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SITE: Yucca Mountain

GENERAL COMMENT NUMBER: 1

Radionuclide-Release Pathways - The EA does not contain any discussions
of geochemical conditions along the distal ends of potential
radionuclide-release pathways (i.e., geochemical conditions along
radionuclide-release pathways from the region immediately beneath the
candidate repository horizon to points within the accessible
environment). These conditions must be identified in order to conduct
defensible assessments of the isolation performance of rocks in the far
field of the site system.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-1

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-144, item (2) [Department of Energy (DOE)
finding]

In this block of text it is stated: ".... particulates and colloids may
be filtered by tuffs, thereby inhibiting transport."

This statement may be contentious if it turns out that most of the
groundwater migrating downward through the NTS tuffs in the unsaturated
zone flows through fractures rather than through the rock matrix. In
other words, if fracture flow predominates in the unsaturated zone at
the Yucca Mountain site, a significant fraction of the particulates and
colloids in groundwater may not be filtered out by the tuffs. This
conclusion also applies to flow of groundwater beneath the water table.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-2

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-147, paragraph 3

In the last sentence in this paragraph it is stated: "A temperature
increase from 35 to 60'C (95 to 140'F) is assumed not to produce
significant increases in the kinetics of the breakdown of clinoptilolite
and mordenite."

This sentence implies that DOE has little or no data on the reaction
kinetics of clinoptilolite and mordenite. These data may be important
to obtain, because DOE states that clinoptilolite and mordenite are
likely to act as sorbents for radionuclides that escape from the waste
packages of a repository at Yucca Mountain.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-3

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-147, paragraph 4

This paragraph begins with the sentence: "For discussions about
precipitation and complex formation, equilibrium chemical behavior is
assumed; this assumption is generally valid."

This statement is may be contentious because it is possible that many
rock/water reactions in the tuff-groundwater systems at the Nevada Test
Site (NTS) will be either controlled or influenced by kinetics. This
point is tacitly acknowledged by DOE inasmuch as the draft EA contains
lengthy discussions of the possible effects of kinetics on the stabili-
ties of zeolites and clay minerals in NTS tuffs. Furthermore, it has
been demonstrated that supersaturation and redox disequilibrium (RUNNELS
1984) can occur in many different types of rock/groundwater systems,
including tuff-groundwater systems such as those at the NTS.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-4

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-148, paragraph 1

In this paragraph it is stated: "Although water from Yucca Mountain has
been characterized, the solubilities of many waste elements in that
water have not been experimentally determined and are therefore
estimated by calculations using a computer model at this time (Wolfsberg
et al., 1982)."

Using only calculated solubilities for radionuclides in tuff-groundwater
systems (see also Table 6-24 on p. 6-163) may not be defensible for per-
formance assessment analyses. Experimentally determined solubilities,
under geochemical conditions which simulate those expected to develop in
and around a repository at Yucca Mountain site, are probably more
accurate and could form the basis for deriving defensibly conservative
solubility values.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-5

COMMENT HEAD ING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-148, paragraph 1

In the last sentence in this paragraph it is stated: "Only liquid-borne
radionuclide transport has been considered."

This statement prompts the question: Why hasn't vapor or aerosol
transport been considered? This question is apropos, because DOE now
proposes to locate the Yucca Mountain repository in the unsaturated zone
beneath Yucca Mountain, so it is possible that some radionuclide
transport from this repository will occur by vapor or aerosol transport.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-6

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-149, paragraph 2

In this paragraph it is stated: "Barring climatic changes that would
significantly increase ground-water recharge or raise the static water
level at Yucca Mountain, zeolitization should be inoperative or minor
during the next 100,000 years."

Because glass-to-zeolite reactions can potentially produce significant
changes in the physical and chemical integrity of NTS tuffs (e.g.,
zeolitization could lead to Important changes in the porosities, per-
meabilities, and sorptive properties of the tuffs), it may be necessary
to develop an improved understanding of the kinetics of zeolitization in
NTS tuffs. In particular, because heat liberated by decaying radioac-
tive waste will raise temperatures in the rocks immediately adjacent to
an engineered HLW facility at Yucca Mountain, it may be important to
ascertain the effects of increased temperature on the kinetics of zeoli-
tization in NTS tuffs.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-7

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-149, paragraph 3

The first two sentences in this paragraph are: "Studies of mineral-
assemblage transitions associated with increasing depth and elevated
subsurface temperatures suggest that the recrystallization of
clinoptilolite-mordenite assemblages to analcime assemblages may have
occurred during the Quaternary Period and may continue during the next
100,000 years. This recrystallization is of interest because it could
reduce the amount of zeolites present along potential flow paths and
thus reduce the radionuclide sorptive capacity at Yucca Mountain
(Heiken, 1982)."

These statements refer to the importance of understanding the natural
evolution of zeolite mineralogy in the far field where heat liberated
from the decay of radioactive waste will not be important. The text
that accompanies these sentences implies that little is known about the
history of zeolite crystallization in NTS tuffs, and, therefore, it may
be difficult to confidently predict zeolite stability very far into the
future. This predictive capability may be important because, as stated
in the second quoted sentence, zeolites are likely to sorb radionuclides
and thus decrease the rates of radionuclide migration from the Yucca
Mountain repository to the accessible environment.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-8

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-151, paragraph 2 (see also p. 6-160, paragraph
4)

In this paragraph it is stated: "Oxides of many waste elements,
particularly the actinides, have high solubilities at low and high pH,
with a minimum solubility in the pH range of 6 to 8 (Allard, 1982; Duffy
and Ogard, 1982). Thus, the nearly neutral pH of water from the Yucca
Mountain area provides conditions that favor minimum solubilities for
these elements."

This commentary only refers to oxides of waste elements, not silicates
or carbonates. The consequences of waste elements precipitating as
either silicates or carbonates should also be addressed. Is it possible
that silicate and/or carbonate solids will control the concentrations of
some dissolved radionuclides? If so, will the solubilities of silicates
and carbonates of waste elements be minimized in groundwaters with near-
neutral pH? What about the possibility that one or more waste elements
will be incorporated into the crystal structures of secondary minerals
that occur in the tuffs at the NTS? It may be worthwhile to consider
the ramifications of the circumstance in which the concentrations of
dissolved radionuclides are sorption-limited rather than solubility-
limited.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-9

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-152, paragraphs 2 and 3

These paragraphs contain the following sentences: [paragraph 2] "The
sorption data for many of the elements studied can be correlated with
mineral composition (Heiken, 1982). For the alkali metals (e.g.,
cesium) and alkaline earths (e.g., strontium, barium, and radium), which
probably exist in ground water as uncomplexed ions and sorb by ion
exchange, sorption is directly correlated with the presence of
clinoptilolite and the smectite clays, which contain exchangable
cations." .... [paragraph 31 "A correlation with mineral composition is
also found for the sorption of cerium, europium, plutonium, and
americium, but the relation is not as clear as that for the alkali
metals."

These statements are not completely consistent with the following
analysis presented by Kelmers (1984, p. 3-10): "For many radionuclides,
sorption ratios with different tuff samples varied by at least three to
four orders-of-magnitude. The sorption ratios for some radionuclides
seem to be related to the tuff sample minerals and a correlation of Rd
vs. sorptive mineral content was developed (DANIELS 1982a, ERDAL 1983,
and BISH 1983). Sorption ratios for a number of radionuclides were
plotted vs. clinoptilolite contents (DANIELS 1982a). Strontium and
barium showed a positive correlation. Cesium seemed to be more
correlatable with the smectite content of the tuff sample. Other
radionuclides showed little or no correlation with zeolite or clay
content of the tuff sample, including technitium, cerium, europium,
americium, neptunium, uranium, and plutonium." In view of this analysis
by Kelmers, it is evident that the statement from page 6-152, paragraph
3 of the draft EA (quoted above) may not be supported by the sorption
data that DOE describes.



ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-10

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-160, paragraph 5

This paragraph contains the statement: "There are no unusual conditions
that would promote the precipitation of waste element solids other than
oxides and hydroxides or that would inhibit the formation of aqueous
inorganic complexes containing waste elements."

This is a puzzling statement, because it is known that the groundwaters
beneath Yucca Mountain are saturated with silica, and this condition
should favor the precipitation of uranium- and zirconium-bearing sili
cates such as USiO4 and ZrSiO . Also, what about the possibility that
one or more waste elements wihl be incorporated into the crystal struc-
tures of secondary minerals that occur in the tuffs beneath Yucca
Mountain?
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-11

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-161, paragraph 1

In this paragraph it is stated: "Feldspar-silica, heulandite-smectite,
and volcanic glass assemblages are present within 20 m (60 ft) of the
repository, where temperatures would exceed the boiling point of water
(Johnstone et al., 1984). .... Heulandite and smectite, concentrated
along the top of the basal vitrophyre of the Topopah Spring Member
(Levy, 1984b), might be affected by the increased temperatures.
Smectite could reversibly collapse but would probably regain its cation-
exchanging ability when the temperature drops below the boiling point of
water (Allen et al., 1984)."

It is instructive to compare the above statements with the following
statements that appear on page 6-185, paragraph 3 of the draft EA.

"Predictions of the importance of dehydration in the lower Topopah
Spring Member below the repository horizon, where smectites, clinop-
tilolite, and volcanic glass occur, must await final thermal models and
final repository designs. Dehydration reactions involving smectites,
clinoptilolite, and mordenite are reversible when heating is below 200'C
(392°F) (Bish, 1981), and the presence of water vapor significantly
increases the temperature of dehydration for smectites (Koster van
Groos, 1981) and probably for zeolites. Therefore, such reactions, even
if they occur in the far field, will probably be reversible and will not
affect waste isoloation."

These two sets of statements say similar things, but different references
are cited. Wouldn't the arguments presented in each of these sets of
statements be more cogent if all three pertinent references (Allen et
al., 1984; Bish, 1981; and Koster van Groos, 1981) were cited together?
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-12

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-163, paragraph 1

In the third sentence of this paragraph it is stated: "The matrix-flux
was assumed to be 1 mm/yr (0.04 in./yr) (see Section 6.3.1.1)."

The difficulty here is that a groundwater flux of 0.04 in./yr may be
non-conservative. It has not been demonstrated that groundwater flow in
the unsaturated zone at Yucca Mountain is predominantly matrix flow
rather than fracture flow. If fracture flow is predominant, then it is
possible that meteoric water will migrate down to, and through, an engi-
neered HLW facility at a very rapid rate. If this possibility cannot be
ruled out at the present time, then the assumption of matrix flow at
0.04 in./yr may be non-conservative.

Ie _



ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-13

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-165, paragraph 1

This paragraph makes it clear that, at the present time, DOE cannot
assess the nature and extent of fracture flow of groundwater in the
unsaturated zone at Yucca Mountain. Consequently (1) geochemical
conditions along potential radionuclide-release pathways at the site
cannot now be established to a satisfactory extent, and (2) the results
of preliminary performance assessment calculations (KERRISK 1984) are of
uncertain relevance and significance.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-14

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-165, paragraph 4

This paragraph begins with the following two sentences: "The pre-waste-
emplacement water chemistry in the host rock is not known, because water
samples from the unsaturated zone of the Topopah Spring Member have not
yet been obtained. However, it is assumed to be similar to the
composition of samples obtained from below the water table in drill
holes at Yucca Mountain (Heiken, 1982), because water in the saturated
zone includes water that was formerly in the unsaturated zone."

The problem here is that it is not necessarily true that vadose-zone
water will be "similar" chemically to the groundwater in the saturated
zone. A sizable fraction of the latter groundwater may originate in
regions far removed from Yucca Mountain, and thus may have a different
chemical "signature." Furthermore, the rocks beneath the water table
may be somewhat different from the rocks present in the vadose zone,
and, therefore, different rock/water reactions in the two zones may
result in groundwaters with different chemistries. Finally, due to its
closer proximity to the surface, vadose-zone water is more likely to
contain hydrocarbons dissolved from decaying organic matter in overlying
soil zones.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-15

COMMENT HEADING: Section: 6.3.1,2 Geochemistry (10 CFR 960.4-2-2),
page 6-166, text above paragraph 1

Here it is stated that: "Samples of water from the unsaturated tuffs at
Yucca Mountain will be obtained when the exploratory shaft is
constructed. The reference water composition could then be revised, and
the potential effects of any differences between the waters drawn from
the unsaturated zone and J-13 water can be evaluated."

The assumption that "the potential effects of any differences between
the waters .... can be evaluated" may be misleading in the sense that it
implies that assessment of the differences between the groundwaters will
be straightforward and easily accomplished. It may be difficult to pre-
dict the effects of differences in groundwater chemistry. For example,
it is likely that the rates of certain sorption reactions in tuff-
groundwater systems will be strongly affected by the concentration of
NaCl in the groundwater. However, at the present time, there is insuf-
ficient data available to predict quantitatively how significant these
effects will be.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-16

COMMENT HEADING: Section: 6.3.1.2 Geochemistry (10 CFR 960.4-2-2),
page 6-168, paragraph 1

The first two sentences in this paragraph are: "The testing of spent
fuel has been completed only in deionized water to date. Tests with J-
13 water will start in the near future."

After reading these sentences, the question that comes to mind is:
Why are there no stated plans to "test" spent fuel in the presence of
both J-13 water and tuff? In order to properly test potential waste
forms under repository-specific conditions, shouldn't both groundwater
and rock be present in the tests?
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-17

COMMENT HEADING: Section: 6.3.1.3 Rock characteristics (10 CFR 960.4-
2-3),
page 6-188, paragraph 2

In this paragraph it is stated: "Radionuclide leaching and transport
will not commence until liquid water contacts the waste form (when
temperatures have decreased below 100%C (212'F)). Therefore, vapor-
phase convection (either forced or free) is not a possible radionuclide-
transport mechanism because radionuclides are insoluble in water vapor
and the thermal gradient needed to drive forced vapor convection will
not exist."

No references are cited here to support these claims. Until proven
otherwise - and, for the time being, to be conservative - perhaps vapor
or aerosol transport of radionuclides should be treated as a possible
(though not necessarily likely) mode of radionuclide migration. Also,
the statement ".... and the thermal gradient needed to drive forced
vapor convection will not exist" is puzzling. Isn't it possible that
there will be some steep thermal gradients in the vicinity of waste
packages during the post-closure period?
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-18

COMMENT HEADING: Section: 6.4.2.2 Preliminary performance analyses of
the major components of the system
page 6-310, paragraph 1

In the first sentence of this paragraph it is stated: "In low-salinity,
aerated water with a nearly neutral pH, the uniform-corrosion rate for
30Ok stainless steel appears to be less than 0.1 mil/yr, or about 2.54 x
10 cm/yr (Paul and Moran, 1963)."

A potential problem here is that the groundwaters that corrode waste
packages may not necessarily be "low-salinity, aerated water with a
nearly neutral pH, ..... Due to evaporation and/or local transient
boiling, groundwaters near waste packages during the post-closure period
may pick up significant quantities of dissolved solids. These dissolved
solids, in turn, might affect the pHs of the groundwaters (e.g.,
increase them) so that they are no longer "nearly neutral." Groundwaters
that contain comparatively high concentrations of dissolved solids could
induce more rapid corrosion of waste canisters. Therefore, the assump-
tion that groundwaters which contact waste canisters are "low-salinity,

with a nearly neutral pH,....." may be non-conservative.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-19

COMMENT HEADING: Section: 6.4.2.2 Preliminary performance analyses of
the major components of the system
page 6-311, text above paragraph 1

In this text iS is Stated: "Thus, for an expected flux of less than 1
mm/yr (Fed 10 m /m -yr) and a vertically emplaced reference canister (A
- 0.33 m ), no more than 0.33 liters of water per year could enter (and
exit) the canister."

