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Dr. Gary K. Jacobs
Environmental Sciences
Building 1505/Room 312
P.O. Box X
Oak Ridge National Labi
Oak Ridge, TN

oratory

Dear Dr. Jacobs:

SUBJECT: CONTRACT NO. NRC-50-19-03-01, FIN B-0287, ORNL NO. 41-37-54-92-4,
"TECHNICAL ASSISTANCE IN GEOCHEMISTRY," OCTOBER (1985) MONTHLY
PROGRESS REPORT

I have reviewed the October monthly progress report dated November 8, 1985.
Based on my review, I have the following comments:

Task 1 - BWIP Technical Assistance

o Progress to date is satisfactory.

o I have completed my review of ORNL draft topical report on geochemical
conditions at BWIP. I have requested comments from RES and the
Engineering Branch. I anticipate that I will receive their comments
early in December. I expect that I will have final comments to you by
the week of December 14, 1985.

Task 2 - Yucca Mountain Geochemical Technical Assistance

o Progress to date is satisfactory.

o ORNL review of SAND84-1492, Preliminary Bounds on the Expected Post
Closure Performance of the Yucca Mountain Site ... has been given to Linda
Kovach. If she has any comments she will contact you directly.

o Please note that John W. Bradbury will be temporarily acting as NNWSI
geochemistry lead.

Task 3 - Salt Repository Project Geochemical Technical Assistance

o Progress to date is satisfactory.
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Task 4 - Short-term Technical Assistance

° Progress to date is satisfactory.

The action taken by this letter is considered to be within the scope of the
current contract NRC-50-19-03-O1/FIN B-0287. No changes to cost or delivery of
contracted products is authorized. Please notify me immediately if you believe
that this letter would result in changes to cost or delivery of contracted
products.

Sincerely,

oriltbS Ago B

David J. Brooks
Geochemistry Section
Geotechnical Branch
Division of Waste Management
Office of Nuclear Material Safety

and Safeguards

Enclosure:
As Stated
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WMGT Document Review

FILE NUMBER: 3012.6, 106

DOCUMENT: Olander, D.R. A Study of Thermal-Gradient-Induced Migration of Brine
Inclusions in Salt: Final Report, BMI/ONWI-538, August 1984.

REVIEWER: Walton R. Kelly, WMGT K r; DATE REVIEW COMPLETED: ?-l 8 - q

DATE APPROVED:

SIGNIFICANCE TO NRC WASTE IMAAGEENT PROGRAM:

Brine inclusion migration under thermal gradients is a process which may
significantly affect the performance of a high-level waste (HLW) repository in
salt by allowing brine to contact and degrade the waste form. Both
intracrystalline and intercrystalline migration must be considered, but neither
is well understood. Not only does brine inclusion migration provide a means
for water ingression (all-liquid inclusions), but also a pathway for
radionuclide release and transport (gas-liquid inclusions).

BRIEF SUMMARY OF DOCUMENT:

This document is the final report of a project initiated to "elucidate the
fundamental phenomena responsible for the migration of brine inclusions in salt
subjected to a temperature gradient." The investigators considered the
behavior of both all-liquid (move up a temperature gradient) and gas-liquid
(move down a temperature gradient) inclusions in laboratory experiments and
theorectical calculations. The effects of temperature, temperature gradient,
and mechanical loading on inclusion shapes and migration velocities were
studied. Synthetic single crystals of KC1 and NaCl and natural salt from the
Richton Dome were used in experimental studies and inclusions were produced in
the laboratory.

Migration velocities were observed to depend on temperature, temperature
gradient, inclusion shape and size, and interfacial mass transfer resistance at
the brine/solid interface (i.e., at the hot face). The last process depends on
the dislocation density in the crystal, which in turn depends on the axial
compressive loading of the crystal. These interfacial kinetic processes may be
rate-controlling. The investigator predicts both a threshold temperature
gradient and minimum inclusion size below which migration will not occur.



;*-

2

Large "narrow" inclusions tend to break down into smaller inclusions under
a temperature gradient. Migration velocity tends to be erratic due to
the inclusion picking up or losing dslocations as it moves.

Gas-liquid inclusions may form when all-liquid inclusions migrate to the waste
package, open up at the salt/canister interface, partially evaporate and reseal
with some insoluble gas trapped inside (and some radioactive material). The
velocity of gas-liquid inclusions was found to be a function of gas type (air,
helium, and argon were used in experimental studies). A gas volume fraction of
0.1 was postulated to be the limit for migration behavior, below which the
inclusion behaved as an-all-liquid inclusion.

