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I. Introduction
As described on page I-7, the basic purposes of the Site Characterization
Plan (SCP) are: ' -

A. To describe the site, the preliminary designs of 2 repository and a
waste package appropriate to the site, and the waste-emplacement
environment in sufficient detail that the basis for the planned site
characterijzation program can be understood.

B. To identify the uncertainties and limitations on the site--and
design-related information developed during site screening, to
identify the issues to be resolved during site characterization and
the information needed to resolve the issues, and to present the
strategy for resolving the issues, including the site-suitability
findings required by the siting guidelines.

C. To describe general plans for the work, including performance
confirmation, needed to (1) resolve outstanding issues, (2) reduce
uncertainties in the data, and (3) make site-suitability findings in
terms of the siting guidelines.

This review has focused on the adequacy of the site description; the
uncertainties and limitations present in the existing information; the
information, presently missing, needed to settle the issues that must be
resolved fﬁr Jicensing; and the adequacy, conpleteness,{and reasonableness of
the general plan for the proposed work. A total of 19 scientists, all of whom
have had 1ittle or no fnput to the preparation of the SCP, reviewed portions
of the document during the period February 1 - March 15. Comments were
collected, edited, and combined in the Office of Regional Geology during thg
latter part of March.



II.

B.

Summary of review findings

Adequacy of site description

Those portions of Chapters 1, 2, 4, 5, 6 and 7 which present existing
geologic data about the site and its environs are for the most part
complete through 1986; there are some inaccuracies which are pointed out
in the review but only 2 few that would have an effect on the plans of
Chapter 8.

Uncertainties and limitations in the existing information

For many disciplines, the existing data about the site and its environs
do not permit a choice among several conceptual models. Within these
disciplines in the SCPCD, alternative hypotheses and models are discussed
but not always in a framework that allows one to see how the plans will
lead to a reasonable choice among competing models. Alternative
hypotheses need to be more clearly described and the alternatives more
clearly related to the plans. Some alternatives are not discussed and
are mentioned in this review. A description of alternative hypotheses
helps to evaluate the uncertainty regarding application of the data to
licensing.

Information needed for licensing

The issues hierarchy and the information needs stemming from it are well
thought out and appear to completely address the applicable regulations.
Plan for proposed work B

The plans as presented in chapter 8 differ greatly in quality. Those for
which the performance allocation process has been carried out hold
together and make good sense. Those which have been put together without
benefit of performance allocation read like shopping lists,.and it is

impossible to determine what is necessary and what is not.
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It is very difficult to make a judgement as to how much work is
necessary. Clearlf, the information needed for licensing must be
obtained. However, each capsule of information will have uncertainty
attached to it; addressing that uncertainty requires some knowledge of
the processes operating at the site now and as well as various hypotheses
about how these proceses will operate in the future. A eimple projection
of past events and proceses into the future is not sufficient. At the
same time there are étactical limits on the extent and detail of
lnvestigations that can be carried out. More is needed in the way of
scoping and bounding studies to determine how much detail in the
understanding of processes will be necessary. The goals enumerated in
some of the tables in chapter 8 are attempts at establishing bounds and
scope, but they seem fo be based more on past history or engineering
requirements than on understanding of process. Related to the need to
better establish uncertainties in the eventual data to be collected is
the need to recognize the inherent difficulties of geologic prediction.
The geochemical program needs an additional investigation with the
objective of developing a comprehensive thermochemical data base for the
specific geochemical and anticipated thermal environment of Yucca
Mountain. Alsb, plans for geochemical studies are lacking in any studies
of the sorption of radionuclides on manganese and iron oxides which have
been shown to be strong sorbers in lhe tuffs of southern Revada and
elsevhere. We recommend that & preliminary reconnaissance survey of
closely collaborating petrologists andvgeophysicists determine
correlation of limiting values of petrographic modes, textures, and
structures with thermal, mechanical, and bulk properties of critical

lithostratigraphic units as a cost effective way of guiding later
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sampling and measurments. The program of geophysics needed for the rock
characteristics program has too many duplicative elements at present,
even when allowance is made for the fact that some of the effort consists
of feasibility studies. The drilling and coring activities in the
climate program need to have & better focused strategy that will capture
date on the three differing climatic episodes of the Quaternary which
would have the most significant impacts on future performance of the -
site. These three episbdes are the Holocene 1nc1uding-éhe present (1.e.
the past 10,000 years); 50,000 to-I0,00.years ago, and 125,000 to 75,000
years ago. A scoping study is needed in the postclosure tectonics progam
to assess the coupled effects on hydrology of changes in both heat and
ambient stress. The program in preclosure tectonics needs more emphasis
on exploring the implications of alternative hypotheses a&s to the current:
structural state at the site, future tectonic evolution, and alternative
models to explain the observed seismicity. We suggest that significant
improvements to location precision and detection limit of the seismic net
could yield:§}gnificant information concerning the detailed structure of
the site and the presence or sbsence of a magma body near it. The magma
problem is one that requires additional attention, possibly with state- .
of-the art techniques; several reviewers remain unconvinced by the
materizl in the SCPCD that future volcanism is not a significant threat
to the integrity of the repository. The mineral resource assessment
program needs to place greater emphasis on volcanic-hosted precious metal
deposits and should incorporate a lower detection limit for gold. A
close-in seismic network should be set up to monitor the formation of new
fractures, both preclosure from wmining and postclosure from radioactive

heating effects.
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E. General comments
Several reviewers independently emphasized the need to insure adequate
communication among workers in the Site Characterization Program. The
program is so diverse and complex that the work could become
Balkanized. Many of the ties and uses of the information in the program
are spelled out in the SCPCD, but many are missing.
Mechanisms, formal or 1nformai. also need to be set in place to
adequately take into.account new and unexpected information that may
emerge and that must feed back into the principal questions and
requirements. The emphasis 6n an éngineering approach in the performance

allocation process might tend to discourage search for the unexpected.



111. Chapter I - Geology

A. Geomorphology

p. 1-15, 1.1.1.2.5 Walker Lane belt: 2nd sentence, "This
northwest-trending zone, 80 to 150 km wide and about 700 km long, is made
up of at least eight major structural blocks, each of which has acted
more or less independently of adjacent blocks (Stewart, 1986)." The
nature of the Walker Lane is an important issue for the Site
Characterization Program and summary statements about its structural
aspects should not appear at this early point. The Walker Lane may be a
shallow phenomena reflecting differing degreés of movement over a
widespread zone of detachment (the preferred model of many current
workers). Or”it may be through-going strike-slip fault within a lower
plate, less clearly expressed in upper plate structures. Both models are
illustrated later in fig. 1-35. In any event, statements that the blocks
within the Walker Lane have acted more or less independently do not
appear appropriate. How do eight crustal scale blocks act
"independently" from one another when all are responding to one given
stress regime at a given time (also from Stewart, 1936)? Discussions of
physiographic areas surrounding the Yucca Mountain site are useful fér
purposes of later geologic considerations in the SCP but defining
structural/tectonic "blocks" as.;uch, without certain demonstrated
boundary conditions is premature at_this point in the document.

p. 15, 1.1.1.2.5 Spotted Range-Mine Mountain block; last sentence,
The ranges (.....) are small (...), low, discontinuous, highly elongate,
and closely spaced, and their east-to-northeast orientation cuts sharply

across the prevailing north-to-northwest physiographic and structd?a]
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trends of the region (....). To avoid perhaps unintentional
(undocumented) tectonic implications here, this sentence would best
read; .... "their orientations are at sharp angles to N-NW

physiographic and structural trends of the region”..

B. Stratigraphy and lithology

This section is complete, generally accurate, and adequate as a
descriptive section. A useful addition to the section woild be a geologic map
at an appropriate §ca1e showing an area of about 300 x 300 miles centered on

the site.

p. 1-48, 1.2.1.2.1 Late Eocene to late Miocene Volcanic Rocks, 1st
sentence, In thatVTarge caldera complexes in “central” and southern
Nevada are referred to in this statement it would be technically correct
to use the age of 32.5 or 32 m.y. instead of 28 for the older age. This
would then include tuffs older than 28 m.y. such as: Tuff of Palisade
Mesa, Tuff of Halligan Mesa, tuff of Black Rock Summit; all of which
probably erupted from the inferred Pancake Range caldera of the central
‘Nevada complex; the tuff of Hot Creek Canyon, erupted from the Hot Creek
Valley caldera; the tuff of Williams Ridge-Morey Peak and Windous Butte
Formation which probably both erupted from the Williams Ridge caldera, of
the central Nevada caldera conp1é¥ (Marvin and others, 1973; Ekren and
others, 1973, Gromme' and others, 1972, Hose, 1983).

p. 1-53, fig. 1-20 It {is annoying that the Silurian units
identified in the only deep hole at Yucca Mountain are not included in
the columnar section presented earlier (Figure 1-10); a columnar section

applicable to Yucca Mountain should be developed as part of the geologic
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map suggested above. The implications of the fact that the tuffs rest on
Silurian are not explored here nor in tﬁe later section on structural
geology. The Mississippian Eleana Formation, or its equivalents, is
present in outcrops both east and west of the site (Stewart and Carlson,
1978) and probably in the subsurface to the north (Bath and Jahren, 1984)
but is missing in the hole; that a thick section is cut out suggests
either tectonic thinning by extension or elimination of section by
thrusting and begins to put constraints on permissible structural
interpretations.

p. 1-58, 1.2.2.2.2 references (starting on this page) to drill hole
USW GU-3 appear to indicate USW GU-3 is a separate hole from USW G-3 yet
the map (Fig. 1-18) does not show location of drill hole USW GU-3. USU
GU-3 should b® located/indicated on Fig. 1-18,

p. 1-61, 1.2.2.2.6 Paintbrush Tuff, 1st sentence refers to

"exposures" of this unit in Fig. 1-20. Figure 1-20, however, is the
cross-section; the figure number should be Fig. 1-17.

p. 1-62, 1.2.2,2.6 Topopah Spring Member discussion; Because the
lithophysal zones are prevalent in parts of the Topopah Spring member
(the repository tuff), and lithophysae are important to rock properties
and host rock response (e.g. hydrologic considerattons), a footnote
definition of "lithophysae" would be appropriate here to 2id the
engineer/or nongeologic readers ;ho may not be familiar with this term,

p. 1-66, 1.2.2.2.6 3rd paragraph, "lower nonlithophysal zone (the
candidate host rock) can be distinquished from the middle nonlithophysal
zone by three criteria.

1' L BN N ]

2. "Quartz microphenocrysts are common in the middle
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nonlithophysal zone but absent or nearly absent in the upper
nonlithophysal zone." This statement, as written, does not
allow a distinction between the "lower" and "middle"
nonlithophysal zones? What about quartz microphenocrysts in
the "lower" nonlithophysal zone?
p. 1-67, 1.2.2,2.6 Figure 1-22, the distinction between phenocryst
phases on the barlgraphs is not readable, patterns need to be more

distinct.

C. Structural geology and tectonics

The basic prodblem fo be addressed by the tectonics program is the nature
of the faults transecting and surrounding the site, including their
seismogenic potential, the role of these faults in constraining design of the
repository, and their role in determining present and future hydrologic
conditions. On the whole, the tectonic portions of Chapter 1 discuss these
questions objectively and completely; and the proposed investigations outlined
in Chapter 8 are appropriate for the prob1em..

From the arrangement of the document, it appears'that the compilers are
in general not as thoroughly familiar as they might be with the descriptive
geology as well as the tectonic conceﬁts in the region surrounding NTS. The
few papers incorporated are mostly old and from Nevada alone, despite the
proximity of the site to California. Maﬁy of the regional generalizations are
invalid with regard to Nevada, and a larger proportion of them is fnvalid with
regard to California. Understanding of the widespread extension that has

affected the southern Great Basin has increased dramatically in recent years,
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and there appears to be some measure of consensus among a wide range of
workers (Axen, Burchfiel, Davis, Hamilton, Wernicke). This agreement does
not, of course, signify that ultimate truth has been achieved, but it does
indicate that the hypotheses embodied 1n the consensus should receive greater
emphasis in the SCPCD.

Those points on which agreement appears to be close are:

1) The major detachment faults--gently-dipping, undulating, or domiform
extensional fiults--widely exposed nearby outside NTS have been flattened and
deformed from initially dipping normal faults.,

2) Upper-plate blocks that s1id down the faults when they dipped become
stranded atop the faults when they are flattened.

3) The apparent strike-slip faults (as, the Death Valley fault zone and
the southeast part-of the “Walker Lane") represent surficial discontinuities:
in detailed geometries of slip and stranding of upper-plate blocks, although
some workers believe that significant strike-slip faulting has occurred at
depth. In any event the Walker Lane s not a plate boundary of the San
Andreas type.

4) The Iddér plates are exposed in oblique crustal sections beneath
initially-dipping faults; early slip on deep parts of the faults was in
ductile mode. . .

5) Hinges between still-dipping active sectors and flattened, dead
sectors of master faults roll forward as flattening follows tectonic unloading
of each sector, and hence different sectors of continuous structures have very
different histories.

A major goal of the tectonics program at Yucca Mountain should be to
understand the north-northwest striking, west-dipping normal faults in the

context of this model of Great Basin extension. Alternative models for these
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faults are:

1) They extend to great depth into the upper crust.

2) They flatten and merge with detachment faults either at the Tertiary-
Paleozoic boundary or deeper.

3) They abut against a detachment at depth forming stranded blocks of
upper crustal rock between them.

Although these possibilities are alluded to in the SCPCD., they are not
spelled out clearly, and the program of investigations does not appear to be
sharply focused to distinquish between theq. As noted in the draft, the
abundance of faults and offset on them decreases to the north along Yucce
Mountain. The area of the circular Timber Mountain, Black Mountain, and older
calderas to the north may be one of very little extension and Yucca Mountain
may be transitionat to the more extreme extension observed to the south. In
this context, it should be possible to constrain the amount and mode of
extension quite narrowly.

Although the regional tectonic features should be described and
investigated to the extent that they have an impact on perforamance of the
site, they do not require as detailed treatment as the site area itself.
However, the lack of rigorous geometric analysis of small-scale structures
within the site is a significant defect. The report treats, without analysis
or alternatives, the small northwest trending strike-slip faults of Yucca
Mountain as through-going structures; whereas map patterns indicate to USGS
reviewers that they are instead local discontinuities between tracts with
slightly different extensional geometny; .The configurations of beds and
faults in Qucca Mountain is not clearly described in either the text or
figures, and according to one‘reviewer are geometrically impossible, whether

“the faults are regarded as predating the tilting of the beds (in which case
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the faults too would have been rotated) or postdating that tilting. According
to this reviewer, the listric fault model that appears to be adopted cannot
accomplish what it is invoked to do, yet no alternatives or problems are
noted. A portion of the investigations described in section 8.3.1.4.2.2,
should be devoted to defining the site-scale structural configuration more
precisely.

This section would also benefit from inclusion of an intermediate scale
structural map showing an area of 300 x 300 miles as suggested for the
stratigraphy and 1ithology section. The small-scale maps have many errors.
For example, Figure 1-26 has the following problems:

(1) Area of interest is small portion of diagram. It should be
enlarged to show relevant detail.

(2) Structural elements are overly generalized and their extent is
depicted as smaller than they really are.

(3) Large labels obscure critical geologic relations.

(4) San Andreas fault is mislocated 20-50 km, and its full extent is
not shown,

(5) Similar errors occur in figures 1-17, 1-33, 1-36, and 1-52.

An understanding of the Quaternary geology is critical to answering éhe
major tectonic questions about the site, but USGS reviewers feel that
improvement is needed here. There seéms to be much confusion over the
distinction between age of surface and age of deposit in alluvial materials,
and too little comprehension of the rofe-of the rapid and severe climatic
changes of middle and late Quaternary time in controlling erosion, transport,
and deposition. The deep incision of canyons, often referred to as evidence

of tectonic uplift, may be due to the fact that the streams in question are
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eroding eérlier debris flows. The work proposed in activity 8.3.1.5.1.4.3
should improve this situation and should be given high priority.

p. 75, para. 3, first sentence. If it's alluvial it's due to
stréams and does not consist of debris flows. This confusion occurs
elsewhere. Is there really a basis for the notion tﬁat Pliocene-early
Pleistocene processes were here sys;ematica11y different from younger
ones? '

p. 75, para. 4. A great many "fans" are transport surfaces on
pediments cut on older alluvium, hence the surfaces are far younger than
the materials; and late Pleistocene and Holocene incision of upper parts
of fans is nearly everywhere a product of changing climate rather than of
uplift (which'opérates at much slower rates). A surface can be dated by
various methods, but dates can be greatly younger than the materials |
cut. Bottom of para.: antecedents of “these deposits" and “"ramps" are
‘unclear.

Fig. 24b. Says there are no fluvial deposits between 9000 and
160,000 years old, which seems improbable because of the voluminous

"distribution of desert Wisconsin deposits. Is this conclusion here truly
proved? , .

p. 78, para. 2. See 75/4 above.

p. 80, para. 4. Extension ;s commonly accompained by magmatism from
mantle sources which effectively rebuilds the crust..

p. 82, para. 2. Horsts and grabens are each symmetrical; such
structures are rare in Basin-Range province. This usage occurs elsewhere
in the draft. Tilted blocks are what the writer has in mind. Next to

last sentence: lots of middle Tertiary detachment faults have been



proved in the Mojave, and the Vincent-Rgnd megathrust that surfaces
around (and in?) the Mojave may be very early Tertiary,

p. 82, last para. The active western part of Garlock fault is also
part of the boundary between Great Basin and Mojave.

p. 84, para. 4. Overthrust oceanic assemblages include voluminous
lower Paleozoic; Antler allochthon in Nevada and Mojave 1s mostly such.

p. 85, para. 1, sentence 2. Transpressive, not_simp1y transform.
Sentence 4: Great Valley was deposited in fore-arc Shsin. not trench.
Sentence 5: misleading; no magmatism-in Nevada, exéept in NN on Sierra
trend, during most of this period. Next to last sentence: Late
Cretaceous and early Tertiary, not the latter alone.

p. 86, para. 2. Why heating the lower crust would place extensional
stresses on the crust, or how that could in turn account for "magmatic
. history, faulting style, and the timing of tectonic events", is unclear;
looks 1ike a string of uncomprehended buzzwords.

p. 86, para. 3. The beginning of extension comes from geologic
data, not from Eaton's model; and it was before 32 m y in Nevada east and
northeast of NTS. Line 9: only one model is bein§ described; the
“probably" should be "might have been".

p. 86, last sentence. Flows and cones, not jﬁét flows. Also lots
in east-central California and el;ewhere.

Fig. 27. Foolish conjecture. The connection between Walker Lane
and Snake River Plain, and the strike-slip boundary of southern Colorado
Plateau, does not exist; and the indicated transform between two rifts
both on the same side of the transform {s geometrically impossible.

Fig. 28b. There are volcanics of this age in Grapevine-Funeral

region.
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Fig. 28d. There are volcanics of this age in Crater Flat, Death
Valley, Black Mountains, and elsewhere.

p. 93, para 1, end. Make clear that this refers only to Yucca
Mountain area.

p. 93, para 2. 31.5 m y dated volcanics occur E and NE of NTS, and
late Oligocene-eaély Miocene in Funeral-Grapevine area.

p. 93, para. 4. Neaken these statements. Carr's evidence has been
seriously questioﬁed by some workers.

p. 93, last para. Query and weaken these dubious rationales; only
the last sentence (on p. 95) is c1eaé1y correct.

Fig. 29. Use a weaker symbol for the dubious Tram and Crater Flat
calderas.

p. 95, para. 2. Also silicic volcanics of this age in Black
Mountains, and voluminous still younger silicic volcanics in Coso
Mountains and Owens Valley.

Table 6. Death Valley: not Furnace Creek fault. Greenwater: no
evidence supports the statements. NTS rift basalts: these extremely
speculative statements are not defensible for Crater Flat basalts, the
most important ones at issue.

p. 98, para 2. Last sentence: even to the limited extent to which
the assumptions regarding eruptions are correct, they apply only to the
final, shallow channeling of magma.

p. 98, para 4, 1st sentence. Low relative to what? Mention basis
for Crowe and Carr age, and why it is so in conflict with other ages.

p. 99, para. 2. Eas§ central California is also part of southern -
Great Basin, and most “crystalline basement" in nearby California is of

Mesozoic age. But the middle Proterozoic rocks to which reference is
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apparently intended are also extensively exposed in Black and Panamint
Mountains in California.

p. 99, last para., and Fig. 30. Lots of thrusts are exposed west
and south of Yucca Mountain area.

p. 102, para 1. 31-32 m.y. volcanics are solidly dated east and
northeast of NTS.

p. 103, para. 1, 2, 3. HNot horsts and grabens; see 82/2,

p. 1-103, 1.3.2:2.1 Structures and structural history of the
southern Great Basin: Tertiary structures; Extensional tectonism. 3rd
paragraph,3rd sentence, "Other Tertiary detachment faults have been
inferred iNceeessess, 8nd in the Gabbs and Gillis Ranges (Ekren and
Byers, 1986). This last reference (to detachment faults in the Gabbs and
Gillis Rangesy should also include for scientific and historical
completeness, the following references; Hardyman et. al., 1975;
Hardyman, 1978; Hardymén, 1980; and Hardyman,1984; These references
should also be added to the REFERENCES section for Chapter 1. Some
reviewers feel that all detachment faults in the Walker Lane may not be
kinematically of the same origins, and suggest the following sentence be
added to this paragraph; "“Detachment faults in the Gillis and Gabbs
Valley Ranges (location 8, Figure 1-33) have been interpreted to be
kinematically related to strike-slip faulting as the primary process of
deformation and that associated ﬁbrmal faulting is a consequence of
strike-slip faulting and detachment (Hardyman et. al., 1975; Hardyman,
1978). |

Fig. 31. These are not modes that may coexist; they are separate
models.

Fig. 32. Schematic or not, why show a section with closely spaced,
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rigidly parallel faults? Nature does not behave with such regularity,
and the model would require simple shear at relatively shallow depths.
The configuration of the bedding, described in the text, should be shown
in some way on this figure. The site-scale structural picture
encompassed here deserves high priority im future work.

Fig. 33. VWhipple Mountains are not in Great Basin. But even
sticking to Great Basim, this is only perhaps half of the known
detachment faults; whét wvas the basis for choosing? -

p. 107, para. 1, end. This is indeed Moldanado’s iﬁterpretation;
but one USGS reviewer sees only one detachment, on the high-grade rocks
and also on Bare Mountain (within the combination of which metamorphic
petrology indicates & continuous downcrust progression northwestward),
atop which in the Bullfrog Hills and at Steves Pass there is a friction
breccia of Paleozoic rocks scraped off the Grapevine block as 1t moved
down the then~dipping fault. The question of whether the Tertiary-
Paleozolc contact 1s a detachment at various locétions will be addressed
in 8.3.1.17.4.5 and deserves high priority.

p. 107, para. 3, end. The calderas were not inferred from the
gravity, but from exposed geology; the hypothetical calderas were then
forced into the gravity model. Subsequent studies h;§e shown tha; the
distribution and character of the alleged Crater Flat tuffs came instead
from the north.

p. 109, para 3., first sentence. Extension is tightly dated in many
places. Sent. 2: much extension is pre 15 m y in SE Nevada, where the
Sevier belt upper crust was ‘denuded tectonlcaily before 15 m.y. Pre 31.5
m.y. extension is documented nearby to north and northwest of Bohannon’s

area. Sent. 4: extension is now extremely active between Death
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Valley and the Sierra Nevada. Sentence 5 contradicts sentence 3.

p. 110, para. 3. See earlier comments on extent and surficial
nature of strike slip faulting in the southern Great Basin.

Fig. 37. Specify that this is extremely speculative.

Fig. 38, Mention that Death Valley-Pancake belt is a very nebulous
concept. Specify the basis for selection of the few faults shown.

Figs. 39, 40, 41, Change order, put 41 first; it is the most solid
interpretation. Show repository.

P. 122, para. 2. The discussion implies that severe pervasive but
invisible simple shear between faultsvtook place at these high structural
levels. That may not be what is intended..

p. 122, para. 3, and Fig. 41. The Yucca Wash and Drill Hole Wash
faults appear-to one USGS reviewer to be upper-plate transforms to
greater extension to south, not, as stated, faults transecting the
blocks. Western faults end northward at strike-slip transform, eastern
faults are unaffected. See earlier statement regarding strike-slip
faulting.

Table 7. Tie this to a map.

