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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government not any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Of fice, Post Office Box 37082,
Washington, DC 20013 7082

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive. .

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, N RC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical information Service include NUREG series
reports and technical reports prepared by other f ederal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained f rom these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request-
to the Division of Technical Information and Document Control, U S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copynghted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.
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ABSTR.".T

The current study is part of an ongoing task to specify tests that may be
used to verify that engineered waste package / repository systems comply with NRC
radionuclide containment and controlled release perfornance objectives. Work
covered in this report includes crushed' tuff packing naterial for use in a high
level waste tuf f reposi tory. Ranges of repository conditions relevant to its
testing and other factors important for its performance are discussed.
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EXECUTIVE SUMMARY

A review has been conducted of anticipated repository conditions relevant
to crushed tuff packing material testing requirements. Current repository de-
signs specify the location of the repository horizon in the unsaturated zone.
Data previously obtained were concerned with emplacement of waste in the satu-
rated zone and may no longer be fully relevant. Key parameters in test evalu-
ations for packing material performance include temperature, radiation dose
and dose rate, pressure, hydraulic properties of tuff packing, and steam /
groundwater flow rates and chemistries.

Current estimates of groundwater flow rates from the surface of the re-
pository site show that only 8 mm of water per year will approach the reposi-
tory horizon. The high temperature and low pressure (~1 atmosphere) in the
porous tuff will cause boiling of the water so that for several hundreds of
years the emplaced waste packages will be subjected to an air / steam environ-
me n t . Therefore, during this period, alteration of the packing by this
gaseous medium needs to be predicted using appropriate test procedures. The
type and magnitude of packing material alteration will in turn influence the
rate of sorption and transport of radionuclides af ter the waste container has
been breached. An important factor with respect to steam formation is that
deposited salt remaining within the host rock will likely redissolve, to a . .

greater or lesser extent, and give concentrated groundwater solutions when
steam conditions subside. Packing material interactions with such concen-
trated groundwaters will determine surface alteration effects which must then
be correlated with radionuclide sorption behavior for both steam and liquid
wa ter conditions.

Preliminary estimates for the gamma irradiation dose in the vicinity of a
waste package emplaced in tuf f lie in the range of 109 - 1010 rads. Since
this dose will likely occur during the early steam / air period in the reposi-
tory there is a potential for nitric acid to be formed due to the formation of
nitrogen oxides by radiation, and their dissolution in the steam. No data ap-
pear to be available to quantify the ef fects' of this acid on packing material
performance or container corrosion.

With respect to anticipated pressures on the waste packages the hydro-
static stress will be negligible since they are emplaced in the unsaturated

Atmospheric pressures will prevail unless the host rock settles, inzone.
which case a lithostatic stress approximately 8.6 MPa is expected at the
repository horizon.

Under the anticipated repository conditions described above alteration of
crushed tuff / clay packing will occur. Some zeolites which will be present in

tuff may be altered at temperatures as low as 95 C. However, recent studies
0show that tuff reacted with J-13 well water at 150 C causes no major changes

in the principal phases but a (Ca,Mg)CO3 secondary mineral will precipi-
ta te . This reaction is accompanied by decreases in Ca and Mg concentrations
in the water.

1
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1. INTRODUCTION

The NRC Rule for the Disposal of High Level Waste in Geologic Repositor-
Les (10 CFR 60) dated June 1983, specifies two main performance objectives for
the engineered system:

a. Containment of HLW within the waste packages will be sub-
stantially complete for a period to be determined by the
Commission taking into account the factors specified in
subsection 60.113(b) (of 10 CFR 60) provided, that such
period shall be not less than 300 years nor more than
1,000 years af ter permanent closure of the geologic
repository; and

b._ The release rate of any radionuclide from the engineered bar-
rier system following the containment period shall not exceed
one part in 100,000 per year of the inventory of that radionu-
clide calculated to be present at 1,000 years following perma-
nent closure, or such other fraction of the inventory as may
be approved or specified by the Commission; provided, that
this requirement does not apply to any radionuclide which is
released at a rate less than 0.1% of the calculated total re-
lease rate limit. The calculated total release rate limit \

'

shall be taken to be one part in 100,000 per year of the in-
ventory of radioactive waste, originally emplaced in the
underground facility, that remains, af ter 1,000 years of
radioactive decay.

