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Dear Lee:

We appreciate the opportunity to have reviewed the "Site Characterization
Report for the Basalt Waste Isolation Project,' DOEIRL-82-3. The report
represents a sizable effort on the part of the Department of Energy (DOE),
and Rockwell International, to assemble, for the first time in one document,
a comprehensive analysis of the status of knowledge on the BWIP site. We
understand the difficult task of carrying out such a complex and demanding
mission.

We believe that the SCR is an extremely important document which can
strongly influence the near- and long-term fate of the BWIP. We have,
therefore, devoted a significant amount of time and talent from several
-dTperts to the review. Because of the number of reviewers involved and
the complexity of the report, the review required more time than we origi-
nally anticipated. We apologize for this and thank you for your patience.

Our comments, which are enclosed, address only the earth-science issues.
The first several pages are of a general nature and summarize our salient
concerns with the SCR. More detailed specific comments follow the general
comments.

Basically, we feel the SCR fails in its mission. Many conclusions are
drawn which are not justifiable with the limited, existing data, in our
judgment. We do not believe the report adequately presents the weaknesses
in the data base; the uncertainties in the overall understanding and
interpretations of the geologic, hydrologic, and geochemical conditions;
or the difficulty and magnitude of the remaining effort needed to over-
come these deficiencies. We are interested in helping the DOE to appraise
further the nature and extent of these deficiencies, to evaluate approaches
to overcome them, and to assess the feasibility of overcoming them.

We understand that progress has been made, in the past several months, in
some of these technical issues, since the SCR data were first assembled. We
are interested in catching "up-to-speed" on these most recent developments
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so that we can be in a better position to offer pertinent and genuinely
helpful advice. We look forward to meeting with you and your appropriate
staff soon at Hanford.

Thank you again for your interest in our review. We hope our comments
will be helpful to the project. Please call if you would like further
clarification of any of our review comments.

Sincerely,

John B. Robertson
Chief,
Office of Hazardous Waste Hydrology

Enclosure

Copy to: Mark Frie, DOE, HQ
Carl Cooley, DOE, HQ
H. Miller, NRC<--
W. Meyer, USGS
J. Devine, USGS
P. Cohen, USGS
G. Bennett, USGS
D. Thorstenson, USGS
R. Schneider, USGS
G. Roseboom, USGS
N. Trask, USGS
G. Dinwiddie, USGS
J. Bredehoeft, USGS
L. Laird, USGS
A. La Sala, USGS
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GENERAL C01O1ENTS

The Site Characterization Report (SCR) represents an impressive effort to
accomplish the difficult task of sythesizing the available information on
the Basalt Waste Isolation Project (BWIP) site and assessing the current
state of understanding. We appreciate the considerable effort that went into
assembling and analyzing the large amount of data from many diverse sources
for the preparation of such a lengthy and complex document. Every important
issue, as indicated by the Nuclear Regulatory Commission (NRC), guidelines
was addressed, to some degree, in the SCR.

Although a considerable amount of good earth science has been done on the
BWIP, the report does not, in our judgment, give an overall accurate or
adequate description of the geologic and hydrologic conditions at the site.
The report fails to describe sufficiently the remaining informational needs
and the means and time with which to acquire that information, nor does it
adequately point out the seriousness of potential weaknesses of the site.

Geology

Many of the conclusions on the hydrogeologic characteristics of the BWIP
are overstated, misleading, or simply incorrect. An outstanding example is
the statement that the basalt stratigraphy under the Hanford site is well
understood and the depth to the flows can be predicted with reasonable accuracy
(SCR Executive Summary, p. 1). This is true only in the gross sense that
depths to tops and bottoms of most flows are fairly predictable. On the
other hand, the thickness of the different layers or zones within the
flows, such as the flow top breccia, is demonstrably very unpredictable,
and this intraflow stratigraphy is just as significant as the larger scale
stratigraphy for site characterization.

That the fracture system is highly complex and variable, is vividly
displayed in figure 3-29 (p. 3.5-30) which shows a cliff exposure of the
Umtanum Flow,the primary repository horizon. Although the upper and
lower stratigraphic contacts are shown to be regular, the lower contact
of the flow-top breccia is extremely irregular and several sections of
entablature with fanning joints and columns extend from the flow-top
breccia to the colonnade at the bottom of the Umtanum. Evidence that
the interior of the Umtanum at the proposed site is variable and complex
is provided by data from a recently drilled borehole about 2 miles from
the center of the reference repository location (RRL).

Four previous holes at the margins of the RRL showed the flow top breccia
varying from 55 to 93 feet in thickness (figure 3-31) while the total thick-
ness of the Umtanum varied from 197 to 231 feet (figure 3-21). The new
hole, RRL-2 showed 148 feet of flow top breccia, 64 percent of the total
thickness of 232 feet. The SCR does acknowledge that the isopachs "suggest
that the flow top in the reference repository location ranges from 17 meters
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(55 feet) to at least 45 meters (148 feet) thick. Recently obtained borehole
data (RRL-2) indicate that localized thickening or thinning in the flow
top and related fanning joints occurs in the reference repository location
(p. 3.5-35)."

The complex jointing of the flow, particularly the fans or rosettes, the
complicated breccia with palagonite and glassy rinds on clasts, and the
complex jointing of the entablature in general, all suggest contact with
water during solidification of the Umtanum. Pillowed zones within,
below, and above the flow, zones where the breccia comprises virtually
all of the flow, as well as zones in which colonnade-entablature relations
are relatively simple are all commonly seen in thick flows that either
entered water or had water pour across them or pond on them during emplacement.

Based on our experience and the data in this report; we would not be
surprised to find areas in the RRL in which the Umtanum is pillowed or
consists mostly or wholly of palagonitized hyaloclastite or breccia. As
the report points out, the lateral extent of intraflow structures in the
Umtanum is indeed difficult to predict; contrary to what the report states,
this is also true for pillowed zones. Since the total thickness of the
Umtanum is nearly constant within the RRL, and the thickness of the flow
top is highly variable, this means that the interior of the flow which is
intended for use as a waste host, also is highly variable in thickness.

The general stratigraphic correlation of basalt strata between widely
spaced (1 or more miles) boreholes, based on rock chemistry and paleomagnetic
characteristics, provides no assurance of physical continuity or uniformity
of individual flow components between the holes.

The association of most faults with folds, as stated in Section 3.7.2.2.2,
may indeed be true, but there are, on the Columbia plateau, important linear
zones of steeply dipping faults and shear zones that clearly transect folds.
These structures, particularly the north and northwest trending shears and
faults that R. D. Bentley and others from the U.S. Geological Survey have
mapped, may (1) have little surface expression and (2) may not juxtapose
rocks of differing properties, owing to their strike-slip nature. Such
faults are as common in synclinal areas as in anticlinal areas and could occur
in the Pasco Basin, including the Cold Creek syncline and RRL. In view of
their length and Cenozoic age, they should be considered in the site charac-
terization because of their potential hydrologic significance and in evaluating
ground motion related to seismic activity. Unfortunately, most of these
features occur as steeply dipping or narrow zones. Where they lie beneath
the cover of younger sedimentary formations, they may be essentially (or
completely) undetectable by geophysical methods. The only other method of
detection from the surface would be by slant drilling, which can only
explore a small volume of the potential repository. Horizontal drilling
in advance of mining is probably the only way to locate such zones.

The foregoing discussion of the unpredictability of faults, shears, breccia
zones, and pillowed zones raises potentially serious concerns about site
performance as well as safety during both the construction and operation
phases. It is possible that zones of high permeability could be encountered
during the construction phase which would yield large volumes of water
under high pressure (+ 1,500 psi). At the prevailing water pressures,
fractured, brecciated and pillowed zones could wash out, resulting in
disastrous (perhaps even explosive) flooding in the mined passages which
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could be impossible to control initially by pumping. Such catastrophic
failures could occur during construction and during waste emplacement
operations making retrieval of waste difficult.

A basic assumption concerning the jointed basalt flows in the repository
horizon is that fractures are filled with zeolite minerals and smectite
clays which serve to reduce the hydraulic conductivity of the fractures
and serve as barriers to radionuclide migration owing to their cation
exchange properties. In a paper by Smyth (1982) (see specific comment
on p. 10.5-2) it is shown that these minerals are unstable at elevated
temperatures. The breakdown of the minerals involves a volume reduction
and evolution of fluids, providing a potential pathway for radionuclide
migration. Should the pathway created by the breakdown of the fracture
filling minerals extend to a permeable zone in the basalt, the high
differential hydraulic head could induce piping (flushing of the fracture
filling material at a rapidly accelerating rate) which would increase the
hydraulic conductivity of the fractures and provide another mechanism by
which disastrous flooding of the repository could occur.

Hydrology:

General:

Based on our experience with basalt geology and hydrology, the variable
conditions shown in figure 3-29 and encountered in borehole RRL-2 are
typical of those most often encountered in basalts, making it extremely
difficult to predict the hydrologic characteristics at the repository scale.

Permeability of Basalt Flow Interiors:

We question the conclusion that the low permeability measured in boreholes
in the basalt-flow interiors indicates these portions of the flows will
provide the isolation necessary to prevent radionuclides reaching the
accessible environment in concentrations above established guidelines. It
is impossible to determine the validity of the hydrologic tests and measurements
made in the boreholes without documentation of the testing conditions,
procedures, and analyses. Such documentation has not been cited in the
report. However, the published drilling histories of three core holes
(Fenix and Scisson, Inc., Hanford Operations Branch, 1978 a, b, and c),
one of which is on the north edge of the RRL, provide data which cast
doubt on the validity of using the described hydrologic tests to draw the
stated conclusion regarding the isolation capability of the basalt-flow
interiors.

Each of the holes penetrated numerous horizons where as much as 100 percent
of the drilling fluid was lost. This required the addition of "lost circulation
materials' to plug up the permeable zones, or the installation of casing if
the zones could not be so plugged. Drilling fluid losses of as much as
100 percent were reported in zones of the Wanapum Basalt and the underlying
Grande Ronde Basalt which includes the two proposed repository horizons,
the Middle Sentinel Bluffs Flow and the Umtanum Flow. Of special significance
is that losses of 20-25 percent were reported in core hole DC-6 in a zone
of fractured dense basalt that includes the Umtanum Flow (Fenix and Scisson,
Inc. Hanford Operations Branch, 1978b, p. 15). These documented occurrences
of numerous permeable zones in the Wanapum and Grande Ronde are inconsistent
with the conclusion stated. How did the addition of "lost circulation
materials" affect the apparent permeability, and what does this imply
regarding the validity of the test results? Were these materials pumped
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out before the tests were run?,/ What was the effect on the head and
test results in the deeper basalt formations, of test pumping and of
drilling fluid losses in the shallower formations? These and many other
questions regarding the testing conditions, procedures, and analyses
need to be answered. Detailed documentation, similar to the above cited
borehole drilling histories, should be prepared on each hole and for
each test.

Vertical Component of Ground-Water Flow

Despite statements to the contrary in the SCR, the general stratigraphic
succession has only limited significance as regards the ground-water
flow pattern and the potential for radionuclide transport in the basalt
sequence. Rather, it is primarily the nature and distribution of fracture
openings throughout the entire sequence of rocks which control the three-
dimensional flow of ground water. The specific need for obtaining data
on vertical conductivity of the rock system was recommended in April 1979
by U.S. Geological Survey scientists and several others serving on a
technical overview committee 3/ and in the most recent report of an
overview committee (Hydrology and Geology Overview Committee Members, 1981).

The interpretation that in an undisturbed, layered basalt sequence,
there is minimal vertical ground-water flow across the interiors of the basalt
flows is subject to question. This interpretation is based, in part, on
the results of a small amount of hydrologic testing to determine values
of lateral hydraulic conductivity, the validity of which we have questioned
(above), and on the oversimplified view that the amount of vertical
movement is dependent only on the vertical gradient or vertical conductivity.
The volumetric rate of flow depends on the gradient and vertical conductivity

--and on the total available cross-sectional area.

The average amount of vertical leakage per unit of cross-sectional area
may be small relative to the amount of horizontal flow per unit area,
but the total available cross-sectional area for vertical flow may be on
the order of tens of square miles in the Cold Creek Syncline, thus providing
a significant potential for vertical transport of radionuclides. In view
of this possibility, BWIP contractors have been advised for several years,
by various technical committees, to concentrate more on obtaining data on
vertical hydraulic conductivity of the various rock units in the hydrologic
system. Positive responses to these suggestions are not evident in the SCR.

1/ Data on the testing of Borehole DC-15, given by Rockwell to William Meyer,
U.S. Geological Survey, Tacoma, Washington, a member of the BWIP Hydrologic
Modeling Task Force, indicates that the drilling fluid in at least 6 of 22
hole segments tested was not completely removed before testing.

D Letter of May 15, 1979, P.J. Saling, Rockwell International, to
G. D. DeBuchananne, U.S. Geological Survey, Reston, Virginia:
Summary of Recommendations from Overview Committee Meeting April 2-3, 1979.
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Because many of the permeable fractures may be oriented nearly vertically,
vertical boreholes would not necessarily penetrate these fractures. Therefore,
it is imperative that a relatively large number of boreholes be tested properly
to obtain statistically valid results. Some of the holes should be inclined
from the vertical. We would estimate that valid hydraulic testing is needed
at a minimum of about 20 to 30 different locations using boreholes completed
at multiple depths in order to obtain minimally sufficient data. Even with
this amount of borehole testing, adequate assessment of performance might remain
questionable.

Hydrologic Modeling:

Another conclusion that is in doubt because of inadequate hydrologic testing
is related to the results of modeling the near-field ground-water flow
system around a repository. Specifically, the calculated ground-water
travel time from the repository to the accessible environment, is said to
be on the order of 10,000 years or greater. We do not believe that the
hydraulic conductivity, head gradient, and effective porosity data are
sufficient or reliable enough to allow velocity calculations to be made
with an accuracy of greater than about 2 or 3 orders of magnitude. Using
known or anticipated ranges of values for these parameters, especially
vertical hydraulic conductivity, it is possible to make rough travel-time
calculations that are less than 1,000 years to the accessible environment.

Similarly, we must question the validity of far-field modeling of the hydrology
which is interpreted as indicating ground-water travel times from the repository
to a discharge point in'the Columbia River (5 to 35 miles) ranging from 20,000 to
over one million years. Both the boundary conditions and hydraulic parameters
used in the model for those calculations are subject to question.

Owing to the many uncertainties and questions concerning interpretations
of the ground-water flow system, we are of the opinion that a meaningful
performance assessment model of the RRL has not, as yet, been developed.
Differences among concepts of the flow system will have to be resolved
before a reasonable model can be developed. One of the more serious con-
ceptual differences concerns Rockwell's assumption that the ground-water
system is in steady state. Temporal changes could be occurring, but the
methods of data collection and analysis do not permit any evaluation of
this possibility. Some of the major stresses that could be affecting water
levels include: (1) the ground-water mound developed in the unconsolidated
formations by waste-water disposal on the Reservation, (2) the effect of
surface-water irrigation in the Columbia Basin Irrigation Project area in
the Pasco Basin, (3) ground-water withdrawal and associated water-level declines
in the vicinity of the Reservation, and (4) dams constructed on the Columbia
and Snake Rivers near Hanford and associated major changes in river stage.

Ground Water Geochemistry:

The hydrogeochemical data Ground Water Geochemistry are presented in a con
fusing and potentially misleading manner and do not support the contention
of predominantly lateral flow in confined aquifers. The lateral chemical
variations within aquifers cannot be accounted for by known geochemical
reactions. Instead, the data show the existence of two (or more) chemically
distinct water types of differing origin. At least one of these waters
may well originate in sedimentary strata underlying the Columbia River
Basalts. Within the limits of the data available, it appears that the
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areal distribution of water types is systematic within the three basalt
flows, and is controlled by vertical mixing within the Cold Creek Syncline.

The importance of pH and redox potentials as controls and/or indicators
of geochemical reactions appears to be totally ignored. The pH of a ground
water is perhaps the single most important property for purposes of geochemical
modeling. The characterization of redox potentials is an integral part of
geochemical modeling, aimed at explaining the origin, chemical nature, and
distribution of solutes in the water. A significant problem is that throughout
Chapter 5 (Hydrogeology) and Chapter 6 (Geochemistry) the measured Eh values
for the Hanford basalt ground waters do not correspond to the redox potentials
that would be predicted on the basis of mineral assemblages and (or) on the
basis of water chemistry.