Fig. 42. Doesn't fit text, which specifies steeper dips in east.
Drag_ione on figure is breccia zone in tgxt. and in neither is it clear
what is present. See comment 122/2 regarding imbricate fault zone. The
cartoon provides no possible rotation to account for rock attitudes and
cannot be correct.

p. 127, para 2., last part. Where is "south of boundary"? The
geometry specified is leftlas a puzzle for the reader; perhaps there is a
plunging-fold explanation.

p. 127, para 4. The Bare Mountain situation deserves intense
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scrutiny by a range of experts which is planned in activity
5.3.1.17.4.3.4. The relationship between Qlc and Q2c is critical but is
not clearly described. The inference of a large Holocene fault here that
is (estricted to a very small part of the rangefront has no analogy in
historic scarps in the western U.S. The point is crjtical to subsequent
analysis of slip and recurrence rates and seismic hazard..

p. 128, para. 1, next-to-last sentence A USGS reviewer feels that
a fault dipping 60-80 degrees is disproved where the:hypotheticaI fault
is crossed by a detailed gravity profile. This statement should be
qualified pending more detailed study of Bare Mountain.

p. 128, para. 3. The “"deep incision" is of older canyon fills, not
bedrock, so conclusion is unwarranted. Other statements here are garbled
and internally conflicting.

p. 128, para. 4. Additional work is needed here to make sure that
surfaces and deposits are clearly distinguished.

p. 131, para. 3. Same comment as last. Arithmetic says that Bare
Mountain fault has 300 m of Quaternary slip. This may be the case, but
contary evidence exists. There is no scarp along the rangefront in
“either bedrock or alluvium, no appropriate steep faceted spurs (bedrock
ridgeline slopes are only 20 to 30 degrees), no indision of lower bedrock
canyons, no accounting forvthe gravity data with the fault. The Bare
Mountain east front may be a strfpped Miocene detachment fault, inactive
since then with the possible exception of minor adjustments. Many of the
features here attributed to faulting may be due instead to transient
rangefront courses of fan distributaries. Because of these
uncertainties, the statements in this pararaph should be qualified

pending additional studies. The Bare Mountain range front fault is a key
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feature that needs thorough study.

Fig. 44. Label fault orientations on diagtam for each cluster.

Fig. 45. Add caption statement that the orientation of the
treverses emphasizes fractures at high angles but that the general
direction of maxima is valid.

p. 139, para. 2, top. Applies to Great Basin, not to entire Basin
Range.

Fig. &46. Define method used.

' Fig. 49. Give & bar scale. Add ‘map coordinates.

p. 145, last para. Should say shortening, not compression. All
crust is in compression beneath some shallow depth.

Fig. 50. Decimals were left out of the numbers--1.5, not 15, etc.

p. 1-79, para 4, 2nd sentence should read "interaction of major
con;inental and oceanic plates." Oceanic plates are lithospheric plates.

p. 1-85 and 1-102 The relationship between Basin-Range extension,
volcanism, and migration of the San Andreas triple junctions 1s obscured
by inconsistencies in the implied start-up age for transform faulting
along the Pacific-North American plate boundary. References to strike-
slip faulting on the "San Andreas system" beginning at 10-12 Ma do not
occur in Engebretson and others (1985) as stated on p. 1<102 and are
misleading on p. 1-85. Strike =-slip faulting probably began by 28 Ma
along the plate boundary (Engebretson ;nd others, 1985; Atwater and
Molnar, 1973) and it continues to the present.

p. 1-95, para 3 When all the volcanics 5 m.y. old and younger are
plotted on & map, the reality of the Death Valley ~ Pancake Range
volcanic zone becomes very questionable. At the least, it should be

noted that Smith and Luedke (1984) draw a very different east-northeast
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trending zone through the basalts in the Pancake Range. The fact that
two groups can draw such different zones empasizes how nebulous the
concepts of volcanic zones can be. It might be argued that the
assumption that the Crater Flat cones near Yucca Mountain and the Pancake
Range basalts are on trend is a worst-case assumption. Such an
assumption does indeed lead to higher probabilities for future volcanism
than does an assumption of random volcanism. How do we not know,
however, that some process other than eruption alongunortthortheast
trending zones of weakness is responsible for 5 m.y. and younger southern
Great Basin basalts? If a detachment fault is present, the location of
surface eruptions may not be controlled by through-going obvious
structures. Such considerations might lead to even higher probabilities
at the Yucca Mountéin site. This is the kind of box one gets into when
ill-defined volcanic zones are postulated.

p. 1-110 Dips of tilt blocks in the region as a whole are
consitently understated as 0° to 30° when in fact most dips of Tertiary
units on Cornwall's map are greater than 35° snd range up to 55° near
Bare Mountain and the Bullfrog Hills., Gentle dips are limited to Yucca
Mountain proper.

p. 1-138 The information and assessment of the data presented in
Section 1.3.2.3 (Chap. 1) and Section 2.6 (Chap. 2)'more than adequately
describe what is known about thé.state of stress in the vicinity of Yucca
Mountain. The two sections are complementary and coverage of th§ topic
and éxisting knowledge appears to be accurate and complete.

p. 1-149, para 3 In most models of basin and range geology, thermal
waters are derived by the downward migration of meteoric waters which

become heated at depth and are returned to the surface (e.g.. Eaton,
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1978). The role of specific magma bodies is unclear. W¥Wernicke and
others (1987) have postulated that extension is gravity driven following
overthickening of the crust by thrusting. Elevated temperatures at the
base of the depressed crust do not require the addition of magma,
although new material may be added to the crust over time by

underplating.
Additional comments on section 1.3 are presented in Appendix A
D. Seismology

Section 1.4, Seismology, dwells at length on the difficulty of
correlating the historic earthquake record with known geologic structures.
Such correlations may not be possible. Many earthquakes are known to have
occurred on small, buried or unmappable features (e.g. Tangshan, China;
Haicheng, China). There is no physical reason to constrain small earthquakes
to always occur on the large, mapped faults in the region. In fact, in a
region as defb;ﬁed and broken as the southern Great Basin, it would be
remarkable if all the earthquakes occurred on the large known faults. Small
earthquakes (M] < 3.0) would be easily accomodated on buried faults that would
never be mapped by conventional methods. The present draft attempts
inappropriately to fine-tune the reIaiion between the generally low-level

historic seismicity and geologic structure.

Some of the most valuable information to emerge from any of the
seismologic studies are the focal mechanism determinations; they provide

perhaps the best control on the current tectonic style, and hence form an

-2~



important constraint on postulated tectonic models. The document should

concern itself less with the fact that these focal mechansims appear to be in
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disagreement with some mapped geologic structures.

Ultimately, the historic geodetic record will have to be examined in
whatever detail the data permit in order to even attempt to consider whether
the currently diffuse pattern of seismicity is the product of an extremely
modest elastic strain accumulation rate or a lTocked-up fault system

characterized by high stress concentration.

Fig; 1. Is 1769 correct? Contradicts p. 154, and the first
century of data would apply only to limited coastal area, and that
poorly. The relative locations of the 1857 Ft. Tejon earthquake and the
1952 Kern County earthquake do not appear to be correct. The 1857 event
occurred on the San Andreas fault southeast of Parkfield., The 1952
earthquake occurred on the White Wolf fault (northeast of the San Andreas
fault). The "100 km circle" centered on Yucca Mountain is drawn with a

. radius of only 80 km in the figure. Major (M > 6.5) California
earthquakes in 1812 and 1899 probably fall within the 400 km radius but
are not shown in the figure.

Fig. 53. Does not include all important Quaternary faults out to
100 km in Death Valley sector.

{p. 154, para 4, 2nd sent Presumably to moniter seismic activit;
rather than “"tectonic features”. An element of prejudgment in this
statement. a

p. 158, para 3, 1st sent whay calibration curve? Instrumental
magnification? Amplify.

p. 158, para 3, latter half This section needs to be fleshed out a
bit for precisely the reason stated as to its importance. Is the problem

one of convertability from one scale to another or the more basic

-24~



consideration of reducing all of the comparisons to the standard Wood-
Anderson instrument at 100 km?

| p. 159, lst para In spite of theoretical limitations, these
determinations are probably better than those based on "independent
methods”.

p. 159, 3rd para, latter half Inevitably 1nconb1ete in both
senses. See, for example, Allen et al., BSSA, 1965, p., 753-797.

p. 164, 2nd para Since this i; a straightforward observation; it
may be inappropriate to introduce a conjectural point, but--quiescence
could be exp]éined'as 2 logical product of zero elastic strain
accumulation through recent geologic time or, 2lternatively, the
possibility that we may be looking down on the center of the Mogi
doughnut. v

p. 167, 2nd para Which may be & good reason to expand this
network. The investigations of Rogers and others have produced some
.provocative results that might be explained had they had a broader, high
quality network extending farther toward the west.

p. 167, 3rd para This may be one of the two most important results
- (see below) brought out thus far in any of the seismological
investigations. Accepting the conclusions, the bimpda] distribution
probably is somehow related to either a major structural feature or the
current tectonic style (or both). If the hypocenter minimum doesn't show
up in refraction, reflection, or whatever profiling, why doesn't it?
This could become one'of the most challenging problems discovered as a
result of any of the geophysical investigations carried out in connection
with the NNWSI program. It should not remain an unassessed enigma.

p. 167, para 4,5 This is the other especially significant result

-25—



that emerges from the seismological fnvestigations. It provides a very
significant constraint on tectonic styie and any tectonic model intended
to characterize the current (and presumably ongoing) tectonic state of
the southern Great Basin.

p. 170. 2nd para Given the very limited baseline data set we are
probably stuck with the seismic source zone approach as the sounder
vehicle for evaluating the likely occurrence of earthquakes of X
magnitude (not the seismic hazard) at the repository site.

p. 170, 4th para Doesn't this point get right to the heart of the
quiescence problem? The brevity of the record challenges any
probabilistic (however thoughtful and sophisticated) estimate of
recurrence.

p. 175, para 2 How is background level defined?

p. 179, para. 3. HNot shown on Fig, 62. The northern group
apparently is on Fig. 53, but the southern group is not evident. The
nodal planes/depth profiles statement is not clear.

p. 183, 2nd para This point needs elaboration. Accepting the focal

mechanisms of Rogers and others, should these mechanisms be anticipated

along a shear zone lined up with the Lake Mead fault system and extending -

at least half way across the Great Basin to the Intermountain Seismic
Belt? Do these focal mechanisms challenge geologic inference or vice-
versa? :

p. 183, 4th para The degree of caution expressed in the last third
of this paragraph seems fully warranted. We tend to expect too much when
considering the significance of diffuse patterns of low or very low
magnitude earthquakes. For example, there is a reasonable 1ikelihood

that many of these shocks represent postseismc adjustment on minor--near
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trivial--unmapped or unexposed faults, whether generated in advance of or
in response to some earlier, major seismic event.

p 186, 1st para Even if this vague, qualitative statement is
correct, we have at present, no way of knowing where we are within the
cycle and the historic seismic record is not going to contribute
significantly towards 2 resolution of this problem.

p. 188, para,} Should the 1872 Owens Valley shock be excluded? Why
is this necessarily more reasonable? ' )

p. 188, 4th para If a magnitude is stipulated,the frequency-
magnitude relation is of at least limited value. The problem is and
remains the assignment of a realistic value for 'a'--which is
functionally related to the area under consideration. That is, that
model B is pré&ferred remains a completely subjective determination.

Figs. 63-66 are hard to use because they overlap irregularly, have
different features labeled, and have weird coordinates. Combine as one
large figure on facing pages. Add degree and 30-minute ticks. Fig.

63: show area of blast quakes.

Fig. 70. Give lat/long coordinates.

p. 1-192 The statement is made, “They have shown that magnitudes
reported by California networks for southern Great Basin earthquakes may
have been seriously overestimated because the attenuation coefficient
used for magnitude estimation ma; be too large."The next sentence quotes
_a coefficient (Q) of 700 to 900 for'the southern Great Basin., Thus the
attenuation coefficient (Q) used by the California networks is too smali,

: not too large.
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E. Long-term regional stability

One somehow hopes for a broader discussion of long-term stability in this
section in addition to the material that is presented. The southern Great
Basin volcanic field forms 2 well-defined oval province (Christiansen and
others, 1977) with Yucca Mountain on a southern digitation of the field. The
circularity of the Timber Mountain and Black Mountain calderas to the north
indicates a minimum amount of efther vertical or lateraI.disruption for the
past 11 million years at those locations. Yucca Mountain has apparently
undergone somehwat more extension than these calderas as suggested by the
paleomagnetic results of Scott and Rosenbaum (1986) and by the fact noted in
the SCPCD that the number of faults and displacement on them decrease to the
north. Whether or not the surface normal faults flatten within the tuff
section, at the top of the Paleozoic, or continue into the Paleozoics and have
participated in the widespread extension that involves the Paleozoic section
elsewhere thus becomes a critical question, It would be useful to soeculate
on the connectjqns (if any) among the thick pile of volcanics, the low heat
flow, the great depth to the water table, the apparent downwarping of the
Palozoic section (and presumably also the upper and intermediate crust), and
the permissible amounts of extension and thrusting in the geologic past. Out
of such considerations, broader gengr;lizations about long term stability may

be possible.

p. 1-201 - 1-203 See 1-95/3 above. A more defensible argument that
renewed volcanism will be unlikely may be to demonstrate at some high
level of confidence that there is no magma body today in the vicinity of

the site. Then straightforward physics can predict how long it would be



before melting at lower crustal levels can take place and magmas ascend
to the near-surface. Smith and Luedke (1984) should be referenced in
this section and the terms "1ikely" and “unlikey" should be defined.

p. 1-204, para 3 Define the cutoff.

F. Mineral and hydrocarbon resources
1.7.1 Mineral resources

p. 1-268, 1.7.1.2.1 gold, stlver, and base-me£a1 genesis; paragraph
1, 1st sentence, elements listed in Table 1-18. “...vanadium, chromium,
cobalt, nickel, copper, thorium, and uranium all exhibit values near
average crustal abundances....", however values listed in Table 1-18 show
vanadium, chromium and cobalt much lower than average crustal abundances,
“averages" for nickel and copper in the Topopah Springs members and other
tuffs are likewise significantly lower, and thorium and lead values are 2
and 3 times higher than crystal abundance averages. Thus the term "near"
in the statement is not appropriate. The problem here of course is that
the crustal abundance values may short change silicic volcanic rocks,
especially ash-flow tuffs. As stated in the next paragraph, what should
be shown in this table is a comparison of the Yucca Mtn tuffs with
average abundances for silicic volcanic rocks in general and calc-
alkaline ash-flow tuffs specifically, which is apparently a planned item.

p. 1-268, paragraph 3, anﬂsentence; although this statement is
basically valid, other notable exceptions (e.g. Florida Canyon, Paradise
Peak, Sleeper, Rawhide) are siIitié tuff hosted and include tﬁe richest
bonénza gold deposit (Sleeper) discovered in Nevada since the Comstock.
At least reference to Eonham, H.F., Jr., 1986, Bulk-mineable precious

metal deposits and prospects in Nevada: Map 91, Nevada Bureau of Mines
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and Geology, should be referenced here to be up to date. Likewise,
Figure 1-77 should be updated with the data from Map 9l.

p. 1-269, top paragraph, last sentence, this statement i{s somewhat
misleading in that "vein deposits" suggests exclusion of disseminated
precious metal deposits, which (previous 3 paragraphs) seem to be the
topic of discussion. If silicic volcanic hosted deposits (epithermal
vein and disseminated deposits) are considered, then this.statement is
not valid. Paradise Peak,-Rawhide, Round Mountain ss examﬁles are hosted
in silicic volcanic rocks (tuffs) similar in compositions to those at
Yucca Mountain.

In addition, St. Joe Minerals has recently announced discovery of 60
million tons of .054 oz./ton Au in an area just southwest from the
Montgomery Shoshone deposit (a volcanic hosted gold-silver deposit) in
the Bull Frog Hills. It is not clear whether this new discovery is in
volcanic rocks (tuffs mainly) or in pre-Tertiary rocks below a reported
detachment fault in the Bullfrog Hills but this disco&ery should be
investigated as it may be a viasble volcanic hosted deposit and analog to
any Yucca Mountain site potential.

p. 1-278, 1.7.1.2.2 Epithermal volcanic associated gold, silver,
and base-metal deposits and occurrences in the'viciniton% Yucca
Mountain; paragraph 3, the Wahmonie-Salyer volcanic center/district is
not shown on Figure 1-76 as indicated.

p. 1-280, 281, (last paragraph page 1-280 and top of page 1-281),
Geochemical analyses for Au at better detection limits than those
mentioned are certainly warranted in that they are presently mining ore
at 0.04 oz/ton Au in Nevada.

p. 1-281, 1.7.1.2.3 Gold, silver, base-metal, and alteration
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occurrences at Yucca Mountain; Factors that make Yucca Mountain an
unfavétable site for gold, silver, and base metals:
While the statement regarding sediment-hosted precious metal deposits may
be valid based on statistics availsble today, one cannot summétily ignore
volcanic hosted deposits. Anyone in the exploration game would love to
find another Sleeper deposit (volcanic hosted, range-fromt fault
environment, suballuvial) which could be.a possibility in the environment
of the Yucca Mountain area. We suggest adding a factor é& the 1list such
a&s the following: _
"la. Large tonnage volcanic-hosted deposits may have a high
potential for exploitation in the future. Although many of these
volcanic-hosted dgposits are associated with significant occurrences
of altered rock at the surface, others, (e.g. Sleeper) many show
virtually no alteration at the surface. There is some possibility
that deposits of this type, especially & deposit at shallow depth
below alluvium adjacent to a major fault (e.g. Sleeper deposit),
could exist near Yucca Mountain. Detailed geochemical
investigations of altered volcanic rocks along faults in the
‘fummediate vicinity of Yucca Mountain, combined with detailed
geophysical surveys and potentially drilling are piénned to further

asses this possibility."

l.7.2 Hydrocarbon resources

We agree with the preliminary conclusion of the report indicating low
potential for significent hydrocarbon accumulations in the Yucca Mountain
area. The negative factors greatly outweigh the positive, and this specific

area appears to be one of the least likely to receive active exploration for
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petroleum. From the standpoint of economics, the extremely high exploration
risk factor would preclude corporate and pri@ate investment here even if the
price of oil and gas were much higher than today.

However, the evaluation of oil and gas potential is built on conjecture
and extrapolation. The single thermal maturity measurement {s less mature than'
predicted by the thermal history reconstruction, This contradiction should be
resolved. The text emphasizes that no source rock has been identified, but
without organic geochemistry, this is a highly tentative éonclusion.

Petroleum source rocks may not be obviously organic carbon rich. Carbonate
rocks with as little as 0.3% total organic carbon have been identified as
petroleum sources; but in hand specimen, they would not be visually identified
as such.

The emphasis on oil shale and coal as direct energy resources may be
misplaced. They have & greater potential as petroleum sources, and this factor
should be considered. For instance, & two foot thick oil shale would make 2
1ot of oil across a basin, Similarly, oil tar sands and seeps are important as
signs of oil present in the subsurface, not just as resources in themselves.

Even though boreholes have not revealed any of1 or source rocks, it
should be emphasized that these wells are typically shallow, bottoming in
Tertiary volcanic units; when they have penetrated the more favorable
Paleozoic rocks, they have been too shallow to evaluate potential source rocks
that may occur deeper in the section.e

Terminology may be used inconsisten;1y, and in some cases wrongly. For
. instance, kerogen and organic matter afe used interchangeably. Organic matter
is too broad a term for kerogen which is the solvent-insoluble fraction of
sedimentary organic matter. Organic matter could also include petroleum,

bitumen etc. Further, kerogen can occur in oil shale and in petroleum source
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rocks. Coal and 011 shale may also be oil and gas source rocks. These
arbitrary distinctions inferred in the text don't work well in natural
systems, Tar sand is also misused--it is a degraded oil that originally
migrated into a porous reservoir rock--it is not a synsedimentary depbsit like
coal or oil shale. Its potential and significance should be evaluated with oil
and gas. Coal is a considered a hydrocarbon as defined in the first paragraph
of section 1.7.2., but this definition of hydrocarbon is very unusual.

The discussion of the data is sometimes intermixed Qith interpretation of
the data in what reads like an effort to lead the reader to an early
conclusion, Data should clearly be separated from interpretation.

Specific comments on section 1.7.2 are included in Appendix A of this

review,
G.  Geothermal resources

p. 303, para 3 - It is not clear what point the writer is trying to
make here, but whatever it is the message is confused and confusing.
Perhaps the writer wants to define and contrast two geothermal regimes,
one characterized by a point-source of considerable thermal energy (magma
body) and another characterized by regionally elevated heat flow not
linked to specific local magma bpdies. The discussion of “the source of
geothermal water” is off target and pretty unintelligible. Many studies
indicate that most geothermal waters worldwide are of meteoric orgin, not
magmatic as this paragraph says.

p. 305, para 2 - It is not clear if the writer understands that thé
classification of Muffler and Guffanti is based on the temperatures of

geothermal reservoirs, temperatures which commonly are far greater than
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any temperature measured at thermal springs or even in shallow wells.
Also, temperature does not always increase with depth in drillholes. This
is pretty fundamental to understanding hydrothermal-convection systems
and to understanding the differences between convection and conductive
regimes in studies of heat flow.

p. 305, para 4 - See item 305/2. This section should clearly state
that the discussion is of the conductive thermal regime.

p. 306, para 4 - Again, the draft should make clear that the
classification of Muffler and Guffanti is based on temperatures of
geothermal reservoirs, not temperatures measured at thermal springs and
in shallow drill holes.

p. 308, para 1 - When was the hole drilled?

p. 308, para 3 - What is the thermal pulse?

p. 309, para 2 - This is a confusing and incomplete explanation of
the uses of oxygen and hydrogen isotopes in the study of geothermal
waters. One of the most important points that has come out of such
studies is that thermal waters generally react with reservoir rocks, thus
resu1ting'}h moderate to large shifts in oxygen 18 of the water; this

point is not mentioned.

H. Summary of significant results

The summary is weak in that it does not capture many of the

qualifications and uncertaintites alluded to in the preceding discussions.

Clearly, not every point can be reiterated, but the tone of this section seems

to deliberately downplay some of the potentially negative information reviewed

earlier. No coherent picture of our current state of knowledge emerges. A

more balanced treatment is needed.
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p. 324, para. 2. See earlier comments on “Death Valley-Pancake
zone",

p. 325, para. 1. If they are tilted, they are not horsts and
grabens. Definition of detachments is muddied. The statement that Yucca
Mountain faults rotate the blocks is geometrically incompatible with
diagrammatic cross sectfons 1p earlier sections.

p. 1-324 Structure: Styles of faulting: A balanced presentatioq of
the various tectonic models is needed here. The last paragraph dealing
with extens{onaT f;ulting fmplies that block rotation and low-angle
detachment faulting are structures that result only from extension.
These structures can also result from transtension associated with
strike-slip faulting as in fact is shown in the SCP in fig. 1-35, page 1-
111. At this-point statements categorizing certain structures with one
or another style of faulting as the primary tectonic mechanism producing
these structures appear premature, especially in this part of the Great
Basin. Structures that indicate extreme extension in other parts of the
Basin and Range (i.e. Colorado River country) may be indicative of
complex IAféral shear and not extreme extension in the Walker Lane belt
of western Nevada.

p. 326, para. 2. There may be detachments of several ages at
different levels beneath Yucca Mountain.

p. 326, para. 3. Again, the geometry seems unlikely. The "chaotic
breccia zones" sound significant and should be described in more detail.

p.1-331, para 3, sentence 3 Eér1ier. p.1-98, para 3, Crowe is cited
as siating that some Strombolian centers in the vicinity of Yucce
Mounfain may have begun‘with a2 phase of hydrovolcanic activity. In fact,

phreatic (hydrovolcanic) activity is quite commonly an initial eruptive
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mode in basaltic volcanic fields such as Cima.
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IV. Chapter 2 - Geo-engineering

Chapter 2 adequately describes the state of knowledge of geoengineering
in the v{cinity of Yucca Mountain. This is true for the mechanical, thermal,
and thermomechanical properties measured in the laboratory. Information on
the in-situ rockmass properties is limited to the Grouse Canyon member in G-
tunne1'and, in general, is not nearly as.advanced as the laboratory
information because of the comlexitfes imposed by the en;ironment and
methodology. This_lag in knowledge is reflected in the lack‘of detail and the
incompleteness in several activities in studies 8.3.1.15.1.6 and
8.3.1.15.1.7. Moreover, these studies are meant to be explorations rather
than in-depth, full-fledged investigations,

The 1ist of geotechnical repository conditions to be evaluated (p. 2-3,4)
seems to include the important physical properties of the rocks. Data
described are from G-Tunnel, Rainier Mesa, from core from holes at Yucca
. Hountéin, and from the Topopah Spring Member outcrops at Busted Butte. The

following comments are made to highlight useful or deficient measurements.
(Actually, the most thorough compilation of physical properties of the 900 m
of the succession of Miocene tuffs is found in Chapter 6, Tables §-9 to 6-:
17. 1In addition, the geology, the topography, the consiﬁhction underground
and on the surface, the waste mahagemept. sealing, and retrieval are all
described in enough detail for easy and full understanding of the
practicalities of the design and constrqction of the repository.)