In order to show compliance with these performance objectives the license
applicant will need to provide a data base and analyses to quantify antici-
pated behavior of the waste package / repository system af ter permanent closure.
This will necessarily involve research and testing programs to evaluate the
likely modes by which engineered system components will degrade or fail by
chemical or mechanical mecns. Knowledge of the ways in which the engineered
barriers fail will permit estimates to be made regarding the containment
capability of the waste package and the radionuclide release rate from the
engineered system. Below is listed a logical sequence of events leading to
loss of containment and the release of radionuclides:

Groundwater enters the engineered barrier systema.

b. Groundwater penetrates the geologic packing material (discrete
tackt '.11)
Grouciwater penetrates the containment systemc.

d. Grouadwater leaches radionuclides from the waste form
Radionuclides are transported through the failed container system,e.
packing material and disturbed host rock to the near field
environment.

2
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Figures 1.1 and 1.2 outline the failure / degradation modes which may occur
during the sequence of events leading to loss of containment and the release
of radionuclides. Chemical (corrosion) and mechanical failure modes are given

for each of the barriers in the engineered system. The ones ultimately found

| to be applicable will depend on specific waste package / repository designs,
temperatures, water chemistry and flow rate, design geometries and sizes, and
ma terials selected, e tc.

The objective of the current study is to specify the types of test that
may be used to demonstrate compliance with the containment and radionuclide
release performance objectives for engineered barrier systems. In particular

it will be necessary to address how groundwater chemistry, pH and redox poten-
tial change as a result of high temperature reaction with package components
and irradiation since these parameters influence the nature of container cor-
rosion. Af ter containment has failed, and radionuclides are leached from the
waste form, the effects of radionuclide sorption by packing material, water
chemistry, water flow rate, and temperature, etc. on the rate of radionuclide

.

'

release from the engineered barrier system need to be quantified to determine
whether regulatory criteria can be met.

Figure 1.1 serves as the basis for specifying containment verification
tests for waste package components. Currently, borosilicate glass waste

'

forms, carbon steel, titanium-based and Type 304L stainless steel container;s,
,

;
' and bentonite-based, tuff-based, and crushed salt packing materials are em-

phasized for evalua tion in basaltic, tuffaceous, and salt repositories. Ini-

tially, the tests that were described in this effort for verification of bar-
rier performance assumed that the individus1 barriers (containers and packing
material) are designed to meet the 300- to 1,000-year radionuclide containment
requirement. The recommended tests specified to show compliance outlined the
test variables to consider and the test methodology. Where appropriate, tests
being developed by the Materials Characterization Center (MCC) were evaluated
and any limitations specified. Future research to develop additional testing
methodologies was also given.

In the current report, test conditions for evaluating the performance of ,

crushed tuff packing material will be discussed. In che next Biannual Report
recommendations will be made regarding tests that may be used to quantify

i crushed tuff packing under the test conditions specified.
|<

|
,

i
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o Liquid limit

changes in PM stresses changes in PM
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,

stresses wet / dry cycling
( of PM. | e Residual stresses, of PM.

..-

Figure 1.1 Chemical and mechanical failure / degradation modes af fecting containment
of radionuclides by the waste package system.

.



,

.

RADIONUCLIDE RELEASE
FROM ENGINEERED SYSTEM
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'
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j e Major internal

e Local thermal / changes or move- e Cracking of host
e Presence of hydraulic condi- ment of PM rock

cracks in waste '_ tiona [_ e Liquid limit
_
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fo rm. e Size and distribu- changes in PM hydraulic condi-
'

tion of container e Cracking from wet / tions in host
, pene tra tion s , dry cycling of PM. rock.
l

l
-

Figure 1.2 Factors affecting radionuclide release from the engineered
reposi tory sys tem.
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2. WASTE FORM TESTING REQUIREMENTS FOR DEMONSTRATION OF COMPLIANCE WITH THE
CONTAINMENT AND CONTROLLED RELEASE CRITERIA

This part of the program has been completed and is reported in a prior
Biannual Report entitled " Review of Waste Package Verification Tests"
(NUREC/CR-3091, Vol. 2, BNL-NUREG-51630, 1983).