Because a I mm/yr flux may not be conservative if fracture flow is
significant in the unsaturated zone at Yucca Mountain, the performance
assessment calculations that are being described here may also be non-
conservative.
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ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-20

COMMENT HEADING: Section: 6.4.2.2 Preliminary performance analyses of
the major components of the system
page 6-311, paragraph 2

In this paragraph it is stated: "Wilson and Oversby (1984) report the
initial results from tests of spent fuel cladding containent. Solution
concentrations indicate a uranium-release rate of 5 x 10 per year from
bare fuel (pellets from a 13-cm (5-in.) long rod segment submerged in
250 ml of deionized water and a release rate of 2 x 10 per year for
plutonium."

These statements refer to tests performed with deionized water, but no
mention is made of the temperature(s) at which the tests were conducted.
Also, using results from tests with deionized water may be inappropriate
because it is possible that the per-year uranium-release rate would be
significantly different (either faster or slower) if significant amounts
of dissolved silica are present in the groundwater. Groundwaters at
Yucca Mountain are saturated with silica, and the presence of dissolved
silica may tend to diminish the rate of release of uranium by promoting
the precipitation of USiO . On the other hand, some uranium might
become attached to (sorbed by) easily transportable silica-rich
colloids, and this might tend to increase the release rate of uranium.



ORNL REVIEW COMMENTS

SITE: Yucca Mountain

COMMENT NUMBER: 6-21

COMMENT HEADING: Section: 6.4.2.2 Preliminary performance analyses of
the major components of the system
page 6-312, text above paragraph I

In this text it is stated: "Available evidence suggests that the flux
is less than 1 mm/yr and could be as low as 0.003 mm/yr (Section
6. 31.1). Taking the approximate midpoint value of this range, F - 5 x
10 m/yr, .... "

Assuming a flux of 5 x 10-4 m/yr may be non-conservative if fracture
flow is significant in the unsaturated zone at Yucca Mountain.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 3-1

COMMENT HEADING: Section 3, The Site, page 3-1, paragraph 1 and 2

It is stated that Chapter 3 is:

"intended to provide the foundation for the evaluations and
assessments in the other chapters of this Environmental Assessment"

and that:

"Site-specific data have not been collected."

These statements appear to be somewhat contradictory. It is not clear
how a chapter not based on site-specific data can be the basis for an
Environmental Assessment which has as its purpose the evaluation of a
specific site.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 3-2

COMMENT HEADING: Section 3.2.7.2 Brines, page 3-83, paragraph 5

It would appear from the discussion that "(0.5 to 0.6)" should read as
(0.5 + 0.6)."

-- "f A ,. V



ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 3-3

COMMENT HEADING: Section 3.3.2.1.3 Geochemistry of Deep Basin Brine
Aquifers, page 3-132, paragraph 8

It is stated that:

"The brines in the deep basin brine aquifer are presumed to be
reducing because abundant methane (Sewell, 1984) and some hydrogen
(Fisher, 1984) are present."

The presumption of reducing conditions would not appear to be justified
based on the data discussed. There are many problems associated with
the concept of redox conditions in groundwaters (see LINDBERGH 1984 [and
references therein]). -For example, methane and hydrogen can persist
metastably in oxidizing groundwater. The available data would not appear
to be sufficient to differentiate between the existence of reducing or
oxidizing conditions.

Reference:

LINDBERGH 1984. R. D. Lindbergh and D. D. Runnels, "Ground Water Redox
Reactions: An Analysis of Equilibrium State Applied to Eh Measurements and
Geochemical Modeling," Science, v.225, p. 925, 1984.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-1

COMMENT HEADING: Section 6.3.1.2.2 Geochemistry, Analysis of Favorable
Conditions, page 6-88, paragraph 2, bullet 2

The groundwaters in the deep basin brine aquifers are stated to be
chemically reducing - thus, constituting a favorable condition. The
available data do not unequivocally support this assertion (see Comment
3-3).
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-2

COMMENT HEADING: Section 6.3.1.2.2 Geochemistry, Analysis of Favorable
Conditions, page 6-99, paragraph 2, bullet 4

It is stated that:

"Brines will inhibit the formation of some types of colloids"

Are the colloids referred to in this statement those which are likely to
form in the system of interest? Are there other types of colloids which
may form and which may not be inhibited by the presence of brines?
Without site-specific evidence it seems premature to conclude this
favorable condition is present.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-3

COMMENT HEADING: Section 6.3.1.2.2 Geochemistry, Analysis of Favorable
Conditions, page 6-88, paragraph 2, last unmarked bullet

It is stated that methane will not form complexes with radionuclides.
However, the effect of radiation on the methane has not been addressed.
It is possible that radiation could alter the methane to a form which
favors the complexing of radionuclides. For example, Gray (1984) has
shown that methane-bearing groundwaters in the presence of gamma-
radiation can produce long-chained organic polymers. The effect of
these polymers on radionuclide retention is not presently known, but the
possibility exists that deleterious effects could result. Consideration
of the formation of organic complexes from seemingly inert compounds
(e.g., methane) as a result of radiation cannot be discounted and,
therefore, may not allow this favorable condition to be unconditionally
stated to be present.

Reference:

GRAY 1984. W. J. Gray, "Gamma Radiolysis Effects on Grande Ronde Basalt
Groundwater," Mat. Res. Soc. Symp. Proc., v. 26, p. 147, 1984.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-4

COMMENT HEADING: Section 6.3.1.2.2 Geochemistry, Analysis of Favorable
Conditions, page 6-89, paragraph 2

It is stated that:

"A set of conservative (i.e., deliberately overestimated)
calculations has been made"

Section 6.4.2 (Preliminary Postclosure Performance Assessment) states
that estimates of radionuclide solubility limits from the WISP report of
the National Academy of Sciences (PIGFORD 1983) were used in the
calculations. Many of these estimates are based on little, if any,
actual data on the behavior of radionuclides in an environment relevant
to a repository in salt. Without some experimental confirmation of the
estimates, a determination of conservatism is not possible. Therefore,
if the calculated results are sensitive to the radionuclide solubility
limits, the presence of the favorable condition may be more uncertain
than implied.

Reference:

PIGFORD 1983. T. H. Pigford (chairman), A Study of the Isolation System
for Geologic Disposal of Radioactive Wastes, Waste Isolation Systems Panel
(WISP), Board on Radioactive Waste Management, National Academy of
Sciences, National Research Council, National Academy Press, Washington,
D.C., 1983.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-5

COMMENT HEADING: Section 6.4.2.3 Preliminary Subsystem Performance
Assessments, page 6-176, paragraph 5

It is stated that:

"Chambre and others (1983) have found that the low solubility"

The wording "have found" implies that direct evidence from experiments or
field data confirm the existence of the favorable geochemical processes
discussed in this paragraph. However, the work of Chambre and others
(1983) is strictly one of theoretical model calculations. No
confirmatory results have been obtained to validate the predicted
processes. It is suggested that wording more representative of the
available information be used, and that additional conservatism not be
claimed, because of the uncertainty in whether or not the expected
processes will actually occur.

Reference:

CHAMBRE 1982. P. L. Chambre, T. H. Pigford, and S. Zavoshy, "Solubility-
Limited Dissolution Rate in Ground Water," Trans. Am. Nucl. Soc., v. 41,
p. 53.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-6

COMMENT HEADING: Section 6.4.2.3.2 Fluid Conditions in Salt,
page 6-186, paragraph 2

The discussion does not explicitly state whether the accumulation of
brine is calculated from fluid inclusions migrating only in a radial
direction perpendicular to a waste package, of if migrating fluids
reaching the waste package from the volume of salt above and below the
waste package are also included in the accumulation. ONWI-545 states
that BRINEMIG is a one-dimensional code, thus, it would appear that only
radial migration, and not three-dimensional spherical migration, was
included in the calculations. The difference is that the volume of
migrating fluid inclusions should be a sphere rather than a cylinder.
This difference in volume could be significant and the method of
calculation should be explained in more detail. Neglecting the
accumulation of fluids from above and below the waste package results in
underestimates of brine accumulations. Whether this non-conservative
approach is offset by the conservative assumptions of (1) a high estimated
water content and (2) using the maximum temperature gradients is not
known.