Other deficiencies in the hydrochemical characterization are: (1) The chemical
characteristics of the unconfined aquifer are not described even where it
appears to be unaffected by artificial recharge, (2) In general, conclusions
drawn from the stable isotope data cannot be substantiated, and (3) The carbon-14
age estimates are erroneous; in only one well are the data presented in terms
of percent of modern carbon.

SITE ISSUES AND PLANS

The description of the issues is too general; it appears that what are called
issues are really subject areas for further investigation. We believe that
a site issue should have a very specific meaning. The status of knowledge
and problems should be stated more specifically.

These same general comments apply to Chapter 16, Performance Assessment Issues
and Plans, and to Chapter 17, Site Characterization Program.

SITE CHARACTERIZATION PROGRAM

In our opinion, the plan for in-situ tests requires substantial upgrading to
provide reasonable assurance that the testing to be performed can meet the
required objectives and that sufficient information will be obtained to support
a defensible decision on the overall suitability of the site, constructability
of a repository, and assessment of repository performance. The plan lacks a
rationale for development of a meaningful in-situ testing program and a basis
for ranking the relative importance of the tests with respect to site suitability,
repository design, or performance assessment. The specific tests that may be
conducted are not clearly described and the lack of details concerning what
is proposed prohibits any meaningful evaluation of their adequacy. Throughout
the plan the objectives consistently overstate what can be reasonably expected
from the proposed tests. Clarification of the plan for in-situ testing would go
far to assure the reader of the commitment to perform the tests that are necessary
and sufficient to resolve many of the outstanding issues.

OVERVIEW

In view of the serious implications of our total set of comments, we believe
it is important to note the similarity of some of these comments to those
arrived at independently almost 3 years earlier by the eminently qualified
Hydrology and Geology Overview Committee (published in 1981).
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After receiving responses to its comments from Rockwell, the Hydrology
Overview Committee (HOC) (part of the total committee) responded finally
to Rockwell's responses in order to reemphasize comments on which no agreement
appeared to have been reached. Some of these are summarized below: (page
references are to the 1981 report):

1. In addition to vertical flow through structural faults, there is also
the real possibility of large scale vertical leakage (across basalt flows)
via cooling features (vertical joints) (p. V-4).

2. A critical problem relates to the ground-water travel times from the
repository through the Umtanum to the adjacent interbeds and interflows.
The excellent model analysis of R. G. Baca (see p. 12.3-2 of SCR) cannot be
given credibility because of the absence of vertical permeability data (p. VI-6).

3. If ground water is moving (in basalt formations) toward the Columbia River
from both sides, there must be vertical upward movement, either through
structurally controlled zones or more evenly distributed throughout the
basalt layers (p. V-5).

The Geology Overview Committee (GOC) (part of the total committee) makes
the following comments (p. II-6 to II-8):

1. How much is really known about the details and variability of the
Umtanum Basalt Flow and other critical formations?

2. There is a need for angle drilling of the Umtanum in the near future to
penetrate a greater horizontal extent of the Umtanum and to cross vertical
fractures.

3. The GOC would like to intensively review all existing data on the
internal properties and characteristics of the Umtanum.

4. We are particularly interested in . . . whether the Umtanum really is a
single flow, and . . . information on lateral predictability of all
characteristics.

Interestingly, the HOC states, regarding the overall site assessment that,
"from a hydrogeologic perspective, the Columbia River Basalt Group as a
whole is not well suited for a high-level waste repository" (p. 111-3).
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Specific Comments

Executive Summary:

Page 11-Bullet 4-In view of our concern about the validity of the hydrologic
test data we question the conclusion that ground-water flow paths are
restricted to the Grande Ronde Basalt.

Bullet 5 - As mentioned in our general comments, we question the travel
time of 10,000 years or greater.

Bullet 6 - Owing to our concern about the validity of the hydrologic test
data, we question the stated limits on transport distance for mobile
long-lived radionuclides.

Chapter 3. Geologic description of Reference Repository Area and surrounding area:
Page 3.5-6, section 3.5.1.3.4. LeRoux deposits are not shown in Fig. 3-11.
Mascall Formation is in Fig. 3-11, not 3-10.

Figure 3-14. Rattlesnake Mountain fault not shown on geologic map (Fig. 3-13).

Page 3.5-15 (3rd para) and Fig. 3-19. Text implies that Fig. 3-19 shows entire
Sentinel Bluffs sequence. Fig. 3-19 is actually for one flow only, as text in
5th paragraph also says.

Page 3-5-15, 3rd and 4th paragraphs. Text states that Umtanum lies directly
below magnesium horizon, which corresponds to contact between Sentinel Bluffs
and Schwana sequences. JFig. 3-17 shows otherwise. Which is correct?

Page 3.5-32, Section 3.5.4.1.4. Granted that most of the fractures formed during
cooling, what about the others? How can one differentiate between cooling joints
and more continuous tectonic joints or slip surfaces?

Page 3.5-33, 4th paragraph. The tiers in this flow suggest complexities in
emplacement or cooling that are poorly understood. The key question for both
flows under discussion is: How can we predict lateral variability when we know
so little about what causes such variability?

Page 3.5-35, 1st paragraphs. Contact between two lobes could be nearly vertical.
Chances of seeing such a contact-which could be pillowed, rubbly, or vesicular--in
a vertical drillhole, would be small.

Page 3.5-35, 2nd-4th paragraphs. We agree with the potential for complexities
noted here but would extend them to include thick pillowed zones or hyaloclastite
layers. We also think that the relations do not dictate emplacement in "relatively
deep water' but instead merely extensive interaction with water, possibly because
water dammed upstream by other lobes of the flow poured across the flow while it
was being emplaced. In fact, doesn't the lack of a pillowed zone at the base of
the Umtanum, as reported in this document, argue against a low area within which
a deep lake resided?

Page 3.5-35, paragraph 4--Owing to the complexity of lava deposition, we doubt
the statement that there is a low probability of occurrence of vesicular zones
in the flow interior due to overlapping emplacement of lobes.
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Page 3.6-17. Why does the discussion of regional heat flow omit data collected
by John Sass of the USGS in 1969-70?

Page 3.7-4. The last paragraph discusses hydrologic effects of faults. This
discussion is out of place in a section entitled, "Faulting History."

Page 3.7-6. The informal structural subdivisions of the Columbia Plateau (see
also figure 3-45) do not correlate with the physiographic provinces
described previously.

Page 3.7-7. The discussion under the heading, 'Yakima Fold Belt Subprovince,"
is unclear as to the location of the dextral faulting. What is meant by
the southwest plateau?

Page 3.7-26. In the discussion of the Cold Creek syncline, five types of charac-
teristic structures are described. The second type consists of three east-southeast
plunging, first order anticlines, and the third type consists of two southeast-
plunging second order anticlines. The compass directions given are not dis-
tinguishing; all of the anticlines appear to plunge east-southeast on figure
3-51.

Page 3.7-37, last paragraph. Arguments about exact location seem like special
pleading, in lieu of good data. Why not assume the worst, rather than trying
to minimize intensity and maximize distance from Hanford?

Section 3.8.1, 1st sentence under (1). Rate given here, 40 m per thousand
years, must be wrong. .i0 m per million yrs is probably meant, as stated on
p. 3.7-32.

Page 3.8-1, last paragraph. Last sentence states that focal mechanisms are
consistent with dike orientation. That is only partly true. The dikes imply
E-W horizontal tension axes, whereas the focal mechanisms have steeply plunging
tension axes more conducive to formation of sills than dikes. Assumption that
folds and dikes are coeval requires that the tension axis shift repeatedly
from horizontal to vertical.

Page 3.8-6, Section 3.8.3. Nothing is said about the possibility of strike-
slip faults within the Pasco Basin which are not associated with folds. Their
location is probably unpredictable. We are disturbed at the apparent dismissal
of the potential significance of such features, when so little of the basalt
can be seen in the Cold Creek Syncline and inferences can be made only on the
basis of scanty and(or) indirect information. As mentioned on Page 3.6-25,
(3rd para.), the idea that lineaments reflecting faults may be hidden by sediment
cover and active eolian processes is important with regard to trying to predict
such features from the surface.
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Section 4.6 Stress Field. The Hanford area has been the site of shallow,
reverse-faulting earthquake swarms (Malone et al., Bull. Seismol. Soc.
Amer., 65, 855864, 1975). We are concerned about the omission in this
section of any discussion concerning the relation of state of stress to the
potential for reverse faulting.

Zoback and Hickman, Jour. Geophys. Res., 87, 6959-6974, 1982, discuss the
phenomena of shallow, reverse faulting in regard to earthquakes at Monticello
Reservoir, South Carolina. The critical condition controlling the occurrence
of such earthquakes is the ratio of the maximum horizontal effective stress
( a Hmax-P) to the effective vertical stress (a P) where P is the
pore pressure. As they show in Eqn. 2 (p. 69621, the critical effective stress
ratio on well-oriented faults or fracture planes is simply a function of the
coefficient of friction of the rock, P,

a Hmax-P - [(i 2 + 1) 1/2 + v ]2

a -P

As the maximum value for the coefficient of friction of nearly all rocks is in
the range from 0.6 to 1.0 (Byerlee, Pure Appl. Geophys., 116, 615-626, 1976),
it is straightforward to see that when reverse faulting is potentially imminent,

c Emax-P ranges from 3.12 (for u - 0.6) to 5.83 (for it - 1.0).

aFv P

Let us now consider this in light of the stress measurements at Hanford. The
table (on the following page) was modified from Table 4-11 in the subject
report. P was calculated assuming hydrostatic pore pressure but any modest
change in head will not seriously affect the results.
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Hanford Stress Data

Borehole

DB-15

Depth
(meters)

344

of Emax
(MPa)

16.6

°I Emin
(MPa)

11.7

a

(e~a)
OpI
(MPa)

a Hmax-P

2.718.3 3.46

DB-12 1,002 55.3 33.3 25.6 10.09 2.91
1,013 63.0 34.4 25.9 10.20 3.36
1,012 53.8 31.4 26.1 10.28 2.75
1,031 58.2 34.2 26.4 10.38 2.99
1,036 71.5 39.5 26.5 10.43 3.80
1,042 65.7 35.7 26.7 10.49 3.40

Mean 1,024 61.2 34.7 26.2 10.31 3.20

One can see from the Table that the measurements at about 1-km depth in

DB-12 show that the mean value of 0 HmaxP is greater than the critical

v -P
v

value for P - 0.6. Thus, the ambient stress state is close to one which
could cause reverse faulting on well-oriented fracture and fault planes.
An explanation is needed for the mechanisms of the earthquake swarms and the
implications concerning the construction and performance of the proposed
repository.
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Chapter 5. Hydrogeology

Page 5.1-27, section 5.1.3.3. The hydrologic data in this section should
be documented with references on how the hydraulic testing was done; also
the analytical data should be presented. In addition, full and detailed
drilling histories should be given for each hole. Without this Information,
the reader cannot evaluate the data and interpretations.

Page 5.1-7, The second bullet under Columbia River Basalt Group discusses
recharge to the Grande Ronde Basalt. This is a rather casual introduction
of a persistent theme that the Grande Ronde is an isolated artesian system.
Consider this idea on the basis of the maps of the Grande Ronde and its
outcrops in figures 5-3 and 5-4. This requires confined flow over enormous
distances and through tightly folded structures; a concept that seems far
from realistic.

Page 5.1-10, Ground-water Occurrence and Movement. The report reads,
'Only a small percentage--of the total basalt flow thickness constitutes
ground-water flow paths." Certain parts of the basaltic rock sequence
might be called principal water-bearing zones, but certainly not principal
flow paths. The report then follows this up with another piece of imprecise
writing. "Most of the groundwater quantities present--lie in portions of the
Saddle Mountains and Wanapum Basalts. The Grande Ronde Basalt appears to
have smaller groundwater quantities." What does "quantities' mean? The
volume-of water in storage? The amount of water that could be produced by
a well? The flow rates through the rocks? This paragraph appears to be a
clumsy attempt to introduce a picture of a series of isolated aquifers
with no vertical connection between them.

No data are presented to substantiate the concept that only limited portions
of flow tops are aquifers. Also, we question the availability of data on which
to base such an all inclusive statement for the Pasco Basin. Absolutely no data
are presented to substantiate the statement that the remaining portions of the
flowtops are hydraulically "tight." Rather, the statement on page 5.1-27 about
determining equivalent permeability of flow tops indicates that a subjective
decision was made on what part of the flow top is permeable based on zones
of high porosity, as determined from geophysical logs and core samples.
Conductivity is a function of many variables of which porosity is only one.
Unless proven, a linear relationship between porosity and conductivity should
not be assumed.

Page 5.1-10, paragraph 3. Studies and data collected by the U.S. Geological
Survey in the Pasco Basin and in other areas of the Plateau indicate that
the Columbia River Basalt (CRB) should be generally thought of as a series
of semiconfined aquifers that are hydraulically connected to each other
by semi-permeable confining beds. Overall, the system appears to be very
leaky.. Application of surface water on the unconsolidated deposits in the
Columbia Basin Irrigation Project area of the Pasco Basin has resulted
in water level increases of over 300 feet in the Saddle Mountains Basalt
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and 200 feet in the Wanapum Basalt. Increases of over 100 feet in both
formations have occurred throughout large areas in other parts of the
Columbia Basin Irrigation Project as a result of surface water irrigation.
These results and other studies by the the U.S. Geological Survey document
the 'leaky' nature of the basalts.

We disagree with the statements in the last column on the discharge and recharge
characteristics of the basalt formations. Ground-water movement is three
dimensional throughout the Columbia River Basalts. The general pattern of
movement appears to be downward in areas of ground-water divides (on major
anticlines) and upward in areas of major streams, regardless of the depth of the
basalt formation, and whether it is in direct contact with the rivers. With the
exception of the water-level data collected by Rockwell, all the water-level
data in the Plateau support this concept of flow.

Page 5.1-12, paragraph 4. The statement that data available for the
characterization of hydraulic properties for individual geologic formations
are primarily limited to tests conducted within the Hanford site, is not
correct. Since the l950's the U.S. Geological Survey has been involved in
data collection and investigations that allow hydraulic properties of the
major formations to be determined or estimated within an order of magnitude
for large areas of the Plateau, including the Pasco Basin outside the
Hanford reservation. Specific capacity tests can be used to estimate
lateral hydraulic conductivity within an order of magnitude and hundreds
of these tests have been conducted in the Plateau. Water level rises and
declines over large areas of the plateau along with available associated
information on recharge to or discharge from the aquifer can be used to
estimate transmissivity and the coefficient of storage within an order of
magnitude. These approaches are far more valuable in characterizing hydraulic
properties of major formations over large areas than information obtained
by testing at a few locations. Indeed table 5.4 in the SCR (p. 5.1-28)
indicates that values of lateral hydraulic conductivity determined by Rockwell
for flow tops of the Saddle Mountains, Wanapum, and Grande Ronde range over
4, 8, and 7 orders of magnitude respectively. Given this range in values
from determinations at only a few points, it is difficult to see how one
can adequately characterize the spatial distribution of lateral hydraulic
conductivity, whether on an individual flow top or formation basis.