3. CARBON STEEL CONTAINER SYSTEM TESTING REQUIREMENTS FOR DEMONSTRATION OF
COMPLIANCE WITH THE CONTAINMENT CRITERION

This part of the program has been completed and is reported in a prior
Biannual Report entitled " Review of Waste Package Verification Tests"
(NUREG/CR-3091, Vol. 3, BNL-NUREG-51630,1983).

4. CRUSHED TUFF PACKING MATERIAL TESTING REQUIREMENTS TO DEMONSTRATE
COMPLIANCE WITH THE RADIONUCLIDE CONTROLLED RELEASE CRITERION

The Yucca Mountain area in Nevada is the principal site for a HLW tuff
repository. The geology, hydrology and geochemistry of this area have been
described in prior BNL work (NUREG/CR-2937,1983). The information on design ,

and other characteristics of this repository is sparse compared to basalt and ,

'
salt repositories. In early designs, the repository horizon was situated in
the saturated zone. However, it was recently decided to place HLW pack-
ages in the unsaturated zone where container corrosion and waste form leaching
is expected to be much lower. Specifically, the proposed repository horizon
is located 400 m below the surface and 170 m above the static water table,
which is in the lower portion of the densely welded (but highly fractured)
Topopah Spring Member of the Paintbrush tuff formation and just above the
basal vitrophyre layer (Bish, D. L. ,1983). Therefore, some of the data ob-
tained earlier for the saturated zone may no longer be relevant. In locating
the repository in the unsaturated zone, DOE expects container corrosion and
waste form leaching to be significantly lower.

The waste package design for tuff has yet to be finalized and the refer-
ence repository conditions have not been fully determined. According to pre-
sentations made at a recent NRC-NNWSI Workshop (Pescatore, C., 1983) the
radionuclide release rates from a borosilicate glass waste form in an unsat-
urated tuff repository may be sufficiently low so that the packing material
component can be eliminated from the waste package design. The reasons cited
against the use of packing material are its low thermal conductivity, higher
cos t and post-emplacement problems. However, to meet the controlled release
rate criterion given in 10 CFR 60, a spent fuel package may need packing mate-
rial to reduce the radionuclide migration rate in one of the proposed designs.
It is in this respect that packing material testing requirements are
considered in the current work.

Although the composition of the packing material to be used with a spent
fuel waste package has not been defined, presumably it will consist of crushed

6
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tuf f with a small fraction of binding material such as clay. Typically,
this may be a mixture of crushed tuff and 15 percent or less of iron-bearing
smectite clay consolidated to about 75 percent of theoretical density (UCID-
19926, 1983). To evalua te the effect of clay addition, it will be useful to
compare available results on tuff / clay compositions with those on crushed tuf f
alone. In an earlier report (NUREG/CR-3091, Vol. 2, 1983), packing material
testing methods pertinent to a basalt repository environment have been dis-
cussed in de tail. Due to some similarities in the properties of basalt and
tuff, much of the discussion regarding basalt repository packages would also
be applicable to the tuff repository waste package, although the test condi-
tions may be different in the two cases. Therefore, the present report empha-
sizes the differences expected for packing material tests for tuff systems,
and only outlines other pertinent tests which have been discussed in detail
in earlier BNL work (NUREG/CR-3091, Vol. 2,1983).

4.1 Repository Conditions Relevant to Packing Material Testing

The repository parameters which should be known to conduct tests on pack-
ing material are tempe ra ture , gamma radiation dose and dose rate, pressure,
hydraulic properties and the groundwa ter chemistry. Some of the information
regarding these parameters has been reviewed earlier (NUREG/CR-2482, Vol. 4,
1983) and is summarized in this section. New information made available since
the publication of this review is also included.