PROBLEMS, DEFICIENCIES, OR LIMITATIONS OF REPORT:

In the introduction (p. 1), the author states that salt deposits are the "prime
candidates for a future nuclear waste repository." The author is premature in
his judgment of the DOE HLW disposal program.

The report is a valuable addition to the theoretical understanding of
intracrystalline brine migration. Although the study touched on inclusion
migration at grain boundaries, very little work was done concerning
intercrystalline brine migration, which may be significant. The author did not
consider the substantial work of Edwin Roedder (USGS) on brine migration in
this study.

ACTION TAKEN:

Document review forwarded to salt team members of the Materials Engineering
Section of `MEG and to ORKL.

ACTION RECOMENDED:

None



FILE NUMBER: 3012.6, 106

DOCUMENT: Fisher, R.S., 1984. Host Rock Geochemistry of the Palo Duro
Basin, Texas. Bureau of Economic Geology, University of Texas
at Austin, OF-WTWI-1984-11.

REVIEWER: Walton R. Kelly, WMGT L4)_YL DATE REVIEW COMPLETED: IO-IG-8ji

DATE APPROVED @ OmID._is

SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

Two of the potential sites for a high-level waste (HLW) repository are bedded
salt units in the Palo Duro Basin in Texas. In order to predict a site's
ability to contain HLW, the host rock geochemistry must be characterized.
Specific parameters which need to be addressed include mineralogy, lithology,
and chemistry of the host rock and composition, pH, and redox conditions of the
associated water. The authors of this report describe progress and current
status of geochemical research and tentative conclusions reached for the Palo
Duro Basin. They present data of considerable importance, including data on
water contents in the salt and the relative Kimpurityu of San Andres salt
lithologies.

BRIEF SUMMARY OF DOCUMENT:

The authors discuss the Palo Duro Basin-fill mineralogy (an overview of the
whole basin), the lithology and mineralogy of the San Andres Formation
(proposed repository formation), the geochemistry of the San Andres Formation,

.and the clay mineral assemblages in the evaporitic host rock.

The minerals expected to control the aqueous geochemical environment include
halite, dolomite, anhydrite, quartz, potassium feldspar, and the clay mineral
suite (especially illite). Percentages of major lithologies in the Lower San
Andres cycle 4 unit (the proposed repository bed) are between 49 and 69% salt,
8 and 28% dolomite,.3 and 14% anhydrite, 0 and 22% limestone, and 5 and 8%
clastic material (table 1). Fractures occur within clastic units interbedded
with the halite and less commonly in dolomite and anhydritic mudstone beds, and
are essentially vertical. The fractures are usually filled with fibrous
halite, and could provide a highly permeable pathway for fluid ingression and
egression if the fluids are undersaturated with respect to halite.

The author states that dolomite-water equilibria will control the pH of the
formation fluid. Expected pH values for permeable zones below the San Andres
is between 4.0 and 5.0. The oxidation-reduction potentiaTFthe formation is
probably less than -100 mv. The author uses bromide (Br) content of the halite
to interpret the geochemical conditions during halite precipitation. One of
his conclusions is that the strata has been basically unaltered since
approximately the time of desposition. An examination of fluid inclusions and
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impurities in the salt show them to be generally very homogeneous. The mean
water content for over 100 salt samples is 1.3 weight percent (0.5 wt. for
just clay-free salts), although there were at least 11 samples (all clay-rich
salt) with greater than 2.5 wt. water, and one was over 15 wt. water
(figure 1). The proposed conservative value for performance assessment
calculations for bedded salt is 5 volume water ( 2.5 wt. ). Magnesium (Mg)
and sodium (Na) are the dominant cations in the inclusions, and the pH ranges
from 3.1 to 6.0 (generally less that 4.8).

The clay minerals may be very important in the siting of a HLW repository in
salt. Clastic layers may become the preferred pathways for movement of fluids
undersaturated with respect to halite, and clay minerals may be the most
effective barrier to the transport of radioactive cations within the clastic
units. Discrete illite, chlorite, and mixed-layer illite-smectite are the
dominant detrital clay minerals in the Palo Duro Basin, while an increase in
chlorite-vermiculite concomitant with an increase in salt content reflects clay
diagenesis as Mg becomes increasingly enriched in the evaporitic environment.

PROBLEMS, DEFICIENCIES, OR LIMITATIONS OF REPORT:

It appears that the geochemical parameters for the San Andres have been
determined from fluids in permeable zones below the San Andres. It is unclear
how these conditions relate to those found in the candidate salt bed. Further
characterization of the beds below the San Andres seems pointless if calculated
groundwater travel times in these beds (on the order of hundreds of thousands
of years) are to be believed (Hubbard, 1984).