The ASTM and ISRM standards used a§ 2 basis for testing thermal,
mechanical, and bulk properties are listed in Table 2-1 (p. 2-8). HMore
elaborate procedures apparently have been used 2lso, but they are not

described at all, It is apparent that a primary aim in most of the previous
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testing of tuff samples has been to find rheological and constitutive models
(p. 2-18), whereas correlation of material p}operty measurements with geologic
data has not been carried very far (see next paragraph). Furthermore,
discrepancies between in situ and laboratory tests of thermal and mechanical
properties can be significant, and the models probably cannot help very much
to reconcile them.

An important correlation of rock property measurements with geologic
structure was the setting-up of an empirical functional stratigraphy based on
the measurements and observations. The geologic stratigraphy would be
inadequate. The data on other tuffs in Table 2-2 are not especially useful
here; compilations l1ike those in Tables 6-9 to 6-17 would be more
informative. The discussion and data on the effects of strain rate, water,
and confining and fluid pressure on strength are informative. The effects of
lithophysae, temperature, anisotropy, and size will need to be studied ruch
more fully (p. 2-38 to 2-41); the exponential formulas given are not as
~ informative as graphs. Tables 2-7 and 2-14 are useful but not as corplete as
the tables in Chapter 6.

The Section 2.2.2 on friction and faults is a good start, although
concerned with the Grouse Canyon tuff, not Yucca Mtn. 1In situ studies in Sec.
2.3.2 are informative, but concerned with G-Tunnel. Sec. 2.4 on thermal and
thermomechanical properties is a fairly adequate introduction. The
observation (Sec. 2.4.2.1.1) that the iOpopah Spring member may have up to 30
percent cristobalite means that the thermal conductivitiy of the tuff could be
‘much Tower. In general measurements of‘tﬁermai properties (Sec. 2.4.2) of
tuff samples from Yucca Mtn. as well as in situ studies at G-Tunnel are 2 good

start and appear to be reasonably carefully made. Tables 2-7 and 2-14 provide

useful averages of mechanical, thermal, and bulk properties of 17 members of
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the tuff formation at Yucca Mtn., the Crater Flat, Calico Hills, and
Paintbrush.
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V. Chapter 4 - Geochemistry

Overall we find the Geochemistry Program to be impressively
comprehensive, thoughtful and responsive to both the scientific and the legal
issues of the ability of the Yucca Mountain proposed site to provide adequate
isolation of nuclear waste under the various guidelines.

The work to date on the geochemical characterization of the Yucca
Mountain site is excellent, in particular, the mineralogicel and petrologic

characterization of the tuff units and their alteration.

pe 4-7 - Here eand elsevwhere in the text are references to clays and
zeolites as the "most sorptive minerals". This seems biased towards
results for the less critical elements Sr, Cs, Ba, &and towards secondary
minerals of obvious abundance. Apparent sorption of actinides by phases
such as zeolites may actually be controlled by component Fe-Mn oxides
(Henry and Duex, 1981; Zielinski and others, 1980).

pge 4-8 - Negative correlation between clay and zeolite suggests
that one may replace the other (check with petrography, SEM) but the
detailed 1mp11é;£ions about timing are not clear.

Pg. 4-9 - The term crystalline solution should be replaced with
solid solution. v .

Table 4-2 - Mafic phenocryst abundances and iron oxide
{(microphenocryst?) abundances are unde;stated wvhen expressed on & weight
percent basis and compared with volume percents of other minerals. Modal
abundances for all would be more informative.

" pge 4-36 - Glass and all silica polymorphs except quartz will have
to disappear before activity of dissolved silica is lowered. This

probably also must include surrounding horizons that are in hydrologic
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contact. This phenomenon should be studied but it may not be important,
especially i1f zeolitic horizons are more than 10's of meters from the

repository (pg 8-40). Are longer periods of anomalous regional heating
to be considered or just the thermal pulse from waste emplacement? See

post closure tectonics.

Table 4-6 - See later comment on characterization of water chemistry
under 8.3.1.3.

pg.4-45 (a) - The variations in Ca/Na ratios do not appear to be
“minor", (b)'what,about the possibility of pyrite-rich horizons
influencing Eh of some well waters, (c) See later comment on possibility
of organic complexing of actinides. Existing data for U suggests that
organic complexing 1s not important in these waters,

pg. 4-46(2) - A USGS reviewer believes that the value given for CO,
content is actually expressed as the concentration of H,C04 (b} Plans for
obtaining additional radionuclide data in well waters do not incliude
measurements of U, Ra, Th, 234U/238U, but should. (c) The amount of iron
in rocks and waters is "low" relative to what. Does this really preclude
their contffﬁuting iron-rich colloids and particulates and therefore
enhance the argument for anthropogenic sources?

Table 4-8 - Awkward units. Express activities in picocuries/1. See
additional data from Zielinski and Rosholt (1978) and also from I.
Winograd. '

pg. 4-49 - The draft needs to better distinguish between fluid
pressures in fractures open to the surface or to repository shafts and
fluid.pressures generated at depth in a saturated rock unit subjected to
lithostatic and hydrostafic pressure,.

pg. 4-60 - There appear to be no plans to address the possibility of
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enhanced sorption by smaller grain sizes (<75 micrometers). This should
fntroduce 2 systematic bias leading to underestimates of adsorption., Is
this acceptable for modelling purposes. If ignored, it could jeopardize
any serious attempts to reconcile lab measurements and field tests,
especially in nonwelded-altered tuffs.

Pg. 4-80 - (a) Irreversible sorption suggests chemisorption but most
chemisorption is exothermic and should be disfavored at higher
termperatures. There ‘are no further plans to 1nvest1§ate teﬁperature
effects on sorption. The limited data need to be confifmed. (b) The Eh
imposed by a nitrogen atmosphere of approximate equal 0.2 ppm 02 is not
Tow enough to bracket all of the measured Eh values in well waters.

pg. 4-82 - The concern seems to be the preparation of well-behaved
processed samples that give good precision in measurements of sorption
ratios. This may allow easier evaluation of individual variables
affecting sorption but the absolute values of sorption coefficients may
be unrealistically low if grain size effects are not considered. A
conservative bias on estimates of sorption ratios may be acceptable for
modeling purposes but will not provide good agreement with field tests.

pg. 4-85 - More mineralogic data to relate sorption to minera1ogx is
needed. Abundances of highly sorbant trace phases such as Fe-Mn hydrous
oxides may be critical. See earlier comment.

Pg. 4-91 - The abundance of'&issolved minor and trace elements can
affect the solubility and speciation of uranium and possibly other
actinides. The most complete watervchemistry data are needed to predict
speciation in natural waters and in solubility experiments (pg 4-97).

Pg. 4-92 - The geologic record can provide evidence of possible

- coprecipitation with attendant uptake of radionuclides. Water chemistry
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can indicate the potential for radiobarite formation. Uraniferous opal
on fracture walls suggests coagulation of polymeric silica and inclusion
of dissolved U (Zielinski and others, 1986; Szabo and Kyser, 1985).
Uraniferous calcite on fracture walls also suggests some coprecipitation
from solution. _

pg. 4-107 - see later suggestion to analyze successively filtered
solutions. Colloids of Al and Fe are readily detectable by this
technique (Kennedy and others, 1974). )

pg. 4-119 - This page needs much clarification (a) The discussions
of the physical property changes related to relatively dry heating
(dehydration) should be separated from the discussions of the chemical
changes related to extensive hydrothermal alteration (rehydration,
alteration), (b) Alkali feldspar and qtz are relatively anhydrous
compared to other phases in devirified tuffs but the key observation is
their chemical stability and not a limited availability of water.
Loosely bound water is amply provided by relict hydrated glass, opal,
c¢lay minerals, hydrous oxides.

pg. 4-122 - The vitrophyre contains some reduced iron although much
‘iron is oxidized during cooling and subsequent hydration. There are
other important sources of reduced iron such as primary fer}omagnesian
minerals and Fe-Ti oxides. Some determinations of Fe*Z and Fe*3 in whole
rocks would be more informative.. X-ray fluorescence data expresses all
iron as Fe203. This discussion doe; not consider the possibility of
microenvironments of lower Eh in the vicinity of pyrite or other ferrous-
bearing minerals.

pg. 4-123 - This section seems mistitled; it should be included in

the section dealing with the effects of hydrothermal alteration caused by
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the thermal pulse. The discussion of silica redistribution near the
waste cannister is confusing. Doesn't the combination of monitoring and
engineered barriers (waggr diversions, concrete caps etc.) greatly reduce
the possibility of downward flow of water onto a hot cannister during the
first 150 years? What will be the efficiency of 2 hydrothermal
circulation cell that uses only limited water present in the rock and
requires vapor to move against a temperature gradient back towards the

cannister?
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Vi,

Chapter 5 - Climatology and meteorology

p. 5-45 and Figure 5-12:

2. (next to last paragraph on p. 5-45) the correlation does not
look "good” to one USGS reviewer. Perhaps it should be evaluated
further, but

b. the streamflow data (see figure caption) are not presented
in Benson (1986) as claimed; only a curve is shown; also, no source
is given for the precipitation data. There is thus no way to check
the correlations among the three curves. An additional minor point
is that Figure 5-12 includes data for 1983, whereas Benson (1986)
only goes through 1982,

p. 5-49, par. 3: "The diagram also implicitly suggests that regions

having 15 in, precipitation or less and mean annual temperatures of 60°F
(15.6°C) or more produce no runoff until those threshold values are

exceeded."”

2. The threshold values need to be identified explicitly;

b. As stated, it sounds like the way the temperature threshold
is "exceeded" is by passing from a high temperature to a lower one,
which is confusing; alternatively, the hotter it gets, the more
runoff is produced, which sbunds unlikely. The sentence, in
addition to being confusing, seems to attribute statements to
Langbein ("implicitly") that he might not agree with. We suggest

dropping the sentence altogether.
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p. 5-49, end of par. 3: Penultimate sentence probably should read
"eees trailing off at higher values due to increased vegetation cover..."”

p. 5-51, par. 3, last sentence: The range should be 34-40% rather
than 30%

(1 -[100/151]) x 100 = 33,7%; 1 - [100/167] x 100 = 40.1% ),

p. 5-52 (Table 5-12):

2. By the reasoning just given, these figures are too large;

b. What is the point of including this data? They raise more
questions than they answer., Data for 1979, 1980, and 1982 are
missing“with no explanation, but missing data for 1976 at Boulder -
City and 1939 at Rye Patch Dam are listed as "NA", which is defined
in the caption to mean "not applicable". Probably the author means
"not available"; otherwise, something very strange is going on. It
is apparent even from the tabular data that the data from Fallon and
Rye‘;;tch show a marked shift in behavior relative to each other at
about 1956. Before that time, evaporation was higher at Rje Patch
than at Fallon, whereas after 1956 the pattern was reversed (see
figure 1 of this review). The two sites are only about 60 miles
apart, and are not nearly.;s distinct as their description in the
text would suggest ("Fallon Egperimenta] Station, near midlatitude
Nevada; and Rye Patch Dam, in the northern part of the state.”).
These data are put forward in 2 very offhand way, when in fact there
are patterns present that should be explained or interpreted. These

data should not be presented without even mentioning the patterns or

acknowledging that problems may be present.
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p. 5-41, end of par. 2 - Graumlich is misspelled Graumilch.

p. 5-43, caption to Figure 5-9. Caption should refer to “known or
presumed Pleistocene age". The caption needs a2 disclaimer to indicate
that not all modern lakes and playas are shown. There are two leaders

without names and Lake Manly has no leader.

p. 5-44, item 1 - What is short frequency? '

paragraph § - Ii would be better to refer to a &ynamic balance,
rather than to an equilibrium or a steady state. At tﬁe time scales with
which we are concerned, it seems unlikely that equilibrium ever prevailed

for long periods.

p. 5-45 and Figure 5-11:

a. Lahontan is misspelled "Lahonton" twice in the explanation
for the figure.

b. It is unlikely that these are the'on1y active stream gauges
and precipitation gauges in the basin., The caption and the text

should both refer to "selected presently active...stations”,

p. 5-54, point (4) : An increase (not just a éhange) in the
fractional distribution and absolute amount of sky cover can bring about
a significant reduction in the calculated evaporation rate. Also, why
does the discussion refer to sky cover rather than cloud cover? The
distinction between amount and type of cover i{s not particularly well set

out here; a couple of examples of types of cover should be mentioned.
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Table 5-13: several taxonomic names are misspelled, including:

In text Should be

Pinus longaera Pinus longaeva (p. 5-79)
Campbell's oak Gambel's oak (p. 5-80)
Opuntia basilarus Opuntia basilaris (p. 5-82)

Wells and Jorgenson should be Wells and Jorgensen (p. 5-82)
The entry for Meadow Valley Wash (p.5-80) states that montane

conifers were replaced by Utah juniper and Campbell's oak (sic) according

to Thompson and Mead (1982). The reference contazins no mention of oak.
“Chaparral” is misspelled (p. 5-85).
Table 5-14: The entry for 37,800 years ago indicates no vegetation
data at all; Berhaps a note should be added as to the source of the
temperature and precipitation estimates, since the other estimates are

apparently derived from vegetation data.
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V1i. Chapters 6 and 7- Conceptual design of repository; Waste package

The discussion of the repository design in Chapter 6 provides a very
informative agd useful overview of the whole project, including all
geotechnical data available, better than in Chapter 2. This chapter provides
fundamental details on the esentials of how the repository is to be mined and
constructed, what technical data are availab{g on the mechanical, thermal and
bulk properties of the geologic formations making up Yucca Mountain, and what
laboratory and in situ studies are planned.

The requirements of the EPA specify that radioactivity above certain
limits not enter the accessible environment or the ground water, &nd many
studies are aimed at evaluating this problem. The effects to be expected
after emplacement of waste packages in the repository are (1) fracturing of
rock due to the mining, (2) changes in the rock and in the vadose water due to
radiation, (3) heat-induced mechanical effects, (4) change in rock water
content due to ventilation, and (5) modification of the ambient rock-water
systems due to heating (Section 7.4.1, p.7-38). Fractures and microfractures
introduced by the mining (1) and by heat from the waste (3) would increase the
permeability of the rock and the flow of contained and ground water past the

-waste packages; this possibility is important as neutron and .gamma radiation
would penetrate the coﬁtainers and affect nearby water and rock. The
nonlythophysal welded tuff, TSw2, of the T;popah Spring member in the
suggested repository, is above the water table; its average porosity is given
as 12 percent and its in situ water saturation is 65 percent (Table 6-11),
enough to make effects (2), (4) , and (5) important. It is predicted that
heat from the waste would cause the rock pore water to vaporize, changing the

local hydrologic system (p. 7-45,46), and possibly it would flow past waste



packages, (p. 7-54). Estimated downward flux through rock matrix of surface
water is estimated to be from 10.7 to 0.5 mm per year, whereas upward flux
could be 1 to 2 mm per year {p. 7-45); these flows are not large but

perceptible, and important if channeled in through-going permeable fractures.

Fracturing of wall rock in the repository rock, TSW2, and in
superincumbent layers will be induced by the mining; espec1a11¥, excavation by
drilling and blasting will produce fractures at least to Eevera1 meters.
However, excavation by a tunnel-boridﬁ maching (TBM) doés not propagate
fractures more than a few centimeters in the tunnel walls. The TBM mining
method is proposed for some principal openings of the repository (Table 6-23),
including the perimeter drift, the waste and tuff ramps, and the tuff main
(Figures 7-56,b. 5;137). In the interest of reducing fracturing which would
be caused by drilling and blasting, in several other principal workings, it
would seem feasible, advantageous, and not greatly expensive to use the TBM
instead. (Activity 8.3.1.15.1.8.1 will study mining methods, but an early

decision to use a TBM seems warranted.)

A TBM should be used to excavate the service and tuff mains (which are
adjacent to the waste main anyway) and the panel and mi&panel drifts. 1If
blasting is used in emplacement drifts and other excavations, a burn-cut with
unloaded large-diameter center holes can be used tb induce inward
fragmentation to the free surfaces and also to reduce mechanical coupling
outward into thermal rock. (See Stevens, 1973). Also the large-diameter

shafts might be excavated by a ‘raise-boring machine,
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Fracturing of wall rock can be caused by differential thermal exﬁansion
by postclosure heating due to the radicactive waste decay, as well as by
blasting. Laboratory and in situ tests of thermal and mechanical properties
of the tuff member are outlined in activity of Sec. 8.3.1.15, but these
studies are aimed at producing theoretical models of the thermo-mechanical
behavior of the rock, which may or may not be sufficiently realistic. An
ostensible reason for thig approach is that the big thermomechanical effects
come on after closure of repository emplacements. It wou]ﬁ seem to be
advantageous to take an emprirical approach using a seismic network to locate
and map arrays of fractures, both preclosure and postclosure. The proposed
seismic tomographic profiling (Section 8.3.1.4.2.2.5,6) will map existing
fractures in three dimensions, a necessary database. However, 2 permanent
seismic network of'sensors and transmitters would be very useful to monitor
radioact%ve waste canisters for mining-induced and subsequent heat-produced
microfracturing. This technique has been well-studied by T.M. McEvilly and his
colleagues (Majer and McEvilly, 1985; Majer, McEvilly, and King, 1981; King,
M.S., 1984).

A preclosure, close-in seismic network should be set up, and after
establishing a baseline of patterns of fractures and joi;ts, it would monitor
new fractures as they develop, both preclosure from mining and postclosure
from radioactive heating effects. Piezoelectric sources and accelerators to
measure wave velocity, attenuation, and acoustic emissions should be installed
in §ccessib1e tunnels if possible, for very long-term maintenance. Preclosure
calibrations of seismic signatuées of fracture effects on permeability would

- be important to obtain, The technique would be non-invasive to repositpry

chambers and therefore safe.

-51-



L)

VIII. Chapter 8 - Site Characterization Plans

A. Geochemistry (8.3.1.3)

A major omission in the program concerns the thermodynamic data base that
will be the underpinning of a1l models of rock-water interaction and
radionuclide transport. The data base will also be used to extrapo1afe from
experimental conditions apd to interpret the results of many experiments. It
appears to be assumed that the data bases supplied with méde1s such as EQ 3/6
are adequate. USGS reviewers take strong exception to this assumption. The
adequacy of the data base will almost certainly be challenged in the future,
and that it will receive little support from independent experts. An
additional investigation is required with the objective of developing 2
comprehensive ther;ochemical data base for the specific geochemical and
anticipated thermal environment of Yucca Mountain. Presumably almost all
required data, other than those from experiments proposed in the site
characterization plan, can be obtained from the literature.

Several programs have been developed which allow the evaluation of data
from a1l sources (calorimetry, equilibrium studies, solubility measurements,
EMF measurements, etc.) together and on the same basis. When evaluations are
done on a chemica1 system by chemical system basis the r;sult is a data base
that is both internally consistent and has the best chance of being correct.
Such a data base should be subject to wide peer review as it is being
developed.

USGS reviewers also feel that a major omission in the plans to
characterize radionuclide sorption is the apparent lack of attention to the
potentially important sorption by secondary oxides of iron and manganese.

There is a considerable body of literature that documents the sorption of
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uranium and other actinides by hydrous oxides of iron and manganese, including
studies directly related to waste disposal site characterization (see Milton
and Brown, 1987, and other references labelled Geochem in references section
of the review). In spite of these studies there are no plans to quantify the
abundances of these phases in the rocks or to include sorption experiments on -
such phases. Tﬁese hydrous oxides are admittedly low in abundance, but are
ubiquitous and may exert a disproportionate control on e]gment mobility
because of their.probab!e.strong affinity for dissolved c;tions and their
preferential accumulation along potential flow paths (grain boundaries, grain
surfaces, fracture surfaces). Experiments with natural or synthetically
prepared hydrous oxides will not be easy, but should be performed if a
realistic model of sorption is to be developed. The abundance of hydrous
oxides of iron and'manganese can be estimated by selective extraction
techniques (Zielinski, 1983; Zielinski and others, 1986) or perhaps by a
combination of whole-rock compositional measurements such as Fetot‘XHZO or Mn
X H,0. For a given rock unit these latter products should increase with the
probable abundance of secondary oxides. If sufficient concentrates of natural
hydrous oxides connot be provided fbr sorption studies, then pure examples can
be synthesized for batch experiments or perhaps precipitated on inert
substrates for column experiments. ;

We are not convinced that the ground waters at Yucca Mountain have been
sufficiently characterized, particularly with regard to Eh and abundance of
trace elements. Some trace species can exert great influence on the
solubility and speciation of actinides and it is not clear if this has been
fully appreciated. For example, uranium (VI) forms extremely insoluble

vanadate and phosphate compounds which may irmpose lower solubility limits than

those based on schoepite. This affects calculations of maximum uranium
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abundance in natural J-13 water, and in aqueous products of solubility
experiments using J-13 water. Also, the speciation of dissolved uranium may
include a significant component of uranyl-phosphate complexes if PO, is >0.1
mg/l. We are not as familiar with the chemistry of other actinides, but there
seems to be a willingness to assume a preeminent role for carbonate complexes .
simply based on the relative abundance of carbonate. Along these same lines,
conditional stability constants for actinide complexes wfth fulvic and humic
acids are necessary to estimate the i{mportance of coanex;tion with small
amounts of dissolved natural organic matter {pg 4-45). The-Qua1ity of
previous measurements of Eh in well water at the site is not clear, but the
possibility of contact with oxygen seems real. Plans should be made for
careful measurements of Eh and dissolved oxygen in any perched waters that may
be intersected and'sampIed during drilling of the exploratory shaft. Barium
needs to be monitored along with sulfate to determine if barite precipitation
{and coprecipitation of Ra) is possible from any probable water compositions
at the sitg. Finally, more data are needed for concentrations of dissolved
natural radionuclides (U, Ra, Th), other chemical analogs (rare earth
elements) and uranium isotopic ratios. One additional uncited source of data
for water at well J-13 is given in Zielinski and Rosholt (1978). The
combination of low uranium abundance and high 234U/238U{activity ratio
reported in table 4-8 suggests that decay-related recoil of 238 from grain
surfaces into pore waters is relatively important compared to chemical
dissolution of uranium,

An important analog study has been omitted, namefy the study of natural
radioelement mobility and distribution in rocks and waters at Yucca
Mountain. No one can question the applicability of such studies and they can

pfovide important clues regarding the mobility and potential distribution of
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introduced actinides from the waste package. The methodology for such studies
is outlined in reference 10 but can be expanded to include more detailed
studies of Th (an analog for Pu) or REE (analogs for Am). Solid-phase studies
include comparisons of abundances in glassy vs zeolitized tuffs (Calico
Hil1s?), glassy vs clay-altered vitrophyre (Topopah?), or abundances in
fracture coatings and in wall rocks at progressive distances from fractures.
Recent precipitation of uraniferous fracture-fill minera]; can be determined
by U-series dating12 (p1ahned). Other measurements of re;ent 2307y,
emplacement on clays or selective leaching or emplacement of U or Ra can be
monitored by U-series disequilibria in whole rocks and fracture coatings. A
possible liquid-phase study includes analyses of ground waters after
successive filtration through 0.45 micron and 0.05 micron membranes to detect

possible association with colloids.

8.3.1.3.1.1: Ground water chemistry model

Lacks clear statement as to the actual nature of the proposed ground
water chemistry model., Exactly what will be included; will it be a
_numerica1 model; will it deal with rock-water interaction; specificajly,
how will it relate to the sorption, mineral evolution, radionuclide

¢

solubility models?

8.3.1.2.2.8.2 Will the methods to be utilized in 8.3.1.2.2.8.2 for
jsolation of the aqueous phase from the pores of the tuffs in the
unsaturated zone provide a representative sample of the contained
fluids? How will we know? The problem is isolation of the aqueous phase
for analysis without changing its composition. Squeezing is stated to

work only when the water content exceeds 11%. Presumably this means that
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only that fraction greater than 11% is -sampled. Will %ractionation be a
problem? Vacuum separation leaves the solutes. What happens to the |
dissolved gases by the various methods? Do drilling (or other methods of
sample collection) disturb the system? None of these problems appears to

be addressed in a specific way.

8.3;1.3.2 StuQies to provide information on m[ngralogy, petrology,
and rock chemistry within the popentia1 emplacement horizon and along
flow paths

No mention is made of the effects of alteration on hydraulic
conductivity. Will the hydrologic parameters change in the future as 2
result of alteration of the tuffs or of fracture filling under the

present climatic/hydrologic regime? Under possible different regimes?