'

4.1.1 Tempe ra ture

Thermal history is an important factor $ with respect to packing material
performance since it will have a strong influence on the degree of mineralogic
altera tion, wa ter content, radionuclide sorption, water chemistry and water pH
and redox condition. The temperature profile across the packing material de-
pends on the thermal conductivity of various components of the waste package /
host rock system and the thermal loading of the package. The variation of
temperature wi th time will depend on the thermal properties of the packing
materials as well as the decay profile of varicus radionuclides in the waste.
The most recent information from thermal analyses on a tuff repository is
summarized in Table 4.1 for different waste package designs (Hockman, J. N. ,
1984). In each case the waste is assumed to have aged for ten years before

i burial. Note that only three spent fuel package designs include a packing
ma terial component. Time dependence of the temperature of various waste pack-
age components is shown in Figure 4.1. The packing material may be exposed to
temperatures as high as the peak container temperature which in Figure 4.1 is
2500C (note tha t the data in Figure 4.1 are not calculated for the design
which includes packing material). The peak waste form temperature for the
waste package has been calculated in Table 4.1 assuming six fuel assemblies
per container. Since this leads to temperatures higher than the maximum de-
sign value of 3500C, further calculations are in progress assuming four fuel
assemblies per container (O'Neal, W. C., 1984). These results may reduce the

,

temperature below the 250 C design limit for the packing material. Since
the thermal conductivities of compacted basalt and clays are not very differ-
ent, the addition of a small amount of clay as a binder will not significantly

7
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Table 4.1. Significant input parame ters and output results for the
thermal analyses completed to date (flockman, J. N., 1984).

Sr
DHLW CHLW BWR PVR

Emptocement Mode H H H V V H H H H H H

Package Power Level (W) 380 680 2210 2210 3420 3300 3300 3300 3300 3300 3300

Cross Thermal Loading 50 50 50 50 50 50 50 50 50 50 50

(kW/ acre]

Age at Surial lyr) 10 10 10 10 10 10 10 10 10 to 10

Canister Diae [ col, 61 81 32.4 32.0 57 50 30 45 50 45 45

Material SST SST SST SST SST SST SST SST SST SST SST

Overpack Dian les], 66 86 37.5 --- --- --- --- --- --- --- ---

Material SST SST SST

62.2 62.2 31.4 86.0 86.4 86.4Borehole Liner Dian les], 72.4 92.4 43.8 --- ---

Material CS CS CS CS CS CS CS CS CS

82.4 80 80Packing outer Dise (cal, --- --- --- --- --- --- --- ---
CT CT CT

Haterial

Sorehole Dias [ca] 81.3 101.6 54 42.2 67.2 69 69 61 92.8 96.5 96.5, -

52 52 48.9 52.0 48.9 48.9Borehole Pitch [a] 8.8 11.4 44 --- ---

Package Pitch |m] 3.5 3.5 4.0 5.9 9.1 4.5 4.5 4.8 4.5 4.8 4.8
ie

f30.5 30.5 --- --- --- --- --- ---Drif t Pitch [m] --- --- ---

* 6 12 6 24 6 ---
Humber of Internal rias, ... --- --- ---

CS CS SST CS SST
Matertal

Tempercture limit [oC] 500 500 400 400 350 350 350 350 350 350 350

Peak Weste Temp |8C], 121 165 340 327 336 343 327 342 374 379 449
Tiem [yr] 17.5 17.5 2.0 1.0 1.0 3.0 3.0 2.5 2.5 2.0 2.5

Waste Temp at 300 yr [*C] 62 73 112 92 101 153 144 148 156 155 185

Weste Temp at 1000 yr (*C] 44 50 62 60 62 109 103 109 !!2 111 129

Peak torehole Temp [*C] 101 135 206 215 212 253 253 237 242 215 223

Time lyr] 35 30 4.2 2.0 19.0 4.0 3.5 4.0 7.0 7.0 7.5

|
Peak Temperature +1 m Free

Berehole Surface (*C] 16 127 145 103 130 175 !?5 161 17A 158 167
'

*17 horisontal fine with the equivalent volume as sould be found in the reference vertically
finned centster.