Page 5.1-14, paragraph 5. It is stated that the drilling fluid is removed
from the well tubing and formation prior to hydraulic testing and ground-
water sampling. No documentation in the form of detailed drilling histories
is provided to explain how it was determined that the drilling fluid was,
in fact, removed prior to testing. Data in the following table for Borehole
DC-15 show estimated quantitities of drilling fluid lost versus fluid
removed for most of the tested intervals. Failure to remove all of the
drilling fluid and lack of proper interval development directly affects
the results of hydraulic testing and water quality analysis. Data from
this well were used in the SCR to help define regional flow paths in the
Wanapum and Grande Ronde and help interpret vertical movement of water
based on water levels and chemistry. If all the drilling fluid is not
removed from a tested interval, it is reasonable to assume that values for
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Drilling Mud Loss versus Fluid Removal, Borehole DC-15 1/

Interval (feet)
Top Bottom'-

Drilling
MuddLobs(A) Fluid-Removed(B) Ratio-of

(gallons)' - - (B) to-(A)

275
416
599
629
713

1,003
1,219
1,357
1,481
1,505
1,540
1,735
2,099
2,227
2,372
2,492
2,651

-- ;813
2,961
3,245
3,301
4,138

345
493
630
660
787

1,089
1,293
1,390
1,506
1,553
1,593
1,833
2,198
2,343
2,487
2,548
2,763
2,868
3,113
3,296
3,412
4,243

2,750
9,750
3,500
9,000
4,000
7,750

12,250
6,000
7,000

16,250
15,500
8,750

20,500
10,500
3,500
6,500
7,750
3,750

16,000
5,000

15,000
19,000

99,227
101,490

222
580

21,168
12,412

129,654
99,969
63,018
4,140

127,296
15,373
27,792
58,320

- 78
6,210

52P291
2,462

105,736
46,584
33,624
20,577

36.1
10.4

.06

.06
5.29
1.60

10.6
16.7
9.00
.25

8.21
1.76
1.36
5.55
.02
.96

6.75
.66

6.61
9032
2.24
1.08

4.90TOTAL 210,000 1,028,223

Data provided by Rockwell to the BWIP Hydrologic Modeling Task Force.
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lateral hydraulic conductivity, water level, and water chemistry will be
in error. The last column of the table is the ratio between fluid removed vs.
drilling fluid lost. Values of this ratio less than 1.0 indicate that all
drilling fluid was not removed. As can be seen, of a total of 22 intervals
listed, the drilling fluid was not removed from six. In fact, for four of the
intervals only a small fraction of the drilling fliuid was removed. In view
of the fact that in most situations, most water would not be removed from the
tested interval prior to initiation of testing, values in the last column
slightly greater than 1.0 are also significant. Four intervals had ratios
less than 2 and one inteval had a ratio of 2.24. These results indicate,
therefore, that drilling fluid was not removed from 27 percent of the listed
intervals, and approximately 50 percent of the intervals may have had drilling
fluid present at the initiation of testing. Presence of drilling fluid would
tend to impede the hydraulic connection of the well with the tested interval,
thereby causing the value of lateral hydraulic conductivity to be less than
the formation vlaue. Presence of drilling fluid can also cause measured water
levels to be far lower than actual water levels.

Page 5.1-14, last paragraph. As written, the statement implies that aquifer
testing conducted at each interval results in the determination of all
the listed properties. This is not true for dispersivity and effective
porosity, and those wells and intervals for which tests for these properties
were made should be specifically identified.

Page 5.1-27, paragraph 2. Equivalent hydraulic conductivity values calculated
by Rockwell are questionable in principle. A subjective judgement has been
made with regard to what part of the straddled interval is permeable based
on porosity. As mentioned previously, a linear relationship does not necessarily
exist between these variables.

Page 5.1-28, Table 5-4. The values of equivalent hydraulic conductivity for
flow tops and interbeds range over 7 orders of magnitude for the Grande Ronde,
8 orders of magnitude for the Wanapum, and 6 for the Saddle Mountains. This
raises the question of one's ability to adequately describe the three-dimensional
spatial variation of hydraulic conductivity which must eventually be done in
order to assess flow paths and travel times for radionuclides. It must be
remembered that this range occurs for a small number of boreholes tested,
particularly for the Grande Ronde. Given this range, it is questionable that
testing in a larger number of additional boreholes will allow the spatial
variation to be defined. Some of this variation could be the result of the
testing procedure (discussed previously), particularly tests of intervals for
which low values of hydraulic conductivity are reported.
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Page 5.1-31 and figure 5-17. It is presumed from statements elsewhere in
the report that the hydraulic conductivity values were determined from
tests in holes drilled with mud. The values for hydraulic conductivity of
flow interiors may be too low owing to the invasion of fractures by mud as
the drilling fluid pressure increased.

The statement that hydraulic conductivity decreases with depth as does that
for intrusive crystalline rocks is meaningless. Layered basalt is very
different from intrusive crystalline rocks in structure and nature of
fracturing. Significant, high-permeability zones occur within the Grande
Ronde, and below the Umtanum Flow. See the report by La Sala and Doty
(1971) on testing well ARH-DC-1; this is referred to in list of references,
page 5.4-6.

Page 5.1-44, paragraph 5. It states that model studies use the conservative
-10

value of 10 meters per second for vertical hydraulic conductivity across
basalt flows. How does one know that this value is conservative?

Page 5.1-44, last paragraph. Various technical overview committees have
pointed out for several years that testing of vertical hydraulic conductivity
is critical to understanding the hydrology, and have recommended that the
testing be done as soon as possible. It seems that FY 1983 is a rather
late date to start this work.

Page 5.1-45, paragraph 3. See previous comment. In view of the importance
of data on the vertical conductivity and the need for tests of long duration
to obtain the data, this- should have been started years ago so that it
could have been used in the current stage of site characterization.

Page 5.1-49, paragraph 5; page 5.1-52; page 5.1-53, paragraphs 1-3. The statement
about sections where vertical movement of water can occur between the unconfined
aquifer and the Saddle Mountains Formation is far too restrictive. We believe
the hydraulic connection between these two formations is spatially continous.
Vertical fractures in the basalts provide the means for vertical hydraulic
communication between the two and vertical fracturing is pervasive throughout
the basalts. Thus, vertical communication is not limited to a few areas such
as near Gable Mountain Pond where Rockwell believes hydraulic communication
may exist because of the existence of paleo channels cut into the basalt. The
line on Figure 5-30 that divides the areas where water levels in the basalt
exceed water levels in the unconfined aquifer and vice versa, is important.
This information directly supports the concept of three-dimensional ground-water
movemenit referred to earlier, with downward movement from the anticlines and
upward movement near the major streams.
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Page 5.1-54 and 55. Figure 5-31 and the text description of the hydraulic
low near Gable Butte and Gable Mountain are indicative of a very strong
effect on the potentiometric surface by irrigation of the Wahluke Slope (north
of the Columbia River), which began about 1970. This effect has to be
considered in the evaluation of the hydrology of the RRL.

Page 5.1-55, paragraph 2. What is the geologic evidence in support of the
concept of a hydraulic low along the Gable Butte-Gable Mountain structure
and the notion that upward flow from deeper basalts can occur here more
readily than elsewhere? On page 5.1-187 (paragraph 6) it states that
areal and vertical hydraulic-head data are insufficient to evaluate the
significance of this anticline to hydraulic communication between confined
aquifers within the Wanapum and Grande Ronde Basalts.

Page 5.1-60, paragraph 2. The lowering of head over the last 50 years in
the Priest Rapids Member of the Wanapum should induce upward flow from the
lower part of the Wanapum and from the Grande Ronde. It is not clear why
the predictions of decline (p. 5.1-190, section 5.1.9.3) of several meters
per year in the Wanapum and Grande Ronde outside the Pasco Basin, would not
eventually result in head declines in the same basalt flows under the Pasco
Basin. If upward leakage can occur from the Wanapum and Grande Ronde in
one area, an explanation must be provided for the interpretation that
leakage would not occur in another.

Page 5.1-60, paragraph 3. An interpretation of a general southward flow
direction in the Wanapum Basalt is made on the basis of average heads in four
boreholes. As noted elsewhere, without specific information on how the heads
were measured, it is impossible to judge their validity. If the heads were
measured as the boreholes penetrated various interbeds (p. 5.1-64), it would
appear that insufficient time was allowed for the water levels to equilibrate
to overcome head distortions in the deeper formations resulting from the invasion
(loss) of drilling fluid in overlying formations, and of lowering the head in
these formations during test pumping. Neverthless, assuming the four average
head measurements are reasonably close to the static heads, it would seem
prudent, at most, to infer only an apparent flow direction. In addition to a
southward flow component, however, with only four control points, an eastward
component cannot be ruled out.

Page 5.1-60, paragraph 4. Based on the average values of head in the Wanapum
in boreholes RRL-2 and DC-16A the inference of a northward flow component is
tenuous.

Page 5.1-61, paragraph 1. In view of the uncertainty regarding the direction
of ground-water flow and the configuration of the potentiometric surface,
the average gradients computed in the table should be referred to as apparent
gradients. The values are considered to have little or no meaning, however,
without more precise information on the potentiometric surface.

Page 5.1-61, paragraph 4. On page 5.1-57 (paragraph 1) it says that the
Saddle Mountains Basalt heads (Mabton interbed) indicate eastward lateral
flow under the Cold Creek syncline. Upward vertical leakage from the Saddle
Mountains Basalt, if it occurs along the structural trend of Gable Mountain,
therefore could result in discharge to the Columbia River east of Gable
Mountain. If major vertical leakage also occurs from the Wanapum Basalt
to the Saddle Mountains Basalt, which is stated as a probability in paragraph
4 of page 5.1-61, the Wanapum also could discharge to the Columbia River
east of Gable Mountain.
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Page 5.1-61, last paragraph. Wells DC-14 and 15 near the Columbia River may
indeed indicate that water is discharging to the Columbia. As will be
discussed later, the head data obtained by Rockwell is questionable with.
regard to the inferences drawn from them. Likewise, subsequent comments
will indicate that we question the validity of the interpretation that the
hydrochemical data suggest a lack of vertical mixing of ground waters.
The deeper waters may be moving upward at a low rate compared to the movement
from the upper basalt layers.

Page 5.1-63. Despite the admission in the text of a lack of areally
distributed head data for the Grande Ronde Basalt, conclusions are drawn
about the potentiometric gradient in flow tops within the Grande Ronde. A
persistent theme running throughout the hydrology section is that each flow
top or transmissive zone is a separate system. This is not a reasonable
hydraulic supposition.

Page 5.1-64, first three paragraphs. The suggestion that the Grande Ronde
is a pathway for significant interbasin transfers of water is very suspect.
The point is also made in the report that vertical hydraulic conductivities
are increased in the tightly folded and faulted anticlines that bound the
Pasco Basin. How would it be possible for the Grand Ronde to carry water
across the central part of Washington, through major topographic highs and
major geologic structures, and discharge it into the lower Columbia River
Gorge?

Page 5.1-64 to 5.1-75. These pages deal with vertical head profiles. The
anomalously low values of head measured in some zones in boreholes defy
explanation by the authors (page 74 and 75). Note that some zones of low
transmissivity have low heads. This is not in accord with the idea of high
transmissivity zones acting as "drains" (page 75). An explanation, not given
in the text, is that the head measurements may be spurious because of hydraulic
effects introduced in the test zones by drilling, development, and testing.

It states (paragraph 4, p. 5.1-64) that the vertical-head profiles shown in
the figures were developed from heads usually measured as the boreholes
penetrated various interbeds and flow tops. Were packers used to hydraulically
isolate the intervals in which measurements were made? Were the heads allowed
to equilibrate to a static level to overcome the effects of test pumping the
shallower formations and of drilling fluid losses in these formations? In
addition, the validity of the head profiles cannot be judged without dates
of the measurements and the time schedule of drilling.

Further evidence of questionable head data is in a comparison of the testing
results for wells ARE-DC-1 and DC-2 and the head measurements in the piezometers
set in well ARH-DC-l. The data from the ARH-DC-l piezometers are discussed
briefly on page 5.2-11, and the data are given in figure 5-98. However,
it is necessary to go to Gephart and others' report (1979), "Hydrologic
Studies Within the Columbia Plateau, Washington: An Integration of Current
Knowledge," RHO-BWI-ST-5, pages III-109 to III-122, for a comparison of
the data from the forenamed wells. The measurements in zones isolated
with packers are very different from those in piezometers.
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Page 5.1-72, Fig. 5-41. If the head measurements are valid, there is upward
and downward flow toward a zone in or adjacent to the top of the Middle
Sentinel Bluffs Flow, one of the repository horizons. Where would this
zone discharge?

Section 5.1.5 Regional Hydrochemistry and Section 5.1.6 Isotope Hydrochemistry.

This portion of the review comments is organized in the following sections:

1. Validity of interpretation of available data.

2. Hydrogeochemistry of individual water bearing units - the unconfined
aquifer, Saddle Mountains basalt, Wanapum basalt, and Grande Ronde Basalt;
followed by a comparison of hydrochemical systems.

3. Isotope hydrochemistry

4. Redox potentials and pH.

1. Validity of interpretation of available data.

There are 47 tables and 58 figures representing various data in the hydro-
chemistry section of the SCR (Tables 5-11 through 5-57, Figures 5-46 through
5-103). In spite of this, it is extremely difficult to discern exactly how much
data is really available. Table 5-11 (major inorganics in Columbia River Basalts)
is based on 83 analyses. However, later discussion (Figures 5-62 through
5-66, Fig. 5-89) show that as many as 15 analyses may be from the same borehole.
None of the tables presenting major inorganic constituents or trace element
abundances for individual basalt units cite the number of samples or boreholes
involved. Locations are unspecified. The isotope data, on the other hand, are
frequently presented as individual data points or histograms containing 20
to 50 data points. Again, later discussion (Figs. 5-75,5-76,5-79 among others)
shows that 10 to 15 sample points may originate in a single borehole.

The inadequate correlation of the various sets of data to either a particular
borehole or depth interval necessitated the construction, with a large expenditure
of time and effort, of Table 1 of this review. This table reveals the following:
There is not a single borehole in the entire Hanford area for which a complete
suite of chemical and isotopic analyses can be obtained from the SCR. Furthermore,
data from the best-characterized borehole, DC-15, is scattered throughout 16
different tables and figures spread over 80 pages of text, often with no
cross-referencing whatsoever. (Borehole DC-15 contains the most chemically
anomalous ground water discussed in the SCR). Even in this borehole, major
element chemistry must be inferred from Stiff diagrams, which do not present data
on chloride, fluoride, sodium, potassium, bicarbonate, nitrate, and silica.
In addition, data are unavailable for pH, trace elements, and tritium.

Further points of concern at DC-15 include the fact (p. 5.1-132) that dissolved
gas was not detected in the Grande Ronde Basalt. The total absence of dissolved
gases is a physical impossibility and its lack of detection must represent
analytical failure, yet this is never mentioned in the text. Table 5-42
lists the Grande Ronde ground waters as containing less than 1.9% modern
carbon; 10 pages later Figure 5-89 states that no analyses were made, and
that 'less than 1.9%...." is simply an estimate. All of Chapter 5 is plagued
by problems of this nature, often magnified by the total absence of needed data.
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A much more serious problem exists, however. Examination of Table 1, this
review, shows that in spite of 160 pages of text, including 47 tables and
58 figures, there is really very little useful data in the entire SCR. The
best characterized boreholes, in order of decreasing completeness, are DC-15,DC-14,
DB-15 and/or DC-12. It is an extremely unfortunate coincidence that the two
best characterized boreholes (DC-14 and DC-15) are also among the farthest
from the RRL.

Review Table 1 also shows that the chemistry of the unconfined aquifer is
almost totally unknown, even where it is unaffected by artificial recharge.

The Saddle Mountains Basalt is characterized in boreholes DB-1,2,4, 5,7,9,10,12,
13,14, and DC-16A by the unique combination of major element chemistry as
read from Stiff diagrams and "corrected" carbon-14 ages; the carbon-14 corrections
contain major errors, and no "raw" data in percent modern carbon is available
except at DC-15. Somewhat more detailed analyses of Saddle Mountains ground
water are available in boreholes DB-15 and DC-14; the most complete data set
is from borehole DC-15.

Various data specific to the Wanapum Basalt can be obtained in the SCR from
boreholes DB-ll, 12, and 15; DC-1,12,14, and 15; and DC-16A and RRL-2 (which
show only that methane is the predominant dissolved gas). Of the above boreholes,
reasonably complete analysis are available at DB-15, DC-12, DC-14, and DC-15.
Conclusions regarding the chemistry of ground waters in the Wanapum Basalt are
thus largely derived on the basis of only four boreholes.

The Grande Ronde Basalt is represented in Review Table 1 by boreholes DC-6,
DC-12, DC-14, and DC-15; DC-16A and RRL-2 are again cited only as having
methane as the predominant gas. Data available for DC-6 consist of 4 Stiff
diagrams, 4 dissolved gas analyses, and 7 chlorine-36 analyses; data for DC-12
consists only of 3 Stiff diagrams; DC-14 and DC-15 contain increasingly
better data sets, respectively. All conclusions regarding the Grande Ronde
Basalt are thus based on four boreholes, only two of which approach completeness
in terms of chemical and isotopic analysis.
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Table 1. Data Availability by Individual Borehole.