It is unclear whether included fluids in minerals other than halite or bound
water in hydrous minerals are actually determined when water contents in salt
are measured. The authors qualify themselves in one place but seem to include
at least bound water in the presentation of the data.

The document has a disclaimer that interpretations and conclusions are based
on available data and state-of-the-art concepts, and hence, may be modified by
more information and further application of the involved sciences.' The
document is not referenced in the fourth draft of the Environmental Assessments
for potential sites in the Palo Duro Basin.

ACTION TAKEN:

Referred to Materials Engineering Section of WEG.

ACTION RECOMMENDED:

None.
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REFERENCE:

Hubbard, N., preparer, 1984. Hydrochemical and isotope hydrology results for
the Palo Duro Basin, Texas Panhandle: a summary of material presented at
the June 5, 1984 discussion meeting, Columbus, Ohio. ONWI, July 20, 1984.
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J. Friemnel
salt . 54.1
anhydritie 9. 1
dolomite: 19.2
lI mestone 12.4
fine castics 4.6
coarse. clastics 0.6

G. Frienel
Sal t
anhydri te
dolomite
limestone .
fine clastics
coarse clastics

i8.3
7.3

13.3
15.2-
4.8
1.1

. . -

#1 Mansfield
salt 
anhydrfte.!j
toloc ost e~-
limestone-
fine clastics
coarse elastics

67.9
.8.9

IS.2 . -

7.6
0.4

#1 Zeeck
sal t 49.1.
anhydrite 14.2
dolomite I . 12.3
limestone 17.4
fine clastics 6.5
coarse clastics 0.5

11 Grabbe
salt
anhydrite
do I om te
1 imestone
fire clastics
coarse clastics

54.1
9.6
27.9

8.4
___ _

1 Rex White
salt -
anhydrite
dolomite
1 imestone
fine clastics
coarse clastics

68.7.
3.7

22.8

. 4.5
0.3

#1 Haman
sal.t
anhydrite
dolaomite
limestone
fine clastics
coarse clastics

52.3
10.1
7.9

22.6
6.9
0.7

#1 Detten
sal t
anhydrite
dolorite
1 imestone
fine clastics
coarse clastics

62.4
Z.8

14.2
14.6
6.0

Table 1. Percentages of major litbologies in the Lover San Andres cycle 4
unit core. Pine elastics include mudstone and claystone; coarse
clastics include siltstone and sandstone.
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Figure 1. Water content of halite plotted vs. percent halite. "Clay-free"
samples contain varying amounts of ahydrite and dolomite.
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WMGT Document Review

FILE NUMBER: 3012.6, 106

DOCUMENT: Hubbard, N., D. Livingston, and L. Fukui, 1984. The Composition

and Stratigraphic Distribution of Materials in the Lower San Andres

Salt Unit 4,. in Scientific Basis for Nuclear Waste Management VII,

G. L. McVay, ed., Elsevier, pp. 405-415.

REVIEWER: Walton R. Kelly, WMGT A K DATE REVIEW COMPLETED: 10-30-8

DATE APPROVED: A l| *

SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

The most significant part of the paper with respect to the RC Waste Management

Program is in the authors' attempt to bound the chemical composition of brine

that may contact the waste package. This is especially of concern with respect

to the concentration of magnesium (Mg), which is a significant corrosive agent.

The authors also predict solubility effects that may influcence the waste

package geochemical environment. The very near field in a salt repository is

of considerable concern to both geochemists and materials engineers due to

poorly understood processes which affect waste package performance. These

processes include thermally-induced brine migration, potential precipitation of

an anhydrite (CaSO4) scale on the waste package, irradiation of rock salt, and

destabilitization of cliy impurities, among others. The paper reviewed is

concerned with the first two processes mentioned.
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BRIEF SUMMARY OF DOCUMENT:

The paper is basically divided into three sections: (1) a description of the

candidate. salt bed in the Palo Duro Basin, Texas (Lower San Andres salt unit

4); (2) an estimation of the composition and amounts of brine in fluid

inclusions and other sources; and (3) a discussion on the role of anhydrite in

determining chemical conditions in the near field.