An attempt was made to obtain the documentation of the BRINEMIG and TEMPU5
codes and the calculations used in the performance assessment. ONWI staff
indicated that the reports, although referenced, have not-been published
and released for the general public. This situation made It impossible to
adequately review the material.

Reference:

ONWI-545 1984. Performance Assessment Plans and Methods for the Salt
Repository Project, BMI/ONWI-545, Office of Nuclear Waste Isolation,
Columbus, Ohio, 1984.



ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-7

COMMENT HEADING: Section 6.4.2.3.3 Waste Package Performance, page 6-193
paragraph 1

The statement:

"radionuclides cannot dissolve any faster than the fuel pellet (for
SF) or the glass (for CHLW)."

is partially incorrect. Experimental studies have shown that some
radionuclides (e.g., Cs and I in spent fuel) are released into solution
at a faster rate than the dissolution of the matrix (JOHNSON 1982). The
first stage in glass dissolution is a leaching of alkali elements, which
could release some radionuclides at a faster rate than the subsequent
mechanism of matrix dissolution (ADAMS 1984). It is stated that none
of these factors are considered in the performance assessment
calculations - implying an additional degree of conservatism. However,
because the mechanisms discussed may not be relevant, additional
conservatism cannot be claimed in the calculations.

References:

ADAMS 1984. P. B. Adams, "Glass Corrosion: A Record of the Past? A
Predictor of the Future?," Jour. Non-Crystalline Solids, v. 67, p. 193,
1984.

JOHNSON 1982. L. H. Johnson, The Dissolution of Irradiated UO, Fuel in
Groundwater, AECL-6837, Atomic Energy of Canada Limited, Pinawa, Manitoba,
Canada, 1982.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-8

COMMENT HEADING: Section 6.4.2.3.3 Waste Package Performance,
page 6-196, paragraph 4

It is stated that:

"The effect of gas evolution from the corrosion process on the
package integrity has not been considered."

This is a serious apparent shortcoming in the assessment of not only the
waste package, but the repository system as a whole. From assumption 2
(page 6-187), and the total quantity of waste packages (Table 6-28), it
can be calculated that, assuming 1 cm of corrosion (see Figures 6-18 and
6-19), a total of approximately 3 million cubic meters of hydrogen could
be generated within the repository. A discussion of the possible fate of
the hydrogen gas should be added and the implications of the hydrogen gas
on the integrity of the repository and waste package corrosion should be
specifically addressed and relevant guidelines reassessed (e.g., 10 CFR
960.4-2-1, 960.4-2-2, 960.4-2-3, and 960.4-2-7).

.~ ~ ~~~.* .'J, 4



" _- "? -l % A, 3w -rye
I.. ~ . Iass 8l H

ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-9

COMMENT HEADING: Section 6.4.2.3.4 Release Rate From the Engineered
Barrier Subsystem, page 6-196, paragraph 6

It is stated that the expected solubilities of radionuclides in anoxic
brines would be lower than the values used in the assessment. Because
of the lack of confirmatory data on the solubility estimates used in the
calculations, it is not possible at this time to determine whether
actual solubility values will be lower or higher than those currently
estimated. The degree of conservatism cannot established at this point
and should not be presumed. See also Comment 6-4.

The presumption of anoxic brines is not justified by the available data.
See Comments 3-1, 3-3, 6-1, and 6-11.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-10

COMMENT HEADING: Section 6.4.2.3.4 Release Rate From the Engineered
Barrier Subsystem, page 6-196, paragraph 6

It is stated that:

"Solubilities of most radiochemicals in brine are a strong function
of Eh and pH, neither of which may be significantly affected by the
expected radiation field;"

This conclusion is in contradiction to current published information
(see JOCKWER 1984; PEDERSON 1984; and SIMONSON 1984). For example,
Pederson et al. (1984) state that:

"actinide solubilities may be altered by alpha and gamma radiolysis
through changes in the Eh/pH of solution."

A more detailed discussion of radiation effects (including references)
may help to clear up this apparent contradiction in conclusions
regarding the potential effects of radiation on the geochemical
environment and radionuclide solubility limits.

References:

JOCKWER 1984. N. Jockwer, "Laboratory Investigations on Radiolysis
Effects on Rock Salt with Regard to the Disposal of High-Level Radioactive
Wastes," Mat. Res. Soc. Symp. Proc., v. 26, p. 17, 1984.

PEDERSON 1984. L. R. Pederson, D. E. Clark, F. N. Hodges, G. L. McVay,
and D. Rai, "The Expected Environment for Waste Packages in a Salt
Repository," Mat. Res. Soc. Symp. Proc., v. 26, p. 417, 1984.

SIMONSON 1984. S. A. Simonson and W. L. Kuhn, "Predicting Amounts of
Radiolytically Produced Species in Brine Solutions," Mat. Res. Soc.
Symp. Proc., v. 26, p. 781, 1984.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-11

COMMENT HEADING: Section 6.4.2.3.4 Release Rate From the Engineered
Barrier Subsystem, page 6-202, paragraph 2

It is stated that:

"Dissolution of cesium-137 would be limited by dissolution of the
matrix."

This statement is not correct based on currently available data. See
Comment 6-8.
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ORNL REVIEW COMMENTS

SITE: Deaf Smith County Site, Texas

COMMENT NUMBER: 6-12

COMMENT HEADING: Section 6.4.2.3.4 Release Rate From the Engineered
Barrier Subsystem, page 6-202, paragraph 6

The results of this analysis are sensitive to the estimated radionuclide
solubilities and brine accumulations used in the calculations. The
values used in the analysis are uncertain and have been identified in
earlier comments (Comments 6-4, 6-6, and 6-9) as perhaps not being as con-
servative as has been claimed. Therefore, it is not clear that the calcu-
lations discussed can be called "bounding estimates" until site-specific
information is obtained.
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ORNL REVIEW COMMENTS

SITE: Hanford Site

COMMENT NUMBER: 6-1

COMMENT HEADING: Section 6.3.1.2.7 Geochemistry, Favorable Condition,
page 6-92

In this section of the Draft Environmental Assessment (DEA), the argument
is developed that any radionuclide having a sorption ratio of 0.3 or
greater would result in a calculated retardation factor of 10 or greater
for retardation due to sorption in the Hanford Site basalt flow top. It
is argued that since most radionuclides other than carbon-14 and
iodine-129 have experimentally measured sorption ratios of greater than
0.3, at least under the reducing redox conditions expected in the Hanford
Site host rock, this favorable condition ["(5) Any combination of geochem-
ical and physical retardation processes that would decrease the predicted
peak cumulative releases of radionuclides to the accessible environment by
a factor of 10 as compared to those predicted on the basis of groundwater
travel time without such retardation."] is met by the Hanford Site.

We believe that the simplifying assumptions made in the development of
this argument probably are non-conservative and that reasonable assurance
does not exist that this favorable condition is met at the Hanford Site.
The application of this simplified analysis of radionuclide retardation
due to sorption by the host rock may represent a major concern relative to
the general approach to radionuclide retardation taken in the DEA, and we
suggest that conclusions as to the relative merit of the Hanford Site
which include credit for this favorable conditions may not be defensible.
A discussion of our concern relative to the calculation of radionuclide
retardation resulting from sorption by the host rock is detailed in the
following paragraphs. A separate question, which we have not explored, is
if the interpretation in the DEA that delay of the release peak in time by
a factor of 10 satisfies this section of 10CFR60, or if reduction in the
radionuclide concentration at a given time was intended to satisfy this
condition.