UA - Unconfined Aquifer

GR = Grande Ronde Basalt

SM - Saddle Mountains Basalt

Number of samples is in
parentheses

W - Wanapum Basalt

T = Table, F = Figure

Chemical Analyses 699-27-8
(UA)

699-35-66
(UA)

699-37-82A
(UA)

Major Inorganics

- Complete analyses on
individual samples

- Data inferred from
Stiff diagrams

- Saturation indices
for calcite and cristobalite

- Total dissolved solids only

- Dissolved fluoride only

- Dissolved nitrate only

Dissolved Gases

- Completeanalyses on
individual samples

- Miscellaneous reported
gas analyses

T 5-52(4)

__

Isotopes

- Tritium

- Deuterium

- Oxygen-18

- Carbon-13 in dissolved
bicarbonate

- Carbon-13 in dissolved
methane

- Carbon-14 in X modern

- Carbon-14 - "corrected"
ages

- Chlorine-36

F 5-103(43)
(3H vs.time)

F 5-103(42)
(3H vs.time'
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Table 1. - continued

Chemical Analyses DB-l DB-2 DB-4 DB-5
(SM) (5M) (5M) (5M)

Major Inorganics

- Complete analyses on - --
individual samples

- Data inferred from F 5-50 F 5-50 F 5-50 F 5-50
stiff diagrams

- Saturation indices --

for calcite and cristobalite

- Total dissolved solids only -- --

- Dissolved fluoride only -- -- -- --

- Dissolved nitrate only- -- -- --

Dissolved Gases

- Complete analyses on -- - -

individual samples

- Miscellaneous reported -- - -

gas analyses

Isotopes

- Tritium c- -- --

- Deuterium - - --

- Oxygen-18 -- -- -

- Carbon-13 in dissolved - - -

bicarbonate

- Carbon-13 in dissolved -- -- - -

methane

- Carbon-14 in X modern -- -- - -

- Carbon-l4 - "corrected" F 5-82 F 5-82 F 5-82 F 5-82
ages

- Chlorine-36 -
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Table 1. - continued

Chemical Analyses DB-7 DB-9 DB-10 DB-ll
(SM) (SM) (SM) (SM)

Major Inorganics -- - --

- Complete analyses on F 5-50 F 5-50 F 5-90
individual samples

- Data inferred from - _-

stiff diagrams

- Saturation indices
for calcite and cristobalite T 5-22

- Total dissolved solids only -- -

- Dissolved fluoride only - --

- Dissolved nitrate only - --

Dissolved Gases

- Complete analyses on -- - --

individual samples

- Miscellaneous reported - -

gas analyses

Isotopes

- Tritium -

- Deuterium - -

- Oxygen-18 .- - -_

- Carbon-13 in dissolved -- -

bicarbonate

- Carbon-13 in dissolved -- -- -

methane

- Carbon-14 in % modern -- -- -- -

- Carbon-14 - corrected" F 5-82 F 5-82 F 5-82 ---
ages

- Chlorine-36 - --
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Table 1. - continued

- DB-12
(SM) (W)

DB-13
(SM)

DB-14
(SM)Chemical Analyses

Major Inorganics

- Complete analyses on
individual samples

- Data inferred from
stiff diagrams

- Saturation indices
for calcite and cristobalite

- Total dissolved solids only

- Dissolved fluoride only

- Dissolved nitrate only

Dissolved Gases

- Complete analyses on
individual samples

- Miscellaneous reported
gas analyses

Isotopes

- Tritium

- Deuterium

- Oxygen-18

- Carbon-13 in dissolved
bicarbonate

- Carbon-13 in dissolved
methane

- Carbon-14 in % modern

- Carbon-14 - 'corrected
ages

- Chlorine-36

F 5-50 F 5-90 F 5-50 F 5-50

T 5-22

"present"
p 5.1-182

F 5-82 F 5-82F 5-82
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Table 1. - continued

Chemical Analyses

Major Inorganics

- Complete analyses on
individual samples

- Data inferred from
stiff diagrams

- Saturation indices
for calcite and cristobalite

- Total dissolved solids only

- Dissolved fluoride only

- Dissolved nitrate only

Dissolved Gases

- Complete analyses on
individual samples

- Miscellaneous reported
gas analyses

(SM)

F 5-62(3)

DB-15
(W)

DC-1
(W)

F 5-62(3) F 5-90

T 5-22

"present'
p. 5.1-182

T 5-26(4)

Isotopes

- Tritium

- Deuterium

- Oxygen-18

- Carbon-13 in dissolved
bicarbonate

- Carbon-13 in dissolved'
methane

- Carbon-14 in % modern

- Carbon-14 - "corrected"
ages

- Chlorine-36

F 5-72(7)
F 5-75(4)

F 5-72(7)
F 5-75(4)

F 5-72(8)
F 5-75(7)

F 5-72(8)
F 5-75(7)
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Table 1. - continued

DC-6
(GR)

DC-12
Chemical Analyses

Major Inorganics

- Complete analyses on
individual samples

- Data inferred from
stiff diagrams

- Saturation indices
for calcite and cristobalite

- Total dissolved solids only

- Dissolved fluoride only

- Dissolved nitrate only

Dissolved Gases

- Complete analyses on
individual samples

- Miscellaneous reported
gas analyses

(W) (GR)

F 5-64(3)F 5-63(4) F 5-64(3)
F 5-90

T 5-22

T 5-32(4) T 5-26(4)

Isotopes

- Tritium

- Deuterium

- Oxygen-18

- Carbon-13 in dissolved
bicarbonate

- Carbon-13 in dissolved
methane

- Carbon-14 in X modern

- Carbon-14 - 'corrected'
ages

- Chlorine-36

T 5-39(4)

T 5-39(4)

F 5-86(7)
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Table 1. - continued

Chemical Analyses

Major Inorganics

- Complete analyses on
individual samples

(SM)
- - DC-14

(__W_) (UR)

- Data inferred from
stiff diagrams

- Saturation indices
for calcite and cristobalite

- Total dissolved solids only

- Dissolved fluoride only

- Dissolved nitrate only

Dissolved Gases

- Complete analyses on
individual samples

- Miscellaneous reported
gas analyses

F
F

F

5-50
5-65(3)

5-52

F
F
F

F

5-56(5)
5-65(3)
5-90

5-58

F 5-65(1)

F 5-61

T 5-22

T 5-26(6) T 5-32

Isotopes

- Tritium

- Deuterium

- Oxygen-18

- Carbon-13 in dissolved
bicarbonate

- Carbon-13 in dissolved
methane

- Carbon-14 in % modern

- Carbon-14 - "corrected"
ages

- Chlorine-36

F

F

5-73(8)

5-73(8)

F

F

5-73(9)

5-73(9)

F 5-73(3)

F 5-73(3)

F 5-82

F 5-86 F 5-86
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I
Table 1. - continued

Chemical Analyses

Major Inorganics

- Complete analyses on
individual samples

- Data inferred from
stiff diagrams

- Saturation indices
for calcite and cristobalite

- Total dissolved solids only

- Dissolved fluoride only

- Dissolved nitrate only

Dissolved Gases

- Complete analyses on
individual samples

- Miscellaneous reported
gas analyses

(SM)
* . DC-15

(W) (GR)

F
F

F

5-50
5-66(3)

5-52

F
F

F

5-90
5-66(3)

5-52

5-22

5-89(4)

F 5-66(3)

F 5-61

F 5-89(6)F 5-89(4)

T 5-10(2)

T

F

T 5-26(6)

Isotopes

- Tritium

- Deuterium

-Oxygeu-18

F
F

F
F

F
T

T

- Carbon-13 in dissolved
bicarbonate

- Carbon-13 in dissolved
methane

- Carbon-14 in X modern

- Carbon-14 - 'corrected
ages

- Chlorine-36

5-74(4)
5-76(4)

5-74(4)
5-74(4)

5-79(4)
5-39(2)

5-39(2)

5-89(4)

5-82

F
F

F
F

F
T

T

5-74(4)
5-76(4)

5-74(4)
5-76(4)

5-79(4)
5-39(1)

5-39(1)

F
F

F
F

F

5-74(5)
5-76(6)

5-74(5)
5-74(6)

5-79(3)

F

F

F 5-89(5)

F 5-86 F 5-86 F 5-86
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Table 1. - continued

Chemical Analyses

Major Inorganics

- Complete analyses on
individual samples

- Data inferred from
stiff diagrams

- Saturation indices
for calcite and cristobalite

- Total dissolved solids only

- Dissolved fluoride only

- Dissolved nitrate only

Dissolved Gases

- Complete analyses on
individual samples

- Miscellaneous reported
gas analyses

Isotopes

- Tritium

- Deuterium

- Oxygen-18

- Carbon-13 in dissolved
bicarbonate

- Carbon-13 in dissolved
methane

- Carbon-14 in % modern

- Carbon-14 - "corrected'
ages

- Chlorine-36

(SM)
-- DC-16A

(W) (GR)

CH4>90Z
T 5-55

CH4 >90%
T 5-55

F 5-82
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Table 1. - continued

RRL-2 McGee
(W)(W) (GR)

Chemical Analyses

Major Inorganics

- Complete analyses on
individual samples

- Data inferred from
stiff diagrams

- Saturation indices
for calcite and cristobalite

- Total dissolved solids only

- Dissolved fluoride only

- Dissolved nitrate only

Dissolved Gases

- Complete analyses on
individual samples

- Miscellaneous reported
gas analyses

T 5-54(4)

T 5-22

T 5-32(2)

CH4.90%
T 5-55

Isotopes

- Tritium

- Deuterium

- Oxygen-18

- Carbon-13 in dissolved
bicarbonate

- Carbon-13 in dissolved
methane

- Carbon-14 in % modern

- Carbon-14 - 'corrected"
ages

- . Chlorine-36

T 5-39

T 5-39
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Data presentation in the isotope hydrochemistry section (5.1.6) poses
similar problems. Figures 5-70 and 5-71 present histograms of deuterium and
oxygen-18 data containing 100 data points. However, 45-50 of these points
(see Figs. 5-72,5-73,5-74,5-75,5-76, and 5-79) come from only 3 boreholes,
namely DB-15,DC-14, and DC-15. As a result, Figs. 5-70, 5-71, and particularly
5-69 are extremely misleading. It appears that all of the samples from outside
the Cold Creek Syncline in Figs. 5-69, 5-70, and 5-71 are represented by the
20 samples from borehole DC-14 (Fig. 5-73).

A different problem exists with the carbon-13 in bicarbonate. Figure 5-77
lists 82 samples by histogram. Eleven of these are accounted for by borehole
DC-15 (Fig. 5-79); the remaining 71 samples cannot be accounted for in terms
of location. Figure 5-79 is also highly misleading for two reasons: 1) the
lower data points for methane are incorrectly plotted - the point representing
65% methane belongs at 475 m, not 550 m, and an additional point with < 1%
methane should be plotted at - 540 m (see Table 5-26); 2) the lower part
of the figure is extremely misleading in that it leads the reader to assume
that no methane is present in Grande Ronde ground water, when in fact there are
no data for Grande Ronde waters at DC-15, presumably because of the analytical
inability to measure the dissolved gases (see p. 5.1-132). The relationships
between delta C-13 (bicarbonate) and methane inferred on p. 5.1-159 thus
cannot be substantiated based on the data in Fig. 5-79. Carbon-13 data
from 11 springs are presented (without locations) in Figure 5-78. These
data presumably include the 7 springs in the Saddle Mountains Basalt shown
in Fig. 5-50, but no direct conclusions can be drawn.

The sulfur-34 (sulfate) data presented in Figure 5-81 (26 data points)
are presented with no references to borehole locations. In the absence of
other information, the relative abundance of other isotopic data from boreholes
DB-15, DC-14, and DC-15 suggests that all of the sulfur-34 (sulfate) data prob-
ably were obtained from one or more of these 3 boreholes.

The carbon-14 data in Table 5-42 are presented with no reference to number
of samples or location. In addition, the entry for the Grande Ronde ground
waters is simply not true; no analyses for carbon-14 have been performed on these
waters (see Fig. 5-89, and p. 5.2-129). The areal plot of carbon-14 data for the
Mabton Interbed in Fig. 5-82 would be useful if the raw data in X modern carbon
were also presented. However, it is impossible to derive the % modern carbon
from the corrected ages because of errors in the age correction calculations
(discussed later in the review). The only data presented in the SCR directly
in terms of Z modern carbon are from borehole DC-15 (Fig. 5-89).
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The data used for uranium disequilibrium studies (Fig. 5-84) are again presented
without reference to borehole locations with the exception of 3 points associated
with borehole DB-15 (p. 5.1-176). Although a fairly extensive discussion is
presented of the processes leading to uranium disequilibrium, no definite
conclusions are reached in the SCR. This is reasonable given the scatter
observed in Fig. 5-84. It appears from Fig. 5-84 that if standard deviations
were provided, there would be no statistical difference in the activity ratios
of springs, Saddle Mountains, Wanapum, and Grande Ronde ground waters. The
differences in total U concentrations in springs and Saddle Mountains vs.
Wanapum and Grande Ronde waters appear valid. Again the question must be raised,
however, as to how many, and which, boreholes are represented by the analyses.
The chlorine-36 data in Figure 5-86 are the only isotopic data in the SCR that
can be unequivocally attributed to specific boreholes and water bearing units.
Even here, there is a minor problem: the text, page 5.1-180 states that only 10
analyses have been made, while Figure 5-86 shows 12 data points.

Even if the available data were consistent with the conceptual model proposed
in the SCR (and they are not), the general lack of areal coverage and lack of
even partially complete analytical data sets in all but a few boreholes would
preclude the substantiation of any model. Many conclusions are drawn, for
example, regarding chemical differences inside vs. outside the Cold Creek
Syncline in spite of the fact that no data whatsoever are available in the SCR
for Wanapum and Grande Ronde ground waters to the southwest of the Syncline.

2. Eydrogeochemistry of individual water bearing units

A. The Unconfined Aquifer

Data Available:

Table 5-13; major inorganics, number of samples and locations unknown.

Figure 5-48; nitrate (only) from > 100 boreholes.

Table 5-14; trace elements; number of samples and locations unknown.

p. 5.1-91; Eh is not measured.
No dissolved gas analyses are available.

p. 5.1-140; isotope data are limited to selected radioisotopes
for tracer purposes.

Figure 5-67; tritium (only) from > 100 boreholes.

Table 5-51; major inorganics from 13 wells located on Figure 5-99,
within the repository site. Data available only as range and
mean values.

Figure 5-100; trilinear diagram of data from table 5-51.

Table 5-52; major inorganics from well 699-27-8, 20 km SE of reposi-
tory location, over a 4-year period (this well was never found on
a map).

Figure 5-103; tritium (only) hydrograph for 2 wells within the reposi-
tory location.
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The previous list illustrates several of the major problems in reviewing the SCR.
All of the data from Table 5-51 onward are presented in Chapter 5.2, separated
by more than 100 pages from, and unreferenced in, the earlier chemical descriptions
in pages 5.1-85 through 5.1-91. Also, the tabulated data on major inorganics
and trace elements as means and ranges include (assuming both data sets are
from the same water samples) waters that have been heavily contaminated with
artificial recharge (based on nitrate abundance) and others that have not.
There are large numbers of wells that appear unaffected by artificial recharge
(see Figs. 5-48 and 5-67), but analyses for these wells are unavailable. It
is hard to reconcile the large number of nitrate and tritium analyses with the
absence of dissolved gas data (p. 5.1-91) and the absence of any of the isotopic
data (p. 5.1-140) which are available for deeper Hanford area ground waters.

It is hard to overstate the importance of a good chemical and isotopic charac-
terization of the uncontaminated portions of the unconfined aquifer. This
information would provide a measure of the variability in chemistry and in isotopic
abundance on a local areal basis and short-term time scale as a baseline for
comparison with the more regional hydrochemical trends in the deeper aquifers.
Characterization of natural geochemical reactions in the unconfined aquifer would
enable some estimation of reactions specific to the deeper basalts.
Since local recharge from the unconfined aquifer to the Saddle Mountains Basalt
certainly occurs in some areas, this should be the starting point for at least
some geochemical modeling by pathways. Dissolved gas analyses in the unconfined
aquifer could provide evidence pertaining to the postulated local biogenic
origin of methane in the deeper aquifers.

The unconfined aquifer remains, for all practical purposes, chemically
and isotopically uncharacterized in the SCR. This constitutes a major initial
weakness in any hydrochemical models, conceptual or quantitative, proposed
for ground waters in thie Hanford area.