In the first section, the authors discuss the stratigraphy and mineralogy of

the candidate salt bed. The unit is reported to be 90 volume halite (NaC), 7

volume CaSO4, and 3 volume disseminated clay. In the second section, the

authors first discuss a method for bounding the chemical composition of fluid

inclusions. A simple model of halite formation from evaporating seawater was

used since the isotopic features of the fluid inclusions fall within the range

found in modern sabkhas. Since no water-soluble Mg minerals have been

identified in this salt, the Mg concentration in the water soluble fraction

(between 100 and 250 ppm in Palo Duro salt) was assumed to come entirely from

the Mg dissolved in the fluid inclusions. As seawater evaporates, most halite

precipitates out when the Mg concentration reaches about 20,000 mg/l. At

approximately 100,000 mg/l Mg in the evaporating seawater, potassium (K) and Mg

evaporate minerals begin to precipitate out. Since these minerals are

generally absent from the Lower San Andres cycle 4 salt, the authors postulate

that the aunts nd M concentrations of the fluid inclusions are bounded by

the lines for 20,000 and 100,000 mg/l in the fluids and 100 and 250 ppm Mg in

the water soluble fractions of the salt (see figure 1). The calculated fluid

inclusion contents are thus 0.13 to 1.3 weight (0.1 to 1.0 wt. H20). The

model calculations "agree with observational data."



3

the authors also consider two other types of brines: (1) brines resulting from

external groundwater ingression, and (2) residual brines formed if Mg-rich

fluid inclusion brines are thermally desiccated. In the former case, the

resulting composition is just the water soluble fraction of the salt.

Therefore, these brines would be low in Mg. In the latter case, extremely

Mg-rich chloride brines are expected to form, providing an upper bound on the

Mg concentration in the brine.

In the third section, the authors predict that CaSO4 may precipate on the

surface of the waste package due to its retrograde solubility (less soluble at

higher temperatures than lower temperatures). The supply of calcium (Ca+) and

sulfate (SO4 ) expected in solution should cause the solution to be

supersaturated with respect to CaSO4. This CaSO4 coating is predicted to

protect the waste package from corrosion. A possible factor which might

prevent CaSO4 scale formation that has not been investigated yet is the

potentially destructive gamma radiation from the waste on CaSO4 crystallinity.

PROBLEMS, DEFICIENCIES, OR LIMITATIONS OF REPORT:

There are a number of limitations of this report due to assumptions made by the

authors. First, the authors do not reference the data for the presented

mineral volume precentages in the salt. Some investigators report that Palo

Duro salt is relatively impure, with less than 70 volume salt (see Fisher,

'Got). Second, the simple seawater model does not predict the Ca++ and S04

concentrations observed in fluid inclusions, probably because the model ignores

everything except evaporation and precipitation. Processes such as

dolomitization and non-equilibrium effects are not considered in the model.

Also, the authors "recommend" a typical inclusion brine composition with Mg

concentrations of 50,000 mg/l. It is difficult to understand why this
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composition (acknowledged as a "centroid" value) would be suggested when it

cannot be used in performance assessment calculations because it is non-

conservative. Third, the authors put forward a theory that anhydrite

precipitation will decrease waste package corrosion, when, by their own

admission, the uninvestigated effects of gamma radiation may destroy any CaSO4
protective properties. Finally, the authors briefly present a desiccation

brine with an extrememly high Mg concentration. However, they do not discuss

the significance of this type of brine, i.e., how likely it is to form and in

what amounts.

ACTION TAKEN:

NONE

ACTION RECOMMENDED:

NONE



References:

Fisher, R. S., 1983. Geology and geohydrology of the Palo Duro Basin, Texas

-Panhandle. Texas Bureau of Economic Geology, Geologic Circular, in press.

Fisher, R. S., 1984. Host rock geochemistry of the Palo Duro Basin, Texas.

Texas Bureau of Economic Geology, OF-WTWI-1984-11.
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FIG. 1. This figure shows the expected content and Hg concentration of fluid
inclusions in the Lower San Andres salt beds in depositional cycle 4 Ealite
will start to precipitate out during seawater evaporation when the Mg concen-
tration is 12,500 mg/l, but most halite will not form until Mg is 20,000 mg/l.
Mg minerals begin to precipitate out when Mg is 100,000 mg/i. Data for ob-
served H 0 is from Fisher (1983).2



FILE NUMBER: 3012.6, 106

DOCUMENT: McCauley, V.S., and G.E. Raines, 1984. Expected Nuclear
Waste Repository Near-Field Performance in Three Salt asins,
Part II: Brine Migration, ONWI-???

REVIEWER: Walton X. Klly, WMGT CAJZK DATE REVIEW COMPLETED: IC-3o-r
DATE APPROVE a|!/5ndjwt

SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

Brine inclusion migration under thermal conditions is a process which may
significantly affect the-performance of a high-level waste (HLW) repository in
salt by allowing brine to contact and degrade the waste form. Not only does
brine migration provide a means for water ingression (all-liquid inclusions),
but also a pathway for radionuclide release and transport (gas-liquid
inclusions). In order to predict the significance of brine migration at a salt
site, performance assessment models are used.