Abbreviationes
H = Nortsontal CT = Compressed Tuff

SST = 304L Statstees Steet V = Vertical
CS = Carbon S teelAS = 20 Ant eymmetric

IC = Inflatte Cyltader
,

8
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Figure 4.1. Temperature histories of waste package components and host rock
for vertically emplaced BWR sp,ent fuel (Hockman, J. N.,1984).'

change the results of the thermal analysis (O'Neal, W. C., 1984). Other work
supports this claim since well-dried bentonite with a density of 2.0 gm/cc has

thermal conductivity of 0.67 W/m K. When wet the value rises to 0.750a
W/m K (ONWI-439,1983).0

4.1.2 Radia tion

Radiation can change the desirable properties of a packing material
either directly by structural damage and loss of crystallinity, or indirectly
by changing the pH/Eh of the surrounding groundwater during radiolysis (PNL-
3873, 1981). Figure 4.2 shows the radiation dose rate as a function of dis-
tance from a reference spent fuel container which has a thermal loading of
0.55 kW (DOE /NWTS-12, 1981). Similar plots for a CHLW package are approxi-
mately one order of magnitude higher. Note that the spent fuel package
designs included in Table 4.1 have a package power level of 3.3 kW/ canister
which implies that if one of these designs is used, the dose rate may be

9considerably higher than shown in Figure 4.2. A cumulative dose of 10 -
1010 rads is expected before the fission product radionuclides have decayed
to background levels. Since this dose will be administered during the early

steam / air period in the repository, there is a potential for the formation of
nitrogen oxides. These may interact with steam to form nitric acid (SAND 81-
1677, 1981). No data appear to exist to quantify the effects on packing

,

' material integrity or container corrosion.
I

!

9

i

'
_- _. - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ _ _ _ _ _ _ - - _ - _ _ - _ - _ _ _ _ _ _



,

d *

|
<

d - |
i

-

h s -

D
e

f -

.

E
.

)jge oyr
'

-

~
c,1 -

,

o yr
d' 30 yr-

soyr -

!'

90 yr
J
:>

'

l l l l,-e . . . . .
to 40 60 ao 10 0 20

Distance from Conister Cerderline, cm

.
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kW/ canister) as a function of distance into the rock and time
af ter emplacement (DOE / NUTS-12, 1981).
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4.1.3 Pressure

Since the presently proposed tuff repository site is in the unsaturated
zone, there will not be any significant hydrostatic pressure on the waste
package unless for some unexpected reason the repository is inundated af ter
emplacement. In general, the pressure within the repository would remain at
approxima tely one atmosphere. On the other hand, the repository may collapse
and thus subject the packing material to 11thostatic stresses. Assuming a
bulk density of tuff (welded) of 2.2 g/cm3 and repository level 400 m below
the surface, a lithostatic pressure of 8.6 MPa will be acting on the waste
pac ka ge . When groundwa ter contacts the packing material, the clay constituent
may swell and also exert pressure on the waste container. Nevertheless, the
vertical component of the stress on the waste package should not exceed the
lithostatic stress since this depends on the rock overburden load.

4.1.4 Hydraulic Properties

The hydraulic behavior within tuff deposits depends on its structure,
com po s i tion, degree of welding, and the presence of cracks, faults, etc.
through which rainwater migrates to aquifers. The matrix porosity of welded
tuff is approximately 13 percent and the rock fracture density is 0.8-3.9
fracture /m (Dudley, W. W. , 1982). Guzowski and others (NUREG/CR-2937,1983)
have compiled the available information on hydraulic properties in the satu'r- '

ated zone in the Yucca Mountain area. However, the amount of data for the un-
saturated zone is very sparse. According to an estima te (Vieth, D. L. ,1983),
the annual rainfall at Yucca Mountain is 15, em/yr and only five percent of
this, i.e. 8 mm/yr, percolates down through the unsaturated zone to the water

0table. Until the repository temperature falls below ~95 C, which is the
boiling point of water at the repository horizon, this rainwater is expected
to fill the repository environment with a mixture of steam and air.