While the mathematical treatment of radionuclide retardation used to
obtain a sorption ratio value of 0.3 or greater as satisfying the
favorable condition is not given in the DEA, it is obvious that the usual
simplified relationship

R = I + Kd (¢P)

was employed where
R is the retardation factor (dimensionless),
Kd is the equilibrium distribution coefficient (L/kg),
p is the bulk density (kg/L), and
* is the porosity (dimensionless).

Thus, in the DEA values of 3 kg/L for the bulk density, 0.1 for the flow
top porosity, and 10 for the retardation factor were used and the equation
was solved for Kd. This gave a Kd value of 0.3. (Actually, Kd is not
dimensionless, as given in the DEA, but has the units L/kg.)
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This frequently used expression [1] can be readily derived (examples may
be found in HOLLY 1971 or HAGGBLOM 1977). However, it is important to
understand the assumptions that underlie the derivation. Of major
importance to the concern which we express is the assumption that the
entire sorption medium, in this case the host rock, is available for
radionuclide sorption. While this expression may allow a practical, if
not strictly rigorous, treatment of retardation of dissolved species due
to sorption in columns of ion exchange resins or in groundwater migration
through finely divided soils, the expression clearly can not be accurately
applied to the Hanford Site due to the very low permeability or low
hydraulic conductivity of the basalt flows. Values as low as 10-14 M/S
are given in Long (1983) for Cohassett flow interior; such values may be
representative of intact unfractured basalt. The fracture network would,
of course, render some portion of the host rock more accessible for
groundwater contact and radionuclide sorption and the effective
conductivity would not be this low. The dense interior of the basalt
will, however, be relatively inaccessible for sorption of radionuclides
from migrating groundwater and the simplified expression (1] must be
non-conservative for the calculation of radionuclide retardation.

Different retardation factor expressions which may be applicable to
evaluation of the Hanford Site can be derived based on the assumption that
sorption is a surface phenomenon. No single formula to represent this
situation seems to be generally accepted in the literature. Pepping
(1983) derives the simplified expression

R = 1 + Kd(p) [21

where
R is the retardation factor (dimensionless),
Kd is the equilibrium distribution coefficient (L/kg), and
p is the grain density of the rock (kg/L).

If the value of 3 kg/L is again used for the density and the equation
solved for an R of 10 (the favorable condition), Kd must be 3 L/kg or
greater to satisfy the favorable condition. Thus, if retardation is
treated in this manner [2] as a surface sorption effect, the Kd required
to satisfy the favorable condition is an order of magnitude greater than
the value in the DEA, i.e., the DEA analysis is non-conservative by an
order of magnitude.

A different expression has been developed by Haggblom (1977) to deal with
the repository situation where sorption is associated with host rock
fracture surfaces rather than the bulk host rock. Haggblom (1977) expresses
retardation as

R - 1 + Ka(r) [31

where R is the retardation factor (dimensionless),
Ka is the surface equilibrium distribution coefficient (m), and
r is the ratio of fracture surface/fracture volume (m-1).

Since the basalt flow top (including the Cohasgett flow top which is
presumed to be the radionuclide release pathway) has not been charac-
terized for the Hanford Site, it is difficult to know what relationship or
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values to assign to the release pathway surface and volume. For this
discussion, we arbitrarily assumed that the flow top pathway could be
represented as a cylinder. Thus, r is reduced

r - irDh 4 [4]

to 4/D where D is the diameter of the cylinder (m). The surface sorption
ratio or distribution coefficient Ka is related to the distribution
coefficient Kd which is assumed to be the value measured in batch sorption
experiments by

Ka - 0.0O1Kd (A) [5]

where A is the sample surface area in m2/kg.

Little information is available regarding the Hanford Site to allow
accurate application of this expression for radionuclide retardation,
however, for this discussion we assumed that the flow top pathway could be
represented by a 0.1 m diameter cylinder and that the experimentally used
basalt sample had a surface area of 100 m2/kg. A surface area values is
needed in order to allow relating the calculated Ka to Kd values measured
for the Hanford Site. Using these values and solving the expression for
the Kd value

Kd .- (D)(R-1) 103 [6]
4A

which would yield a site retardation factor of 10 or greater (the
favorable condition), we find that a Kd of 2.2 L/kg or greater is required
to satisfy the favorable condition. While the values which we arbitrarily
selected to perform this calculation may be subject to question, it is
likely that the retardation calculation in the DEA may also generally be
less conservative than estimations obtained by equation [3].

A good discussion of the problems involved in calculating the retardation
of radionuclides due to sorption in a fractured dense host rock is given
in Neretieks (1980). Both simplifying approaches which we have discussed
(bulk sorption or surface sorption) represent extreme limiting cases and
are shown to be inaccurate for a repository surrounded by fractured dense
rock. (Granite is being considered in the case of the Swedish publication,
but the treatment may be similarly applicable to basalt.) If it is
assumed that the entire bulk of the host rock is available for sorption
(as was done in the DEA or in equation [11), the calculated retardation is
shown to be inaccurate and non-conservative because the availability
assumption is not satisfied since the rate of diffusion of radionuclides
into the host rock is slow compared to the groundwater migration rate.
If, on the other hand, retardation is assumed to be only a surface effect
(as in equations (2] and [31), the calculated retardation again will be
inaccurate but in this case may be conservative since no credit was taken
for diffusion of radionuclides into the host rock. Obviously, the host
rock has some permeability or transmissivity due to fractures and fissures
and this assumption is thus conservative. In the case of the Hanford
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Site, these values may be low but they are not zero as assumed in the
simplified equation [3]. Neretieks (1980) develops cogent arguments for
determining the accessibility of the rock matrix to the radionuclides and
using this information in transport equations to estimate retardation due
to sorption. We suggest that such an approach to the estimation of
radionuclide retardation due to sorption in the host rock could yield more
defensible retardation factor values than the simplified and probably non-
conservative approach taken in the DEA.

A separate source of uncertainties in these calculations of retardation is
the use of the equilibrium radionuclide distribution coefficient Kd. This
value must be experimentally measured under the geochemical conditions
expected to prevail in the host rock. Several problems are associated
with the quality of the distribution coefficient data available for the
Hanford Site. First, it is difficult to show that the experiments have
been conducted for sufficient time to reach equilibrium. This may be a
minor concern, however, since failure to reach equilibrium generally
results in conservative sorption ratio values. Second, and of greater
concern, the values must be measured in the laboratory under the geochemi-
cal conditions which will actually exist in the host rock since
radionuclide sorption may be highly dependent upon the radionuclide spe-
cies present during the test. The species present during the measurement
are established by the test geochemical conditions (temperature, Eh, pH,
etc.). However, as we discuss our comment 6-2, neither the host rock
redox condition expected for the Hanford Site or the experimental methodo-
logy used in the laboratory to simulate this condition can be unam-
biguously shown to be either accurate or conservative. These
uncertainties further render the DEA conclusion that the favorable con-
dition is met open to reasonable doubt.

In summary, we are concerned that the DEA section 6.3.1.2.7 describing
the favorable condition of radionuclide retardation by the host rock by a
factor of 10 or more may be non-conservative and subject to reasonable
doubt. We suggest that a more detailed analysis of radionuclide retar-
dation which takes into account the availability of the host rock for
sorption should be conducted. Such an analysis might follow the general
structure of the methodology given in Neretieks (1980).

References

HAGGBLOM 1977. H. Haggblom, Calculations of Radionuclide Migration in
Rock and Porous Media Penetrated by Water, KBS-52, Aktiebolaget
Atomenergi, Sweden, 1977.

HOLLY 1971. D. E. Holly, N. L. Guinasso, and E. H. Essington,
Hydrodynamic Transport of Radionuclides: One-Dimensional Case with
Two-Dimensional Approximation, NVO-1229-179, Atomic Energy Commission,
Nevada Operations Office, Las Vegas, Nevada, 1971.