8.3.1.3.2.1 Mineralogy, petrology and chemistry of transport
pathways

8.3.1.3.2.1.1 Petrologic stratigraphy of the Topopah Spring member.

8.3.1.3.2.1.2 Mineral distributions between the host rock and the
accessible environment. .

Although microprobe is listed as a fool. mine;;1 chemistry is not
listed as a product. It is needed. Descriptions imply that mineral
composition data will be gathered. No measurements of surface area are
planned, yet it is one of the critical factors in determining rates of
rock-water chemical interaction. Optical microscopy not listed as a

method.
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8.3.1.3.2.1.2 Fracture mineralogy

Do any of the fracture-filling minerals contain fluid inclusions?
If so, they should be used: 1) to estimate temperatures of fracture
filling by homogenization measurements, 2) salinity and rough cgemical
composition by freezing point and first melting phase relations, gas
contents by thermal ramping into quadrapole mass spectrometer; and,

possibly, fon ratios by crushing and leaching techniques.

8.3.1.3.2.2.1 History of mineralogic and geochemical alteration of
Yucca Mtn. .

Fluid inclusion study should include estimates of fluid composition
by methods outlined in comment on fracture-filling minerals.

8.3.1.3.2.2.2 Smectite, zeolite, manganese minerals, glass hydration
and transformation,

Perhaps the long term rehydration prob1emxshou1d also be addressed
using materials dehydrated by geologic processes (e.g. smectites in
basins; zeolitic, glassy and smectitic lake sediments in recent caldera

moats).

8.3.1.3.3.1 Natural analog.of hydrothermal systems in tuff

It is nowhere stated whether the analog will be an active or fossil
system, It appears to be active. -Why not fossil? The usefulness of the
approach depends on the degree to which the natural analog is similar ip
the Yucca Mtn. site in various (but not all) characteristics. Therefofe,
the selection itself is critical. HNo candidate sites are proposed, and,

worse, no selection criteria are proposed. No review is possible.
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Optical microscopy is not listed as a method. How will mineral
paragenesis be determined? Data on temperatures and water compositions
of the natural analog appear to be proposed to be taken from the
literature. Are no samples to be taken? Is drilling to be done?
Modeling assumes efficacy of EQ 3/6 data base; a serious problem

addressed earlier,

8.3.1.3.2.1; Kinetic studie; of zeolites and related framework
silicates

In contrast to the title of this study, the entire focus is on the
rates of transformation of silica polymorphs. Probably the title should
be changed, as silica transformations will affect the silica
concentration'in the fluids, and therefore the zeolite (and other
alumino-silicate) stabilities.

It is disappointing to find no alternative experimental plans
listed, even though the success of the proposed experiments is
questionagte. Natural analogs from hot springs might be useful in this

regard.

8.1.3.3.2.2 Determination of end-member free.énergies for
clinoptilolite-heulandite .

8.1.3.3.2.3 Solid solution descriptions of clinoptilolite-
heulandite, ablite, and analcime

Solubility measurements should be coﬁbined with calorimetric
measurements. The probable incongruent solubility of zeolites makes it
difficult to demonstrate that it is the zeolite that is controlling the

solubility. The instability of zeolites in dilute solutions creates
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additional uncertainties related to the activity coefficients of aqueous
species. The solubility measurements have value in their own right and
should be made. However, calorimetric measurements will be needed for an

accurate thermodynamic description of the phases.

8.3.1.3.3.3 Conceptual model of mineral evolution

Nature of model not defined. Will it be a numerical model such as
generated by EQ 3/6? 1If so, it is hard to see how it can be generated
from CLAMS., What is the specific relation to ground water chemistry
model? Since ground water composition is controlled by rock-water
interaction (i. e. reaction with minerals) how do the two differ? Do
they? Will the same people be doing both? As with 21l models, problems

with the thermodynamic data base.

8.3.1.3.4.1.(1,2,3) Batch sorption measurements as a function of:
1) solid phase corposition, 2) sorbing element concentrations, 3) ground
water chemistry.

Experiments not defined. Presumably all activities will be combined
into 2 single series of experiments. Will all relgyant radionuclides be
included in each experiment, or will they be done s}ngly. If singly how
will the effects of one radionuclide on the others be treated?

Is temperature not an important variable? Will the solid phases be
in equilibrium with the waters in all experiments? Will they be
characterized after the experiment to insure that the expected phase is
actually the phase controliing the sorption?

Why are silica phases and Mn oxides not included among the pure

phases to be investigated? Presumably the effects of solid solution in
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the solid phases will be investigated. They must be.

8.3.1.3.4.3 Development of sorption models.
No statement as to actual nature of model is made, nor {s it clear
how they will be used or tested. Will they be beth equilibrium and

kinetic models?

8.3.1.3.5.1.1 Solubility measurements

Is it sufficient to make solubility measurements in present day
waters, or should they be extended (or, perhaps, extrapolated using
models) to waters of different composition predicted by the ground water
chemistry model?

Is it true that solubilities under oxidizing conditions will always
be equal to or greater than those for reducing conditions for 2all the
relevant radionuclides? Are there any potential 1igands not in present

day waters that should be considered?

8.3.1.3.5.1.3 Solubility modeling
Again, no attention is given to the validity of the data base

supparting the modeling effort. See earlier comment.
pg. B8-36,8-40 References to the importance of hydrous manganese
minerals are finally made here, but there are no plans to deal with such

phases in the experiments studying actinide sorption.

pg. 8-37 We suggest consideration of additional optical techniques

such as cathodoluminesence and fluorescence microscopy to detect
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paragenetic relationships and possible multiple generations of fracture-
fill calcite and silica. This work could also guide sampling for
isotopic analyses or dating (electron spin resonance, U-series). For
uraniferous fracture fills we suggest fission-track radiography to
characterize possible zonation and redistribution of uranium during

recrystallization (Szabo and Kyser, 1985).

pg. 8-39 We would discourage a heavy commitment to electron spin
resonance (ESR) dating. This method fs largely untested and unproven and

will probably raise more questions than it answers.

pg. 8-40 Why not get around the problem of thermal effects from the
waste by resf?icting waste disposal to horizons that are more than "a few

meters to tens of meters" from zeolitic tuffs.

pg. 8-57 Again, there are no plans for investigating sorption on

materials of <75 micrometers.

pg. 8-63 In spite of existing literature and earlier pronounceﬁents
in this volume there are no plans to study hydrous*oxides as possible
sorbants. It is not clear how 200 or even 300 experiments will provide
sufficient information to adequately describe the sorption of 9 elements
on the range of rock types and minerals that need to be considered.
Surely this is only a preliminary look to suggest which minerals or roék
types need to be investigited in greater detail. For example, if
clinoptilolite is an important sorbant, many more measurements are needed

to characterize the range and variability of sorption KD's as a function
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of clinoptilolite composition and abundance.

pg. 8-65 Important’ reduced species may not be stable for the
reaction times required if experiments are performed at “"ambient lab

conditions" (define?). This could be a difficult problem.

Table 8.3.1.3-4 Al experiments conducted at an unspecified
(oxygen-rich?) condiiion again will require carefuj ﬁoqitoring of
introduced species. More water éompos1tions for a givén solid phase will
probably be required to permit statistical analysis of the irportant

solution-composition variables.

pg. 8-68 See earlier comment regarding complementary analysis of

successively filtered waters.

pg. 8-70 See earlier comment regarding the need for more
determinations of Kd's for the more critical components of mineralogy and
solution composition. Prediction of bulk sorption Kd's for a given rock
may well require estimates of sorbing minor phases such as hydrous

oxides.

pg. 8-71 Are microorganisms likely to be more important than
natural humic substances in complexing and mobilizing actinides? We do
not question the need to study microorganism effects, but they should not

overshadow studies of other organic matter,
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pg. 8-103 Again, the mineralogy of the studied fractures rust also

be well described.

pg. 8-108 Here and elsewhere, the distribution of U, Pu, and
perhaps Am in solid (and even liquid) samples may be directly observable -
using fission-track radiography. This technique should be applied to
both natural and experimental products whenever feasible. Solids to be
measured could inclﬁde products of tracer diffusion 1ests or adsorption
experiments. Radiographic observations of U distribution in natural
samples has already been described (references labelled geochem).
Radiographic measurements of liquid samples might distinguish truly
dispersed and dissolved material from particulate or colloid

concentrations (Zielinski and others, 1987).
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B. Rock characteristics (8.3.1.4)

As acknowledged in the text, this section is not structured according to

.the performance allocation system so the completeness (or lack thereof) of the

parameters listed in Table 8.3.1.4-1 is very difficult to determine. The
*activity parameters” are a stange agglomeration of specific and general
properties and other overlapping products of geologic investigations. Listed
in alphabetical order, they read more 1ike the yellow pages than a plan.-

The three main divigions of Investigation 8.3.1.4.2.; stratigraphic
units, fractures, and faults - comprise the main elements that must be
understood to provide the performance and design parameters needed for
licensing. Somehow, the essential information about these elements rust be
determined and the unessential dropped. Very few of the activity descriptions
state the current status of the work and how much remains to be done. |
This section rightly emphasizes the need to correlate physical property data
spatially with geologic information, but it appears that a lot of data will be
gathered and then put into a computer, and then sorted out by some process,
probably finite element analysis, to provide a three-dimensional framewortk to

predict thermomechanical effects at any location. Such a procedure would be

time-consuming to collect all the data, and probably ineffective in fulfilling ~

the important correlations needed. Although & lot of data have already been
collected, as reported in Chapters 2 and 6, only a few correlations of
physical properties with stratigraphy, petrology, and petrography have been
made, and the planned brute force study would apparently emphasize fracturing
rather than composition,

Rocks at the repository site should be studied in a preliminary way by an
initial close collabration of engineers and scientists. The engineers would

measure on careful]y selected samples in the laboratory the limits of values
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of thermal, mechanical, and bulk properties, and the earth scientists would
ascertafn the geological parameters, and both would work to establish
correlations, especially between properties and mineral compositions, by far
the most important petrologic parameter. The specimens could be selected on
the basis of known correlations of composition and structure (Chapters 2 and
6) from inftial drill hole core from the Yucca Mtn, site. For example, the
lithophysae in the Topopah Springs Member may not effect the thermal
conductivity as much as m%ght be expected. Previous studies of vesfcular
basalts found that samples with the same porosity but with very different
vesicle sizes had nearly identical thermal conductivities, both dry and
saturated (Robertson and Peck, 1974)., The quartz in the rhyolite tuff will
have almost twice the thermal conductivity of cristobalite, 20 versus about 12
x 1073 cal/cm sec deg C, respectively; so the presence of up to 30 percent
cristobalite in place of quartz could be important. Such a reconnaisance
effort would guide empirically all subsequent, more comprehensive studies;
objectives and procedures of the whole SCP program could be better
coordinated, Once correlations are made between such properties as strength,
thermal conductivity, and density and such petrographic data as phenocryst and
cnyptocrysta1line quartz, glass and water content, and lithophysae size
distribution, not as many measurements will bé needed. ﬁodeling and
statistical studies can then follow with greater control and certainty.

A preliminary reconnaisance survey of closely collaborating petrologists and
geophysicists is recommended to determine correlation of limiting values of
petrographic modes, textures, and structures with thermal, mechanical and bulk
properties of critical lithostratigraphic units, such as TSw2, TSwl, TSw3,

PTn, and TCw, to guide later sampling and measurements.



The objectives of the drilling program (Sec. 8.3.1.4.1) are quite fully
lafd out, and aside from obtaining core are ancillary but apparently
necessary. Important questions do arise about the effect of drilling and rain
water on the rocks and about when to drill and where.

The study of the geologic framework of Yucca Mountain (Sec. 8.3.1.4.2)
down to depths of 1,828 m looks to be thorough, Detailed modal information
from borehole cores is planned (Sec. 8.3.1.4.2.1.1), and.so the above recom-
mendation can easily be carried out to do a prelimiinary ;econnaisance. The
geophysical surveys (Sec. 8.3.1.4.2.1.2, and Table 8.3.1.4-4) on the surface
of Yucca Mountain and vicinity Sre very comprehensive in their scope; every
possible geophysical exploration method seems to be listed. The borehole
geophysical surveys (Sec. 8.3.1.4.2.1.3) similarly are comprehensive.

The methods of making laboratory measurements of electrical and magnetic
rock properties (Sec. 8.3.1.4.2.1.4 and Sec. 8.3.1.4.2.1,5) are not described
and so cannot be evaluated.

Geologic mapping of structures, fractures, and zonal features (Sec.
8.3.1.4.2.2), including mapping of the exploratory shaft and drifts (Sec.
8.3.1.4.2.2.4), places most of the emphasis on fractures and very little on
petrography and mineralogy. These openings provide the best positions for
study of Jateral variations of petrography, Iithophysae: and rock alteration
(possibly cristobalite after quartz, and zeolitization). Although studies of
photomosaics, fractufe orientations, and structural domains, are important,
not enough detailed petrology and petrography is planned.

Greater emphasis on detailed geologic mapping of shafts and drifts is
recommended. Chemical analyses and thin section data should be routinely
obtained as feedback to help in the underground geologic mapping. If not

already systamatized, symbols and pencil colors should be developed.
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Correlation with measurements of physical properties should be consistently
maintiined to characterize the rocks as fully as possible,

The seismic profiling explained in Sec. 8.3.1.4.2.2.5 to locate fractures
is a necessary study. It should be coordinated with & postclosure seismic
monitoring network. However, it is not 1ikely that this tomographic profiling
“will provide means to extrapolate the hydrologic, geochemical, geomechanical,
and geophysical properties to the entire_ repository” (p. 8.3.1.4.-81); seismic
wave velocities, polarization, and attenuation are not sensitive measures (if
at all) of water flow, petrography, and thermal properties of rocks.

The proposed three-dimensional geologic model (Sec. 8.3.1.4.2.3) is quite
thoroughly discussed, and it is an admirable objective in the long run and
useful for finite e1ement analyses. However, collection, storing, and
assessing the huge'amount of information envisioned will take & long time,

The recommendation above for reconnaisance studies to set 1imits on values of
physical properties of the tuff rocks and to correlate property variations

. with petrographic data would guide later acquisitions of data for the three-
dimensional modelling.

No mention is made of the experience of the Swedes and Canadians in
exploring for repository size blocks in the crystalline rock of those
countries, work funded in part by DOE. Admittedly, there are major
differences in the geologic settings under consideration. However, the
authors of this plan should demonstrage that they have read this literature
and have taken that which is useful. FOf examplee, the Swedes have a
computer-based system which compiles ali fnformation on the now constructed
underground repository for intermediate level waste under the Baltic sea; can
any of this technology be transferred? The Canadians have developed a system

~ for automated geologic mapping of the walls of a shaft; has this experience
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been factored into the NNHSI in order to lower costs? The Swedes have
acknowledged that their biggest problem is finding ways to describe and
characterize the fracture zones which separate blocks of intact rock. At
Yucca Mountain, the rock mass is fractured throughout, but through-going
faults break the mass up into more or less discrete blocks. Is it neccesary
or practical at Yucca Mountain to treat every fracture discretely or only the
more through-going zones and treat the interblock areas s;ochastica11y? Some
sort of strategy decisibn.on these questions needs to be ﬁadg up front in
order to decide on the best mix of exéloration methods. The current plan is
too open ended. The Swedes effectively used a combination of electrical
methods and inclined boreholes to map the major boundaries of discrete
blocks. Can that approach be modified to be cost effective at Yucca

Mountain? No mention is made of inclined boreholes until p. 91,

p. 33, para & - As described, the perimeter drift sounds like a
doughnut shaped area with low fault density, surrounded within and
without by areas of high density. It does not appear that that is what
is intended.

p. 36, para 1 - How is it known that the fracture system is
"predominantly composed of steeply dipping (high-ané]e) fractures"? May
there not be significantly subhorizontal openings that have gone
undetected? What are lateral components?

p. 41, para 3 - Why is mordenite singled out for such detailed
tratment as opposed to other zeolites, smectite, or iron and manganese
oxides? Does not this activity duplicate the geochemistry work described
in 8.3.1.3. If this activity is carried out, then it should include

optical and electron microprobe studies of alkali feldspars (sanidine)
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and/or perhaps plagioclase phenocrysts from same samples as these studies
might pertain to cation mobility, zeolite paragenesis, and rock
alteration,

Table 8.3.1.4-4 - The table is not well tied to the text.
References should be given for all methods, as they are for some; only by.
viewing some examples of the product, can an outsider make a2 judgement on
what is or is not worth doing. _

Vertical séismic profiling - Should 'geomeéeny' be
"resolution"? 1Is 20 m per pixel an Adequate resolution? 1In typical
images, it takes 2 pixels to identify something. That means only
fractures 40 m wide would be detected. The reviewers may be missing
something, so-clarify. How does this method compare with the tube
wave stuaies of F. Paillet, Water Resources Division, USGS? Have
the VSP methods and tube wave methods been compared for cost
effectiveness.? Give some references.

The seismic refraction profile in the Yucca Wash area referred
to on page 46, para 2 is not mentioned in the Table.

p. 51, 1st entry - 17.4.5.1 should be 17.4.3.1; other numbers
in this column appear to be wrong.

Since a1l methods are mentioned in the tgble, how about ground
penetrating surface radar? .

p. 60 - The table is not complete.

p. 60-61 - 1f some sort of stochastic treatment is to be made of the
fractures, then are 211 these borehole methods necessary?

p. 68 KEVEX work on ash-flow tuffs may be a relatively efficient wﬁy
to correlate sub units in drill core, rotary hole, and other samp1gs.

(Perhaps this is being planned under geochemical studies)
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p.71, 2nd para - Is it necessary to map every f}acture in every
outcrop? Have scanline methods been tried and found wanting? If so,
give reference.

p. 71, 3rd para - There is no doubt that fractal analysis fs the
“in* thing to do, but how about some references so we can see what the
anticipated products will be and how they might compare with other
techniques. If there are no references, one wonders if 2 method sq
immature should be applied to the problem. This 1s}‘after 211, a problen
in applied research; it is simply impractical to apply every state-of-
the-art technique, especially if significant development work is
required.

p. 71, 4th para, 2nd line - Change "of" to “within.,"

p. 71, para 5 - Throckmorton (1987) states that this study is
complete and proved of 1ittle value.

p. 78, para 5, 7 - Duplicative with geochemistry. Use experience of
Z. Peterman (USGS, BIG) in dating fractures at Underground Research
Laboratonx: Canada.

P. 80, para 3 - See comment on Table 8.3.1.4-4; justify why 20 m
resolutioh, which sounds terrible, is apparently adequate.

p. 85, para 3, line 5 - Paragraph makes no sefise unless

"exploratory" shaft is changed to “surface”.
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C. Climate (8.3.1.5)

Sampling strategy for coring lake, marsh and spring deposits:

There is no apparent sampling strategy for selecting the sites to be
trenched and/or cored for the studies of lake, playa, and marsh deposits
under the Paleoclimate study (8.3.1.5.1.2). Because.the results of the
entire study are critically dependent on the materiaIs.studied. the SCP
needs to be more specific about the strategy to be followed in seeking
suitable deposits. '

The map ef possible sampling sites (Figure 8.3.1.5-4) is extremely
general, and gives no indication of criteria to be used in choosing
sites. Several factors need to be considered,including the following:

I. How relevant is the site in terms of both

" A. The local paleoclimatic record for Yucca Mountain, and
B . The regional paleoclimatic record.

I1. what time interval is of particular interest?

111, How will the record from 2 particular site complement the
results from other localities?

IV. What kind of record is likely to be found at a particular
site (e.g., ostracodes, pollen, evaporite minerals, clay minera1$,
soils). ;

V. Does 2 site appear to offer a good chance of recovering a
continuous paleoclimatic record for a time period relevant to the
NTS study?

The Paleoclimate study must address more than one problem in order
to meet the licensing needs of the site. These problems need to be
explicitly recognized as being somewhat independent if they are each to

be addressed adequately, Put another way, different parts of the
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paleoclimatic record need to be addressed for different reasons in order
to satisfy the information needs.

In particular, distinctions ned to be made between the different
time intervals that can be studied. Three time intervals are
particularly important to varfous aspects of the performance of the site:
these are (1) the Holocene, including the present (i.e., the past 10,000
years); (2) the middle and late Wisconsinan, from roughly 50,000 to
10,000 years ago; and (3) the transition from the 1$st interglacial to
the beginning of the last g1acii1 cycle, from apprﬁximately 125,000 to
75,000 years ago. The rationales for studying each of these time
intervals within the site investigations differ, and so do the drilling
site selection criteria appropriate to each time interval., Some
consideratio; should also be given to sampling the Pliocene deposits
described on page 1-75; the late Plioclene climate may be analogous to a
future "greenhouse" climate for the Earth. There seems to be a general
assumption that hotter conditions in the future will automatically lead
to drier conditions; this inference might be tested against evidence from
these deposits. '

Holocene deposits should be relatively easy to locate and to
study. They are important both for their own sak€ and because they
provide a measure of the variability of climate at Yucca Mountain under a
climatic regimé basically similar to the present one. This variability
can be used as a calibration data set for the regional climatic model
developed under the SCP. Suitable deposits will include spring and marsh
deposits (including playd-edge springs, which are not mentioned explictly
in the SCP but are known to yield pollen records) and pack rat middens.

Middle and late Wisconsinan deposits will also be moderately easy to
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sample and study. They are important because they will provide data on a
climatic regime distinctly different from the modern one at Yucca
Mountain, but still likely to recur within the next 100,000 years. These
data will provide 2 means to further test and calibrate the regional
climatic model to see how well it can handle 2 climate regime different
from the present, and it will aléo provide data for an expected extreme
climatic regime. Suitable deposits will include not only spring and
marsh deposits and pick rat middens, but also p1ayaA3eposits. Deposits
should in general occur at fairly shallow depths, and may often be
accessible using manual coring equipment.

Samples from the last interglacial to early last glacial transition,
by contrast, will probably be difficult to obtain., They are nevertheless
of critical iﬁportance to the site history because they represent a
climatic regime that was probably significantly different from both the
Holocene and middle-to-late Wisconsinan regimes, and is as yet very
'poorly understood. The closed basins of the Great Basin may well have
been occupied by lakes during parts or all of this interval (see Chapter
5.2.1.2.2). This regime (or set of regimes) immediately followed the
last interglacial, and it is thus the most likely regime to expect when
the present interglacial comes to an end, quite prdbab1y within the next
10,000 years. Deposits ffom thjs interval are likely to be found
primarily or exclusively in cores from playa floors or margins, and they
are likely to be hard to date.

Sampling strategies for the first two time intervals seem fairly
obvious. The local paleoclimatic record should be developed by starting
near Yucca Mountain and selecting suitable sampling sites so as to

provide adequate characterization of the paleoclimatic record for the
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site, giéing proper consideration to the usually conflicting needs for
proximity to Yucca Mountain and quality and continuity of records.
Single coring sites should usually be sufficient to characterize a
particular locality, although multiple cores may be necessary to bridge
gaps in recovery.

The sampling strategy for locating deposits of the last interglacial
to early last glacial transition must be different. It may be necessary
to core several p]aias in order to locate even one iﬁequate record. In
addition, it will be desirable to collect several cores from each playa,
preferably along a transect extending beyond the present playa margins,
in order to develop a stratigraphic context for each core. These cores
should extend to a depth of at least 100 meters if possible; in selected
instances, a few deeper cores could provide a long-term record extending
back even beyond the last interglacial.