B. Saddle Mountains Basalt.

The data that can be associated with specific boreholes are shown in Review
Table 1. Geographic locations are not specified for the major inorganic
(Table 5-16 and Fig. 5-51) and trace element (Table 5-17) data. The data in
these tables and figure are presented collectively in spite of the fact that
major differences in water chemistry inside and outside the Cold Creek Syncline
are discussed at some length in the text. Dissolved gas data are limited to two
samples from borehole DC-15. Stable isotope data at specific boreholes are
limited to DB-15, DC-14, and DC-15.
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Saturation indices of Saddle Mountains ground water, with respect to calcite
and cristobalite, are presented only for boreholes DC-14 and DC-15. All
ground waters in the entire Hanford site are assumed saturated with calcite
and cristobalite based solely on data from DC-14 and DC-15. This is a significant
assumption, and is totally unsubstantiated in the SCR.

A major issue arises at this point. An assumption in the SCR conceptual model
is that flow in all major water bearing units is essentially lateral, with
little or no vertical mixing except in localized areas along the Umtanum
Ridge-Gable Mountain (UR-GM) Anticline. If this assumption is correct,
areal variations in water chemistry within aquifers must be explained on the
basis of reasonable geochemical reactions. This problem occurs within each
unit, and is discussed at some length in the SCR (pp. 5.1-95 to 5.1-98, and
pp. 5.1-107 to 5.1-108) for waters of the Saddle Mountains Basalt.

The SCR notes in the hydrochemical facies map of Fig. 5-50 a change in water
type with increasing distance from recharge areas. The change consists of
decreased sulfate and divalent cations (Ca2+ and Mg2+) to very low values,
and increased conncentrations of bicarbonate, sodium, and chloride. The SCR
(p. 5.1-98) attributes these changes to three reactions, acting in combination:
1) sulfate reduction, 2) calcite precipitation, and 3) cation exchange pro-
cesses (presumably magnesium exchanging for sodium). At this point, a semi-
quantitative reaction model can be attempted. The mean concentrations, in
milliequivalents per liter, of sulfate, calcium, and bicarbonate in the 7
recharge area springs, read from the Stiff diagrams of Fig. 5-50, are approxi-
mately 0.7 (sulfate), 1.5 (calcium), and 2.0 (bicarbonate). In the absence of
mineral precipitation/dissolution, sulfate reduction by carbonaceous material
produces 1 meq of dissolved bicarbonate per milliequivalent of sulfate reduced.
Therefore total reduction of recharge-water sulfate would yield a water with
a mean bicarbonate content of 2.7 meq/l. This is less than the mean value for
Saddle Mountains ground water of 3.1 meq/l and significantly less than the mean
bicarbonate concentration for the Mabton interbed of 3.4 meq/l (both values
calculated from data in Table 5-16), and both would be significantly higher if
calculated only for waters within the Cold Creek Syncline. Thus, even if
both calcium and magnesium are exchanged for sodium as ground water proceeds
downgradient, the recharge waters do not contain sufficient sulfate to generate
the downgradient bicarbonate concentrations. If, as postulated (pp. 5.1-98)
on the basis of saturation indices and calcite vein fillings, loss of dissolved
calcium is due to calcite formation, the picture is further complicated.
Precipitation of calcite (CaC03) removes 1 meq/l dissolved bicarbonate for
each meq/l of calcium ion precipitated. The loss of 1.5 meq/l calcium by
calcite precipitation must be accompanied by a loss of 1.5 meq/l dissolved
bicarbonate. Thus, if the recharge waters are subject to both sulfate reduction
and calcite precipitation, the net effect on bicarbonate would be a decrease
to a downgradient mean value of 1.2 meq/l bicarbonate. Figure 5-50 suggests a
range of bicarbonate values of 3-4 meq/l within the Cold Creek Syncline.

These arguments are based on mean values, and not on specific sequences
of analyses along known flow lines. However, compositional ranges within the
recharge waters and within Cold Creek Syncline waters, when considered separately,
are small.

The above conclusion that the reactions proposed in the SCR - sulfate reduction
and calcite precipitation - must yield a decrease in dissolved bicarbonate is def-
initive. The compositional ranges shown in Fig. 5-50 cannot alter this argument.

35



The contention that sulfate reduction combined with cation exchange of both
calcium and magnesium cannot lead to the observed downgradient bicarbonate
concentrations is very strong, but not definitive. However, loss of all
dissolved calcium by cation exchange, with no calcite precipitation, is in
direct contradiction to the stated saturation of the waters with respect to
calcite (a claim that is made throughout all of Chapter 5) and the observed
vein-filling calcite.

Another question concerns the abundant dissolved methane in groundwaters
within the Cold Creek Syncline. The SCR argues for a local biogenic origin
for this methane, citing the carbon-13 data for the methane, and Stahl (1980);
see pp. 5.1-107 and 5.1-108. Stahl (1980) is misquoted however; the carbon-13
data for the methane makes a local biogenic source a virtual impossibility.
This point is addressed in detail later in this review when isotope hydro-
geochemistry is discussed.

A third unresolved issue is the downgradient increase in sodium chloride and
fluoride, for which no reasonable mechanism is available. This point is
addressed in the section of the review dealing with the Grande Ronde Basalt
where these constituents are the most abundant.

The chemistry of Saddle Mountains ground waters inside the Cold Creek Syncline
cannot be generated from recharge waters outside the Syncline by the SCR-proposed
reaction of sulfate reduction and calcite precipitation. It is highly improbable
that the water chemistry inside the Syncline can be generated by sulfate reduction
and total divalent cation exchange. The carbon-13 'signature' of the methane
precludes a local biogenic origin. The conclusion seems inescapable that at
least some chemical properties of the Saddle Mountains ground water are being
provided by a source external to the Saddle Mountains Basalt.

-kiiother issue-that needs to be raised at this point regards the map of
"corrected carbon-14 ages' for ground water from the Mabton Interbed in the
Saddle Mountains Basalt. A detailed discussion is presented in the review
of isotope hydrochemistry. At this point it should simply be pointed out that
the corrected ages are totally uninterpretable because 1) the standard cor-
rections are erroneously applied, 2) no account is taken of the possible
introduction of carbon into the ground water due to sulfate reduction or the
possible loss of dissolved carbon by calcite precipitation, and 3) the variation
of carbon-14 in springs ranging from 100% to 23% modern carbon is ignored. The
only useful data would be carbon-14 in % modern carbon and this is unavailable
except at borehole DC-15.

C. Wanapum Basalt

Data in any detail for Wanapum ground waters are limited to boreholes DB-15,
DC-12,DC-14, and DC-15. A hydrochemical facies map, Fig. 5-90, is available for
nine boreholes in the Priest Rapids Member of the Wanapum. Figures 5-62,5-64,5-65,
and 5-66 show vertical profiles, as Stiff diagrams, through the Wanapum in
boreholes DB-15, DC-12, DC-14, and DC-15, respectively.

The usual problems of data presentation still exist. Tables of major in-
organics and trace elements are without borehole locations; the McGee well is
plotted in the trilinear diagram of Figure 5-57 and nowhere else; the Stiff
diagrams for the Priest Rapids Member at DC-14 and DC-15 are plotted in Figure
5-90 but not in the vertical profiles of Figures 5-65 and 5-66.

The discussions in this section of the review will be limited largely to the
major inorganics. Noteworthy features of the dissolved gas data will be
pointed out, but a complete discussion will follow in the section on the
Grande Ronde Basalt.
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A considerable emphasis is placed in the SCR on the chemical characteristics
of wells outside the Cold Creek Syncline (McGee, DB-ll, DB-12, and DC-14,
Table 5-22; 699-114-60 and 699-113-38, Fig. 5-90) as opposed to those inside
the Syncline (DB-15, DC-12, DC-15, Table 5-22; and DC-1, Fig. 5-90).

Waters from wells outside the Cold Creek Syncline are predominantly sodium
bicarbonate waters with lesser amounts of calcium, magnesium, chloride + fluoride,
and sulfate. Those inside the Syncline are sodium chloride (+ fluoride)
bicarbonate waters, with no significant concentrations of other cations or anions.

An important point, not mentioned in the SCR, is that waters outside the Syncline
(5 boreholes, 7 samples) and inside the Syncline (4 boreholes, 9 samples) show
essentially no variation in dissolved bicarbonate with areal location or depth.
This poses severe restraints on any attempt to account for lateral variations
within the aquifer by chemical reactions alone. Reactions by which water
compositions outside the Syncline could be transformed to those inside the
Syncline are not apparent.

The same conclusion is reached from the dissolved gas analyses. Inside the
Syncline, DB-15 shows methane > 90%, helium < 0.01%, and nitrogen/ argon
ratios of 46,49,50, and 40; in DC-12, methane > 90%, helium <0.01%, and
nitrogen/argon ratios of 24,45,43, and 59. Outside the Syncline, DC-14 shows
methane < 0.01%, helium < 0.01%, nitrogen - 99%, and nitrogen/argon ratios
of 102 and 87. All preceding data are from Table 5-26. Similar observations
hold for dissolved gases in the Grande Ronde; the implications are discussed
in that section of the review.

Waters from borehole DC-15 are chemically anomalous relative to the entire
Hanford site, a point not raised in the SCR. This fact is unfortunate, consider-
ing that this is the best characterized site in the SCR with respect to water
chemistry. Although DC-15 is included in the group of wells categorized as
"inside the Cold Creek Syncline' throughout the SCR, its water chemistry is
inconsistent with other wells either inside or outside the Syncline. In the
Wanapum, DC-15 is the only well in which bicarbonate is more abundant than
chloride (at 3 depth levels through the Wanapum), but still contain no dissolved
calcium, magnesium or sulfate. The dissolved gas content is also anomalous,
showing (Table 5-26, six samples) the following dissolved gas percentages:
methane: 0.35%-88%; helium: < 0.01%-0.11%; nitrogen: 12%-99%; and nitrogen/argon
ratios of 67 to 86. The anomalous nature of borehole DC-15 is equally striking
in the Grande Ronde Basalt ground waters, discussed in the following section
of the review.

D. Grande Ronde Basalt

Various chemical data are available for Grande Ronde ground water at DC-6 and
DC-14 (outside the Cold Creek Syncline), DC-12 (inside the Syncline), and DC-15,
which is considered in the SCR to be inside the Syncline, but is indistinguish-
able in the trilinear diagram of Fig. 5-60 from DC-6 and DC-14. (The usual in-
consistencies again occur; Figure 5-64 presents 3 Stiff diagrams for DC-12, but
only a single sample is represented in Fig. 5-50). RRL-2 is represented only
by 2 sets of dissolved gas analyses (Table 5-32); DC-16A only by the statement
that methane > 90% of the dissolved gases (Table 5-55). Table 5-28 and 5-29
again present data without reference to areal or stratigraphic locations.

The major inorganic chemistry of Grande Ronde ground water northeast of
the Cold Creek Syncline (no data are available southwest of the Syncline) is
shown by 4 Stiff diagrams at DC-6 (Fig. 5-63) and 1 Stiff diagram at DC-14.
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The data from these two boreholes are consistent. Grande Ronde groundwater
outside of the Syncline is predominantly a sodium chloride water with the
highest concentrations occurring in the Umtanum and (or) Sentinel Bluffs flows
and decreasing with depth at DC-6. Two important points receive no discussion
in the SCR: 1) the bicarbonate content is lower (1-2 meq/l) in these waters
than any other waters in the basalts, and 2) the sulfate concentrations
(2-4 meq/l) are several times higher than any other waters in the basalts.

Inside the Syncline, represented by DC-12 (3 depth intervals, Fig. 5-64), the
sodium chloride content is somewhat decreased. However, no dissolved sulfate
is present, and bicarbonate concentrations (- 3 meq/l) are consistent with
all other Hanford area basalt ground waters. The anomalous nature of borehole
DC-15 now becomes apparent. Figure 5-64 shows that at all 4 depth intervals
sampled, the major inorganic chemistry at DC-15 is identical to that of the
Umtanum/Sentinel Bluffs flows at DC-6 and DC-14, both of which are well
outside of the Cold Creek Syncline.

Further information can be obtained from the dissolved gas data in Table
5-32. Data are shown below (with increasing depth in individual boreholes).

Grande Ronde Basalt Aquifer

Outside the Syncline

CH4 He N2 N2 /Ar

DC-6 <0.1 0.39 97.6 72
0.48 0.31 97.8 84
1.58 0.42 96.0 78

DC-14 0.14 0.36 98.4 87

Inside the Syncline

RRL-2 97.6 <0.01 2.36 59
97.9 <0.01 1.69 55

DC-15 'No gases detected in Grande Ronde," p. 5.1-132

These data are totally consistent with all other dissolved gas data presented
in the SCR, regardless of water-bearing unit. Inside the Syncline: high methane,
low helium, and nitrogen/argon ratios between 40 and 60. The statement that
no gases were detected in the ground water at DC-15 is 42 equivalent to stating
that no salt was detected in seawater. The total absence of dissolved gases
is a physicochemical impossibility. The absence of dissolved gas data must
represent faulty sampling and/or analytical techniques.

Outside the Syncline: methane is consistently low to absent, and nitrogen/
argon ratios are consistently in the range 70 to 100. Helium is consistently
high in the Grande Ronde (DC-6 and DC-14). In the Wanapum, only one borehole
outside the Syncline was sampled for dissolved gases, DC-14. Four of six
depth intervals show no detectable gas (Table 5-26); the two for which data
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are reported show no detectable helium, but nitrogen/argon ratios are 102
and 87. Borehole DC-15 is the best characterized borehole in the SCR, and
as such it plays a disproportionately large role in conclusions drawn on the
basis of isotopes. Because of this, it is critical to recognize that it cannot,
on a chemical basis, be associated with boreholes outside the Cold Creek Syncline,
or with those inside it. The water chemistry at Borehole DC-15 is unique.
In the Grande Ronde, the major inorganics at DC-15 are identical to those in
waters of the Umtanum/Sentinel Bluffs flows outside the Syncline (DC-6 and
DC-14). Dissolved gases in the Grande Ronde cannot be compared because of
absent data at DC-15. In Wanapum waters, major inorganics at DC-15 are
transitional between waters "inside" vs. 'outside" the Syncline. The dissolved
gas data at DC-15 also show the uniqueness of the water chemistry. The
upper four Wanapum samples at DC-15 show high methane and low helium, characteristic
of waters inside the Syncline. The bottom two Wanapum samples show low
methane and high helium, characteristic of waters outside the Syncline. The
nitrogen/argon ratios are high throughout the Wanapum (60 to 86, Table 5-26),
characteristic of waters outside the Syncline.

E. Comparison of Hydrochemical Systems.

Based on the small amount of available data on inorganic chemistry and
dissolved gas content, there are several well defined chemical differences
between the basalt ground waters inside and outside the Cold Creek Syncline
(borehole DC-15 is not included in the following comparison).

Inside the Cold Creek Syncline (in all basalts units at all boreholes for which

data are presented).

1. Dissolved bicarbonate exists at concentrations of 3-4 meq/l (generally
very close to 3).

2. Sodium is the only cation present in significant concentrations.

3. Sulfate concentrations are at or near zero.

4. Methane constitutes 80-97% of the dissolved gases.

5. Helium constitutes < 0.01% of the dissolved gases.

6. Nitrogen/argon ratios range from 40 to 60, clustering near 45,

in the dissolved gases.

Outside the Cold Creek Syncline (in all basalt units at all boreholes for which
data are available; these are only northeast of the Syncline in the Wanapum and
Grande Ronde).

1. Bicarbonate is still essentially constant at 3-4 meq/l, except for the
slightly lower concentrations in the Saddle Mountains springs southwest
of the Syncline shown in Fig. 5-50.

2. Sulfate is always present, generally at concentrations of 1-2 meq/l.

3. Nitrogen is the predominant dissolved gas, ranging from 95-99% of the
dissolved gases.
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4. Nitrogen/argon ratios range from 70-100.

5. Helium is present as 0.1-0.4% of dissolved gases, except for 2 samples
at DC-14 (Table 5-26).

Excluding the anomalous data in borehole DC-15, only two vertical profiles
of partial water analyses through all 3 basalt units can be constructed from
data in the SCR. These locations are at DC-14 outside the Syncline (to the
north; Fig. 5-65), and the combination of DC-12 and DB-13 in the central southwest
portion of the Syncline.