LONG 1983. P. E. Long, Repository Horizon Identification Report; Volume
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ORNL REVIEW COMMENTS

SITE: Hanford Site

COMMENT NUMBER: 6-2

COMMENT HEADING: Section 6.3.1.2.10, Geochemistry, Potentially adverse
condition, page 6-96

In order to show that this potentially adverse condition ["(3) Pre-waste-
emplacement groundwater conditions in the host rock that are chemically
oxidizing."] does not exist at the Hanford Site, it would seem to be
necessary only to demonstrate with reasonable assurance that the system is
not chemically oxidizing. The analysis in the Draft Environmental
Assessment (DEA) of the Hanford Site, however, takes a much more ambitious
approach and attempts to establish that the Hanford Site not only is not
oxidizing but is strongly chemically reducing. The reducing redox con-
dition expected in the Hanford Site basalt/groundwater system then becomes
a major theme for the site qualification since it, in turn, is used in the
measurement of radionuclide sorption values or calculation of radionuclide
solubility values which then are used in the performance assessment calcu-
lation to show favorable radionuclide retardation by the site. For
example, in section 6.3.1.2.11 (p. 6-97), Conclusions on qualifying con-
ditions, it is stated: "The repository and host geochemical environment is
reducing and tends to result in low steady-state concentrations and high
sorption for many radionuclides." The low radionuclide solubility and
high sorption which may result from reducing groundwater conditions or low
system Eh is an important aspect of the performance assessment included in
the DEA; see, for example, paragraph 2, Step 3--solubility and paragraph
3, Step 4-adsorption, on p. 6-237. Low radionuclide solubility values
and high sorption values representative of chemically reduced radionuclide
species (reduced through reaction with the basalt/groundwater system) are
used in the performance assessment. (The values employed are given in
Table 6-27 on p. 6-247; our concern as to the accuracy or conservatism of
these specific values is discussed in our comment 6-3.) Thus, it is
apparent that the reducing geochemical condition expected at the Hanford
Site is an very important aspect of the DEA.

We are concerned that the low Eh value of -0.4 ± 0.1 V cited (p. 6-96) could
be non-conservative for the development of radionuclide values used in
release calculations and that the release results obtained may not be
justifiable with reasonable assurance. This concern is due to both the
technical problems inherent in either calculating or measuring Eh and the
application of the Eh value selected. The measurement problems are at
least briefly alluded to in the DEA and are discussed below. However, the
uncertainties in the radionuclide solubility and sorption information
which may result from the uncertainty of the system Eh value seem not to
be adequately addressed in the performance assessment portion of the DEA.
Thus, the conclusion about radionuclide release (section 6.4.2.6.5
Cumulative radionuclide release, on p. 6-287) may be non-conservative.
The statement "...the results of the preliminary performance assessment
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indicate that each of the repository subsystems (i.e., waste package,
repository seals, and the site) could meet the cumulative release require-
ments" may not be defensible since it rests, in part, on radionuclide
solubility and sorption data developed for a lower system Eh or more
reducing redox condition than may be proven to actually exist at the
Hanford Site (see our comment 6-3).

We also have a concern relative to the effective system redox condition or
Eh described in the DEA in addition to the concerns associated with
measuring or estimating the Eh and use of the Eh value. Only a steady
state or equilibrium redox condition situation is considered in the DEA.
Neither the reducing capacity of the host rock nor the rate at which this
capacity may be available for interaction with migrating groundwater was
evaluated. The radionuclide release pathway at the Hanford Site is
assumed in the DEA to be through fractures, fissures, and basalt flow top
voids. These features have not been well characterized at the Hanford
Site, but are known to be generally filled or lined with secondary
minerals such as clays, zeolites, and silica (LONG 1983). The reducing
capacity of the basalt flows is generally believed to result from Fe(II)
in the glass phase (see discussion below). Thus, the reducing capability
of the system may be isolated from migrating groundwater by the alteration
products which line the release pathway and, therefore, diffusion of
Fe(II) through this lining could be an important aspect in establishing
the effective Eh which could lead to radionuclide precipitation or sorp-
tion reactions through chemical reduction. Faced with this uncertainty,
one analysis of the Hanford Site (PEPPING 1983) elected to utilized sorp-
tion data for secondary minerals rather than basalt since these are the
minerals which will be primarily in contact with groundwater. We are con-
cerned that no discussion of the rate of radionuclide reduction is
included in the DEA; an equilibrium condition was assumed to exist. The
failure to consider both reducing capacity and rate may be potentially
non-conservative and these aspects could be profitably further addressed
or evaluated.

Additional concerns which we have are addressed in a thorough review and
analysis of the redox conditions and controls at the Hanford Site which is
included in a report under preparation: J. G. Blencoe, Review and
Assessment of Information on Geochemical Conditions at the Hanford,
Washington, Candidate HLW Repository Site. That section of the draft
report is given below.

3.4.3 Redox Conditions and Controls

3.4.3.1 Review

The Eh ("redox state," or "oxidation potential") of groundwaters at the
Hanford Site has been measured in the field using platinum electrodes.
Measured values for Grande Ronde groundwaters range from +0.35V to -0.2V
(LONG 1983). (Eh measurements made on Grande Ronde groundwaters are
generally more reducing than those for groundwaters in shallower basalts.)
The mechanism that controls ("buffers") redox potential in
basalt/groundwater systems at the Hanford Site is inferred to be the
dissolution of Fe2+ -bearing basalt glass, oxidation of the resulting
aqueous Fe2+ ions to Fe3+ ions, and (subsequently) precipitation of ferric
oxides, hydroxides, or oxyhydroxides, and silica (APTED 1982). However,
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Ehs measured in the field can only serve as a broad indicator of oxidizing
versus reducing conditions in rock/groundwater systems. This is so
because it has been determined in numerous investigations that Eh measure-
ments with a platinum electrode are frequently inaccurate due to kinetic
effects at the platinum electrode surface and/or measurement of mixed
potentials from two or more couples (STUMM 1981, LINDBERG 1984).
Consequently, little importance can be attached to Eh values obtained from
field measurements with a platinum electrode.

A second method of estimating Eh in a basalt/groundwater system is to per-
form thermodynamic calculations for chemical reactions among observed
solid phases and/or aqueous species which are sensitive co redox con-
ditions (DOE 1982). Such estimates for the four candidate repository
horizons in the Grande Ronde Basalt, which are based on theoretical eva-
luations of geochemical interactions between solid phases and aqueous spe-
cies, are quite similar (see Table 5), and collectively suggest that Eh
ranges from -0.38V to -O.53V (DOE 1982). Therefore, the weight of the
evidence obtained from both Eh measurements with platinum electrodes and
thermodynamic calculations indicates that Eh values in Grande Ronde
groundwaters probably fall between -0.2V and -O.53V. Owing to the great
similarities in mineralogy, phase chemistry, and groundwater chemistry
among the four candidate basalt flows, Long (1983) has also concluded that
there are no significant differences between the Ehs of groundwaters in
the candidate-repository horizons at the Hanford Site.

3.4.3.2 Assessment

Broadly speaking, it is reasonable to conclude from available evidence
that redox conditions are "reducing" in the deep basalts at the Hanford
Site. However, there are significant gaps in our knowledge of the redox
conditions of groundwaters in these basalts. Eh measurements performed to
date are of very uncertain accuracy, and BWIP has not reported the results
of individual measurements. Redox conditions as low as -0.2V to -O.53V
probably occur - at least locally - at the depths of the candidate-
repository horizons (-1000 m) at the RRL, but, in view of the results
obtained by Lindberg and Runnells (1984), it seems unlikely that there is
a single "master" Eh for basalt/groundwater systems at these depths. A
failure to achieve and maintain redox equilibrium in the deep
basalt/groundwater systems at the Hanford Site - if and when it is
demonstrated - would be reasonably attributed to sluggish kinetics of the
reactions that must proceed continuously in order to establish a "master"
Eh.