It is important to note that such coring need not be fnordinately
expensive., It should not be necessary to work over open water. Recent
experience of the USGS suggests that the field costs for an adequate
drilling program in support of the Paleoclimate program should be in the

hundreds of thousands of dollars, but not in the millions.
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D. Erosion (8.3.1.6)

A more detailed treatment of threshold changes is needed in this
section. Such changes are mentioned, but there is no comprehensive treatment
of what thresholds might exist in the natural system relevant to the
repository, or of the effects of exceeding these thresholds. Modern studies
of natural proce;ses have shown how much complexity occurs when systems change
from regular to chaotic behavior and the sometimes surprjsing values for
theshsolds for such change. '

An underlying assumption in these sections is that future land use
patterns, and other human activities that could affect geomorphic thresholds,
will remain unchagned for 10,000 years. Admittedly, the prediction of future
land use patterns is highly uncertain and requires many assumptions; however,

a scoping study of the possible threshold effects should be undertaken.
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E. Postclosure tectonics (8.3.1.8) Preclosure tectonics (8.3.1.17)

These sections describe proposed and some completed investigations to
address questions about the likihood of future tectonic events and their
effects., The suite of proposed investigations appears to be essentially
complete. Alternate conceptual models for the tectonic framework and for
estimating patterns of future activity are mentioned but not spelled out up
front. Thus, it is not always clear that the proposed investigations will
provide the necessary daté in the required time frame. Fér example,
videspread detachment faulting in the Paleozoic and Proterozoic sections is
now recognized on three sides of the Yucca Mountain site (Hamilton, 1987) so a
model of significant extension in that part of the crust must be given major
consideration. It is not clear, however, that the geophysics proposed (p. 17-
67 - 17-194) will 6}ovide the needed resolution to 1) determine if the model
is applicable, 2) determine the extent of detachment faulting and the degree
to which the volcanic tuffs are involved, and 3) relate these determinations

to present and future hydrologic regimes,

Seismic investiéétions

The seismitity investigations seem to overemphasize models in which
earthquakes are assumed to occur on known faults (see comments on section
1.4). Most contemporary risk assessments are likewise based on this
assumption despite the fact that the pﬁysics of the plate boundary in
California is not directly translatable to an intraplate environment. This
fact needs to be given greater emphasis and alternate approaches to risk
assessment, which are mentioned, need to be strengthened, tested, and executed
simulataneously with the investigations of specific structures. At some point

2 judgement may be possible that enough is known about specific structures,
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given the uncertainties in the prevailing tectonic models, so that some of the
planned investigations can be shortened
An intraplate region deforms as a contained, bounded volume. The volume

may be extended or shortened, but still remains a volume. Earthquakes within
the volume are expressions of changes in the volume. A large strike slip
earthquake in an intraplate region that does not corpletely break the plate
(thus creating a new plate boundary) by necessity alters(the prevailing
stresses within the p1ate; Exactly how, and over what diétances, are not well
understood and would vary with material properties; but studies of several
aftershock sequences in other intraplate regions have clearly shown that the
accompanying intraplate deformation is accommodated by normal, thrust, and
strike-s1ip faulting on many secondary and tertiary faults. It seems likely
that this will be the case in Nevada. Alternate forms of risk assessment
should be based on regional deformation that may or may not be directly tied
to known faults, More emphasis could be placed on measurements by Geographic
Positioning Systems and fractal sampling methods (Smalley and others, 1987),
in combination with mapped faults, and known earthquakes to produce
alternatives to probabilistic methods.

'One USGS seismologist suggests that passive seismic techniques and
microearthquake data are not being utilized to the fullest extent possible.
In particular (under Activity 8.3.1.17.4.,1.2), the detection (and location)
threshold for microearthquakes within 100 km of Yucca Mountain could be
lowered, either by inéreasing the density of seismic stations or by increasing
the sensitivity and bandwidth of the instruments and improving S-wave picks.
The latter can be achieved by placing three-component sensors in shallow |
boreholes and extending the frequency response of the systems. In the

immediate vicinity of Yucca Mountain, an array of higher sensitivity, higher
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frequency, three component stations could be_deployed in deeper boreholes
(hundreds of meters) to detect and locate very small (nano- or ultramicro-)
earthquakes which may occur beneath the repository and surface facilities.
The costs of these proposed changes would be minimized if they were
incorporated in the planned upgrade of the seismic network.

If the detection and location thresholds can be reduced significantly in
the vicinity of Yucca Mountain, the number of events and resultant {nformation
base should increase dramatically. The results will havé}bearing on questions
such as activity of nearby faults (8.3.1.17.4.2) and on.posgible volcanic
activity (8.3.1.8.1.1.3) beneath the site. If very small earthquakes are
occurring in several source areas under Yucca Mountain, travel-time
information can be used to further constrain local crustal models for P and S
velocities, Poisson's ratio, and anelastic attenuation. |

The earthquake data should be carefully analyzed for clustering in time
and space. This analysis could be used to identify aftershocks of UNE's and
swarms of earthquakes possibly associated with volcanism., The clusters should
also be examined for evidence of triggering by earth tides. Tidal triggering
seems to occur more often within volcanic earthquake swarms (8.3.1.8.1.1.3)
and induced (8.3.1.17.4,1.3) earthquake sequences than in "normal" earthquake
sequences.

Under 8.3.1.17.4.3.3, six to twelve months are set aside to determine the
focal mechanism of the 1932 Cedar Mountain earthquake. This task is redundant
with 8.3.1.17.4.1.1 (compile historical earthquake catalog). Recent work by
Doser (in press) on surface faulting and focal mechanism of the Cedar Mountain
earthquake has shown that the earthquake was predominantly strike-slip,

Although the Yucca Mountain site does not appear to be ideally suited for

paleoseismicity studies, such studies could be attempted in the surrounding
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region, perhaps in conjunction with the paleoclimate studies (8.3.1.5.1.2),
especifally 8.3.1.5.1.2.4.

Recent studies, some too recent to be reflected in the SCP, havg shown
that the strike-slip component of movement has been equal to or greater than
the dip s1ip component for most large historic earthquakes in Nevada and
eastern California. Analysis of current seismicity in the southern Great
Basin also indicates mostly strike-slip mechanisms. Perhaps the dominance of
strike-s1ip faulting is ﬁot adequately reflected in Chapiér 8 of the SCP, as
more activities seem geared toward recognition of dip-slip ﬁovement and/or
detachment faults than toward recognition of strike-slip movement.

In addition to the proposed investigation of the effects of local geology
on ground motion (8.3.1.17.3.4.1), recordings should be obtained of events at
regional distances and various azimuths in order to evaluate anelastic
attenuation (Q) along paths to the site from regional earthquakes. The high Q
values suggested by Rogers et al. (1987) for the southern Great Basin may
result in anomalously large ground motions at the site from regional

earthquakes. This activity should be under 8.3.1.17.3.3

Post closure

p. 8-38, Activity 8.3.1.8.1.1.3 This activity may provide important
evidence with regard to the 1ikljhood of future volcanism (see comment 1-
95, para 3 and general comments on seismology program above) and the
description should provide a focused viewpoint. Both Yucca Mountain and
the adjacent Crater Flat area should be evaluated. The value of '
additional geophysical work should be carefully considered, recognizing
that work done in other activities may prove useful. The method of

teleseismic tomography (lyer 1987) should be evaluated for its
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applicability. Measurements of this type exist for the Yucca Mountain
region and these data should be examined for their usefulness and
additional studies planned if the results look promising. A pattern of
explosive sources should be considered for higher resolution,

p 8-38, para 3 The magma body in Death Vally is presented as fact
on the basis of reflection seismology plus microseismicity. Actually,
microseismicity was not incorporated and the reflection interpretation is
exceedingly tenuous in the view of USGS reviewers. ;

p. 8-59 Investigation 8.3.1.8.3 The effects of future tectonic
events on hydrology are important and the program to address them appears
to be well thought out. Study 8.3.1.8.3.2 should include a specific
activity devoted to assessing the coupled effects of changes in both the
thermal flux and strain rate since this is a matter of considerable
current concern and coupled effects may not be simply additive., We
recognize that the coupled problem is very complicated and suggest that
scoping studies be conducted early in the study.

b. 8-116 The Curie temperature approach should be pursued as far as
it will go. If the aeromagnetic data are poor, then better data should
be obtained. The cost is not great. |

‘p. 8-117 This activity should also include some consideration, both
from theory and from the field, pf the relation between the stress
regime, which in some stratigrapﬁic units appears to be one of incipient
faulting, and the likely effects of an igneous intrusion. What happens

if pore pressures build up from such an intrusion?
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Preclosure

p. 93, para., 1. See earlier statements in the review as to whether
or not these features are major strike-slip faults.

p. 96, sentence 1. Some reviewers feel that data from the COCORP
Death Valley lines are marginal in contrast to COCORP data and
interpretations in northern Nevada.

p. 98. Gravity: add Bare Mountain. Available gravity data’
contradict strong st;tements made in this Draft, an&.further testing is
needed. |

p. 107, para. 1. See comment p. 1-96.

p. 108, para. 3 & 4. Stovepipe Wells northeastward to Beatty.

p. 111, para. 7, and p. 113, para. 2. The "Beatty fault" has
2lready been ;roved by trenching to be what it obviously is on both topo
and air photos--a streamcut nontectonic feature.

p. 118-119, More Bare Mountain work is indeed needed to constrain
the potential for seismogenic faulting. Whether there is as much
Quaternary faulting here as has been inferred by Reheis and by Swadley
and Hoover and has been here extrapolated even farther is open to some
doubt; see comments [-131/3 and 98 above. In addition to the study of
the offset of materials, there should be an integr%tion of structural
geology, structural geomorphology, comparison with range fronts elsewhere
known to mark Quaternary faults, and further gravity study.

p. 132, para 2, end. The Bare Mountain-Bullfrog detachment cuts
out--has a vertical component of slip on the lower plate--at least 10 km
of crust in the southeast and 20 in the northwest. |

p. 137, Objectives. "Distal near-surface . . ." is vague. There is

a2 contradiction between the statements that the breccias are tectonic and
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that they are slides.

p. 137, Description. True, Bare Mtn contains the nearest pre-
Tertiary rocks; but it is highly important in the context of this study
to prove whether the breccias did indeed come from Bare Mtn or from other
sources. One detachment model deduces two different types and sources of .
breccias, neither of them from Bare Mountain. One, a friction
megabreccia, like that of the Bullfrog Hills, left beneath the then-
downsliding Grapeviﬁe block; this may be the origin‘}or the Cambrian
limestone at the south side of Steves Pass, just above'the southern trace
of the Bare Mtn detachment, Two, sedimentary slide or debris-flow
breccias up in the Miocene section, which might have come from a west-
facing scarp then exposed in 2 Tower-plate source now buried somewhere to
the east of the breccias. Testing of these options against the Bare Mtn
alternative source that is the only one Suggested in the SCPCD is
important for evaluation of possible detachment geometry and Yucca Mtn
subsurface. It should be possible to tell from the stratigraphic sources
and metamqrphic grades of the breccia blocks whether or not they could
all have come from Bare Mtn.

p. 140, sentence 2. More than 10 km, not merely more than 5, even
in high heat flow parts of the province. ‘

p. 184, para. 2. Re: vo1capism: this is nondetachment thinking,
wherein shallow structures are assumed to go to great depth as magma-
controlling features. In the detachment model, shallow structures serve
primarily as final conduits for rising melts, whereas the melting is
controlled by mantle diapirs that know nothing about the shallow

structures.
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7 Study 8.3.1.17.4.8 makes mention of plans to measure stresses above
and below a detachment surface, but no mention is made of measuring
stress in the Paleozoic section, first penetrated by drill hole UE-25p#1,
that appears to be part of the seismogenic crust. Otherwise, the four
activities in this study appear appropriate and realistic.

Activity 8.3.1.17.4.8.2 The triaxial strain recovery methods
mentioned this activity may be duplicative with the.anelastic strain

recovery method described in activity 8.3.1.15.2.1.1.
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F. Human interference (8.3.1.9)
1. Mineral resources

The mineral resource potential assessment appears to short change
volcanic-hosted precious metal deposits yet the bulk of historic deposits to
recent discoveries in the Walker Lane are volcanic-hosted. The data base used
for many statements in this regard appears to also be out of date.
Geochemical detection limits for Au need to be much lowe[ (ppb if possible).
Definitely need a concertéd effort to characterize elemenEaI concentrations of
unaltered/unmineralized tuffs associaéed with the site so that what is
anomalous can be confidently discerned. Particular attention should be given
to fault breccias both as regards their potential for mineral deposits and the
question of their possible orign as hydrothermal breccias, in the geochemical
analysis program, 'we would also suggest a biogeochemical sampling and |
analysis program on the piedmont areas around Yucca Mountain, especially in

dreas of known or suspected suballuvial major faults.

p. 8.3.1.9-26 Important commodities in silicic volcanic rock
associations should also include tin (felsic volcanic hosted tin deposits
in Mexico, some potential in tin rhyolites in New'Mexico. as exarples, as
well as cassiterite in mineralization at the Morey Bistrict, central
Nevada, which is in felsic ash-flowtuff). Likewise there are some
fluospar deposits in felsic volcanic rocks, including tuffs, so fluorine

may be put in the commodities list.
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There are no reference in this section of the SCP or in Sectionl.?
to placer workings apparently reported in the 40 Mile Wash region
(downstream ? from the Wahmonie district). See DRI (Desert Research
Institute State of Nevada) Draft Report on Archeology, February-1988.
This mining activity should be addressed in the SCP.

2. Hydrocarbon resources

Sectfon 8.3.1.9.2.1.4, parameter section Fluo;éscence petrography
investigations should be included to detect oil fluid inc1usions, and if
present, the timing of oil migration through these rocks. A parallel
study of the oil or aqueous fluid inclusions discovered during this
study, could enhance the thermal history reconstruction. Vitrinite is
not genera11yrpresent in rocks older than Silurian--and these appear to
be the Paleozoic rocks below Yucca Mountain (see p. 1-319; and figure 1-

20).

Section 8.3.1.9.2.1.4, description section What does "in the
vicinity" mean? Are there any oil tests over a significant depth
interval, or reaching important targets, within 10, 25, 50 miles of the

Z

site?

Overall, the plan seems well designed and should provide much useful
data on which to base assessment decisions. We feel some concern about
relying too heavily on CAl results, and we believe this concern is shared
by other qualified petroleum explorationists. CAl data, of course, are
useful but need to be weighed carefully along with other analytical

methods. Apparently, this is part of the overall plan. We recommend
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that investigations include fitting the Yucca Mountain region into

available or generated regional stratigraphic, sedimentologic, and

structural data.
3. Geothermal resources

The proposed investigations on heat flow and water geochemistry

appear relevant and necessary.
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G. Thermal and mechanical properties (8.3.1.15)

The overview of this section and the 1isting in Table 8.3.1.15-1 seem to
cover most of the pertinent physical properties. The overview and three
tables 1ist the issues for which the property measurements are td be made, but
the relationships are not described. The reader must assume that issues needs
will be met in some way, perhaps as they arise later, even if not spelled out
here. A preliminary reconnaisance to correlate ranges of values of thermal
and mechanical propertieg with variations of petrographic‘properties, as
recommended under 8.4.1.4 would be helpful in deciding on how to organize
later measurements and studies. The samples should be taken from core from
holes drilled at the repository site to get a first understanding of the
distribution of variations in physical and petrographic properties. The
reconnaisance results could guide the investigations of spatial distribution
of thermal and mechanical properties (Sec. 8.3.1.15.1); correlation with rock
petrography could make it easier to decide further ;esting locations.

A source of the state of knowledge on thermal properties for rocks and
minerals is contained in the review prepared a few years ago for the National
Academy of Science (Robertson and others, 1981). Reviews of previous work and
recommendations for future research are discussed in three categories:
thermophysical, thermomechanical, and thermochemical (tgermodynamic). Six
problem areas are named for which appropriate reséarch is recommneded, one
being nuclear waste disposal.

Thermal conductivity and heat capacity are listed in Sec. 8.3.1.15.1.1 as
thermal properties to be studied in the laboratory, and considerable data are
available (Tables 6-16, 2-14). However, it would be useful for some
measurements be made of the heat transfer coefficient for convective heat

transmission between rock and water. Mass transport of heat by underground
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hot water or steam in permeable fractures could become important in analyzing
water flow at the repository; irregularities due to evaporation and
condensation and hydrodynamics could produce complications. (Convective heat

transfer is discussed by E. C. Robertson, unpublished Open-File Report, 1988.)

Laboratory measurements of heat transfer coefficients are recommended.
Simple experiments can be arranged to obtain values for welded tuff (TSw2)

with Tow water velocity and small temperature difference wigh the rock wall,

The measurement of heat capacity of rock samples (Sec. 8.3.1.15.1.1.2) is
made with precision only with considerable difficulty, whereas the heat
capacity can be calculated more easily from knowledge of the rock mode and the
specific heats of Ehe minerals and pore fluid composing the rock. Water
content of matrix pores and lithophysae should be known, also. Some
approximate measurements of heat capacity would seem useful as a check, but
the calculation would be easier to do, If the modes are not easily obtained,
the heat capacity can be calculated by Kopp's rule from a chemical analysis of
the rock. (See discussion of thermodynamic properties in Robertson and

others, 1981.)

Calculations of heat capacities of tuff from modes or oxides (from
chemical analyses) are recommended to fill most of the three-dimensional
property framework at the repository. Modes obtained for correlation with
other physical properties should be used to estimate thermodynamic properties

also.

Measurements of thermal conductivity in the laboratory (Sec.
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8.3.1.15.1.1.3) are to be made by unspecified nationally recognized
procedures, modified to the requirements of the SCP . The ASTM Standard C-202
procedure, listed in Table 2-1 (p. 2-8) for commercial firebrick, is not
nearly accurate enough for the repository modelling that is proposed. A
discussion of more precise techniques is given in Robertson and others (1981);
methods of estimation and calculation of thermal conductivity from rock modes
are given in E. C. Robertson (unpublished Open-File Report, 1988, and
Robertson, 1979) . ;

Moderately precise measurement techniques at 30° C should be adopted for
measuring thermal conductivities of the tuff formations, and correlations with
rock modes should be made as soon as samples and data become available .
Temperature effects to 275 ° C should be measured on selected samples in good
apparatus, also. Estimation graphs of conductivity from porosity and
phenocryst and water compositions should be attempted (e. g., graphs in
Robertson, 1979).

Techniques of thermal expansion measurements on tuff samples (Sec.
8.3;1.15.1.2.1) seem to be adequate for the temperature range planned, 255 o
‘to 275° C, which will have only minimal irreversible effects. ASTM Standard
E-228 for thermal expansion.offers pfecise enough results for the repository
modelling needs. In situ block measurements should provide even more useful
practical results, taking natural joints and fractures into account.

Measurement of uniaxial compressive strength, Young's modulus, and
Poisson's Ratio (Sec. 8.3.1.15.1.3.1) are supplemented by special experimenfs
to ascertain the effects of sample size, strain rate, temperature, water

saturation, creep, anisotropy, and confining pressure (Sec. 8.3.1.15.1.3,2).
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Procedures of the ASTM Standards should be modified to provide acceptable
results; however, discussions given in Chapfer 2 indicate that techniques that
have been used will provide good measurements. Tensile Strength measurements
seem suitable for the needs, also (Sec. 8.3.1.15.1.3.3). Strengthening due to
confining pressure is important to study, as the load of rock above the
repository 1s up to 1 km thick (30 MPa),

Studies of friction effects on fractures in tuff samples are extensions
of previous work (Chapter 2) and the dependence on othef’conditions,
temperature, water content, size, etc. (Secs. 8.3.1.15.1.4.1 and 2). Previous
experimental techniques will probably be used and seem to be adequate.

Stability and fracture damage stemming from underground excavations are
important (Sec. 8.3.1.15.1.5.1 to 3) for integrity of rooms and drifts.
Fractures due to blasting could produce new permeable ground water channels.
The planned study seems adequate.

The in situ heater experiments (Secs. 8.3.1.15.1.6.1 to 5) will provide
important data on thermal properties of the massive tuff (TSwl and 2). Values
of properties.pf rock masses can be very different from those of laboratory
samples. The instrumentation to be used seems adequate to obtain usable data
for comparison with laboratory results, and for practical applications in the
waste isolation. A review of laboratory studies of thermomechanical cracking
is given in Robertson and others (1981); one set of experiments (Bauer and
Johnson) showed an order of magnitude increase in permeability cf granite with
heating from 23° C to 300° C. _

Mechanical properties of large rock masses (Secs. 8.3.1.15.1.7.1 and 2)
are important for final stages of use of the repository when radiactive
heating will produce stresses in the rock in place. The planned studies look

to be effective.
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The studies of the mining methods (Secs. 8.3.1.15.1.8.]1 to 4) address

practical engineering problems. The earlier recommendation to use a tunnel

boring machine instead of drilling and blasting in certain mains and drifts to

reduce fracturing in the walls is relevant. Blasting may be necessary for

smaller excavations of course. Ground support to prevent convergence of back

and walls is important for access and retrieval.

The investigations of ambient stress and temperature conditions (Sec.

8.3.1.15.2) cover the needs adéquately although the descriptioﬂs of methods to

be used are very brief. Ambient conditions do need to be known.

Activity 8.3.1.15.1.6.1, heater experiment in unit TSwl should be
eliminated because this unit is not now the primafy repository horizon
and knowledge of the in-situ thermomechanical properties of lythophysae-
rich tuff (TSwl) hundreds of feet above the proposed repository horizon
tn unit TSw2 is not relevant to site characterization. The relevant
parameters are addressed in activities 8.3.1.15.1..6.2 and

8.3.11.15.1.6.3 to be conducted in unit TSw2.

Activity 8.3.1.15.1.7.2, rockmass strength experiment, is a typical
example of the sorts of activities described in this stuay that should
benefit from additional detail or explanmation to justify their place in
site characterization. Attempts have been made in the past to estimate
the strength of the rockmass by conducting in~situ loading experiments
with variable success and mixed results. However,‘none of this work is
mentioned in either Chapter 2 of in Chapter 8 to build the case for
developing or expanding on the techniques and procedures to perform

these difficult tests in the field.
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The activities planned for the exploratory shaft (8.3.1.15.2.1.1,
8.3.1,15.2.1.2, and presumably 8.3.1,17.4.8.3) are realistic and
appropriate. Some corrections are needed in activity 8.3.1.15.2,1.2 to
indicate that “biaxial stress testing" is performed at the field site and
not in the laboratory as stated on p. 8.3.1.15-75 and p. 8.3.1.15-81.

The third paragraph on p. 8.3.1.15-80 should be completed by adding “of

in-situ stress".
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Appendix A - Additional comments on section 1.3

p. 1-93, 1,3.2.1.1 Hiddle Tertiary volcanism. 2nd paragraph, 3rd
sentence; "By 20 to 28 million years ago" should perhaps read 20 to "32"
m.y.

p. 1-95, 1.3.2.1.2 Late Miocene to Holocene volcanism. 2nd
paragraph, last sentence; It should probably be indicated here that the
DV-PR volcanic belt is "nearly” perpendicular (compare figure 16 of Carr,
1984, with figures 1-46 an SCP) to the “"present day/Recent “least
principle stress defined for the Yucca Mountain region.

p. 1-106, Tertiary structures; Extensional tectonism: Figurel-33,
References listed for locations of detachment faults on this figure
igggld include for area (8), Hardyman, 1980, along with Ekren and Byers,
p. 1-112, Tertiary structures; Strike-slip fauTting: lst paragraph,

last sentence. To emphasize the kinematic connection between strike-slip

. and detachment faulting attributed to the 1932 Cedar Mountain earthquake

(Molinari, 1984) and implications for other detachment faults in the

Walker Lane, the following sentence could be added: "This model was

proposed (Hardyman et. al., 1975; Hardyman, 1978) to explain many of the

relationships associated with Tertiary detachment faults occurring
throughout the adjacent areas of the central Walker Lane.”
As an historical note, the upper diag am Figure 1-35 is from

Hardyman, 1978, p. 234. Molinari added the fold in the upper detached

layer to explain the pattern of folds found in the Cenozoic sediments of

Stewart Valley near the 1932 Cedar Mountain break.

p. 1-112 Tertiary structures; Strike-slip faulting: 2nd paragraph,
4th sentence. ..... "and that major strike-slip faults in the northern

- segment of the Walker Lane, such as the Bettles Well fault, also have

their southern terminous against these faults." this part of this
sentence suggests this is fact, whereas in reality this has not been
documented. The northwest trending strike-slip faults from the north may
in fact be stepping en echelon to the east (left stepping) and probably
project southeast past the intersection of the Excelsior fault., In any
case, major northwest and northeast or east trending (Excelsior and

Coaldale faults) lateral faults in this region are for the most part

suballuvial, Data in Stewart (1985) clearly shows the inferred nature of

these faults in the area of the intersection with the northwest trending
faults and other interpretations of the relationships are clearly
possible as Stewart allows. Also, there may be an age problem here in
terms of comparing apples (faults displacing late Cenozoic sediments and
alluvium) with oranges (faults in bedrock). In either case their are
similar numbers of each in NW or EW orientations in this area (Stewart,

1985) to allow various interpretations. Off sets of Mesozoic rocks in

this area are equivocal also. For the above reasons we suggest the

sentence read to indicate that the interpretation made is base on
inferrence. At least, ....."and infers that major strike-slip faults
cesesetC. Better would be to include the statement, “"The details of this
area of intersection of inferred major east-west trending faults with
extensions of northwest trending strike-slip faults from the north and
their kinematic relations are not well constrained and poorly
understood."

p. 1-127, 1.3,2.2.2 2nd paragraph, 1st sentence, "“Ghost Dance
Wash" is shown on Figure 1-41 but not see a fault labeled "Ghost Dance
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Fault".

p. 1-133, 1.3.2.2.2 Major faults and history of faulting at Yucca
Mountain: Figure 1-44; Caption should read, “Equal-area projection of
striations on slicken sides on faults...."

p. 1-137, reference to the Norwegian Geotechnical Institute joint
set classification (top of page) should probably be sited.
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Appendix B

Specific Comments on Section 1,7.2

p.310, para 2 Tar sands are not necessarily tabular bodies, although
often so? Coal, oil shaleand tar sands are not necessarily large. That
characteristic is dependent upon factors controlling deposition and/or
accumulation and preservation. Awkward wording, suggesting that the active
migration of resources (that is, the potentially extractable deposits) is the
cause of difficulty of their assessment., Tar sands are not necessarily large,
areally persistent tabular bodies that are described here. Tar sands are
degraded oils existing in a porous reservoir rock. they are not
synsedimentary deposits, 1ike coal and all shale.