At DC-12, inside the Syncline, the major inorganic chemistry in the Grande Ronde
and Wanapum are identical. The Wanapum water chemistry is also identical
to DC-12 at DC-1 and DB-15, (Figs. 5-62 and 5-90) at the other (NNE) side of the
Syncline; no Grande Ronde data are available at these boreholes. In the Saddle
Mountains ground water at DB-13 (3 km from DC-12; see Figs. 5-64 and 5-50) the
bicarbonate content is the same, sulfate is still zero, but the NaCl content is
much less. Dissolved gas data are available for the Wanapum at DC-12 and DB-15
and for the Grande Ronde at RRL-2 (two samples). At these locations the dissolved
gases show identical compositions, the characteristic signature being high
methane, N2/Ar - 50, and the absence of helium inside the Syncline.

All available data show that throughout the Cold Creek Syncline, the major
inorganic and dissolved gas constituents are identical in the Wanapum and Grande
Ronde Basalts, implying that they are connected hydrologically throughout the
Cold Creek Syncline.

Three dissolved constituents in the basalt ground waters should be con-
servative - chloride, fluoride, and boron. No individual analyses are avail-
able for these constituents in any water sample. Mean values for each basalt
are presented in Tables 5-16,5-17,5-21,5-23,5-28, and 5-29. These values, in
mg/l, are presented below, with the ratios then normalized to an arbitrary value
of 100 for chloride mean values. It must be kept in mind that these tables
represent combined data from inside and outside of the Cold Creek Syncline.

Cl F B

Saddle Mountains 20 2.0 0.04

Wanapum 43 8.0 0.23

Grande Ronde 169 30 0.98

Normalized (Cl-100)

Saddle Mountains 100 10 0.20

Wanapum 100 19 0.53

Grande Ronde 100 18 0.57

The only reasonable conclusion that can be drawn from the constancy of
the ratios of these conservative constituents is that ground waters in the Grande
Ronde and Wanapum Basalts appear to have a common origin, subject to vertical
mixing and dilution by the greater contribution of local recharge to the Wanapum.
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It is quite possible that no dilution occurs within the Syncline; as just dis-
cussed, the sum of chloride + fluoride is constant throughout. The fact that
the carbon-13 signature of the dissolved methane is one that is associated with
hydrocarbon maturation strongly implies a water source external to the basalt.
The most likely source would appear to be upward leakage from moderately saline
waters or brines in sedimentary strata underlying the entire basalt sequence
in the Hanford area.

The chloride, fluoride, and boron values change in the Saddle Mountains:
the F/B ratio is still similar to that in deeper ground waters, but both
elements are depleted by a factor of about 2 relative to chloride. This would
be consistent with the fact that most of the recharge to the Saddle Mountains
occurs locally in and around the Pasco Basin. Further interpretation of
the Saddle Mountains data is not possible because of the lack of dissolved gas
data. The only dissolved gas data presented for the Saddle Mountains are from
the anomalous data of borehole DC-15.

The concept of domination of the hydrogeochemistry by vertical mixing within
the basalts is further supported by the sulfur-34 data (Fig. 5-81) which
show no trend at all as a function of sulfate content or basalt unit. This is
absolutely consistent with the interpretation of vertical mixing and dilution,
as opposed to chemical reaction. The chlorine-36 data of Figure 5-86 (all from
outside the Syncline) are also consistent with the interpretation that old chloride
in the deep basalt is enriched upward in the section by successively greater
contributions of modern recharge to the shallower basalts (note that DC-15 is
again unique relative to other Grande Ronde waters).

The discussion of the oxygen isotope data is one of the major misrepresenta-
tions of the entire hydTochemistry section of the SCR. There are at least 6
samples (see Fig. 5-76) for deuterium and oxygen-lB from Grande Ronde ground
water at DC-15. The values of delta - 2H range from -120 to -110, and delta -
180 from -12.5 to -14.5. If six data points with these isotopic values are
removed from the histograms shown in Figures 5-70 and 5-71, there is no significant
difference in the deuterium and oxygen-18 content of Grande Ronde and Wanapum
ground waters within the Cold Creek Syncline. The source of the other data
represented in Figures 5-70 and 5-71 is again unknown.

Although the data presented in Chapter 5 suggest uniformity of chemical
composition of Grande Ronde and Wanapum waters within the Cold Creek Syncline,
there is no question that significant chemical differences exist between waters
inside and outside the Cold Creek Syncline in all three basalt units. The com-
parison is really between waters inside the Syncline and outside the Syncline
to the northeast because that is the only area where data are available for
the Wanapum and Grande Ronde.

A major consideration in this comparison is the distribution of nitrogen,
argon, and helium. The abundance of helium in waters outside the Cold Creek
Syncline is of particular interest. The measured helium percentage (Tables
5-26 and 5-32) outside the Syncline at DC-6 and DC-14 range from 0.3-0.4 vol %.
These helium concentrations are more than four orders of magnitude greater than
can result from saturation of water with atmospheric helium at surface con-
ditions. The nitrogen ratios of 70-100 observed outside the Syncline are
approaching twice the ratio of dissolved nitrogen/argon that results from
equilibration of water with air at surface conditions. Dissolved nitrogen can
be traced for hundreds of miles in deep regional aquifer systems with no
appreciable change in concentration. Helium and argon are chemically inert.
The highly anomalous helium, nitrogen, and argon abundance strongly suggest
the possibility of a deeper source of ground water outside the Syncline, as
well as inside of it.
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However, the major point to be made here is that the different chemical char-
acteristics of water inside and outside the Syncline cannot be accounted for
by chemical reactions. A comparison of the available data for the three basalt
units follows.

Inside Outside DC-15

Grande Ronde

chloride

sulfate

bicarbonate

methane

helium

nitrogen/argon

Wanapum

chloride

sulfate

bicarbonate

methane

helium

nitrogen/argon

Saddle Mountains

chloride

sulfate*

bicarbonate

methane

helium

nitrogen/argon

5 meq/l

O meq/l

3-4 meq/l

> 90%

0.01%

40-60

5 meq/l

-O meq/l

3-4 meq/l

'> 90%

0

40-60

1 meq/1

0 meq/l

- 3-4 meq/l

unknown

unknown

unknown

5-10 meq/l

3-4 meq/1

2-3 meq/l

< 1.5%

0.3-0.4%

70-100

1-3 meq/l

- 1 meq/l

3-4 meq/l

< 0.01%

<0.01%

85-102

1-2 meq/l

1-2 meq/l

2-3 meq/l

unknown

unknown

unknown

5-10 meq/l

3-4 meq/l

2-3 meq/1

unknown

unknown

unknown

2-3 meq/l

0

3-4 meq/l

60-90%(top);<l% bottom

<0.0l%(top);0.l,0.4%

70-100

- 1 meq/l

0 meq/l

3-5 meq/l

80-95%

<0.01%

40-45
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In the Grande Ronde and Wanapum, if flow is lateral and continuous, the following
reactions must occur to account for the water chemistry.

a) If flow is from outside to inside of the Syncline:

1. Remove up to 5 meq/l sulfate with no change in bicarbonate

2. Remove 5 meq/l C1- (Grande Ronde); add 2-3 meq/l (Wanapum)

3. Remove all helium

4. Generate > 90% methane with delta - 13c from 40-60

5. Decrease the nitrogen/argon ratio from 85 to 50

b) If flow is from inside to outside of the Syncline:

1. Generate up to 5 meq/l sulfate in a reducing environment

2. Add - 5 meq/l Cl- (Grande Ronde); remove 2-3 meq/l (Wanapum)

3. Add 0.3-0.4 vol% helium

4. Remove > 90% methane in a reducing environment

5. Increase the nitrogen/argon ratio from - 50 to 85

In a confined, mineralogically isotropic aquifer, neither of the above sets of
reactions can occur by-known geochemical processes, iimply by virtue of
water entering or leaving a gentle syncline.

The problems of reaction models for Saddle Mountains water have already
been discussed in some detail in a previous section of the review.

A final point - one of the few unequivocal statements in the SCR regarding
flow directions (p. 5.1-203) is that inside the Cold Creek Syncline the flow
direction for both shallow and deep basalts is toward the southeast, that is,
toward borehole DC-15. In order to produce the water chemistry at DC-15 from
upgradient water of the type found inside the Syncline, requires reaction
set b (above) for the Grande Ronde and Lower Wanapum, and is patently impossible.
The Upper Wanapum may be continuous to DC-15. No conclusions can be drawn
regarding Saddle Mountains water due to the lack of dissolved gas data for
Saddle Mountains ground water at any site other than DC-15.

A possible overall conceptual model that emerges from the hydrochemical data
is one that requires distinct flow systems inside the Cold Creek Syncline and
outside of it. Inside the Syncline, methane bearing waters in the Grande Ronde
(probably derived from sedimentary strata underlying the Columbia River Basalts)
move upward into the Wanapum and into the Saddle Mountains Basalts in the
northwestern of the Syncline. These deep waters are diluted progressively
by local recharge at shallower depths. Continuous flow in the Grande Ronde
from the Syncline to DC-15 is impossible; upward leakage to the shallower
aquifers must occur somewhere along the flow path.
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Keeping in mind the sparseness and sporadic distribution of the data,
this conceptual model is consistent with the following data:

1. Major inorganic chemistry as inferred from Stiff diagrams

2. Distribution and isotopic nature of dissolved gases

3. Dissolved chloride:fluoride:boron ratios

4. Deuterium and oxygen-18 data

5. Sulfur-34 data

6. Chlorine-36 data

7. Carbon-14 data (on an extremely qualitative basis)

8. Carbon-13 data for methane

9. The presence of dissolved hydrogen in some samples.

Outside of the Cold Creek Syncline, no systematic pattern can be drawn
from the available data. The only definitive conclusion that can be drawn is
that the Grande Ronde and Lower Wanapum Basalts contain excessive dissolved
helium and anomalous nitrogen/argon ratios, which preclude a local recharge
source. The most likely origin would seem again to be deeper waters underlying
the basalts, although a distant regional source could also be invoked. In
the latter case, reactions generating the anomalous dissolved gas distributions
are not clear.

3. Isotope hydrochemistry.

A number of issues concerning isotope hydrochemistry as they pertain to
flow hypotheses have already been raised in this review. In this section,
comments and (or) questions will be raised as they appear sequentially in the
text (pp. 5.1-140 to 5.1-181).

An overall comment: At an absolute minimum, isotopic analyses including
tritium, deuterium and oxygen-18, and carbon-13 should be available for
every water sample. In addition, carbon-14 analyses (with concurrent tritium
analyses as a contamination check) should be run wherever feasible.

A. Deuterium and oxygen-18.

Data for the unconfined aquifer (under natural conditions) are needed to
provide some estimate of the variability of recent recharge in deuterium and
oxygen-18. Lacking these data, and considering the uncertainty regarding
the origin of the ground water in the deep basalts, the estimated recharge
temperatures (Table 5-37) calculated from the Dansgaard equations have little
or no meaning (Dansgaard's equations were derived for North Atlantic coastal
stations).
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B. Carbon-13.

Eighty two ground water samples are represented in the histograms of
Figure 5-77; Figure 5-78 lists delta carbon-13 values for 11 springs. Only
eleven samples can be located by borehole - all at DC-15 (Fig. 5-79). The
delta C-13 values associated with the samples are generally in the range to
be expected for soil carbon dioxide and (or) carbonaceous material in the
aquifer matrix. A major exception to this statement applies to those samples
with positive delta C-13 values (Table 5-39) from the Wanapum at DC-12 and
the Lower Saddle Mountains - Upper Wanapum at DC-15. The SCR correctly
states that positive delta C-13 values are often observed in carbon dioxide
associated with microbial methanogenesis, and that the corresponding methane
is enriched in carbon-12. The SCR cites Stahl (1980) as stating that at
greater depth thermocatalytic processes should predominate (also true).
However, directly following the Stahl (1980) citation the SCR states
(p. 5.1-161) that the isotopic pattern shown in Table 5-39 is representative
of methanogenesis. This is simply not true. The article by Stahl (1980)
does not deal with methanogenesis. In a more comprehensive publication,
Stahl (1979,1 Fig. 2) plots 60 analyses of methane from 7 deep sedimentary
basins. The delta C-13 values for these methanes range from -33 to -55.
In addition, Stahl (1979, Fig. 1) shows biogenic methanes to possess delta C-13
values ranging from about -60 to values more negative than -100.

Table 5-39 lists delta C-13 values for methane in Wanapum ground waters in
the Cold Creek Syncline as follows: DC-12: -44.00, -43.66, -44.15, -45.57; McGee:
-51.62; except for the McGee well, these values are almost exactly the mean
value of deep sedimentary methanes in Stahl's Figure 2. Note that in Table 5-22
the McGee well is listed as outside the Cold Creek Syncline. No dissolved gas
data are cited for the-McGee well in spite of the fact that it contains
sufficient methane for a carbon-13 analysis. The data for borehole DC-15
are again anomalous for delta C-13 (methane) as follows; Saddle Mountains:
Cold Creek Interbed, -63.57; Mabton interbed, -46.46; and Wanapum: Roza flow
top, -67.06. A deep, non-biogenic source for the methane in the Cold Creek
Syncline seems a virtual certainty. This is also consistent with the frequent
detection of dissolved hydrogen, which is extremely difficult to account for
by reactions within the basalts.

C. Sulfur-34.

The discussion of sulfur-34 in the SCR (p. 5.1-164) provides another example
of misrepresentation of the published literature. Pearson and Rightmire (1980)
are correctly cited as stating that in arid areas sulfate may be derived from
wind blown dust from soils and playas. Totally ignored, however, is the fact
that Pearson and Rightmire (1980) make this statement in the midst of a 10-page
discussion attempting to explain observed systematic variations in plots of
delta S-34 (sulfate) vs. sulfate concentration in major aquifer systems. No
such systematic variations exist in the sulfate concentration-delta S-34 plot
shown in Figure 5-81 of the SCR, lending strong support to the argument that in
the Hanford basalts variation of sulfate concentration is due largely to
mixing and dilution. The data in Fig. 5-81 are not located by borehole.

.L Stahl, W. J. (1979). Carbon isotopes in petroleum geochemistry, in E. Jager
and J. C. Hunziker, eds., Lectures in Isotope Geology, Springer-Verlag, N. Y.,
pp. 274-282.
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D. Tritium

It seems odd that tritium has been measured in over 100 boreholes in the
unconfined aquifer (Fig. 5-102), but data are presented for only four boreholes
in the basalts (Table 5-41). Particularly distressing is the fact that in
TAble 5-41 no data are available for Saddle Mountains groundwater in the two
of four boreholes (DB-15 and DC-1a) that are located in areas where the over-
lying unconfined aquifer is contaminated by tritium (Fig. 5-102).

Tritium should in fact be routinely analyzed and reported for all samples
collected in this study.

E. Carbon-14.

The discussion of carbon-14 and the age corrections applied to the C-14
data are replete with errors. As a result, the only useable data are the %
modern carbon data from a single borehole, once again DC-15 (Fig. 5-89).

The problems in the age corrections arise as follows.

1. Application of the "standard" corrections.

i. The Pearson model: eq. 5-12, p. 5.1-173. Application of

eq. 5-12 to any sample with a positive delta C-13 value

results in a negative Ae(initial carbon-14 activity), which

when inserted in eq. 5-9, p. 5.1-168, requires the natural

logarithm of a negative number.

ii. The Tamers correction, eq. 5-13, p. 5.1-173, is correctly stated

in the SCR as assuming that one-half of the total dissolved car-

bonate in the system is derived from the dissolution of limestone.

Application of this correction in a basalt is meaningless.

2. The use of these corrections in the first place, given that springs in
the area show a range of > 100 to 23% modern carbon (p. 5.1-169), also seems
meaningless.

3. The only potentially useful approach to reliable estimates of travel
times can be obtained by using the carbon-14 content in an upgradient well and
comparing it with other downgradient wells along'known flow paths. Even this
technique is subject to errors introduced if gains and/or losses of dissolved
carbon in the ground water due to mixing and the dissolution/precipitation of
carbon-containing phases are not taken into account.

F. Uranium disequilibrium.

A considerable discussion of the principles of uranium disequilibrium is
presented in the SCR (pp. 5.1-174 to 5.1-180) but no specific conclusions are
d rawn regarding the Hanford ground-water system. This review agrees that no
etinite conclusions are warranted.
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G. Chlorine-36.