As noted above, it has been suggested by Apted and Long (1982) that the
redox conditions of Hanford Site groundwaters are controlled by Fe 2 +
dissolved from glass in Hanford Site basalts. However, this proposition
is only an hypothesis, and it remains to be demonstrated that other Fe-
bearing minerals in Hanford Site basalts have only a negligible effect on
redox conditions. It is also possible that uncertainties regarding the
characteristics and spatial distribution of glass in the deep basalts at
the RRL will preclude meaningful applications of the Apted and Long
theory. For example, variations in the quantities of glass - as well as
the proportions of different types of glass - that occur in the deep
basalts at the RRL are not yet well known, nor is it known what con-
centrations of Fe 2 + are typical for glasses in these basalts. Furthermore,
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it is uncertain how well poised redox conditions are given the fact that
deep groundwater flow paths at the RRL are mainly along fractures, flow
tops, and flow bottoms. Are the redox conditions of groundwaters
migrating along fractures, flow tops, and flow bottoms actually controlled
by basalt glass in nearby basalt, or do secondary minerals exert the
greatest control in this situation? Also, what about the redox conditions
of groundwaters in interbeds at shallower depths? Are these groundwaters
able to "communicate" chemically with the glass in nearby basalt so that
dissolution of basalt glass controls redox conditions, or are Fe-bearing
minerals in the interbeds controlling redox conditions? It seems possible
that redox conditions vary significantly both within and between the
basalt flows and interbeds beneath the Hanford Site.
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ORNL REVIEW COMMENTS

SITE: Hanford Site

COMMENT NUMBER: 6-3

COMMENT HEADING: Section 6.4.2.3.3 Waste Package Subsystem Performance,
Table 6-27, Radionuclide data set for assessment of
waste package subsystem performance, page 6-247

Table 6-27 contains the radionuclide solubility values and the sorption
distribution coefficient values used in the performance assessment. These
values were employed in calculations of radionuclide release rates for the
waste package subsystem (section 6.4.2.3.3), the repository seals sub-
system (section 6.4.2.3.4), and the site subsystem (section 6.4.2.3.5).
The results of the calculations are, of course, dependent upon the input
values selected. We are concerned, as detailed below, that some of the
radionuclide solubility and sorption values may be neither accurate or
conservative, and thus may lead to calculation of lower radionuclide
release rates than can be supported with reasonable assurance. This is a
concern of major significance to the Hanford Site qualification in the
Draft Environmental Assessment (DEA), since the calculated favorable
radionuclide retardation resulting from the waste package, the seals, and
the site (which are based in part on these sorption and solubility values)
is a major theme in the DEA in qualifying the site.

The following statements appear in section 6.4, Analyses supporting the
comparison with system guidelines. Our concern about the input values
used in the performance analysis suggests that all these statements could
potentially be non-conservative and that reasonable assurance may not
exist to support acceptance of these statements.

6.4.2.3.3 Waste package subsystem performance, Conclusions, p. 6-256,
third bullet: "There is no indication that the U.S. Nuclear Regulatory
Commission criterion for maximum fractional release rate from the
waste package can not be met."

6.4.2.3.4 Repository seals subsystem performance, Results, p. 6-260:
"...the probability of exceeding the proposed U.S. Environmental
Protection Agency requirements due to migration of radionuclides
through the repository seals system is extremely low."

6.4.2.3.5 Site subsystem performance, Results:, third bullet, p.
6-273: "Adsorbed (and relatively insoluble) radionuclides are either
totally absent from radionuclide release at the accessible environment
or are evident in only a few of the Monte Carlo simulations."

6.4.2.4.1 Performance of the waste package subsystem, second bullet,
p. 6-276: "The computer simulations of radionuclide migration through
the packing material indicate that fractional release rates for the
significant radionuclides did not exceed the U.S. Nuclear Regulatory
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Commission fractional release rate criterion." Sigcond bullet, p.
6-277: 'The simulations also indicate that the cumulative release of
all radionuclides during 10,000 years would be very small."

6.4.2.4.2 Performance of the repository seals subsystem, first bullet,
p. 6-277: "...there is a high probability (0.90) that the cumulative
release would be less than 0.01 times the proposed U.S. Environmental
Protection Agency release limits that apply at the accessible environ-
ment boundary."

6.4.2.4.3 Performance of the site subsystems, bullet at bottom of p.
6-278: "Cumulative radionuclide release calculated at the accessible
environment boundary for the flow top pathway is sufficiently small
with a high probability (i.e., greater than 0.95) of meeting the pro-
posed Environmental Protection Agency limit.... The main reasons
the retardation of adsorbed radionuclides by the host rock."

6.4.2.4.4 Performance of the total isolation system, both bullets, p.
6-279: "For the reference conditions, all the cases simulated showed a
cumulative -radionuclide release that is less than the proposed U.S.
Environmental Protection Agency limit for both 10,000 and 100,000
years after closure."

"For the performance limits conditions, all the cases simulated had
cumulative radionuclide releases that were less than the proposed U.S.
Environmental Protection Agency limit."

In the following paragraphs, we have examined the solubility and sorption
values for the nine radionuclides (seven elements) tabulated in Table 6-27
and express concern as to the accuracy or conservatism of some of these
values. Apparently, these were the only radionuclides included in the
release calculations - no other radionuclide data tables are included in
the DEA. A separate concern, which we have not explored, is whether some
of the additional radionuclides present in high-level waste should have
been included in the calculations.

A major problem with the solubility values in Table 6-27 is that they are
different than the values in the cited reference and can not be traced to
their source. There appears to be considerable reason to be concerned
that some of the values may be non-conservative. A footnote to Table 6-27
states: "Taken from Salter and Jacobs (1983)." The reference Salter and
Jacobs (1983), titled BWIP Data Package for Reference Solubility and Kd
Values, contains a tabulation of both expected and conservative values to
be used for modeling activities. It should be noted that many of the
"conservative" solubility values given in Salter and Jacobs (1983) were
stated to be experimentally measured solubilities, thus there would seem
to be little justification for using solubility values which are lower
than these "conservative" numbers. The solubility values in the DEA Table
6-27 are not in good agreement with the values in Table 1 of Salter and
Jacobs (1983) and, in some cases, are lower than the recommended conser-
vative values, as shown below. Another footnote to Table 6-27 states that
the solubility values were adjusted for the radionuclide fraction, but it
is not clear what this means or how the solubilities were computed.
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Solubility (mol/L)

Salter and Jacobs (1983), Table 1
DEA

Table 6-27 Conservative Expected

C-14 4.OE-6 to 4.OE-9 1.OE-3 1.OE-6
I-129 1.OEO to 1.OE-2 1.OEO 1.OE-2
Np-237 1.OE-7 to 3.OE-9 1.OE-5 1.OE-10
Pu-239 1.2E-8 to 1.8E-11
Pu-240 6.OE-9 to 9.OE-12
Pu-242 2.0E-9 to 3.OE-12
Pu-total 2.OE-8 to 3.OE-11 1.OE-5 1.OE-9
Tc-99 5.OE-4 to 2.OE-8 1.OE-5 1.OE-9
Se-79 1.OE-4 to 1.OE-8 1.OE-3 1.OE-7
Sn-126 3.OE-6 to 3.0E-11 1.OE-5 I.OE-10

The radionuclide solubility values given in the DEA Table 6-27 are in
several cases one or more orders of magnitude lower than the conservative
solubility values recommended by Salter and Jacobs (1983). It appears
that the analysis of radionuclide retardation due to solubility
constraints presented in the DEA for these elements may be shown to be
non-conservative by information published by the Basalt Waste Isolation
Project. We are concerned that this apparently non-conservative approach
to radionuclide solubility may represent a significant concern in the
overall DEA approach to site qualification. Thus, in turn, the many state-
ments in the DEA to the effect that NRC or EPA release limits are not
expected to be exceeded may be correspondingly uncertain or non-
conservative.