Paragraphs 1 and 2, section 1.7.2.1.1 Need to clarify this statement. A
coal bed near 2.1 m thick can potentially be mined. Specifically what is
meant by coal beds “less than 2.1 m thick?" Maybe 1t would be better to give
reserve estimates of the thicker beds. The statement that "there are no
economic deposits of coal presently located in Nevada..." is ambiguous. Does
this mean that current economic extraction is a condition for a deposit to be
identified as “economic?"” Does it mean that there may be economic deposits in
the future? Or does it mean that there are no coals even potentially
economically extractable? Should the statement perhaps say that, “there are
no economic deposits of coal presently mined in Nevada?"

Bituminous coal has a rank of 0.6% to 1.9% vitrinite reflectance, which
essentially covers the entire range of thermal maturity associated with oi)
and gas generation., Coal of this rank have the potential to generate oil
and(or) gas, and should be considered in the oil and gas resources section.
Also, there is a good potential for Tertiary lacustrine beds to occur in the
intermontaine basins around and within the Yucca Mountain Site area. Perhaps
this should be mentioned, and evaluated--not for their co2l resource but as
apparently mature oil and gas source rocks.

Paragraph 2, section 1.7.2.1.2 Unclear--does this refer to the seep or
to the oil field? "Royal Point® should read "Rozel Point." We presume that
the 2nd paragraph of 1.7.2.1.2. refers only to Nevada; very heavy o0il was also
encountered in Amoco's Great Salt Lake drilling (W. Rozel Field).

Paragraph 1, section 1.7.2.1.3 Delete most of this paragraph; the
-information given here actually confuses and dilutes the point you are trying
to make. Shale is a common noun and should be singular when used this way.
0i1 shales should not be considered "reserves" but rather viewed as
“resources.” :

Paragraph 2, section 1.7.2.1.3 Not just oil shale discussed in section
1.7.2.2, all oil source rocks. Also, this sentence is confusing and should be
rewritten. No such figures are cited in Smith (1980). In fact, he indicates
resources for the Green River Formation several orders of magnitude larger:
1.8 trillion barrels (all grades); 1.5 trillion barrels (in grades >15
gallons/ton).

Paragraph 3, section 1.7.2.1.3 Should this be 300 billion barrels
instead of 300 million? Three hundred million barrels can't be right for Rocky
Mountain oil shale resources. In the previous sentence, it is indicated that
0il shale is not economic; then it is & resource, not a reserve.
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Paragraph 5, section 1.,7.2.1,3 A confusing way to state this: "because
shale probably makes up the formation."

Paragraph 7, section 1.7.2.1.3 This is confusing. The quality of the
kerogen in an oil shale is important, but the quantity is also a
consideration. Thus, other Paleozoic black shales may not have the quantity of
kerogen to be "oil shale" grade, but they could be high quality source rocks.
In addition, the kerogen in these shales may be non-volatile because of the
thermal history of the rocks (overmature). Volatility is not a criterion for
definition of oil shale, but rather the shale's richness in terms of
concentration of convertible organic matter.

Paragraph 8, section 1,7.2.1.3 To say that oil shales are not described
from Paleozoic sequences in the area distorts the situation. Most (if not
a11) of the descriptions have been made on surface exposures or shallow
boregoles. It should be emphasized that they could be buried deeper in the
section. v

Section 1.7.2.2 The Cordilleran thrust belt is present in southwestern
Canada, in British Columbia, as well as adjoining Alberta, and on to the
north. "Except for the Fallon area, no production of gas is known in Nevada"
takes a very narrow construction of “production.” At Jiggs Field, which is a
shut-in gas field, gas is reported produced on test (table 1-22), Bortz also
indicates a2 "very low" gas oil ratio at Eagle Springs. Total quantities of
gas produced are, fowever, are not recorded in any case.

Chamberlain's thrust trend concept to explain the Railroad Valley and
other o0il fields in east-central Nevada is questioned by others. In his
published papers, he presents no concrete evidence of Sevier age thrusting in
the area of the oil fields. As far as we know, the field locations do not lie
within “the zone of regional thrust faulting termed the Sevier-Laramide thrust
belt."

The Late Cretaceous-early Tertiary formations (Sheep Pass, Newark
Canyon,etc.) should be mentioned here as probable source rocks for some Nevada
oils. The absence of oil shales does not necessarily indicate that other more
conventional petroleum source beds are unlikely to have been deposited here.
The paragraph appears to state that suitable source rocks, reservoirs, and
traps may not have formed in this area and/or the complex structural history
may have resulted in loss of accumulated hydrocarbons? Perhaps the paragraph
could be reworded to give a clearer meaning. We believe that suitable
reservoir rocks are present in the area, but the main problem is therma)
history, post-accumulation structural complexity, and probably the absence of
the Late Cretaceous-early Tertiary lacustrine-fluvial section which is present
at all the important fields in east-central Nevada.

Paragraph 1, section 1.,7.2.2.1 The depth that exploration wells have
been drilled and the formations that they have penetrated is important in
evaluating the oil and gas potential. This section should be expanded, and
more details presented. A map showing distribution of oil fields in Nevada
would be useful here.

Paragraph 2, section 1.,7.2.2.1 It is also important to note whether
these wells penetrated the 1ikely oil bearing (target) horizons.

Paragraph 3, section 1.7.2.2.1 This statement from Hunt seems misquoted

or misused--methane is stable at very high temperatures, and it is unlikely
that 200° C alone would destroy it.
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Paragraph 4, section 1.7.2.2.1 This is unreasonable extrapolation.
Geothermal systems are local phenomena, usually short 1ived (1 m.y. or less),
that heat up small portions of the country rock. Likewise igneous intrusions
cool rapidly, and usually heat only a thin contact zone about them to
abnormally high temperatures. Thus, to extrapolate temperatures measured in 2
geothermal system to the entire region and have them persist for 7 m.y. is
unjustified.

The thermal maturity determinations (conodont alteration index, CAl=3)
indicate a temperature of 140-180° C, but the text fails to note that this
temperature contradicts the thermal history reconstruction. The thermal
gzjtory reconstruction for the Paleozoic rocks needs to be revised to fit the

data,

Paragraph 5, section 1,7.2.2. l Is it really necessary to state thit
igneous and metamorphic rocks aren't source rocks for oil?

Paragraph 6, section 1.7.2.2.1 -The text is vague about which information
is meant. Most would look at the previous paragraph, which says nothing about
thermal history data. It is not a quantitative thermal analysis, given the
limited information presented here about the temperature history and the
temperature data.

What is slightly raised? What is a shallow depth? These values should
be given so that the thermal history reconstruction can be evaluated. The
average geothermal gradient in sedimentary basins ranges from 20-40° C/km: so
2 slightly raised gradient would be 40° C/km, which probably coincided with a
Neogene surface temperature of 10-20° C. The temperatures of 100-120° C
suggested for the thermal history reconstruction of the last 10 Ma, indicate
burial depths on the order of 2-3 km (about 8,000 ft.). This is not a shallow
depth. Figure 1-20 indicates that depth of the Paleozoic rocks was about 1
km. If this depth is used to mean shallow, then a geothermal gradient of
about 100° C/km is suggested. This is an unreasonable regional geothermal
gradient. If the calculations above are wrong, it illustrates why the
numerical values used in a thermal history reconstruction should be specified.

Why not use published measured sections to construct an adequate burial
history for these rocks? The presence of an unconformity between the the
Paleozoic rocks and Tertiary rocks infers that the Paleozoic rocks were buried
significantly deeper and eroded before the deposition of the Tertiary rocks.
The Silurian rocks appear to floor the Tertiary rocks (Figure 1-20) suggesting
considerable erosion of the Paleozoic section (and possibly complete removal
of the Mesozoic section) before Tertiary deposition. Given the considerable
amount of geological information available in volume 1 of this report, it
should be a simple problem to construct an adequate burial history, that with
the paleotemperature estimates, allows a reasonable interpretation of the
thermal history. .

The temperature range used for the period T2 is based on
paleotemperatures measured within a geothermal system that are extrapolated to
the rocks of the region. This is probably not correct. Geothermal systems
are local phenomena that have a life span of 1 m.y. yr. or less.

Extrapolation to regional extent and 7 m.y. life span needs to be justified.
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If T, remains at the given present-day temperature estimates of 100-120°
C for this 7 m.y. period, instead of rising to 200-230° C, the TTI for this
period is 50 instead of 800 (figure 1-86). The recalculated sum of T1+T2+T3 =
450, Table 1-23 indicates that a TTI of 450 is equivalent to gas generation
levels of thermal maturity. A TTI suggesting gas generation is consistent
with the conodont alteration index of 3 measured in the area. Thus it seems
that extrapolating geothermal temperatures to & regional extent is not
Justified by the thermal maturity data.

p.319, para 1 Conservative by what standard? The thermal history .
reconstruction uses temperatures of 200-230° C. that can only be justified at
the suggested “shallow" depth of burial as a period of regional metamorphism,
that would most simply be associated with the conjectured pervasive Tertiary
plutonism at depth. This conclusion is not supported by the thermal maturity
data presented on page 1-319 that suggests gas potential.. This age (225 m.y.)
is for the Upper Permian rocks, but on page 1-319, Sflurian rocks are reported
in borehole UE-25p#1 about two miles east of Yucca Mountain-(Figure 1-20).
Silurian rocks have a minimum age of 395 m.y. and the thermal history
reconstruction needs to account for this additional 170 m.y. for the shallow
Paleozoic (Silurian, not Permian) rocks modeled.

Table 1-22, p. 1-315 The table contains two errors. In the “Remarks"
column for Currant Field, it should read 15° APl and 98°F pour point. The
footnote for production at Jiggs Fields shows incorrect units, indicating that
the well there produced at a rate of 93,000,000 cubic feet of gas per day, a
huge gas well, In fact, original sources indicate that the well produced at
93,000 cubic feet per day.

- Paragraph 7, section 1.7.2.2.1 While it is technically correct that the
Paleozoic rocks of the area have not been reported to contain oil shale, or
coal, this does not mean they cannot “"contain significant organic matter". It
should also be pointed out that these rocks were not analyzed for kerogen by
organic geochemistry methods, but that the conclusion is apparently based on
hand specimen observations., Why isn't this thermal maturity data used in the
thermal history reconstruction? Why use the hypothetical reconstruction of
the Lopatin method, and ignore the actual measurements? The idea of the
Lopatin method is to see if the reconstructed thermal history predicts the
measured thermal maturity--then some confidence in the temperature and time
history used is indicated. Otherwise, an alternative, geologically
supportable thermal history is substituted until a match between measured and
predicted value is made. If the Silurian rocks are still in the gas window,
then the younger, less deeply buried rocks, because they are presumably
cooler, would be less thermally mature, perhaps in the oil window. This
should be mentioned.

It might be pertinent to also mention here that much of the potential
source rock section in addition has been subjected to a relatively high
thermal regime related to great burial depths prior to and during Tertiary
igneous activity.

Section 1.7.2.2.1, general Paleozoic source rocks characterize some
fields in Pine Valley and Railroad Valley which produce out of Tertiary
reservoirs. This should not be viewed as a negative here. What we "know" in
terms of source rocks is precious little and cannot be considered definitive.
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We have one well, poor outcrops, and few analyses. That, "no potential source
rocks are known to exist in the vicinity of Yucca Mountain" leads the reader
to believe that we know there are none, when in fact we are talking of a lack
of knowledge. Geothermal gradients in the sedimentary column, fncluding
source rocks, need not be equilibrated with temperatures in the volcanics.

The contradiction between a theoretically derived thermal history (Lopatin
calculation), and measured data (CAl from the Silurian), needs to be
reconciled. This is fundamental to assessment of hydrocarbon potential. More
work definitely needs to be done to better define and quantify source rock
potential and maturity. Little discussion is given to the availability of
traps should hydrocarbons be available, secondary in {mportance only to the
source rock and thermal history. Are conditions favorable for traps? Can
they be mapped? What needs to be done to map them or disprove their
existence? )
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WATER RESOURCES DIVISION REVIEW

I. General Comments

Unsaturated Zone Conceptual Model
The unsaturated zone conceptual model is described Snd referenced
to repeatedly throughout the text, but is articulated on page
3-207. As articulated, the assumption is implied that recharge is
sreally uniformly distributed. This implied assumption in turn
appears to drive the repeated assertion that floé is predominantly
in the matrix. 1Indeed, this would be true if the recharge were
0.5 mm/year and is uniformly distributed. However, recharge is
almost undoubtedly focused beneath washes, unvegetated talus
slopes overlying'highly fractured bedrock, and in open exposed
fractures. Thus, although the average flux over the entire aresa
might in fact be about 0.5 mm/year, 95% of the recharge might
occur from 5% of the area, and might average 1 ¢m or so a year in
" these areas, being near zero in the soil-covered vegetated
interfluves. In areas of focused recharge, fracture flow might
predominate, at least from land surface or from the alluvial-
bedrock contact through the Tiva Canyon welded unit to the top of
the nonwelded tuff. Water would tend to flow through the matrix
of the nonwelded tuff becaﬁse it is more permeable by several
orders of magnitude than the welded tuff matrix. However, it is
guite conceivable that at some fault zones and at rare fractures
"in the nonwelded unit, fracture flow could occur through the

nonwelded tuff and all the way to the repository horizon.
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We tecognizé that, although not explicitly stated, the conceptual
model of focused recharge was used implicitly in locating access
tubes in the neutron-hole network and in designing the Fortymile
Wash studies. Nonetheless, the ramifications of such focused
recharge seem inadequately addressed, both in the design of
unsaturated zone expérjments and in the computation of ground-
water travel times. Also, the planned drifts £rdh the Exploratory
Shaft to the Ghost Dance Fault, to Drill Hole Wash, &nd to the
imbricate faults to the east are being mined in part to test for
hypothetical focused recharge (p. 8.4-35). Thus, once again, the
alternative hyposhesis has been implicitly assumed and only needs

to be articulated.

Substantial evidence already exists to support the concept of
focused recharge. High tritium concentrations have been measured
on samples collected at depths of several meters from wells
located in washes, and neutron logs obtained in washes indicate
that deep percolation has occurred following runoff events,
whereas no tritium and no deep percolation has Leen determined

from wells or neutron holes in interfluve areas.

In addition to the implied assumption that recharge is areally
.uniform, the assumption is explicitly made for the stated
conceptual model that periodic or occasional recharge pulses are

- damped with depth (p. 3-207, 3-235). This assumption has validity

in humid areas where recharge occurs seasonally or in areas where
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annual applications of irrigation water induce recharge. However,
in desert environments, recharge occurs in focused areas only in
response'to extreme events, say, on the average once every 10
years, every 50 years, or perhaps during major El Nino events such
as those occurring in 1941 and in 1983. If this happens to be
true, quick pulses 6£.rechar§e by fracture flow might occur ét
infrequent intervals, with virtually no recharge thtoﬁgh the

matrix or for years at a time.

Associated with the implied average flux rates is the assumption
that unsaturated zone flow will be dominantly in the matrix. This
assumption is made throughout the document but is most heavily

emphasized in the section on Ground-Water Travel Times.

Some evidence suggests that this assumption is not universally
true. Water moved from well G-1 to the location of well UZ1l 1,000
feet away as fracture flow with significantly less than a gravity
gradient. Although matrix-fracture interactionf may be impeded by )
the polymer in the drilling fluid, thié evidence does suggest that

focused recharge could move long distances by fracture flow.
Conceptual Design of Repository
In regard to the conceptual design of the repository, only one

- design for ventilation of the waste-emplacement area is discussed,

in which air is drawn in at the Exploratory Shafts and exhausted
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at the Emplacement Area Exhaust Shaft (EAES) at about & 160-foot
lower elevation. Mine air temperatures will rise significantly
when waste is emplaced, and the forced ventilation will be
opposite in direction to the natural ventilation. Upon completion
of waste emplacement, the repository will remain open for an
additional 25 years or so. During this time, presumably, some
natural ventilation wiil occur with air entering Ehe EAES and
discharging out the exploratory shafts. Relati§e1f large
quantities of heat and vapor would be discharged both during the
period of forced and naturasl ventilstion. Perhaps consideration
should be given to maximizing natural ventilation by drilling an
exhaust shaft at.the top of Yucca Mountain. Some back-of-the-
envelope calculations suggest that natural ventilation could
potentially substantially dry the repository horizon. Assume an
average heat load of 35 megawatts for 20 years, and further assume
that heat is divided equally among heating of the rock, heating
the ventilation air, and evaporating water discharged as water
vapor in the exhaust stream. Under these assumptions, about
3,000,000 tons of water would be discharged, which would be

equivalent to about 0.5 m3/mz

of effective repository area.
This discharge would require 1,000 years for replenishment by the

0.5 mm/yr assumed recharge. Advantages of this design would be to:
1. Substantially reduce -the potential for leaching of waste by

liquid water over the first 1,000 years of repository

existence.
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2. To reduce the time and power needed for forced ventilation
to cool the repository to workable temperatures during

needed inspections in the caretaker period.

3. Reduce operating expenses during the entire period of

operation.
Disadvantages would be:

1. Increased hazard of gaseous radionuclide escape.
2. Greater construction expenses incurred by the deep

ventilation shaft.

The above concepts may be unworkable or impractical, but more than
one repository design should be considered, and the effects of
both forced and natural ventilation on the repository heat and
water budgets should be considered. This apptofch appears to be
called for on page 8.3.2.2.6. |

Hydrologic Investigation of Lithophysal Zones

In regard to lithophysal zones, geomechanical properties,
including compressive streﬁgth and thermal conductivity, are
singled out as requiring special treatment. These properties

undoubtedly are substantially influenced by the presence of the
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lithophysal, and the special treatment is definitely justified.

In addition, the presence of lithophysae will substantially affect
the unsaturated flow properties of these units. Individual
cavities will behave as barriers to unsaturated zone flow,
lengthening the flow path and increasing the saturation at which a
given effective unsaturated hydraulic conductivity will prevail
relative to tuffs without cavities; No expetimedts reﬁatding
unsaturated flow in tuffs with lithophysal cavities are described,
but such experiments are desirable to at least verify the
conceptual model of unsaturated flow through such units. 1In
addition, such data are needed to simulate unsaturated flow
through the lith;physal zones in the unsaturated flow and
transport codeé. Also, the contrast in bulk hydraulic properties
of the lithophysal and nonlithophysal cavities may be so great
‘that Bifferences in moisture content and liquid pressure heads in
the diffefent units could be exploited to better bracket water

fluxes through the rock matrix.

As stated on page 8.4-27, the upper Demonstraticon Breakout Room is
designed to collect data on the compressive strength and thermal
properties of highly lighophysal zones. It would appear

reasonable to test hydraulic properties in that room as well.
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Ranges for rock properties

On pages 3-145, 3-169, and many other places, individual values
are given for permeability and rock properties. These values
should be replaced by ranges or by a mean and standard deviation,
and in either case the number of samples analyzed should be
stated. Similsrly, on page 2-72, thermal.conducéi?ities are
expressed as & range and a standard deviation, but the number of

samples is not given. This needs to be rectified by stating p.
Gas Circulation in the Unsaturated Zone

On page 3-1%5, and at several other places, mention is made of
thermally or barometrically driven advective transport of water

_ vapor, but no references are given. These phenomena have been
studied, and a review of the literature suggests they may not be
important at Yucca Mountain. As an example, Combarnous and Bories
(1975) have written a review article on hydrothermal convection
that summarizes theory and experimental data tﬁ%t could be applied
to thermally driven gas circulation. From the results of their
and sevétal other studies, &8 layered agquifer bounded laterally or
up- and down-dip by impermeable rocks and above and below by fixed
. isotherms will develop thermally-driven convective cells only if
the filter Raleigh number is greater than 40 for horizontal beds
or 40 cos o for beds dipping af an angle a. Computations using

measured thermal gradients at Yucca Mountain indicate that, under
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present thermal gradients, such convective cells would not occur
unless the permeability of the rock were greater than about
100,000 darcies. Likewise, both on pages 3-195 and 3-213,
barometrically-induced convection at depth is mentioned. However,
the main effect of barometric changes is to compress the gas in
the unsaturated zone, gnd convective transport is limited to a
surface zone that is on the order of 1% of the uﬂsqtutated zone
thickness, as described in an excellent paper by Buckingham
(1904). Finally, however, the observation of substantial
topographically-affected gas circulation in open wells on the
crest of Yucca Mountain and the presence of dipping beds and
outcrops of différent altitudes suggests that some topographically-
affected gas flow may occur. Simplistically, in these systens,
one leg of the convection cell is in the atmosphere, which has
essentially infinite permeability, thus greatly reducing the
constraint on gas circulation due to thermal effects computed

using the Combarnous-Bories theory.
References:

Combarnous, M.A., and Bories, S.A., 1975, Hydrothermal convection
in saturated porous media: Advances in Hydroscience, v. 10,

pP. 232-309%, Academic Press, New York.

- Buckingham, Edgar, 1904, Contributions to our knowledge of the
saeration of soils: U.S. Dept. Agriculture Soils Bur. Bull.

25, 52 p.
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Hydrology - Geochemistry

There is-a perception, in reading the SCP, that many of the
potential participants in the planned investigations, studies, and.
activities are proceeding in blissful ignorance of each other.
This seems particularly true of the various effo;ts in hydrology
and hydrochenmistry inéluded in both the regionalAand the site
characterization. The "hydrologic®" studies are frequently planned
with little or no reference to hydrochemistry--other than
occasional bland statements that ...samples will be collected for
chemical/isotopic analysis. Chemically oriented studies and
activities, on t;e other hand, often seem to assume that samples
will simply materialize, or perhaps more accurately, that chemical
analyses will be run on samples as they become available. There
appear to be few, if any, hypotheses or conceptual models that are
specifically to be tested by a combination of hydraulic and

chemical techniques.

There is also substantial redundane on some aspects of the
hydrochemistry discussed in Chapters 3 and 4; in comparing
sections of Chapter 8, some of the chemical and/or hydrologic
and/or ground-water chemistry and/or transport models appear to be
prepared essentially in duplicate in the final parts of sections
8.3.1.2 and 6.3.1.3. |
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Geochemical Data Acquisition

Based on the discussions of modeling and interpretation found in
the concluding sections of each subchapter (i.e., 8.3.1.2,
8.3.1.3, 8.3.1.4, etc.) of Chapter 8 of the SCP, the reader can
easily get the impress}on that there are arrays of Ctgys awaiting
the arrival of data, optimistically assumed to métetialize as

needed.

Data acquisition from the gaturated zone may be somewhat hindered
in some areas because of the depth to water table, but the general
technology of coilection and snalysis of deep ground-water samples
is readily available. Samples from a deep unsatursted zone are
another matter, however. Figures 3-30 and 3-31 show substantial
variation in matric potential in borehole UZ-1 as measured by two
techniques. .Uncertainty in the interpretation of gas composition
and isotopes at UZ-1 exists due to possible contamination from
stemming materials. Acquisition of pore water for analysis has
proven to be possible only for the "wettest” rdcks in the system.
Although much has been learned from UZ-1, in this reviewer's
opinion the acquisition of data from the deep unsaturated zone
using surface-based techniques cannot be taken for granted. This
situation is compounded by the fact that work on development of"

these techniques has been halted for 2 years.
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Presently available techniques are not yet capable of producing
data from the deep unsaturated zone that can be used with complete
confidence. This situation is anticipated to be remedied by the
exploratory shaft facility, but this will undoubtedly provide us
with a few surprises as well. Thus, as with sampling of the WT
wells, we urge that any programs (Investigations, Studies, or
Activities) that are specific to field collectioﬁ of data from the
sub-soil unsaturated zone be given utmost priority in terms of

timing, manpower, and fiscal support.

After reading significant portions of the SCP, the general
observation migh; be made that if a "Reality Ratio" is defined as
the ratio: RR = ($ spent on data acquisition)/($ spent on data
m;deling), the value of RR may well be less than, or equal to 1.
This observation appears to hold for the acquisition of
laboratory--as well as field--oriented data. It would seem that,
in general, values of RR much greater than unity would be

desirable.
Matrix and Fracture Flow

This is a long-recognized problem area in trying to relate
laboratory and modeling studies of sorption and retardation during
transport to these same-prbcesses in the natural environment. The
nature and complexity of these problems are thoroughly recognized

in the SCP and receive substantial discussion. Data on K4
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measurements for & large number of difficult experiments with a
variety of rocks and radionuclides using water from well J-13 as &
standard water have been obtained. This program has provided a

great deal of useful and necessary data.