In a recent draf t report (813-1179, D278/A, Task 4,1983) Golder Asso-
ciates and others have suggested a way to improve the function of the packing
component by taking advantage of the difference in capillary forces acting
be tween the pores of packing ma terial an$ host rock. A complex design with
layers of packing material of different pore size has been proposed. At
present, however, it is not clear how much benefit can be derived from cap-
111ary forces since they could concentrate water around the waste rather than
allow it to dissipate (P. Soo, 1983). At this stage it will be useful to
first demonstrate by analytical modeling that capillary forces can play an
important role even if the pore size is hard to control (such as due to
material inhomogenei ty, cracking, e tc. ). Then, hydraulic conductivity and
other tests may be conducted to support the conclusions.

4.1.5 Groundwa ter Chemistry

In order to predict waste package performance over extended time periods
it is necessary to fully characterize the chemical composition, pH and redox
state of groundwa ter and ascertain how these parameters change as a result of
repository excavation and waste emplacement. High temperature and radiation
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environments will obviously accelerate packing material interactions with
steam and water and the ef fect of these interactions may control, to a large

extent, the ability of the packing to sort radionuclides released f rom the
waste.

There is a significant amount of informa tion available on the chemical
composition of groundwa ter in the Yucca Mountain area, but part of it may
be unreliable because of contamination from the well drilling process
(NUREG/CR-2937, 1983). A field filtration apparatus (Figure 4.3) has been
used to collect groundwater while minimizing changes in composition due to
atmospheric oxygen and drilling fluids (LA-9577-PR, 1983). It was found that

there is a range of concentrations for various species, depending upon the
location of the well and the depth of the water table. Table 4.2 gives the
range of chemical compositions recently reported 'sy Bish and others (1983)
for groundwater from the vicinity of Yucca Mountain. The last column in
this table gives the composition which has been designated as the reference
compositon for tuf f groundwa ter (LA-9328-MS, 1982). Generally, the upper
limits in Table 4.2 were found for a well which was drilled deeper to inter-

sect the Paleozoic rocks below the tuff. No te that the groundwater under con-
sideration is oxic in nature with a measured redox potential range of -40 to

+402 mV (SIIE).
.
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Figure 4.3. Field fil tra tion appara tus (LA-9577-PR , 1983).
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Table 4.2. Range of concentre. tion of chemical species in filtered
groundwaters from the vicinity of Yucca Mountain
(Bish, D. L. and others, 1983; LA-9328-MS, 1982).

Spe cie Range Reference
(-ag/L) (mg/L)

87.8 14Ca 1.6 -

31.9 2.1Mg 0.05 -

Na 37 - 110 51
13.4 4.9K 1.2 -

0.72 0.05Li 0.06 -

0.93 0.04Fe 0.01 -

Mn 0.004 - 0.43 ----

0.32 0.03A1 0.02 -

31.8 31Si 19.1 -

0.05Sr -----

0.003Ba -----

4.5 2.2F- 0.6 -

37.0 7.5Cl- 5.5 -

SO - 14.6 - 129.0 224
PO -3 0.12 \ '

-----
4

HCO - 108 - 698 120
3

18.7 5.6NO - <0.1 -

3
7.1 . ,02 <0.1 -----

,

Eh -40 - +402 mV.vs SHE ----

7.7 7.1pH 6.7 -

The presently available information on the groundwater chemistry, such as
given in Table 4.2, refers to samples taken below the. water table (saturated
zone). Since there is little information available on the chemistry of water
reaching the waste package af ter percolating through the rock above, Table 4.2
can only give an idea of the water composition to be used in packing material
testing. Table 4.3 lists various processes which will determine the composi-
tion of water coming in contact with the waste package. In this regard,

Knauss and others (1983) have recently reported that the chemistry of vadose
water changes very little when it comes in contact with the tuff rock.' These
tests were conducted at 900C and 150 C using surface outcrop material (at0

Fran Ridge) washed in groundwater to remove soluble salts.

An important feature of the proposed tuff repository is that any water in
the vicinity of the repository will boil at 950C leaving behind previously
dissolved salts. At a la ter time new groundwater will redissolve these salts
so that groundwater reaching the waste package may have ionic species at their
saturation limits. Therefore, some of the testing should be performed in
groundwater containing high concentrations of the salts to be expected under
near field conditions.

13
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Table 4.3. Processes important to groundwa ter chemistry a t Yucca
Mountain and NTS (NUREG/CR-2937, 1983).