BRIEF SUMMARY OF DOCUMENTS:

This document assesses the significance of brine migration at a potential salt
site using performance assessment tools. The specific computer code used is
BRINEMIG, "an explicit time marching finite difference code" using "mass
balances over a series of radial increments to develop concentration profiles."
BRINEMIG uses the empirical Jenks equation (Jenks and Claiborne, 1981) to
calculate brine migration velocities. The Jenks equation was developed to
give conservatively high velocities based on available data on intracrystalline
brine migration." Intercrystalline migration was not modeled separately, but
assumed to have the same velocity as intracrystalline migration. BRINEMIG
treats brine migration one-dimensionally.

Two pieces of information about a site are required: (1) the initial moisture
content of the salt; and (2) a one-dimensional temperature profile. Additional
input needs are the package radius and effective length. The effective package
length should reflect the added flow at the package ends since only radial flow
is modeled. A preliminary validation of BRINEMIG was made with Salt Block II
brine migration data (Hohlfelder, 1980). The authors found "reasonable"
agreement between the Salt Block II model and BRINEMIG.

The authors also considered brine-migration at three potential HLW salt
sites--Gibson Dome and Palo Duro bedded salts and Richton Dome--for both
commercial high-level waste and spent fuel waste forms. Studies were made with
and without a threshold gradient (temperature gradient below which brine
inclusions are postulated not to migrate). Initial moisture contents were
assumed to be 5 volume for bedded salt and 0.5 volume for domes
(site-specific data is not available). The authors conclude from the model
results that very little brine migrates and that, therefore, the waste package
could potentially not fail during the 10,000 year period following waste
emplacement.
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PROBLEMS, DEFICIENCIES, OR LIMITATIONS OF REPORT:

The authors themselves suggest a number of limitations with their model,
including (1) the code should consider two-dimensional migration; (2) more
site-specific information is needed; (3) the Jenks equation's ability to model
intercrystalline migration needs to be examined; and (4) a way to model flow to
the package at the cylinder ends needs to be incorporated.

The assumption that intercrystalline migration velocities are similar to
intracrystalline ones needs to be examined closely. If intercrystalline
movement is driven by pressure gradients, as postulated (p. 47), then there is
no basis for the above assumption or Its conservatism since intracrystalline
migration is driven by thermal gradients. Furthermore, construction of a
repository will cause pressure changes which may affect intercrystalline
migration in an unknown way.

It is not known how site-specific conditions will affect brine migration
behavior at a site; thus, using an empirical model may not be applicable for
characterizing a site--the authors have not considered this. The assumption
that the salt behaves homogeneously is questionable (see Roedder and Chou,
1982). Roedder and Chou (1982) discuss other limitations of the approach of
Jenks and Claiborne (1981). Also, using the Salt Block II migration data for
validating the code may not be applicable since the salt cylinder used in that
study was only 1 meter in diameter. It is obvious that agreement between the
data and the model should degrade with time due to spatial scale effects.
Even so, it is not apparent that agreement with the Salt Block II data
provides a conservative estimate on brine migration. The Salt Block II study
used a sample that was 1OO salt (halite, sylvite, and polyhalite), which may
not be analogous to the more impure salt at a potential repository, especially
in the Palo Duro Basin (see Fisher, 1984).

An obvious shortcoming is the lack of site-specific data. Although the assumed
water volume percentages may be conservative, this is not certain. If the
authors wish to truly bound the effects of brine migration with so little
site-specific data, they should have used volume percentages two or three times
higher (see Fisher, 1984). Finally, the authors suggest that the calculated
brine accumulation may be insignificant, but they provide no rationale for
reaching this conclusion. They do not discuss how much brine would be
significant regarding degradation of waste package performance.

ACTION TAKEN:

None.

ACTION RECOMMENDED:

None.
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REFERENCES:

Fisher, R.S., 1984. Host rock geochemistry of the Palo Duro Basin, Texas.
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WMGT DOCUMENT REVIEW SHEET

FILE NUMBER: 3012.6

DOCUMENTS: Fukui, L.M., 1984, "Summary of Petrographic and Chemical Data
for Palo Duro Basin Samples Examined by Bendix Field Engineering
Corporation, Grand Junction, Colorado, as of April 29, 1983,"
BMI/ONWI-540, August 1984; and, Fukui, L.M., 1983, Petrographic
Report on Clay-Rich Samples from Permian Unit 4 Salt, G. Friemel
#1 Well, Palo Duro Basin, Deaf Smith County, Texas: Unanalyzed
Data," BMI/ONWI-5001, September 1983.