There are a few specific questions that are not gnswe;ed by
reading of the SCP (primary references were not éoqsulted because
of time constraints). The most general of these involves surface
area--the values of Kd's presented in Tables 4-12a and 4-12b are
expressed in units of ml/g based on the concentration units in
which the radionuclides were measured: activity/volume of
solution and activitylmass of rock. Surface area is implicit in
the fact that known grain-size ranges of crushed tuff are used in
the sorption experiments. However, radionuclide sorption must
‘obviously.be a function of the surface area of the sorbing medium
and there is no mention in the SCP of how the surface area of the
natural rock media will be determined. This is an important
problem--the natural surface area terms must be incorporated into
the various transport models in order to use thé K& values. The
guestion of evalusting natural surface areas is not dealt with in
the SCP. Matrix vs. fracture flow is discussed in several studies
and activities in Chapter 4 and Subchapter 8.3.1.3, but none of
these studies appear to specifically enable the estimation of

natural surface areas needéd for use in transport modeling.
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Finally, in Chepters 3, 4, 8.3.1.2, and 8.3.1.3 (and probably
elsewhere in the SCP) there exists the explicit statement that in
the unsaturated zone water will move primarily by matrix flow, and
in the saturated zone primarily by fracture flow. Treating this
statement as a fact rather than as an assumption seems, at best,
premature. Pre-testing hydrochemical work has been done at
Rainier Mesa, and fracfure flow was indeed foundgto oécur in the
unsaturated zone. To what extent can, or should, Rainier Mesa be

used as an analog for unsaturated-zone processes at Yucca Mountain?
Redox State of Ground Waters

The existing data strongly suggest an oxidizing environment--~the
unsaturated zone gases contain essentially atmospheric

’ concéntrations of oxygen at all depths measured, and the chemical
data in Chapters 3 and 4 show all but one of the ground waters
sampled to contain dissolved oxygen. The fact that the
environment is oxidizing has very important consequences for
radionuclide migration that are recognized throughout the SCP.
There are also some aspects of gedox chemistry that do not appear

to be addressed in the SCP.

" The presence, at the observed concentrations (Table 4-6), of Fe-
and Mn with dissolved oxygen (Table 4-7) is thermodynamically
inconsistent, and if representative of in-situ conditions, of

considerable importance to nuclide transport. The coexistence of
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high concentrations of Fe and Mn in oxygenated waters needs

further investigation, perhaps by downhole sampling devices.

The analysis and interpretation of dissolved oxygen in ground
waters, on both a regional and site-specific geographic scale,
deserves £ar'more atteption than it is presently:receiving.
Although plagued by vagaries of sample collectioﬂ and analysis,
dissolved oxygen has one extremely ihportant feature--in the
absence of advection or diffusion, the concentration of dissolved
oxygen can only decrease downgradient. Thus, dissolved oxygen
should provide a valuable adjunct to carbon-14, for example, in

defining directi;ns of flow in areas of low hydraulic gradient.

Another line of questions involves redox potential and the various
solubility/corrosion experiments on the wasfe elements and
containers. The experiments are done in liquid water and are
presumably applicable to scenarios in which incursion of water
into the repository and contact with the waste package occurs.
cbncentrations of dissolved oxygen are very low: particularly for
water at or near repository temperatures. It is easy to envision
that this dissolved oxygen might be consumed by reaction with the
waste package. In this case, the aqueous redox conditions would
‘be more reducing and determined by reactions involving some

combination of water-rock-cannister-waste.
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Another question involves the corrosion experiments such as those
depicted in Table 7-10. Observed rates are very slow, attribu-
table to_formation‘of surface oxidized films. What about the
stability of these films in the absence of dissolved oxygen in

liquid water or the lack of oxygen gas in air-steam mixtures?

" sampling of WT Wells
Activities 8.3.1.2.1.3.2 and 8.3.1.2.3.2.1 propose drilling
additional water table (WT) holes &nd sampling existing WT
boreholes. Chemical and isotopic analyses are proposed for pew

holes after geopﬂysical logging.

This is an item that should be given extremely high priority,
since they provide the only presently available access to the
unsaturated-s§§urated zone boundary. These wells should be
sampled for complete chemical and isotopic analyses. 1In addition,
the holes should be packed off a short distance above the water
table and pumped for gas sample collection. The gas samples
should be analyzed for compositipn and for carbon-13, carbon-14,

deuterium, and oxygen-18.

Sampling the existing WT wells in this fashion will be a
substantial task, but it is feasible with presently existing
‘methodology. The information gained would appear to be critical
to establishing boundary conditions for both unsaturated- and

saturated-zone hydrochemical modeling.
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Fortymile Wash Recharge Study

Chemistry/isotopes are not mentioned among the six parameters of
activity 8.3.1.2.1.3.3, although p. 89 states that "all samples”
will be subject to chemical and isotope analyses. It is not clear
to which samples “"all samples” tefer--saturated{}unsaturated; or
both. Carbon-14 analyﬁes on unsaturated-zone pqie waters would
appear to be feasible only by acéelerator dating, éor example.
Chemical/isotopic analyses should be conducted to whatever extent

is practical on all water samples collected.

In addition, we ;ecommend that a8 nest, or nests, of gas sampling'
piezometers be installed in the Wash for composition and isotopic
analyses of unsaturated-zone gases. The most important analyses
from these piezometers are probably C02 content and its carbon-13
and carbon-14 signature. These data would appear to be important,
or even critical, to establishing the extent and timing of the
presumed recharge from Fortymile Wash to the regional system.
Presumably, water from core samples will be anaiyzed for tritium,

R deuterium, and oxygen-18.
Open-Borehole Sampling

The data from UZ-1 have taken a long time to obtain because the
~time to reach equilibrium or steady state at the down-hole

sampling stations has been long. Also, as discussed elsewhere,
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the data even now are not totally unequivocal. Preliminary
studies have shown that flow in open boreholes responds to.both
barometric and thermal effects and may provide insight into
potential or existing gas flow paths with Yucca Mountain. 1In
addition, although not depth-specific, gas samples obtained during
extended periods of exsurgence of open boreholes”may be more
contaminant-free than.samples extracted after suﬁsgantial pumpout

of stemmed and instrumented boreholes.

For these reasons, we recommend that additional emphasis be placed
on open-borehole studies and that all existing or to-be-drilled

boreholes be dedicated to stemming and instrumentation.
Nz Injection Testing

Packer injection testing, usually proposed to be done with
nitrogen gas, is found as & proposed activity throughout many of
the site unsaturated zone characterization studies--for example,
the horizontal borehole study, the surface-based percolation
study, and the majority of activities planned in the exploratory
shaft facility study. 1In some cases the proposed injection tests
are slug tests; in others, they are cross-hole tests to be run to

steady state.
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In all, it appears that a considerable volume of (nitrogen?) gas
is proposed to be injected into Yucca Mountain. The potential
hazard to gas composition/isotope samples that are intended to
represent in-situ conditions is obvious. It would seem that,
wherever possible, pumping tests for permeability might be more

desirable than injection tests.

There are no simple guidelines as to what volume of injected gas
will be detrimental to geochemical samples; and, in fact, the
answer will obviously vary depending on what natural gas, or
isotope, is to be measured. The concern here is that there does
not seem to be a;y evidence in the SCP that the potentially
detrimental effects of (Nz) injection on hydrochemistry samples,
or for that matter on other injection tests, have been considered

" at all in project design.
Geochemical Reaction Modeling

The general theme of geochemical reaction modéfing weaves its way
in and out of much of the SCP; the subject is explicitly discussed
in section 7.4.4, in subchapter 8.3.5.10.3.2, and possibly
elsewhere. The technique and computer code discussed throughout
the SCP are speciation/reaction path calculations as performed by

the EQ 3/6 computer code.
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For many of the potential applications throughout the SCP,
geochemical reaction path calculations using EQ 3/6 or equivalent
codes are the method of choice. However, in modelihq efforts
aimed at identifying reactions occurring in natural ground-water
systems, given the existence of a geochemical dates set for that
system, an alternative modeling approach exists that should also
be pursued. This alte}native technique is an in;etse modeling
approach based on chemical mass balance calculatioﬁs and is
perhaps best discussed in Plummer, 1984. The USGS-WRD has found
this aspproach to be a considerable value in its Regional Aquifer
Systems Analysis Program.

Age Estimates Using Carbon-14

"The use of various radioactive isotopes as estimators of age
occurs throughout the SCP, with carbon-14 as perhaps the most
fregquently cited. The degree of understanding associated with
these discussions of age unfortunately varies considerably, &and
complete misunderstanding occurs often enough to warrant this

general comment.

The age of a substance, or phase, containing carbon-14 can be
‘calculated only if all of the possible sources and sinks that can
add or remove carbon-14 to/from the phase in question are known,
~as well as the rates of transfer of carbon-14 between phases. For

example, to calculate the "age of a soil gas" would require a
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knowledge of the carbon isotophic composition of all phases
containing carbon-14 in the system, in addition to a quantitative
knowledge of diffusive and advective fluxes, root respiration,
microbial degradation of organic matter, rates of solution and
dissolution of carbon dioxide and carbonate minerals in the soil
water, fractionation effects associated with &ll of the foregoing,
and anything else rel;ted to carbon-14 that hasn;t been thought of

here. This sort of compleiity is often unrecognized in the SCP.
Surface Water Studies

There is very liztle, or no, emphasis in the various proposed
meteoroiogy and surface-water studies and activities (8.3.1.2) on
collection of samples for chemical and isotopic analysis. Studies
proposed in the Climate section of the SCP (8.3.1.5) discuss
collection of precipitation samples for deuterium and oxygen-18;
the Fortymile Wash recharge study (8.3.1.2.1.3.3) mentions
chemical and isotopic analysis of precipitation, surface water,
dnd ground-water samples; Activity 8.3.1.2.2.2.1 (chlorine-36
measurements) will require data on dry chlorine fallout--not easy

data to get--and so on.

"Since precipitation and surface water are the two components of
infiltration and recharge, it would seem that chemical and
isotopic analysis of both are desirable, and that there should be

more integration of effort between these various activities.
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Regional Flow System

In the region south of Yucca Mountain along Fortymile Wash, the
present understanding of the regional flow system is sketchy.
Directions of flow, vertical mixing, and the relationship between
the tuff and alluvial aquifers are particularly unclear in this
area. Two very different interpretations of reaction and flow in
this region have. been presented by Claasen (1985) and by White and
Chouma (1587). These two alternate hypotheses cannot be distin-
guished on the basis of presently available data. We recommend
that a few additional holes be drilled in this area, of sufficient
depth that vertical head relationships can be established, and
that water chemistry can be sampled as a function of depth. One
or more of these wells might be drilled in conjunction with wells
planned for the Fortymile Wash recharge study (Activity
8.3.1.2.1.3.3).

“Cross-discipline” Projects
There are some study areas or subjects in the SCP that occur many
times over in & variety of chapters, and often within several
activities and studies in a given chapter or subchapter.
Efficiency might best be served by incorporating these studies

into “"cross-discipline” Investigations, Studies, or Activities.
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A specific field-related example might be an integrated study of
the various calcite-silica deposits, both regional and site-
specific. An understanding of these deposits is important to
tectonics, paleohydrology, paleoclimate, gas and water transport,
caliche formation, and radionuclide sorption and transport, among
others. Substantially more understanding might be gained in =
shorter period of time‘by devoting a team effort?to a8 focused
study of these deposits, rather than having their étudy be

ancillary to a dozen or more Activities with quite disparate aims.

Another area in which this "cross-discipline™ approach might be
used is in the a}ea of modeling. There appears to be &
substantial redundance in many of the proposed chemical,
hydrologic, hydrochemical, solute transport, etc., conceptual and

numerical models proposed throughout the SCP.
Host Rock Geochemistry

A principal comment on the host rock geochemistty section is to
suggest that the sécondary minegalogy may give more hydrologic
information than discussed in the plan. The basicvtheme is that
simple glass devittificationq.zeolitization, and smectite
formation represent & progression of increased porosity and
permeability. The latter in turn is related to agqueous
transport. If cations and silica are leached from the glassf but

simply build up in the pore fluid, zeolite will precipitate. But
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if cations and silica are transported in solution away and lost,
smectite is the product. This is also consistent with the crystal
structures of the mineral phases. Silica and exchangeable-cations
(not Mg) can be expected to make cages (zeolites) like feldspar
and quartz, whereas iron, alumina and abundant Mg are more likely
to form chains and/or sheets. Thus, there is the implication on
P. 4-27 (and accompanying figures) that the thicﬁness of
zeolitized tuff above static water level is related to past water
table variation (presumably ancient). Perhaps the occurrence of

smectite can be taken to indicate particularly permeable zones.

At the top of p.'4-8 there is an interesting reference to Hay and
Sheppard (1977) suggesting that pH and ion concentration can be
too low for zeolite formation direct from glass unless smectite is
a precursor. It is said that the negative correlation between
clay and ieolite abundances at Yucca Mountain suggests that
zeolite growth displaces smectite development soon after glass
alteration begins along the cooling-unit margins. Another
possibility is that the smectite is a symptom réther than an
agent, diagnosing higher permeapilities which permit the loss of
Sio2 and exchangeable cations by aqueous transport. The
reliability or intensity of this indicator, however, is also
dependent on the original rock composition; smectite will be
favored by higher proportions of sesquioxides. It is noted on p.

4-13 that smectite in fractures "usually occurs as scattered late

overgrowths on other minerals."
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The parsgenetic charts on p. 4-10 and 4-11 illustrate the inverse
correlation:

smectite + analcite & calcite €>clinoptilolite

mordenite + cristobalite
This relation seems to be solely a8 function of carbonate addition
and silica leaching, which further supports the importance of
agqueous transport. The significance of silica activity is
recognized in the discussion of p. 4-37 and subsequently (though
the effects on the solids of higher solubilities of silica in
solution with temperature are not cleag), but the role of
sesquioxides and magnesium is not specified. 1In fact, a
referenced LANL ;eport (10802) on whole rock and zeolite
compositions lump the alkaline-earths together at one apex of
triangular diagrams so the influence of Mg on the secondary

.mineral paragenesis and zeolite/smectite ratios is not apparent.

Another uncertain aspect of the SCP discussion is pH, which often
seems to be treated as a variable independent of mineralogi.c
controls.. A major factor here is the relatively rapid hydrolyéis
65 pyroclastics and the balance of pH rise vs. Co2 uptake

(Jones, 1966). 1If the silicate hydrolysis prevails, the pH can go
to high valﬁes and corbonate ppt. can vertually remove Ca from
solution. Thus, the claim on p. 4-49 that the White et al. (1980)
glass dissolution model cannot explain the highly sodic waters at
Rainier Mesa appears erroneous, and the exchangeable cation/pH
ratios induced by variations in tuff composition and pco2 may be

as important as silica activity to mineral stability.
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There is also the question of hydrologic significance with the
variation in zeolite composition noted on p. 4-27 and following.
The association of alkalic zeolites with west side of the
exploration block vs. calcic on the east, plus the enhancement of
these differences with depth, could be saying as much about flo&
paths as lithologic differences. Increased mixing with alluvial
waters recharged throﬁgh more carbon-aceous (coz:or coa)
surficial materials would give more Ca, but so would higher
plagioclase contents (and make for higher Al in the zeolite, as

well). Further work is indicated.

On p. 4-35 there is reference to variability in smectite
composition, but nothing further is made of it. Is there a
systematic difference in clay or zeolite compositions in fractures
"as compared to the rock matrix? And no mention is made of

secondary oxy-hydroxides which may be the most absorbent of all.

In the geochemical program section, it is very difficult to keep
focused on fundamental geochemical questions without getting lost
in all the programmatics. fhus{ only vague impressions are

given. The most pervasive is that there is a lot of uncertainty
as to how to couple the mineralogy and the sorption data (and

" thence to the transport models) that is not getting sufficient
emphasis. Ultimately, all -the batches and columns, etc., have got
to get more phase specific or the models won't extrapolate outside

the exploration block at best. The extensive effort on bulk
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distribution properties does not seem sufficiently matched by
detailed phase characterization or experimentation with’
well-characterized natural assemblages, including

cryptocrystalline materials.

Similarly, mineral stability seems aimed disproportiogately at
thermal effects rather than interaction with soil solut;ons or
ground water and resﬁlting weathering or diagnetic changes at
ambient temperatures. For example, the important effort on
kinetics of glass and silica polymorphic transitions does not seem
to include changes in surface area or sorption characteristics.
Although there i; much to praise in the individual study projects
proposed in 8.3.1.3.2 and 8.3.1.3.3, particularly as related to
crystalline phase distribution, thermal stability, and hydration
regimes, the connections to the previous work cited in Chapter 4
and the applications to the sorption projects of 8.3.1.3.4 seem a
bit tenuous. The sorption projects also seem somewhat oblivious
to the problems of phase characterization and lacking in
consideration of detailed, phase specific, surféace chemical

mechanisms.
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II. General Comments on Chapter 3

The structure and organization of the background material provided
in chapter 3 indicate a lack of coordination in the preparation of
the chapter. Different sections have been prépared by different
people and little effort has been made to remove the contradic-
tions and redundancies. This same lack of coordination is obvious
in chapter 8. 1Individual project plans and activities each appear
to be collecting all their own data even when other activities are
collecting the same data. There does not seem to be any effort to
coordinate these kinds of activities. 1In other instances,
projects refer ta data collected by another activity, but the data
being collected by that activity are not the same as that referred
to. Many projects and activities that are clearly multidiscipli-
nary in character make little or no effort to include or even

acknowledge the related and relevant supporting disciplines.

‘There is an excessive reliance on the application of simulation
models. Insufficient attention is given to the availability and
quality of data needed for modeling applications. Optimistic
references are made to combining:numerous models to yield some
form of site super-model, i.e., combining the ground-water flow
model with a transport model and thermal-mechanical model.
Promised application of simulation modeling without proper
acknowledgement of the limitations can be a substitute for

rational thought and proper planning.
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The general tone of the discussion of the unsaturated zone is
inadequate. A decision seems to have been made early on that only
flow in the rock matrix is important, and that no flow occurs in
fractures. This conclusion is not werranted at this time. Some
of the characterization plans should be designed to examine this
problem. In the meantime, the background discussion needs to.

-

reflect this uncertainty.

Study of unsaturated zone processes in the broader general area of
Yucca Mountain, instead of only st Yucca Mountain, need greater
emphasis. For instance, more should be done in the Forty Mile
Wash area where much of the recharge to the ground-water system is
assumed to have occurred. Additional studies in the Amargosa
Desert may be in order. It has been assumed that recharge to the
Amargosa Desert area is mainly from surface runoff. This may not
be the case; unsaturated zone studies may shed additional light on

this problem;

Ground-water conditions south of Yucca Mountain-are not adequately
- known. A better knowledge of the flow down gradient from the
repository site is needed. One ;r more series of wells along a
ground-water flow path can be used to study qroundeater movement
and the geochemical evolution of gfound-watet'from beneath Yucca
Mountain to ground-water‘di;charge areas. This information will
be invaluable in describing and understanding the discharge part

of the flow system.

=131



Finally, the people working on the saturated flow system should
consult with members of the District staff in the Carson City
office. Major ground-water studies conducted in southern Revada
during the past several years have led to the development of new
concepts of regional ground;water flow in that part of the state.
These new concepts may help resolve problems and uncertainties in
understanding tegional'ground-water flow that cannot be resolved

with older concepts.

1. Purpose of the chapter (page 3-1) is to summarize present
knowledge of the regional and site hydrologic systems. This
purpose does nct'conform to the summary nor to 2ll of the
statements in the chapter regarding future work.

2. Ground-water flow from Pahranagat Valley into the
hydrogeoldgic study area was estimated by Winograd and Friedman
(1872) on the basis of dueterium values of ground water
discharging from springs at Ash Meadows. We have no direct
evidence of underflow. Thus, we must continue to question the.
estimate as was correctly done in figure 3-2 on page 3-3. Model
simulations assumed the flow to be correct (a constant flux was
assigned to the model boundary at Pahranagat Valley and was not
changed go evaluate the uncertaintf in this flow), &nd a
discussion of recharge to the study area in the hydrochemistry

section states that one source is underflow from Pahranagat
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Valley. Unless more direct evidence is provided, we should
continue to assume underflow from Pahranagat Valley is possible
but uncertain, and we should plan our studies to address this

uncertainty.

Page 3-6, 3rd paragraph-- ...units are vertically homogeneous and
that steady-state vertical moisture flow...* The paragraph
implies that the measured potentials are those in the matrix, not
in the fractures, and that this then is the steady-state vertical
potential controlling unsaturated flow. The statement does not
explain how discontinuities in the form of horizontal fractures

and bedding planés affect matrix flow.

3. We disagree with the interpretation of potentiometric surface
" contours drawn on figure 3-9. The contours have no control
(wells) for an area of 80 by 100 kilometers (8,000 square
kilometers) yet potentiometric contours have been approximated
through the area whereas in areas of control, some contours have
been omitted. What basis is used to draw the céntours in the area
of no control? Unless the reasons for interpreting the contours
are presented on the figure, the contours in areas of no control
should be omitted from the figure. 1Is it possible that, in the
area of no control, the potentiometric surface varies as mqsh as

north of the proposed repository?
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II1. Specific Comments
Page 1-147 Heat-flow estimates

The senteﬂée, "Even in the unsaturated zone, low heat flow may
result from the lower temperature gradients caused by two-phase
flow..." does not make sense. The thermal conduéfivity may be
enhanced by the presence of moisture, reducing the thermal

gradient, but the two-phase flow does not reduce the heat flow.

Page 2-29 and 8.3.1.15-22 Thermal properties as function of water

-

content

Refe;ence is made to thermal properties and rock strength as a
"function of moisture content, but values are given only for
saturated and dry conditions. Due to heat transport by water-
vapor movement down the thermal gradient, the thermal conductivity
of partly saturated rock is greater than that under saturated
conditions. The text does not mention this, an@ the reader is

left to assume that he can make a linear interpolation.
The fact that the thermal conductivity of partly saturated porous

"media exceeds that of either saturated or dry media needs to be

pointed out.
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Reference:

Philip, J.R., and DeVries, D.A., 1957, Moisture movement in porous
materials under temperature gradients: Trans. Am. Geophys.
Union, v. 38, no. 2.

Page 3-14, first parag;aph under section 3.2.1--Tﬁe statement

*regional storm systems that most commonly occur duiing the winter

and occasionally occur during autumn and spring conflicts with

statement on page 3-8, last paragraph.

Page 3-14, section 3.2.1 paragraph 1l--"Moderate to large
floods.{.commonly occur during winter...,” contradicts p. 3-9

*greatest runoff magnitudes commonly result from summer storms."”

Table 3-4, page 3-30 In the column for Oasis Valley 200 AF/Y is
converted to .008 and .016 m3/s.

Pége 3-16, third paragraph--What are the estimates reported by
Squires and Young? Several paragraphs describe the results

without ever mentioning the estimates and standard errors.

Page 3-29, second paragraph--This paragraph is confusing in that
the'way ground water is used in the context of the following '
paragraphs is not always clear. For example, does the discussion

about evapotranspiration in the last paragraph on page 3-29
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pertain only to the saturated zone or does it include

evapotranspiration from soil moisture?
Page 3-30 Evapotranspiration estimates

The recharge pulses observed by Nichols are described, but no.
mention is made of the fact that these were observed for an area
of bare soil. Recharge from vegetated land at the Beatty site
probably would have been near zero. A caveat needs to be added

here.

Page 3-52--Last iine under Major Lithology describing Valley Fill

seems out of place.

Page 3-59, figure 3-8--Are some areas of the upper clastic
aquitard actually the lower clastic aquitard? 1Is the lower
carbonate aquifer present beneath areas outlined as the upper
clastic aquitard? If so, how was this handled in the analysis?
Page 3-62, first paragraph in section 3.6.3 and page 3-63, figure
3-9--We disagree with the statemént that you have an adequate data
base! How were the potentiometric contours drawn over an area of

8,000 square kilometers without any control? Please explain.
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Page 3-62, section 3.6.3 paragraph 1--The data base is not
adequate. Examination of figure 3-9 shows that the eastern third
of the hydrogeologic study area has very few wells upon which to

base the configuration of the water table.

Figure 3-9, page 3-63--This figure is inappropriate. The contours
drawn in the eastern third of the area with no control should be

deleted.

Page 3-70, first paragraph in section 3.7.1.1--1Is Fortymile Wash
considered a major channel in the region?

Page 3-70, last sentence in first paragraph in section 3.7.1.1--
This is the first time that boundaries of the study area have been
discussed. Such a discussion should be included when discussing

figures 3-8 and 3-9 or it should at least precede these figures.