The range of radionuclide sorption values given in Table 6-27 are iden-
tical to the values in Salter and Jacobs (1983). The lower values in the
DEA are the values stated by Salter and Jacobs (1983) as being
"conservative" while the higher are the stated "expected" values. It is
not clear from the DEA text which sorption values were used in the perfor-
mance assessment calculations. This may be a deficiency in the DEA since
it then is not possible to evaluate the conservatism of the sorption
retardation calculations. We previously assessed the methodology used to
develop the tabulated sorption ratios and expressed concerns as to the
adequacy and potential conservatism of the data obtained (KELMERS 1984).

We also have a major concern as to the methodology used to calculate sorp-
tion retardation; this was addressed in our comment 6-1.

Reference

KELMERS 1984. A. D. Kelmers, Review and Assessment of Radionuclide
Sorption Information for the Basalt Waste Isolation Project Site,
NUREG/CR-3763, U.S. Nuclear Regulatory Commission, Washington, D.C., 1984.

SALTER AND JACOBS 1983. BWIP Data Package for Reference Solubility and Kd
Values, SD-BWI-DP-OO1, Rockwell Hanford Operations, Richland, Washington,
1983.
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ORNL REVIEW COMMENTS

SITE: Hanford Site

COMMENT NUMBER: 6-4

COMMENT HEADING: Specific Geochemistry Items (items numbered in listing
from D. Brooks - see attachment)

1. No comment.

2. (1) While the site may exhibit chemically reducing conditions, we are
concerned that the expected Eh (-0.4 t 0.1 V) may not represent a conser-
vative value - see our comment 6-2.

(2) While the secondary minerals in the joints and fractures may
exhibit favorable sorption for some radionuclides, we are concerned that
the values used in the assessment may not be conservative - see our
comment 6-3.

(3) We are strongly concerned that the statement in the last sentence
that "realistic but conservative assumptions" have been used in the
performance assessment may not be defensible - see our comments 6-1, 6-2,
and 6-3.

3. No comment

4. No comment.

5. We generally agree with this discussion of groundwater chemistry.

6. No comment.

7. No comment.

8. No comment.

9. No comment.

10. No comment.

11. No comment.

12. No comment.

13. No comment.

14. No comment.

15. No comment.

16. No comment.

17. No comment.
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18. No comment.

19. No comment.

20. No comment.

21. No comment.

22. No comment.

23. No comment.

24. No comment.

25. This is an important aspect of the site which is
understood; we agree with the plans.

26. This is an important aspect of the site which is
understood; we agree with the plans.

currently poorly

not currently well

27. Additional laboratory work with chromatographic columns of crushed
rock may be needed to identify the best radionuclides for the tracer tests
and to predict their in situ behavior with confidence. The current
knowledge of radionuclide retardation (conservative or non-conservative
for these tracer tests) is based solely on laboratory batch contact tests.
Results in column experiments are often quite different from batch tests
and would come closer to modeling in situ behavior.

28. No comment.

29. No comment.

30. No comment.

31. No comment.

32. No comment.

33. Radiolytic reactions involving groundwater constituents which could
lead to the formation of organic complexing reagents, oxidants, and/or
acids are not considered. These should be included in the study.

34. We generally agree with the plans, with the exception that radiolytic
reactions should be included.

35. No comment.

35A. Since the basalt contains both primary and secondary pyrite, acid
mine drainage may be a problem from the storage piles. Treatment of the
drainage water could be necessary; work to explore this should also be
considered.

36. No comment.

A. I ;. A 1111"



3 .. 3 -si a

37. No comment.

38. No comment.

39. No comment.

40. We were not aware that the packing was required to control the
groundwater Eh and pH. While this may result if crushed basalt is a
packing component, the statement as written implies that such control is a
requirement. This statement may need additional explanation.

41. No comment.

42. We agree that the available geochemical evidence does not support a
finding that the site is not likely to meet the qualifying conditions.
However, we believe that the available evidence may not unequivocally
support a finding that the site meets the condition - see our comments
6-1, 6-2, and 6-3.

43. No comment.

44. We are concerned about the accuracy or conservatism of the performance
assessment described in paragraph 3 - see our comments 6-1, 6-2, and 6-3.

45. No comment.

46. No comment.

47. No comment.

48. We are concerned that some of the assumptions and input values used in
the performance assessment may be both inaccurate and non-conservative,
and, therefore, the conclusions may be subject to uncertainties - see our
comments 6-1, 6-2, and 6-3.

49. No comment.

50. Re: bullet 3, concerning reducing conditions in the deep basalts - see
our comment 6-2.

51. We have concerns relative to the accuracy or conservatism of some of
the geochemical information used in the performance assessment calculations
as well as the calculational methodology for radionuclide sorption - see
our comments 6-1, 6-2, and 6-3.

52. No comment.

53. No comment.

54. Hydrothermal alteration of basalt will produce clays and zeolites
which would generally have improved sorption for those radionuclides which
do not require chemical reduction prior to sorption. Hydrothermal
alteration could result in diminution loss of basalt reducing capacity due
to alteration of the glass phase [the presumed site of Fe(II) reducing
ions], and we suggest that this aspect may not be adequately addressed.
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55. No comment.

56. We are concerned that the existing information may not be sufficient
to support the conclusion in bullet 6 that there is a high probability
that the site could satisfy all NRC and EPA requirements - see our
comments 6-1, 6-2, and 6-3.

57. No comment.

58. No comment.

59. No comment.

60. No comment.

61. No comment.

62. No comment.

63. No comment.

64. We are concerned that the statement in the last paragraph to the
effect that only I-129 and C-14 have a potential for reaching the
accessible environment in 10,000 years may not be defensible - see our
comments 6-1, 6-2, and 6-3.

65. No comment.

67. No comment.

68. We concur that the present limited information on dehydration of
minerals may not permit exclusion of this potentially adverse condition.

69. No comment.

70. No comment.

71. No comment.

72. No comment.

72A. No comment.

73. No comment.

74. No comment.

75. No comment.

76. No comment.

77. We have major reservations that all assumptions and values used in the
performance analysis were conservative - see our comments 6-1, 6-2, and
6-3. >,^ n1I
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78. No comment.

79. We question the conservatism inherent in step 2 and step 3 on p. 6-237
- see our comment 6-2.

80. We question the conservatism of a number of the assumptions - see our
comments 6-1, 6-2, and 6-3.

81. We are concerned about the accuracy or conservatism of both the
radionuclide sorption and solubility input information and the sorption
modeling assumptions - see our comments 6-1, 6-2, and 6-3.

82. We disagree with bullet 2 on page 6-276. The contention that the
radionuclide release through the packing material met the NRC criterion
may be based on non-conservative values and calculational methodology -
see our comments 6-1, 6-2, and 6-3.

83. See #82.

84. See #82.

85. See #82.

86. See #82.

87. We disagree that a generally conservative position was taken when data
was insufficient for an accurate analysis - see our comments 6-1, 6-2, and
6-3.

88. No comment.

89. We suggest that the relative ranking of the Hanford Site may be
subject to question because of potential non-conservatism in the input
values and methodology of the performance assessment - see our comments
6-1, 6-2, and 6-3.

90. No comment.

91. Post waste emplacement conditions may be different from pre-waste
emplacement conditions due to radiolytic and hydrothermal rock/groundwater
reactions. Post emplacement geochemical conditions may not be adequately
addressed in this section.

92. No comment.

93. See #89.

94. No comment.

.. En._, XArI4A , A



I

BWIP EA - GEOCHEMISTRY REVIEW (SECTION/PARAGRAPH/PAGE)

1. Section 1/Executive Summary, 12, Page 1
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27. Section 4.1.1.3.3, ¶1, pages 4-7 and 4-8
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