susceptible to Hy
embrittlement for H; levels 2 200 wppm. BNL work confirms this.

Other date described were from the PNL/SNL whole package test program,
reviewed elsewhere in the current study.

SNL does not address the potential formation of NaOH in brine due to
gamma radiation of rock salt., High pH levels could enhance the uniform cor-
rosion of TiCode-12 and increase 4, pickup rates according to BNL work.
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Studies on the corrcaion and mecharical behavior of TiCodn-12
and other titanium alloys, for use as candidate canister or overpack
barriers in a high-level waste repository or teat facility irn nalt,
are reported herein. These studies have been in progross at Sandia
National Laboratories since 1976, Titanium alloys were sclected as
the primary materials for detailed testing based on candidate scrnen~
ing analyses (genaral corrosion and oconomic assessmants) of abhout 20
different alloys. Recent material results on titanium alloys are
described and related to the long-term physical integrity of waste
package barriers in salt; results on other candidate alloys arn
reviowerl.

The corrosion behavior of TiCode~12 has becn evaluated as a
function of: brine compcsition, temperature, time, pH, oxygen con=-
centration, and gamma radioclysis. Uniform corrosion rates are in the
range of 0.1 to 10 uym/yr; pitting or crevice corrosion has not yot
been ohserved. The highly adherent, passivating titanium oxida film
that provides the corrosion protection is being evaluated via
elnctro-chemical polarization and surface analytical teochniquen to
enable modeling of ~he corrosion mechanism(s). An increase in the
corrosinn rate by a factor of abnut 2 was aobacrved for acnaitiznd
TiCode~12; changes in the alloy microstructure are being analyzed in
order to mndel this phenomanon. Alterations in tha chemistry an-
processing procedurc of TiCode~1l2 arc being evaluated to optimizc
corrosion, mechanical, and mill-producibility pro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>