REVIEWER: Walton R. Kelly, WMGT Ut1; DATE REVIEW COMPLETED: iz-lz-O4

DATE REVIEW APPROVED Yfi Vfi.'9e

SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

Two of the potential sites for a high-level waste HLW) repository are bedded
salt units in the Palo Duro Basin in Texas. In order to predict a site's
ability to contain LW, the host rock geochemistry must be characterized.
Specific parameters which need to be addressed include petrology, mineralogy,
and chemistry of the host rock. The author of these two reports describes work
completed through April 1983 on the petrology and chemistry of rocks in the
Palo Duro Basin, especially for the Lower San Andres Unit 4 salt, which is the
proposed repository unit. These data form the basis for interpretations and
calculations that ONWI makes concerning the ability of the host rock to isolate
HLW.

BRIEF SUMMARY OF DOCUMENTS:

The first document (BMI/ONWI-540) presents petrographic and chemical data on
selected core samples from 4 wells in the Palo Duro Basin of Texas: G. Friemel
#1, Detten #1, Rex White #1, and Grabbe #1 (see figure 1). The following
formations were sampled: Yates, Upper Seven Rivers, Queen/Grayburg, Upper San
Andres, Lower San Andres (Units 4 and 5 salt), Glorieta, and Upper Clear Fork
(see figure 2). Analytical procedures used include point-count analysis (300
counts) on thin sections cut parallel to the core axis to determine mineral
abundances, X-ray diffraction, and chemical analyses on whole-rock and
water-soluble fractions. For Unit 4 salt, 57 polished thin sections are
reported to have been examined and a mean abundance of 89 volume halite, 7
volume % anhydrite, and 4 volume % clay is found for Units 4 and 5 salt
combined. Trace amounts of carbonate (dolomite), quartz, and possibly
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poiyhalite were also found. For Unit 4 salt, the range of mineralogical values
reported are 64 to 97 vol. % halite, 1 to 23 vol. % anhydrite, and 0 to 21 vol.
w clay. The other minerals make up no more than 2 vol. . A total of 6.8 feet
of core was sampled.

The halite is generally coarse-grained and anhedral, and fluid inclusions are
common, either as zonally distributed primary hopper growth bands or on
interfaces between recrystallized salt crystals. Clay minerals include (in
decreasing abundance) illite, chlorite-smectite, illite-smectite, kaolinite,
and illite-chlorite. The clay is generally iron-stained and mixed with
anhydrite.

Additional data presented in this document include lithologic and geophysical
logs and plots of bromide/chloride ratios versus various parameters.

The second document (BMI/ONWI-5001) presents mineralogical and petrographic
data on five samples of clay-rich rock from the Unit 4 salt sampled by drill
core from the G. FriemelV#1 well. Halite ranges from 4 to 79 volume , clay is
20 to 60 volume %, and anhydrite is 0 to 17 volume . There are minor and
trace amounts of quartz, dolomite, muscovite, and gypsum. The clay fraction
includes illite, chlorite, and chlorite-smectite. Point-count analysis (300
counts) on polished thin sections, X-ray diffraction and chemical analyses
(water-soluble vs. insoluble fractions) were used. A total of 1.51 feet of
core was analyzed.

PROBLEMS, DEFICIENCIES, OR LIMITATIONS OF REPORTS:

There are some discrepencies in the numbers presented in BMI/ONWI-540. The
author presents data from 72 thin sections of Unit 4 salt instead of the 57
reported on p. S. The actual percentage of halite is approximately 87% instead
of 89% reported on p. 5. The point count method used by the author gives an
error of approximately 5% for each sample (Van der Plas and Tobi, 1965).

When BMI/ONWI-540 stands alone, it is somewhat misleading since the clay-rich.
samples reported in BMI/ONWI-5001 are not included. This gives the impression
that the Unit 4 salt is "purer" than it actually is. It is unclear from these
documents how significant the clay-rich zones are, although lithologic and
geophysical logs and core photos suggest that they may be important.
Calculations made by members of the Geology Section of WMGT on data from the
Zeeck #1 well in Swisher County suggest that mudstone may comprise more than 20
vol. % of the rock in Unit 4. The authors of draft Environmental Assessments
for the Palo Duro Basin state that, on the average, there is one mudstone bed
per 1.5 feet of Unit 4 rock (see, e.g., Deaf Smith EA, draft five, p. 3-93).
The mineralogical volume percentages presented in BMI/ONWI-540 (i.e., not
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including clay-rich samples) for halite (89%) and anhydrite (7%) have,
nevertheless, been used in documents as the appropriate percentages for Unit 4
salt (see Hubbard, et al, 1984, and the draft five Environmental Assessments
for salt, 1984). These values also disagree with data collected by other
investigators (see Fisher, 1984). The data as presented in BMI/ONWI-540 and
BMI/ONWI-5001 are not suitable for use in performance assessments since they do
not present total mineralogical percentages for the Unit 4 salt. ONWI may thus
be using mineralogical percentages that are non-conservative or even incorrect.