The discussion in the SCR of the potential for age dating by chlorine-36
is reasonable with one major exception. No mention is made of the fact that this
technique is subject to dilution by "dead" chloride, derived from either rocks
or other waters, which will lead to erroneously 'old" calculated ages, in the same
manner that introduction of 'dead" carbon-14 can lead to erroneously "old" age
estimates in carbon-14 dating. The data presented in Figure 5-86 are all from
outside the Cold Creek Syncline.

4. Redox Potentials and pH.

A. Redox Potentials

A major problem throughout Chapter 5 (and Chapter 6) of the SCR lies in the
fact that the measured Eh values for the basalt ground waters do not correspond
to the redox potentials that would be predicted on the basis of mineral assemb-
lages (specifically the presence of secondary pyrite) and (or) on the basis of
water chemistry. There are two aspects to this problem: 1) the characteriza-
tion of redox potentials in the ground waters 'as an integral part of chemical
modeling studies aimed at explaining the origin, chemical nature and distri-
bution of solutes in the ground water, and 2) the interpretation of redox po-
tentials and their implication regarding the potential transport of waste
products introduced in the ground waters. The first of these problems is dis-
cussed here; the second will be addressed in the review comments for Chapter 6
of the SCR.

The measured Eh values reported in the SCR (Tables 5-16, 5-25, and 5-31)
range from roughly -0.2 to +0.2 volts, with mean values near zero. The values
appear to be fairly reproducible from one basalt unit to another. This discussion
assumes that analyses for dissolved sulfides show none present in the ground
waters (not mentioned in the SCR). In any case, the absence of sulfides is
reasonable given the abundant source of iron minerals in the basalts.

In the absence of dissolved sulfides, the various redox couples that might

play a role in determining redox reactions in the aquifer are: Fe2+ - iron

oxyhydroxides or sulfides; S042- - iron sulfides or sulfur; CH4 - HCO3, N2-NH4+,

and in a few instances, where dissolved hydrogen is detected, H2 - H+ The
(aq)'

iron and sulfate couples involve solid phases. The remaining couples, which are
based on dissolved species, all involve dissolved gases as one member of each
couple. Dissolved gas analyses should be run on all samples, not just for their
own sake, but as the only potentially reliable measure of determining the redox
characteristics of the ground waters. Analyses should also be performed for NH4+.
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With the possible exception of the Fe2+ - iron oxyhydroxide couple, all
of the redox couples require microbial catalysis at low temperatures. Combined
with the absence of dissolved sulfides and Fe3+, this implies that none of the
potential effective redox couples in the ground water will be electroactive at
the electrode surface. Electron transfer can occur only between specific solutes
and/or solids. Since none of the obvious redox couples in the system are electro-
active, the relatively reproducible electrode measurements show that the electrode
is responding to some other reaction at the electrode surface. This is not
unique to the Hanford area basalts. Eh measurements in other aquifers with
water chemistry similar to the Hanford ground waters provide values very similar
to those reported in the SCR. The nature of the reaction(s) producing these
electrode measurements is unknown.

A major unanswered question is whether redox-active contaminants introduced to
the ground-water system will respond to redox potentials associated with the
major redox couples that appear to dominate the natural system, or whether the
contaminants will respond to the same reaction as does the platinum surface of
the measuring electrode.

B. pH

The absence, through all of Chapter 5, of a given pH value that can be associated
with a specific water sample imples that the importance of pH as a parameter
in geochemical modeling is either misunderstood or ignored in the SCR.

The pH of a ground water is perhaps the single most important property for
purposes of geochemical modeling. It is crucial to all aqueous speciation
calculations and the resulting determination of saturation indices for possible
mineral phases in the system. The saturation indices in turn, within
limits of uncertainty imposed by analytical technique and thermodynamic data,
provide definitive constraints on possible geochemical models. Plausible chem-
ical models cannot call for precipitation of a mineral if the water in question
is undersaturated with that mineral, or for dissolution of a mineral if the
water is supersaturated.

A further great value of pH lies in its use as a test for quantitative reaction
path models. Host of the major classes of reactions produce characteristic
trends in pH as the reactions progress: silicate hydrolysis leads rapidly
to high pH values; introduction of CO2 gas to the water produces a gradual de-
crease in pH; ion exchange (alone) produces no direct effect on pH; etc. A
proposed reaction model may account accurately for changes in major ion colpo-
sition, but if it does not match observed trends in pH the model cannot be valid.

The importance of pH in chemical modeling cannot be overemphasized. pH
data must be available for individual water analyses, both for the initial gen-
eration of chemical models and to provide information with which the adequacy
of these models may be assessed. The absence of pH data in the SCR provides
a barrier to the interpretation of observed water chemistry that cannot be over-
come by presentation of any amount of other chemical and (or) isotopic data.

Page 5.1-182, paragraph 5. In view of the admitted lack of data on vertical
conductivity of the basalt units, and questions that we have raised on the
validity of the head measurements that have been presented, we question the
statement that the hydraulic and hydroclemical data suggest that the Columbia
River does not act as a dominant discharge area for the confined aquifers
along its entire course.
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Page 5.1-184, paragraph 2. A comparison is made between the correlation of
River stage fluctuations and ground-water level responses in unconfined
aquifers (fig. 5-87), and the seeming lack of correlation between streamflow
variations and hydraulic head fluctuations in shallow confined basalt aquifers
(fig. 5-88). First, we wonder why streamflow variations were used rather
than river stage fluctuations in Figure 5-88. Second, there appears to be
a pretty good correlation between potentiometric level in DB-2 and discharge
of the Columbia River.

Page 5.1-198 to 203. It is apparent, and a cause for serious concern, that
Rockwell has assumed in the conceptual model of the ground-water system that
it is in a steady state. This follows because each water level measured by
Rockwell is obtained at one point in time only, and for interpretive purposes
in the SCR it has been compared to other water levels measured at another
point in time, the time periods between measurements being as much as several
years or more.

No real attempt has been made, at least as discussed in the SCR, to evaluate
the potential impact of known stresses on the ground-water system in and
near the Hanford Reservation on temporal variation in water levels in the
reservation. Temporal changes could be occurring but Rockwell's method of
data collection and analysis do not permit any evaluation of this possibility.
Major stresses on the ground-water system that could be significantly affecting
water levels on the Hanford Reservation include:

(1) The ground-water mound developed in the unconsolidated
formations by waste-water disposal on the Hanford Reservation.
The discharge of waste water into the unconfined-aquifer
at Hanford and the associated development of a ground-
water mound in the unconsolidated deposits is documented
in the SCR. Between 1944 and 1978 this mound had attained a
maximum height of 24 meters and had spread throughout the
unconsolidated deposits on the reservation, even increasing
the lateral saturated extent of the deposits. The SCR indicates
that some possibility exists for the growth of this mound to
influence water levels in the upper Saddle Mountains, but
really addresses the issue no further. In similar settings
throughout the Plateau, including the Pasco Basin, the U.S.
Geological Survey has documented water-level changes in the
basalts that have occurred as a result of the application of
water on overlying unconsolidated deposits that are similar to
those at Hanford. In these latter cases, water-level rises
have been induced in the basalts throughout and beyond the
area where surface water application occurred. Water-level
rises have been documented in both the Saddle Mountains
and the Wanapum. Water level rises in the Saddle Mountains
Basalts of up to 300 feet have occurred over a large area of
the Pasco Basin on the eastern side of the Columbia River as
a result of irrigation by surface water in the Columbia Basin
Irrigation Project. Water levels in the Wanapum have risen
correspondingly up to 200 feet in the same area.
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These experiences indicate that one would expect water
levels in the basalts underlying the Hanford Reservation
to have risen, or be rising, in response to the mound created
in the unconsolidated deposits.

(2) The effect of surface-water irrigation in the Columbia Basin
Irrigation Project area in the Pasco Basin. The Columbia River
flows on unconsolidated deposits in the vicinity of the Hanford
Reservation and, because of this, water-level changes in the
basalts can cross under the river. As just mentioned, water
level rises of up to 300 feet in the Saddle Mountains and 200
feet in the Wanapum have been documented on the eastern side of
the Columbia River in the Pasco Basin. These rises have occurred
since the importation of surface water for irrigation in the
1950's, and they continue to this day. The water level in a well
completed in the Wanapum at a location several miles from the
Columbia River and across the river from the Hanford Reservation
has increased 65 feet since 1963 and has increased at a rate of
nearly 5.0 feet per year since 1978. Correspondingly, water
levels in the unconsolidated deposits at this location have only
risen two feet since 1973 and 53 feet since 1963. These wells
are in the general vicinity of DC-15 and DBU and 2 on the Hanford
Reservation.

(3) Ground-water withdrawal and associated water-level declines
in the Cold Creek Syncline west of the Hanford Reservation.
As indicated in the SCR, this pumpage has induced a water-
level decline of approximately 200 feet in the Wanapum Formation
since the 1950's. The lateral and vertical extent of the cone
of depression associated with this pumpage is unknown, however.
In addition, because the pumpage is seasonal, water levels
within the cone of depression can be expected to fluctuate
seasonally. Cones of depression associated with pumping centers
in other areas of the Columbia Plateau have spread as much as
20 miles. Rockwell believes that a "ground-water barrier' exists
between the Cold Creek Syncline and the Hanford Reservation.
However, conclusive evidence for the existence of such a barrier
is incomplete and the barrier's lateral extent is undefined.
Furthermore, even if the barrier exists, one cannot be sure
it exists in all three basalt formations. A most important
point is that there are no data to indicate that it exists in
the Grande Ronde.

(4) Ground-water withdrawal in the Pasco Basin other than that in the
Cold Creek Syncline.

Ground-water use in the Pasco Basin is discussed in general
terms on p. 5.1-189 to 194. This discussion does not address
the potential impact of ground-water development in the basin
on water levels at the Hanford Reservation. Rockwell relies
heavily on the U.S. Geological Survey's Ground-Water Site Inventory
(GWSI) data system for their information regarding well
distribution and use. The records in the GWSI for this area
were incomplete and largely unverified when accessed by
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Rockwell. However, this fact was made known to Rockwell.
In order to address the potential impact of ground-water
use on water levels at Hanford, one would have to map the
historical and present distribution and rate of ground-water
withdrawal. This has not been done at the present time
and as a result the potential impact of pumpage on water
levels at Hanford is unknown.

(5) Dams constructed on the Columbia and Snake Rivers near Hanford
and major changes in river stage.

Page 5.1-203, paragraph 2. As noted elsewhere, our concern over the validity
of the head measurements makes us question the interpretation of ground-water
flow directions.

Page 5.1-203, paragraph 4. We question the interpretation of such a low
value for vertical conductivity of the basalt interiors. As mentioned earlier,
the primary reason is that we do not have any documentation on which to base
a judgement on the validity of the hydraulic testing. Additional reasons
follow: 1) The extensive drilling fluid losses described in the drilling
histories of core holes DC-4, DC-6, and DC-8 (see general comments) are
inconsistent with this interpretation, 2) The complicated internal geometry
and structure, and the intensive fracturing in the exposed section of the
Umtanum Flow (Fig. 3-29, p.3.5-30 and data from borehole RRL-2, p.3.5-35,
paragraph 2) are inconsistent with an interpretation of a thick, uniformly
extensive, basalt interior with a uniformly low vertical and horizontal
hydraulic conductivity, and 3) We are of the opinion that hydraulic tests in
vertical boreholes in basalt interiors with predominantly vertical columnar
jointing, could not yield representative values for vertical hydraulic con-
ductivity because the nuimber of joints intercepted by the borehole would be
minimal.

The assumption that little vertical ground-water mixing occurs between basalt
units in geologically undisturbed areas is questionable. Even if the vertical
conductivity of flow interiors is equal to or less than the stated value for
horizontal conductivity, the assumption does not consider the fact that the
cross-sectional area available for horizontal flow is much smaller than that
available for vertical flow. Even if the average value for vertical
conductivity is relatively small, the available cross-sectional area for
vertical flow would be on the order of tens of square miles in the Cold
Creek Syncline.

Page 5.2-11, paragraph 1. The long-term effects of outside ground-water
withdrawals on potentiometric levels at Hanford should be evaluated before
any decisions are made on site suitability.

Page 5.2-11, paragraph 4. If the interpretation of a potentiometric low along
the Umtanum Ridge-Gable Mountain anticline is valid, any flow northward from
the reference repository location would then be directed eastward along the
anticlinal axis.
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Chapter 6. Geochemistry:

6.1. Host rock geochemistry

The mineralogic characterization of the Grande Ronde appears to be thorough
and well documented.

The text states, page 6.1-3, that the diagenetic alteration of the basalt is
due to ground water circulation. This is important, and would seem to warrant
additional discussion or speculation as to the scale of the circulation, since an
inference can be drawn from the text that the circulation has a significant ver-
tical component.

No whole-rock analyses appear to be available for chloride, fluoride, or
boron in the basalts. This is an important omission considering the importance
of these elements in deciphering ground-water flow patterns in the Hanford area.
As pointed out on p. 6.1-15, a plausible source of fluoride for the ground water is
still uncertain.

Page 6.1-3, last sentence. This may be a bad presumption. Tectonic fractures
could be filled with different proportions or species of minerals than occur in
cooling joints. Tectonic fractures are more extensive and reach to greater
depth than cooling joints, so that they may tap a different thermal or geochemical
environment.

6.1.6. Composition of interbeds in the Pasco Basin

After more-than 20 pages of text regarding primary and secondary mineralogy
of the Grande Ronde Basalt, this section - consisting of slightly more than
1 page of text - is a disappointment. The mineralogy of interbeds, particularly
in the Saddle Mountains, is important for interpretation of the ground-water
chemistry. Interbed mineralogy is virtually unmentioned in Chapter 5; it needs
more description than is provided here in Chapter 6.

6.2. Ground-water geochemistry

There appears to be nothing in this section that has not already been discussed
in Chapter 5. A point of continuing frustration: Table 6-9 lists dissolved
gas data in Grande Ronde Basalt ground water from boreholes DC-6,DC-12,
DC-14, and DC-15; no data for DC-12 or DC-15 are listed in Table 5-32.

6.3. Chemistry of waste, barriers, and near-field environments

The only issue in this section that is addressed here is the question
of redox potential buffering, discussed in the text on pages 6.3-1, 6.3-2,
and 6.3-11.

Considerable emphasis is placed on the presence of hematite-magnetite in
the basalts as a potential redox buffer in the repository (as stated earlier,
this is mentioned in the Executive Summary of the SCR). As shown in Fig. 6-13,
this redox buffer can only be expected (probably) to function at temperatures
in excess of 3000C. At best, this redox buffer might be expected to exert
some control over redox conditions in the extremely near-field environment. It
certainly cannot be expected to directly control the redox chemistry of contam-
inants at any significant distance from the repository.
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Section 6.3.2.3, p. 6.3-11 raises the possibility of adding constituents
to the backfill in order to buffer the pH and redox potential. A major
point that is not raised in the SCR regards the fundamental difference that
exists between pH-dependent reactions and redox potential-dependent reactions.
In a pH buffered system, the aqueous hydronium ion, H 30+ exists in aqueous
solution and, as such, is specifically available for reaction. If H+ reactions
occur, further hydronium ions can be provided by dissociation of water and (or)
chemical pH buffering agents in the system. The key point here is that it
is the aqueous hydronium ion that is involved as the reactant, independent
of the buffering agent used.

A redox buffer is a different matter, however. The electron transfer in
redox reactions occurs only between specific solutes and or solids. Within its
thermodynamic stability limits, water cannot act as an electron donor/acceptor,
as it acts as a hydronium ion donor/acceptor (that is, water itself is neither
oxidized nor reduced within its thermodynamic stability limits). A redox
buffer, therefore, cannot provide electrons directly to the aqueous phase but must
interact with specific solutes or solids.

The problem this poses is absolutely crucial. The fact that a redox buffer
is characterized by a low redox potential does not imply that it will reduce
all (or necessarily any) species in solution. The only way that a definitive
prediction can be made regarding the ability of a given redox buffer to reduce
(or oxidize) a given aqueous species is through prior knowledge of the.reaction
kinetics between the specific redox buffer and the specific aqueous species
under consideration. A classic example is provided by the common occurrence of
dissolved sulfate in lignite aquifers; the lignitic carbon provides a redox buffer
of essentially infinite. capacity, but the rate of sulfate reduction is totally
controlled by the abundance of sulfate-reducing bacteria.