Dissolved Constituent

2 2 2Process Na+ K+ Ca + M8 + SO - Cl- HCO3 SiO2

Dissolution of:
vi tric tuf f ++ 0 + + ++ ++ ++
devitrified tuff + 0 ++ ++ ? ++ +
sulfates ++ ++
carbonates 4+ ++ ++
pyrite ++

Precipitation of:
mon tmorilloni te - -- -- --

clinoptilolite - - -- -- --

flourite --

calcite -- --

, ,

silica gel -*

Dissociation of ++
carbonic acid .

Ion-exchange or + -- -- --

fixation onto
secondary minerals

Eva po transpira tion 4+ ++ 4+ ++ ++ ++ 4+ ++

Key: (++) = major source for this species

(+) = minor source for this species
(0) = element is retained in solid phase during this process

(?) = variable effect
(--) = sink for this species

(-) = minor sink.

,
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4.1.6 Wet / Dry Cycling of Packing Material

Finally, due to intermittent watar flow in a tuff repository, wet-ary
cycling of the packing material is a distinct possibility. As discussed with
reference to basalt packing material (NUREG/CR-3091, Vol. 2, 1983), the wet-

dry cycling can cause cracking and fracturing of clay-containing packing
material as well as some irreversible structural changes. It must be deson-
strated that permeability and sorption behavior of the packing, af ter the
early high-temperature steam / air period, does not compromise the ability of
the waste package to meet the NRC controlled radionuclide release , criterion.

In the next Biannual Report an evaluation of testing proce'dures to quan-
tify radionuclide release for steem and aqueous phases will be conducted. The
usefulness of these procedures and suggestions for additional work will be
specified.

4

4.2 Geochemistry and Water / Rock Interactions

Mine'ral composition, compaction density / pressure, water content, hydraul-
ic conductivity, thermal conductivity, swelling pressure, thermal and radia-
tion stability, and sorption of radionuclides nra the properties of a packing
material which should be known to evaluate its performance. Since the refer-

,

ence packing materi.a1 for a tuff repositorv has not been formally defined, a
complete evaluation of these properties is not possible at this stage. How-
ever, the mos t likely packit,g material appears to be the crushed tuff excavat-
ed during the mining of the' repository. Due to a signif 4 cant variation in the
composition of tuff as a function of depth, it is inportan't to kaow which spe-
cific tuff composition will be used for packing. In the' event that a specific

tuff composition _cannot be defined - due to considerable variability present -
in individual ~ units of tuf f - compositions must be at least bounded in order
to test under a given range of compositional characteristics. A bourded range

of compositions can be adapted for corrosion and leaching tests. Eqi. ally im-
portant is the amount and type of any clay or other binder which will be added
to the crushed tuf f. If tuff from the reference horizon is used, the. packing

ma terial will predominantly comprise tridymite, quartz, cristobalite, alkali
feldspars and a small amount of smectite clay (Bish, D. L., 1983). Zeolites
which have useful sorption properties and glassy phases will be usually ab-
sent. The mineralogic composition, based on studies to date, does not vary
' greatly (except for smectite which varies in amount from 1 to 6%) within the
exploration block evaluated. However, if future work shows that there are
likely to be significant compositional differences in the crushed tuff packing
material it will be necessary to determine how these will af fect radionuclide
sorption / desorption behavior. A recent study clearly shows that individual
radionuclides are sorbed and eluted at different rates depending on the tuff
composition (LA-9329, 1982). Therefore, accurate estimates of radionuclide
migration rates through anticipated crushed tuff packing materials will be
needed to demonstrate that the engineered barrier system will meet the NRC
controlled release criterion.
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(
i ---- - - - - - _ _ - - - - - - - - - - - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



-
_ --

The use of tuf f from the repository horizon in packing has the advantage
of being compatible with the host rock and no synergistic ef fects should be
expected at the waste package / host rock boundary. However, to take full ad-
vantage of the packing component in improving sorption properties, addition of
other minerals may be desirable. Addition of charcoal, bentonite, Ca0 and/or
Mg0 has been mentioned in the literature for this purpose.'