ACTION TAKEN:

Sent to Repository Projects Branch (WMRP) for transmittal to the DOE.

ACTION RECOMMENDED:

None.
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REFERENCES:

Fisher, R.S., 1984. Host rock geochemistry of the Palo Duro Basin, Texas.
Bureau of Economic Geology, University of Texas at Austin,
OF-WTWI-1984-11.

Hubbard, N., D. Livingston and L.M. Fukui, 1984. The composition and
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Elsevier, pp. 405-415.

Statutory Environmental Assesments for Palo Duro Basin Potential Sites
(Deaf Smith County and Swisher County, Texas), fifth draft, July 27, 1984.

Van der Plas, L., and A. C. Tobi, 1965. A chart for judging the reliability of
point counting results, Am. Jour. Sci., v. 263, pp. 87-90.
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WMGT DOCUMENT REVIEW SHEET

FILE NUMBER: 3012.6, 106

DOCUMENTS: Fisher, R.S., 1983, " Hydrogeochemistry of the Palo Duro Basin,
Texas Panhandle," Texas Bureau of Economic Geology,
OF-WTWI-1983-13; and Fisher, R.S., 1984, "Regional and Isotopic
Hydrogeochemistry: Deep-basin Brine Aquifer Palo Duro Basin,
Texas Panhandle," Texas Bureau of Economic Geology,
OF-WTWI-1984-36.

REVIEWER: Walton R. Kelly LJ11U: DATE REVIEW COMPLETED:

DATE REVIEWED APPROVED:AIIIS (

SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

Aquifers situated below the repository horizon in the Palo Duro Basin are of
concern because of their potential to transport released waste and/or promote
dissolution of salt horizons. Therefore, a hydrogeochemical study of these
waters is important to understand the origin and movement of groundwater and
the possibility of local recharge. An important find resulting from these
works is that there is a significant component of water younger than ages
calculated from deep-basin flow times. If this younger water travels through
the repository unit to the deep basin, then there are important implications
for waste disposal.

BRIEF SUMMARY OF DOCUMENTS:

In these two reports, the author discusses the results of hydrochemical studies
performed on deep-basin brines taken from the following wells in the Palo Duro
Basin of the Texas Panhandle: Sawyer #1 (Donley County), Mansfield #1 (Oldham
Co.), Zeeck #1 (Swisher Co.), and J. Friemel #1 (Deaf Smith Co.). The zones
sampled include the Granite Wash, the Pennsylvanian carbonate, and the Permian
Wolfcamp, all below the proposed repository unit, the San Andres. Data
collected for thesu8fluids ilude thelqueous chemistry, dissolved gases, and
stable isotopes (6 0, 6D, 6 S, and 6 C).

The author makes several observations of the data that are of interest. First,
the Cl:Br ratio suggests that the deep-basin brines have a component resulting
from halite dissolution. Second, although measurements of Eh are inconclusive,
equilibrium calculations suggest that the deep-basin brines have Eh values
below -100 mV. Third, both Granite Wash and Wolfcamp formation fluids are in
equilibrium with calcite; Wolfcamp fluids are in equilibrium with anhydrite,
but Granite Wash fluids are not, probably as a result of continued sulfate
reduction. Fourth, sodium is being selectively removed from brines, apparently
more effectively in some zones than others. This depletion is probably due to
exchange reactions and albitization of feldspar. Fifth, there is a lack of
isotopic equilibration for oxygen. Fisher suggests that this is because the
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deep basin contains a significant component (approximately 50%) of relatively
young, isotopically depleted fluid. Other studies (e.g., Bassett and Bentley,
1983) suggest very long flow times through the basin, suggesting that the
younger water identified by isotopic non-equilibration comes from a different,
non-regional, source. This source of younger water probably includes a
component of fluid which has traveled downward through faults and fractures.

Fisher notes that there is great chemical variation among fluids at the
different sites. This is an ongoing study, and Fisher hopes that future work
will provide more definitive results.

PROBLEMS, DEFICIENCIES, OR LIMITATIONS OF REPORT:

The work is well conceived and executed, and the interpretations seem valid.
The only limitation is that there is a very limited amount of data over a large
area of land (4 wells over 150 km). Therefore, Fisher is unwilling to make any
conclusive statements about the movement of fluids in the deep basin, which
seems appropriate at this time.