6.4. Geochemical retardation

Radionuclide solubilities are discussed on pages 6.4-1 to 6.4-5, with the theme
that solubility limits can be calculated based on oxide solubilities. The im-
portance of this concept is correctly stated as providing maximum nuclide sol-.
ubility limits that are independent of both the release scenario and the hydrol-
ogy of the repository and surrounding rock (p. 6.4.5). The discussion in the
text represents fairly the many complexities and assumptions involved in these
estimates. Of particular importance is the fact that while nuclide solubilities
may be controlled by oxide solubilities of spent fuel components at the dissolu-
tion temperature, precipitation solubilities may be governed by amorphous
hydrated oxides or other phases. The need for more experimental work is stated
clearly, and is valid.

In discussing radionuclide sortion, pages 6.4-5 to 6.4-15, the text points
out that most sorption will occur on secondary vein-filling minerals, as well
as primary minerals in the basalt. The measurements using both primary and
secondary minerals in conjunction with solutions that simulate the natural
ground waters would appear to be the only valid approach to estimating reliable
distribution coefficients, and is to be commended. There are questions that
do not appear to be answered in the discussion in the text.
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Page 6.4-6 states that experiments with the secondary minerals usually
result in a drop in pH to around pH 7 to 8. The reason for this is not clear,
and casts an element of uncertainty on the results, since the in-situ ground
water presumably coexists with secondary minerals at high pH's. Experimental
procedures are not clear. No reasons are given for the occasional lack of data
in Tables 6-17, 6-18, and 6-20.

A significant problem arises in interpreting the data on distribution
coefficients in oxidizing vs. reducing conditions cited in Table 6-19. A
0.3M hydrazine solution would seem to be far removed from natural conditions.
Also, hydrazine in acid solutions is an oxidizing agent, and in alkaline solu-
tions can undergo reactions in water with calculated redox potentials that
range from above to below the thermodynamic stability limits of water. With-
out further experimental details, these results should be viewed with extreme
caution.

A more reasonable attempt to simulate a reducing environment would seem
to be experiments using methane-saturated GR-2 (Table 6-16) water, which would
closely simulate many Grande Ronde ground waters.

Page 6.7-1 Section 6.7, Summary

We agree with the last sentence in paragraph 1, regarding the complexity of the
temporal and spatial evolution of chemical conditions in a basalt repository.
Also, we agree with the statement in paragraph 4, that the effect of factors
such as colloid formation, anionic complexation of radionuclides, and the effect
of radiation on solution chemistry are not well known. It is important to note
here a recent study by JaM. Cleveland and others, U.S. Geological Survey,
Denver, Colorado, of plutonium speciation in selected basalt, granite, shale,
and tuff ground waters. Plutonium was found to be most soluble in Hanford
basalt ground water containing a relatively high concentration of fluoride,
a strongly complexing anion. It is anticipated that these findings will be
published in the September 1983 issue of Nuclear Technology.

Chapter 10. Repository Design

Page 10.0-1, paragraph 2. We question the basis for using a horizontal-to-
vertical stress ratio of 2:1 for repository design and particularly the decision
to consider this ratio as representative of both potential repository horizons.
Calculations of horizontal-to-vertical stress based on available data have yielded
ratios as high as 2.7:1 (P.4.6-9, table 4-11). Allowing for even a modest safety
factor would indicate that the design basis would require a horizontal-to-vertical
stress ratio of about 3:1. What are the implications concerning repository
design and the suitability of the site?
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Page 10.0-1, paragraph 2, last sentence. In our opinion, there is no credible
basis for this statement. Given the paucity of data on the Middle Sentinel
Bluffs Flow, it is a purely arbitrary assumption that the design in the
shallower flow is conservative and would result in cost reduction or schedule
improvement or less technologic risk.

Section 10.4.3 Waste Storage Holes.

We question the basis for emplacement of the waste in long, horizontal emplacement
holes. What are the implications concerning pillar deformation and retrievability
of the waste, canister, integrity, and the effects of the short-circuiting of
the backfill by ground water.

Section 10.5 Strength of Rock Mass

Page 10.5-1, paragraph 1. We are concerned with the assumptions made in the
stress analysis. The conceptual design for computing excavation-induced and
thermal stresses uses the assumptions of linear elastic analysis which are
not applicable to a highly jointed rock mass such as the basalt flows. A
wide range of rock mechanics parameter values should be expected within the
rock mass of any candidate horizon in basalt. The use of laboratory determined
values of rock strength determined on intact basalt is simply inadequate for
use in the conceptual design in highly jointed basalt. Design should be
based upon determinations of rock mass strength which includes the effects
of discontinuities in the rock mass. To be realistic, analysis of the stability
of openings in an underground facility must take into account the range of
rock mass strength and stress-strain characteristics appropriate to the
highly jointed rock mass.

Page 10.5.2 Table 10-4. What is the basis for "maximum temperature permitted"?
A basic assumption concerning the highly-jointed basalt flows is that the
fractures are filled with zeolite minerals and smectite clays which serve to
reduce the hydraulic conductivity of the fractures and serve as barriers to
nuclide migration owing to their cation exchange properties. Smyth (1982)1/
has shown that these minerals are unstable at elevated temperatures and at
low water vapor pressures and may breakdown either by reversible dehydration
or by irreversible mineralogical reactions. The breakdown reactions induced
by temperature all involve a net reduction in volume and evolution of fluids
and, through shrinkage, could provide a pathway for fluid movement. With
such a pathway, the high hydraulic pressure (+ 1,500 psi) at repository
levels at BWIP is another cause for serious concern. If the pathway extends
to a permeable zone in the basalt, the high differential head could induce
piping (flushing of the fracture filling material from fractures at rapidly
accelerating rates) which would greatly increase the hydraulic conductivity
of the fractures and create the potential for catastrophic flooding of the
repository. Furthermore, as smectites are being considered as a backfilling
material, the potential for thermal alteration of the backfill, which would
induce pathways for radionuclide migration and generate fluids and fluid
pressures which would accelerate the for release of radionuclides, needs to
be thoroughly investigated in relation to the allowable gross thermal loading
of a repository. What is the basis for a backfill temperature limit of 300'C
P. 10.5-9, 1st paragraph).

!/ Smyth, J. R., 1982, Zeolite stability constraints on radioactive waste
isolation in zeolite-bearing volcanic rocks: Journal of Geology,
Vol. 90, p. 195-202.
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Page 10.6-2, paragraph 6. We question the advisability of placing shotcrete
to cover the back and rib areas. The shotcrete will prevent the observation
of rock properties and inhibit the repetative measurement of rock-mass-property
changes and repository stability. Justification on the basis of improved
airflow for ventilation is questionable. If the design requires shotcrete
to maintain satisfactory rock stability, the margin of safety incorporated
in the design is questionable.

Chapter 12. Performance Assessment:

Page 12.1-1, paragraph 5. In view of our earlier comments regarding the
inadequacy of the hydraulic data needed to define the characteristics of the
ground-water system, the statement regarding the use of predictive models to
resolve the issue of pre-waste emplacement ground-water travel time must be
expanded to explain how the necessary input data will be obtained.

Page 12.1-2, paragraph 4. Same comments as for page 12.1-1

Page 12.3-3, paragraphs 1-3. We question the validity of the last
assumption. In view of the heterogeneity of fracture systems in the
Columbia River basalts, it is unrealistic to model the system as a
porous continuum at the scale of the RRL.

Page 12.4-23, section 12.4.1.3. Regardless of the number of modeling studies
made or the variety of modeling assumptions, the results can be no better
than the data used to model the hydrologic characteristics of the site. We
have pointed out in numerous places the deficiencies in these data and have
raised questions regarding the hydraulic testing methods used to obtain the
data.

Page 12.4-34, paragraph 4 and 5. In view of the deficiencies in data on
ground-water flow direction, we have commented earlier that the hydraulic
gradient values should be referred to as apparent values. In paragraph 4
it says that most of the head profiles indicate a slight upward vertical
gradient, but that localized downward gradients are also observed. Why,
then, is it assumed for modeling ground-water flow, that the vertical head
profile measured at RRL-2 is representative? It would seem that the most
conservative approach would have been to assume the head profile that was
most generally observed.

At RRL-2 (Fig. 5-41) there appear to be upward and downward gradients toward
the upper part of the Middle Sentinel Bluffs Flow or to a zone just above it.

Page 12.4-52, Section 12.4.5. The following geohydrologic factors are listed
which are believed to be important with regard to contributing to the uncertainty
in the predicted flow paths and travel times.

(1) Limited amount of hydraulic head profiles along the boundaries
of the Pasco Basin (i.e., boundary conditions).

This information is more than limited; it is almost nonexistent
for the majority of the system's boundaries for both far- and
near-field models, and in both the lateral and vertical directions.
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(2) Lack of areal distribution maps of hydraulic conductivity,
particularly in the Grande Ronde Basalt.

There is a lack of acceptable lateral hydraulic conductivity
data for all formations both in the near and far field. This
is '-lated to our questions, expressed previously, about the
validity of the hydrologic testing and analysis. Also, no
work has been done beyond the Reservation boundaries to
determine lateral hydraulic conductivity for any of the
permeable units.

(3) Lack of effective porosity data for the deep basalt flows and
flow contacts.

There is a general lack of these data for all formations.

(4) Lack of firm estimates of vertical hydraulic conductivity,
at least in and near the RRL.

As noted in several places above, no vertical hydraulic
conductivity values have been determined by Rockwell, either
in the near or far field. Without these data, any estimates
of travel time for radionuclides are meaningless. In
Chapter 5, only two studies are mentioned which resulted
in determinations of vertical hydraulic conductivity of
basalts. Both of these studies were by the U.S. Geological
Survey. The values, for the Pullman-Moscow and Walla Walla
areas, were 6.0 X l0 D and 1.5 X lO 8 m/sec respectively.
If these were the only two values available when the SCR
was written, it can be seen that the value used (10OD m/sec;
p. 12.4-34) is not the conservative value for this paramenter.

(5) Limited understanding of the role of certain geologic structures
in determining ground-water flow patterns and in establishing
actual boundary conditions around the RRL.

At the present, only a general conceptual notion of the effect of
geologic structures on flow patterns can be developed, as there
are no data which would allow even a limited understanding of the
relationship.
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Page 12.4-53, paragraph 2 The statement about there being unanimous agreement
among Rockwell and independent organizations as to the minimum pre-waste-
emplacement ground-water travel time is not meaningful. (see comments on
page 12.4-23).

Chapter 13, Site Issues and Plans

Page 13.3-4. Work elements S.1.2.A and S.1.3.A are cross referenced to
S.1.12.B under the columns, Information needs, Mandatory measurement conditions,
and Status achieved. None of these references (Table 13-7) are informative
with respect to the subjects of the column heading.

Page 13.3-4, Work element S.1.4.A. In the third column it states that
detailed fracture logging of exposures of the candidate repository horizons
is mandatory. In our opinion, detailed fracture characteristics on outcrops
miles away from the repository are probably dissimilar from those at
depth, owing to differences in post-depositional tectonic stresses.

Page 13.3-4, Work element S.1.4.A. In the fourth column it states
that an anomalous flow top 45 meters thick was encountered in the Umtanum
Flow in borehole RRL-2. In view of the complexity of depositional conditions
of basalts, it is our opinion that the occurrence of this flow top may not
be at all anomalous and that the flow top units may vary considerably in
thickness and extent in short lateral distances (tens to hundreds of meters).

Page 13.3-5, Work element S.1.5.A, 3rd column. See commment on S.1.4.A,
page 13.3-4.

Page 13.3-6, Work element S.1.7.A, 4th column. The correlation of basalt
strata between widely spaced (1 or more miles) boreholes, based on rock
chemistry, paleomagnetic inclination,and general stratigraphic position,
provides no assurance of physical continuity or uniformity of individual
flow components between holes. This concept was described specifically by
a member of the Hydrology and Geology Overview Committee (1981, p. VI-7).

Page 13.3-6, Work element S.1.8.A, 4th column. It states that a more
specific interpretation of spatial variations of primary internal structures
of basalts will be made based on additional boreholes. This statement
appears to be in conflict with that on page 13.3-11, paragraph 1: "such
data (cores, and borehole geophysics) will provide only limited information
regarding local variations in thicknesses in intraflow structures."

Page 13.3-8, Figure 13-2. The locations of planned boreholes (open circle
symbol) are not indicated.

Page 13.3-9, paragraph 1. This statement gives a misleading impression
of the accuracy with which one can predict subsurface geologic conditions.
In view of the complexity of the units comprising a flow, the ability
to predict the total thickness of the candidate repository horizons
is no indication that one can predict the occurrence of variable features
such as the brecciated flow top units of the type encountered in borehole
RRL-2 (45 meters thick).

We cannot understand the statement: "this value (predictive accuracy of
total thickness of basalt flow of + 4 meters) reflects design requirements
and near-field rock mechanics and hydrologic modeling needs." Also, we
would like to know the acceptable level of accuracy of thickness predictions?
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Page 13.3-12, Work element S.l.6.A. We question if much of the planned work
is important in the present context. An exception is the work on fracture
abundance. Details of mineral chemistry are important scientifically but of
questionable value in evaluating a candidate repository horizon once the
general mineralogy is known (as it already is).

Page 13.3-17 paragraph 1 The statement that drilling of DC-16A, RRL-6,
and -14 should further demonstrate the absence of pillow palagonite in
Grande Ronde Basalt in the reference repository location, appears to overstate
the situation in view of the complex internal composition and structure of
the basalts.

Page 13.3-19, Work element S.1.13.B, 4th column. Faulting of suprabasalt
sediments was observed in trenches on Gable Mountain (see reference on p.3.11-2,
Bingham, Londquist, and Baltz, 1970). The significance of this faulting
should be interpreted in this report.

Page 13.3-20, Bottom of column 3 and 4. It is an exaggeration to say
that the nature of intraflow structures in the basalt is "well known."

Page 13.3-31, paragraph 6 The details should be given of plans for mechanical
modeling to determine the theoretical behavior of basalt under horizontal
compression.

Page 13.3-39, Work element S.1.24.C, 3rd column. The report should specify
some details of how measurements will be made in port holes in the exploratory
shaft and with room-scale testing in the shaft. Also, it should state
which horizons will be tested in addition to the repository horizon.

Page 13.3-46, Item (2). It states that borehole testing will be done
along the ground-water flow path. This statement is meaningless unless
the most rapid flow avenues are known. Under the circumstances, all that
could be done is to test along the hydraulic gradient below the area of
interest.

Page 13.3-48, Item (1). Same comment as for page 13.3-39.

Page 13.3-52, paragraph 1. The test plan is lacking in specific information
and it does not permit one to evaluate its potential for arriving at a
"reasonable understanding' of the geometry and hydraulic interaction between
flow systems.

Page 13.3-52, paragraph 4. Vertical flow paths that allow mixing of ground
water from different basalt units can occur in many situations other than
along zones of tight folding and faulting, e.g. along vertical columnnar
joints, zones of fanning columns associated with irregular brecciated flow
tops, and along brecciated vertical flow fronts.

Page 13.3-52, paragraph 6. The report should specify the type of testing
to be done to determine vertical hydraulic conductivity within the exploratory
shaft.

Page 13.3-53, paragraph 3. We are of the opinion that the tests conducted
to date in relatively widely spaced vertical bore holes could easily have
missed vertical ground-water conduits along basalt flow fronts.
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Page-13.3-54, paragraph 4. One cannot evaluate the validity of statements
on vertical hydraulic conductivities and gradients because of the lack of
specific information on the conditions under which hydraulic tests were made.

Page 13.3-56, paragraph 5 In view of the poor data base, predictions
of ground-water travel times are not significant or meaningful.

Page 13.3-64, Work element S.1.46.D, 4th column. The scenario involving
encroachment of irrigated agriculture (outside pumping of basalt ground water)
toward the site should be analyzed for its effects on lowering the artesion
heads in basalt flows and inducing the upward flow of ground water from
the deeper basalts.

Page 13.3-74, paragraph 1. The plan to expand the list of scenarios related
to credible disruptive events is vague. We are particularly concerned
about postulated events related to work element S.1.51.D, page 13.3-79,
effects on waste isolation of changes in hydrologic conditions.

Page 13.3-79, paragraph 2. Without data on the vertical hydraulic
conductivity of the basalt units, the potential for vertical movement
of ground-water, resulting from standing flood waters, cannot be assessed.
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