As discussed in an earlier report, tuf f is likely to undergo alteration
at high temperature (NUREG/CR-2482, Vol. 5,1984). Since a crushed tuff pack-

ing material will be subjected to temperatures as high as 250 C for extended0

periods, the nature of any changes during service need to be addressed. These
include changes in water content, porosity, volume, strength, permeability,
radionuclide sorption, as well as changes in mineralogy. Loss of water during
heating will likely alter clays, zeolites and glasses to phases of smaller
volume. For example, clinoptilolite (a zeolite) may be altered at tempera-
tures as low as 950C (LA-6612-PR, 1981). Mordenite, also a zeolite, will
alter at temperatures in the range 300 to 400 C in the presence of water at0

400 bara pressure (LA-9328-MS,1982). Zeolites and clays, themselves, may be
formed fron feldspara and silica on addition of water (rehydration).

In recent work, Oversby (1983) and Knauss and others (1983) have examined
mineralsgic changes in crushed tuf f during reaction with J-13 well water at
15000. Although there was little change in the major phases at this temp- \

'

ere sure, a significant amount of (Ca, Mg)CO3 was formed as a precipitated
s econdary mineral. This was associated with decreases in Mg, Ca, and
00 +HCO3 concentrations in the water. Pres,unably, this calcite phase will3
modify the radionectide sorption behavior on crushed tuff packing and long
term sorption testa may be required to assess the magnitude of this ef fect.

Preliminary analysis shows that there is a significant (not specifically
quantified) reduction in tensile and compressive strength of Topopah Spring
tuffs af ter 2 to 6 month exposure to water under conditions simulating those
anticipa ted in the near field environment (LA-9328-MS,1983). These changes
were detected even though changes in tuf f mineralogy were subtle and thought
to be connected with grain boundary and fracture surface modification by water
reaction.

One of the primary purposes of using a packing caterial is to retard the
migration of radionuclides from the waste package by sorption, diffusion con-
trol or ion exchange. A large amount of data was collected on the sorption
propertf as of various radionuclides by tuffaceous materials (LA-9328-MS,1982;
NUREG/CR-2937, l'lS3). Many of these experiments were performed on crushed
samples which are analogous to the packing material. Some information is also
available on the ef fect of particle size on sorption coefficients (LA-9225-PR,
1982) and rock-to-water ratio (Knauss, K. G.,1983). Once a reference compo-

siton for the packing material has been established, the presently available
data will become useful in specifying the test conditions. In this respect,

it is imnortant to note that sorption properties strongly depend on the min-
eral composition of the tuff as well as the concentration and composition of4
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the ionic species under consideration. In other words, testing will be neces-

sary at least on dif ferent classes of radionuclides which include alkali and
alkaline earth elements, plutonium, americium and other rare earths (actinides
and lanthanides), and various anionic complexes (NUREG/CR-2482, Vol. 5,1984).

An important concern, however, centers on the possibility tha t, after the
container has been breached, steam / air conditions may still be present. No
data appear to be available to quantify radionuclide release behavior in the
presence of such an environment, in terms of either the release of radionu-
clides by steam interactions with the waste form or the transport of radionu-
clides by steam through packing materials. Such information will be needed
to quantify the controlled release rate of radionuc? '. des in the early
pos t-containment pe riod.

The presence of radiation can cause structural changes in the packing
material, which may have an adverse ef fect on its function. However, the
presently available information as discussed earlier (NUREG/CR-2482. Vol. 4,
1983) suggests only minor damage to silicate and aluminosilicate materials by
high doses of gamma radiation. It is not clear whether the presence of high

temperature will reduce the radiation damage by annealing, or will further
de te rio ra te the desirable properties of the packing material. In either case

direct radiation damage is not expected to af fect the packing performance sig-
nificantly, and probably more important effects of radiation will be through

*

the changes in solution chemistry during radiolysis of groundwater or the
wa ter contained in the pores of the packing material.
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5. COMPONENT INTERACTIONS AND WHOLE PACKAGE TESTING REQUIREMENTS

This part of the program has been completed and is reported in a prior
Biannual Report entitled " Review of Waste Package Verification Tests"
(NUREG/CR-3091, Vol. 3, BNL-NUREG-51630,1983).
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