ACTION TAKEN:

Referred to salt team hydrologist.

ACTION RECOMMENDED:

Continued monitoring of work planned and performed in this area.

REFERENCE:

Bassett, R.L., and M.E. Bentley, 1983,"Deep Brine Aquifers in the Palo Duro
Basin: Regional Flow and Geochemical Constraints," Texas Bureau of
Economic Geology, Report of Investigations No. 130.
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Bedded Salt, Palo uro Basin," Texas Bureau of Economic Geology,
OF-WTWI-1984-50.

REVIEWER: Walton R. Kelly jdy2_! DATE REVIEW COMPLETED: to/(bl6os

DATE REVIEW APPROVED: j01|q(:;V

SIGNIFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

Bedded salt of the Permian San Andres Formation in the Palo Duro Basin of Texas
is being considered for the disposal of high-level waste. One of the important
considerations in characterizing bedded salt is the amount of water present in
the repository formation. Water in the salt rock has the potential to migrate
toward a waste package and accelerate corrosion of the canister. Water in salt
rock may be present in inclusions, brine pockets, and hydrous minerals. The
San Andres Formation is a heterogeneous deposit containing significant amounts
of water-bearing clays. Therefore, determining the amount and disposition of
water in the salt deposit is of fundamental importance in evaluating the
containment abilities of a repository in the Palo Duro Basin.

BRIEF SUMMARY OF DOCUMENT:

The purpose of the study described in this document was to examine salt rock of
the Palo Duro Basin for water content. There are considerable obstacles to
accurately measuring water content of halite; these are discussed by the
author. He also notes that interpretation of results is problematical because
sample bias is unavoidable for a deposit as heterogeneous as bedded salt. The
measurement of mineral hydration water is more accurate but is also not easily
interpreted because it is unclear how much of this water will become mobile
under repository conditions.

Water was measured in 149 large (250-500 grams), intact samples of bedded
halite from the San Andres Formation and other salt-bearing units in the Palo
Duro Basin. The samples were selected from core from eight wells (Detten, G.
Friemel, Harman, J. Friemel, Mansfield, Rex White, Sawyer, and Zeeck). Samples
from San Andres cycle 4, the proposed repository horizon, were taken from all
wells except J. Friemel and Sawyer. The samples were selected so as to
represent the variety of salt types present in the Palo Duro Basin (see Hovorka
et al., 1985, for a complete discussion of the classification of salt types in
the Palo Ouro Basin). Fluid inclusion water was measured by reflux soxhlet
extraction and Karl-Fisher titration. Fluid inclusion water in non-salt
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minerals and mineral hydration water were determined by bulk chemical analysis
and X-ray diffraction.

The mean water content of all samples was determined to be .77 weight percent.
For cycle 4 samples, the mean water content is .76 wt. . However, these
values do not represent typical salt in the basin. Relatively pure salt
samples (> 90% halite) have water content values of less than 1 wt. %. For the
16 samples from cycle 4 with halite contents > 90% that were analyzed, the mean
water content is .44 wt. . With increasing clay content, a trend exists
toward increasing water content. For the 13 samples from cycle 4 with halite
contents < 90% that were analyzed, the mean water content is 1.15 wt. . The
author states that extrapolation of the observed trend suggests that
halite-cemented mudstone, commonly found in the bedded salt units, will contain
10 to 15 wt. water. The obvious conclusion is that the selection of the
repository horizon must include a thorough investigation of the clastic
interbeds throughout the bedded salt and their effect on the total amount of
water present.

PROBLEMS. DEFICIENCIES, OR LIMITATIONS OF REPORT:

The author points out the major limitation of the study, i.e., that the
measured mean water content is a relatively meaningless value given the great
local heterogeneities present in the San Andres. Because of this, results from
sensitivity analyses or performance assessment calculations using a single
value for water content must be evaluated carefully. The results may have
little relation to actual repository performance.

Another limitation of the report is that the author does not describe in enough
detail how samples were selected with respect to rock type or core. It is not
clear if the samples were chosen to statistically represent a particular unit,
or to just give a representation of each rock type found in each unit.

ACTION TAKEN:

Review forwarded to OWM salt team staff.

ACTION RECOMMENDED:

NONE.

REFERENCE:

Hovorka, S.D., B.A. Luneau, and S. Thomas, 1985, "Stratigraphy of Bedded Halite
in the Permian San Andres Formation, Units 4 and 5, Palo Duro Basin, Texas,"
Texas Bureau of Economic Geology, OF-WTWI-1985-9.