Page 3-70, last paragraph--The method used to estimate recharge

that was developed by Eakin, et al (1951) was to first estimate

- discharge in a basin then empirically estimate recharge from

precipitation assuming recharge equaled discharge and that the
potential for recharge increased as precipitation increased. It
is important to note that the method was developed first by
estimating discharge than assuming recha;ge for a basin (valley)

~ was equal to the discharge.
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Page 3-71, first paragraph--Are there any values assigned to the
uncertainty. 1Is it within a factor of 2 or could it be 10?7

Page 3-74, last paragraph--On what basis was the direction of

ground-water movement determined?

Page 3-75, figure 3-10--What is a data point? Is it a well with a
known head? Could it be the altitude of & spring? Please be more
specific. We also recommend identifying the different types of
control points using different symbols. The potentiometric level
in areas of no control (many tens of square kilometers) should be
inferred, extrapBlated, interpolated, or perhaps even simulated
but not approximated! 1Is the only reason for & division in the
1;000 meter contour near Pahranagat Valley due to & specified flux

at the boundary?

Figure 3-10, page 3-75--There are more data points (assumed to
mean "wells") than on Fig. 3-9. Even though they are outside the

*study area” this control should probably be shown on Fig. 3-9.

Page 3-76 and 3-77--The reference to figure 3-7 is incorrect. 1It

should be to figure 3-2.
Page 3-77, second last paragraph--"...exclude the Spring

Mountains..." is not correct since the northern part of the Spring

Mountains appear to be included.
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Page 3-78, top pasragraph--No springs were listed as class 1 on

page 3-49. What then do you mean by large springs?

Page 3-79, bottom of second paragraph--Which parameter is
estimated? We suspect it is transmissivity while flux was
assigned to the model directly as recharge in the mountain blocks,
as underflow from adjacent areas, or indirectly dé a constant
head. 1Is this correct? At any rate the discussion implies the
model magically computes a flux from some unknown but related
values. The paragraph needs to be rewritten to be more specific
as to how recharge and discharge are assigned in the model &and to
which parameter the model is calibrated. If the model changes
transmissivity according to the distribution and amount of
assigned recharge and discharge and the potentiometric head, then
-say so. If the model adjusts recharge and discharge until the
model is éalibrated while transmissivity remains constant, then
say so. If the model adjusts recharge and discharge, then a
comparison between model computed discharge and estimated Qalugs
can be made; but if recharge is assigned to the ‘model, then you
are stating the values used in the model are the same as the
estimated discharge. All this assumes the system is in steady

state which is not discussed in this section nor elsewhere.
Page 3-79, second paragraph--"Waddell...determined that total

flux...” It is assumed that he used the inverse parameter-

estimation method to develop a set of transmissivity data and in
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fact used the Walker and Eakin discharge estimate as a "given."
If this is the case, then that is the reason for the good

agreement.

Page 3-79, third paragraph--It seems that the results of the model
simulations are dependent on the fluxes assigned along the _
boundaries and recharge from the surface. It also seems that the
model simulati&n may be over constrained with the results
dependent on the assigned fluxes. If the results are in fact
dependent on the assigned fluxes then the uncertainties in the
fluxes need to be presented along with how much uncertainties may
affect the simulation of regional flow and the estimates of travel

times.

. Page 3-80, Table 3-10--What is the range in uncertainty for the
flux estimates? We doubt that fluxes can be estimated as
correctly as that implied by the number of significant figures

used in the estimates.

Page 3-91, third paragraph, first sentence--"...northwest Spring
Mountains..." contradicts p. 3-77, "...exclude the Spring

Mountains...*

Page 3-92, second paragtapp, last sentence--Something seems to be

missing. The sentence does not read correctly.
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Page 3-93, last sentence--The conclusion reached by Claassen
(1985) that the small hydraulic potential (gradient?) in the west
central Amargosa Desert and the presence of more permeable sand
and gravel in the valley £ill supports the idea of significant
upward leakage from the carbonate aquifer. How does this relate
to the assumption that vertical hydrauvlic gradients are negligible
(i.e., vertical flows are negligible) and therefore a two-
dimensional gtqund-water flow model can be used to simulate

regional ground-water flow?

Page 3-95, second paragraph in the summary section--The statement
“other sources of recharge to this aquifer are interbasin
underflow from the Pahranagat Valley and downward leakage from the
Cenozoic strata” implies that we are certain that ground water
flows from Pahranagat Valley to Ash Meadows, yet we are not aware
of direct evidence for this. At present, the only information we
have regarding the possibility is the relation of deuterium data
between spring samples and possible source areas, and perhaps the
possibility the geologic structures may favor such flow. Flow
from Pahranagat Valley to Ash Meadows is possible, but until we

obtain more direct evidence, we don't think it is fact.

-Page 3-99--The statement in para.}z that "The younger...samples
fall higher on the plot (fig. 3-18) than does the older..." is not
supported by the figure unless the word "higher" is being used in
a sense other than our understanding of it. Does higher mean

towards the top of the graph?
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Page 3-106, bottom of third paragreph--Where are the Transverse
Ranges? The ranges are not shown on any map, nor are their
locations described in the text. BSome people may not know where

the ranges are located.

Page 3-121, paragraph beginning *"Water use..."--Where did the
estimate of 17,000 AF (2.1 x 107m3) come from? In the
discussion on p.-3-79 *"Discharge by natural processes in the

Amargosa Desert...3 x 107 maly...'?

Page 3-143 Reda (19852) Klinkenberg b estimate

Reda's b estimate is quite compatible with that obtained using
Katz (1959) fig. 2-18. This suggests that the tuffs behave
similarly with regard to the Klinkenberg effect as gas reservoir
rocks do, allpwing an engineering approach to be used in

estimating this factor. This is worth noting.
Reference: ¢

Katz, D.L., ed., 1959, Handbook of Natural Gas Engineering,
McGraw-Hill, New York, 793 p.

Pagé 3-164, paragraph 2--",...ground-water levels are not expected
to show short-term or seasonal...®"™ Perhaps they are not expected
to, but there should be some effort made to verify that

supposition.
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Page 3-196, last sentence--Is it possible for ground water moving
laterally through the volcanics to eventually mix with water in
the "lower carbonate aquifer® as implied from the geochemical
data? Also, is it possible that increased pumping from the lower

carbonate aguifer in the future might change the direction of flow?
Figure 3-33, page 3-17i--x-axis values should be negative?
Page 3-203 Regional decrease in precipitation

The statement regarding decreased precipitation and the
implication of técharge from Wisconsin glaciation times is only a
hypothesis and should be so identified. It comes across as an

assertion of fact.

Page 3-208, last paragraph--"The results of these simulations
indicate..." Circular logic since these results are to be .
expected given the k values used. This is explained in the next
sentence, but all of this explanation should précede the

conclusions, "The results indicate...*

Page 3-204, fourth paragraph--The(model area and boundaries are
not the same as stated on page 3-70. Also, it does not match with
figure 3-8. The lateral fluxes near the proposed repository are
dependent on the vertically integrated transmissivity values.which

in turn are related to specified recharge and discharge. WHét is
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the uncertainty in using vertically averaged lateral fluzes to
estimate travel times? What is the uncertainty in the vertically
averaged lateral fluxes due to uncertainties in transmissivity,

etc.?

Page 3-219, middle paragraph--What is the uncertainty in the
estimate of 17; years? The use of three significant figures
implies more accuracy in the estimate than may be warranted. 1Is

the estimate of travel time really as precise as 172 years implies?

Page 3-220, table 3-32--Why aren't there uncertainties (error
bands) assigned to each of the parameters in the table, and why
isn't there & range in the estimated travel time due to

uncertainties in the values used to calculate it?

Page 3-231;-'1arge springs” is a relative term; no large springs

(class 1) were shown in table 3-6.

Page 3-231, fifth paragraph--This paragraph implies that no grdund
. water originates from outside of the hydrogeologic studf area,
which conflicts with figure 3-8‘ipage 3-59) and with the model

simulations.
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Additional Comment on Summary of the Geohydrology Program

Page 8.2-181--"The geohydrologic model will then be combined with
the geochemical model and thermal-mechanical model to produce the
site model.* This is pretty glib. This document, together with
what is known in general about these various models, is not |
convincing thht anyone can actually satisfy this statement with

great success.
Page 6-67 Next to last paragraph

The purpose of comparing saturated and unsaturated hydraulic
conductivities here is not clear. If the implication is that the
unsaturated hydraulic conductivity impedes flow, it is wrong.

.This paragraph could be deleted with no visible harm.
Page 6-244 to 245 Drainage analysis of backfill

These analyses are conservative but were made for isothermal
conditions. The effect of the strong heat source from the waste
is to cause a wetted bank tq devéIOp down the thermal gradient
from the heat source (Pruess, K., et al., 1984, for example). How

meaningful is an isothermal analysis for this problem?
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Reference:

Pruess, K., et al., 1984, Numerical studies of fluid and heat flow

near high level nuclear-waste packages emplaced in partislly

saturated fractured tuff: LBL-18552, Lawrence Berkeley
Laboratory, Berkeley, CA.

Figure 6-75 Temperatures on figure

This figure does not show temperatures despite its title and
assertions in the text that it does.

-

Page 6.330 to 332 and 8.3.1.15-32

Mention is made of modeling heat transfer, but no indication is

given that heat transfer by water vapor diffusion down the thermal

gradient is being considered. This mechanism can substantially
increase the thermal conductivity of unsaturated rock. Moreover,
it is important that these effects be cpnsidereq both for the
inverse snalysis of heater-block experiment and for the lab data.

Page 7-10 Use of J-13 water in experiments
Water squeezed from nonwelded tuff does not have the same

chemistry as J-13 water. Care should be exercised in designing

experiments around this water.
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Issue 1.1, p. 8.2.18-60 to 64--The only comment here deals with
the entire section. The final probabilities are going to be based
upon lots of estimates and assumptions; it might be a good idea to
specify that they will only be calculated out to one significant

figure.

Issue 1.3, p. 8.2-70--The last paragraph implies that the
valley-£fill, tuff-aquifer, and lower carbonate ﬁquffet all
function as independent aquifers. The cheﬁical and other
hydrologic information suggests that, on a regional scale, there
is mixing between these aquifers and designating any one as &
special source of ground water will have some implications for the
others. There is also the consideration ground water is probably
the only dependable source of supply for the Amargosa Desert.
Depending on where you are located there currently is the
potential for withdrawing water from up to three aquifers as
indicated above. However, serious contamination of one aquifer
could cause degradation of one or more of the other aquifers over
the long term. We don't think that one of the aquifers should be
considered as an alternate source for one of the other aquifers
until the potential cause-effecf relationships of development in a
ground-water flow system that contgins three major aquifer types

-are better understood.
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General Comments on Volume IV, Sections 8.3.1.2-8.3.1.4

1. A general impression of the reviewed study plans is that the
plans sometimes duplicated plans presented in other sections (for
example, activity 8.3.1.2.1.3.3 seems to duplicate work planned

for 8.3.1.2.1.1 and 8.3.1.2.1.2.1 without clearly explaining the

need for duplication or the relation of one plan to the others.

2. The plans for conceptualizing regional ground-water flow does
not include recent information about geologic structures and how
these features may affect regional ground-water flow. Or even hqw
such features ma; be used to extrapolate aquifer properties into

areas of little data.

3. The plans for work do not seem to significantly improve upon
the simulations that have already been done. Rather, they seem to
be more of the same, except for the plans to simulate regional
ground-water flow with a “"quasi® three-dimensional flow model.

4. The continued use of two-dimensional models seems to
contradict geochemical evidence of mixing of water flowing through
volcanic rocks and underlying carbonate rocks. The rationale for
using a two dimensional planimetric model for regional
ground-water flow seems to Se the lack of large vertical hydraulic
gradients in a few test holes. The lack of vertical gradients in

itself does not preclude vertical flow as vertical hydraulic
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conductivities may be large due to fractures resulting in

relatively large volumes of water to move vertically.

S. None of the plans on conceptualizing regional flow address
questions regarding the uncertainty of the estimates of
ground-water flows and velocities and what affect these
uncertainties may have.on estimated travel times 6£ water
migrating from the propo;ed repository to some specified
location. Perhaps a range in values needs to be used for each

parameter in the simulations. Several questions regarding the

present and planned simulations of regional ground-water flow are

as follows:

o What is the uncertainty in the estimate of recharge and how

does this uncertainty affect the calibration of

transmigsivity and estimates of ground-water flow?

(o} What is the uncertainty in the estimate of underflow from

areas outside of the model boundaries? To what extent may

these uncertainties affect the calculation of transmissivity

and estimates of ground-water flow?
o What is the uncertainty in the estimate of the

potentiometric head? .Is it 10 feet or 100 feet? Does it

vary over the study area? To what extent may this
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uncertainty affect the calculation of transmissivity and the

estimates of ground-water flow?

o What is the uncertainty in the estimates of ground-water
discharge? How accurate are the estimates of diffuse
evapotranspiration? Are the values within‘p factor of 2 or
107 To what extent may these uncertainties'affect the
calculation'of transmissivity and estimates of ground-water

flow?

o What is the uncertainty in the types of rocks through which
ground-water flows beneath a given location? To what extent
may these uncertainties affect the simulation of

ground-water flow beneath the proposed repository?

o What is the uncertainty in averaging hydraulic properties
over & given area and depth and how might this uncertainty

affect the estimated flow velocities and travel times?

*

Page 8.3.1.2-42 Unsaturated-zone hydrologic hypotheses

It is unlikely that net infiltration beneath the plant-root zone
of vegetated areas is the major source of recharge at Yucca
Mountain. 1Instead, most of the recharge is along ephemeral stream
channels, from beneath unvegetated talus slopes, &nd in exposed

open fractures.
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Page B8.3.1.2-48 Bulk efficiency of the TS,, unit to transport

water vapor

Water-vapor transport of the ‘I'sw unit will likely be by
diffusion, rather than convection. This is true because the unit
is overlain by nonwelded tuffs everywhere except in the extreme
southwest corner of the proposed repository. COnEequently, there
will be little opportunity for barometric or topographically-
affected density gradients to be imposed. The relevant bulk
transport property thus is tortuosity to diffusive transport.
This too is being investigated, but the table should so state.

-

Reference:

‘Weeks andAothets, 1982, Use of atmospheric fluorocarbons to
determine the diffusion parameters of the unsaturated zone
in the Southern High Plains of Texas: Water Resour. Res.,

Ve 180 no 5' pc 1365-13780
Page 8.3.1.2-51 Tuff ground-water behaves as a single aquifer
Is this a reasonable hypothesis, based on 50-m higher water levels
in the Lithic Ridge tuff at well H-1 than in overlying units? And

aren't the nonwelded units ‘that separate each major ash-flow unit

likely to be much less permeable than the highly fractured
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densely-welded units? An alternative hypothesis might be in order

here for additional consideration.
Page 8.3.1.2-54 Recharge to the regional ground-water flow system

Nothing shown on the map of the potentiometric su;face in the
vicinity of Yucca Mountain supports the hypothesfs that Fortymile
Wash is a major recharge source. That hypothesis has been
developed mainly using geochemical data, yet no mention is made of
using geochemistry to support or refute the hypothesis. Such an
activity should be added to the list, and the water-table wells
should be samplea as soon as possible to support, refute, or aid

in developing alternate hypotheses.

‘"Comments on Volume IV, Section 8.3.1.2.1 (pages 8.3.1.2-62
through 66)

l. On what basis is the boundary of the ground-water flow sysfem
drawn in figure B.3.1.2-5? If it is determined on the basis of
physical barriers then why does it cross basin £i11? 1If it is
determined on the basis of hydraulic divides, then is it really a
boundary of a2 flow system as the poundary may change due to

‘changing stresses?

2. Simulations have only identified the need for one additional

investigation that relates to runoff and streamflow at Fortymile
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Wash. 1Is additional information needed regarding the lack of
heads over vast areas of your regional study area, the cause(s) of
the steep head gradients to the north, or whether ground-water

flow from areas to the north may enter the regional study area?

3. You note that sensitivity analyses will be performed but are
not specific. Past moéels did not (as we recall):address the
uncertainty of the model boundaries nor the possible effects of
changing the boundary conditions. For example: Underflow from
Pahranagat Valley is estimated from deuterium analyses of Ash
Meadows spring water and then relating it to possible sources. We
have no direct evidence that water does flow from Pahranagat
Valley to Ash Meadow. The simulations need to address this as
well as the possibility of underflow f£rom areas to the north and
how the uncertainty may affect flow near‘the proposed repository.

The simulations may require reconfiguration of the model grids.

4. The regional hydrogeologic data used to delineate an elongate
grbund-water subbasin was not presented in chapter 3, and the
basis for the boundaries is unclgat. The boundaries seem more

related to a simulation model than to hydrogeologic data.
5. The period of 30 years does not correspond to the one

reference of Winograd and Thordarson (1975). Are you implying
that for the 30-year period of studies at the site, only one
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report presents information on aquifer properties and that little
has been done to define aquifer properties other than their work

which was done over a8 10-year period?

6. It is true that hydraulic properties of the hydrogeologic
units vary greatly within the study area both latgrally and
vertically but (and this is important) the properties are unknown
over large areas of the study area. We need to be up front about
this and state so. Also, we must remember that in areas of no
information, hydraulic properties may also vary greatly and may

affect the concept of ground-water £flow.

7. Regional ground-water modeling has only included horizontal
heterogeneities where known. It has not addressed vertical
heterogeneities nor heterogeneities in areas of no information.
What are the possible effects of assuming regional transmissivi-
ties on the direction and rate of ground-water flow? Can other
simulations with different distributions of transmissivity and
perhaps recharge and(or) ground-water inflow pt;duce similar
‘results except for different amounts of flow near the proposed

repository? Will sensitivity analyses include possible effects

caused by anisotropy?
8. What is the difference between activity 8.3.1.2.1 and

‘8.3.1.2.1.3 and why isn't 8.3.1.2.1.3 referenced in 8.3.1.2.1 in a

manner similar to the work on Fortymile Wash?
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8.3.1.2.1.1.1 Precipitation and meteorological monitoring

Page 8.3.1.2-67 to 72--The list of parameters to be collected
given on p. 67 with the parameters listed for 8.3.1.12.1 "Studies
to provide dats on regional meteorological conditions" or with
8.3.1.12.1.1 *Characterization of the regional meteorological-
conditions," but co:teSpond to the parameters lisked on p.
B.3.1.12-11 for 8.3.1.12.1.2 "Plan for synthesis of NNWSI project
meteorological monitoring.®" All of these studies should be
coordinated much better than they seem to be. As written, they
give the impression that 17 people are doing 25 different things

with none of theﬁ cooperating with one another.
8.3.1.2-67 Activity: Precipitation and meteorological monitoring

This activity is part of the study "Characterization of the
meteorology for regional hydrology.* As such, this activity

should include sampling for precipitation chemistry and isotopes.

Page 8.3.1.2-71, last paragraphf7'...will be correlated with
paleoclimatic data..." What paleoclimatic data and what kind of

correlations to what purpose?
8.3.1.2-72 Activity: Surface-water runoff monitoring

This activity also, as proposed, contains no provision for

geochemical or isotopic sampling. Samples of flood waters in
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Fortymile Wash show alkalinity and calcium concentrations that
suggest dissolution of calcium carbonate. These flood waters are
presumed to represent a potential recharge component to the
regional flow system; if carbonate dissolution is contributing to
the dissolved coz, water chemiétry and isotope data will be
needed to interpret contributions to the regionalisystem from this

source.
Comments on section 8.3.1.2.1.3 (pages 8.3.1.2-82 through 83)

1. Title of study is misleading in that head is not included in

the discussion whereas the title suggests it should be.

2. The discussion does not mention how the uncertainty of the

lateral model boundaries will be assessed.

3. Why continue with only a two-dimensional ground-water flow

model.

4., It is unclear how sensitivity analyses will be performed on
fault zones. 1Is the model capable of allowing a fault zone to be
a barrier to flow across it while allowing flow along the fault?
If not, can it be changed? Will the model allow for & very small
grid near the fault zones while elsewhere the grids can be much

-larger.
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5. Why are hydraulic conductivity and transmissivity separate key
parameters when transmissivity is directly related to hydraulic
conductivity? Which value will be used in the analyses of
ground-water flow? Why is porosity so important? Will it be used,
in the simulation of storage instead of the storage coefficient?
Or will it be also use§ to calculate average linear pore

velocities? What kind of éorosities--ftacture aﬁd matrix?

6. No mention is given to the lack of data over large areas and
how the lack of data is going to be incorporated into the analyses
or in defining uncertainties in the model results. 8&uch a lack of
data may reduce ;he value of the sensitivity analyses,
particularly if other alternative simulations using different
distributions of recharge, ground-water inflows at model
"boundaries, and transmissivities results in similar discharges but

different heads and flow in the areas of no data.

Comments on section 8§.3.1.2.1.3.2 (pages B8.3.1.2-83 through 87)

k4

l. 1Is the regional flow system.the same as the regional study

area?

2. Can heads in an snisotropic aquifer system be used to

adequately define flow directions?

3. The discussion of the drilling in the Amargosa Desert does not
include whether the wells will be completed in the basin-fill
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deposits, volcanics, or underlying carbonate rocks. It also does
not discuss the depths but only states that some wells will be
shallow and others deep. Does deep mean 2,000 feet as at Yucca

Mountain or are the deep wells less than 500 feet deep?

4. It seems the main focus of this activity is in the area
immediately adjacent tb Yucca Mountein and not a larger region as

implied by the title of the activity.

5. To what degree will concepts on geologic structural evolution
be included in the simulation model? There is a discussion that
transmissivities, recharge, and discharge will be incorporated
into the simulation model, but there is no discussion on how
geology may assist in distributing transmissivities into areas of
‘little hydraulic information. For example, in the figure on page
8.3.1.2-65, a flow arrow is drawn next to the mountain range
immediately east of the Sheep Range where the lower clastic
aquifard is exposed at the surface. Does the arrow imply that the .
outcrop is overlying permeable rock or that the:unit is not an
aquitard but allows ground water to flow through it. Is it
possible that ground water does hot actually flow through these
rocks but rather flow is deflected northward or southward and
-because model cells tﬂat correspond to this area do not have
correspondingly low transmissivity values, flow is simulated

through this area?
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Comments on section 8.3.1.2.1.3.3 (pages 8.3.1.2-88 through 92)

1.  Is this activity at all related to activities 8.3.1.2.1.1 and
8.3.1.2.1.2.17 Parameters 1-4 are similar to these other
activities. A statement near the end of the section notes that
the results from these other studies will be used, but this needs
to be presented at the beginning to avoid confusion abbut
duplication and about how this study is related to the other

studies.

Page 8.3.1.2-%2--Evapotranspiration studies. The description is
reasonably accepEable, but the methods and technical procedures
section is completely unacceptable.

Page 8.3.1.2-97

1. What type of model? Numerical? Conceptual?

2. Activities are not clear, in particular, activities 2-4.
Subregional and regional modeling is not specific and can mean the

act of doing many things. The mbdels can be analytical, electric

analog, conceptual, sand tank, etc.
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Page 8.3.1.2-93 Evapotranspiration estimates

Use of a flux-versus-depth to water function is too simpli;tic to
work. Effects of so0il type and stratigraphy, vegetation type and
density, exposed soil reflectance, and soil-water sélinity all
strongly influence evapotranspiration from ground water, often
having an order-of-maghitude greater effect thannﬁepth to water
along. For example, the study by Weeks et al., cited here found
water use by saltcedar at two sites with similar depths to water
to vary by a factor of a few. Perhaps a reasonable estimate of
evapotranspiration from ground water could be obtained by
obtaining detailed descriptions of the stratigraphy of the soils
between the water table and land surface from a dense network of
testholes throughout the ground-water discharge area; detailed
vegetation mapping, including species and density; and a soil
salinity map. Also, periodic images of emitted longwave (thermal
IR) radiation might be used as an interpolation tool for
interpreting measured values.

s
Vertical gradients as measured ip boreholes will be of limited
utility in delineating areas of.ground-water discharge by
evapétranspiration. A flux of 5 mm/day will produce & measurable
vertical head gradient only if the materials are of quite low

permeability.
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As described, this activity is unlikely to produce useful data.
Even under the best of circumstances, with a sound understanding
of the problem and a substantial staff, the chance of success

would be limited.
8.3.1.2-95 Activity: Regional hydrochemical tests and anazlyses

The proposed chemical/isotopic anlayses appear to include all of
the parameters that would be anticipated to be of major value,
depending on the definition of "1. Chemical concentrations.”

This will presumably include species necessary to define the redox
chemistry of the.aquifer, particularly dissolved oxygen, iron, and
manganese. The relationship between this activity and
Investigation 8.3.1.3.1 is unclear--the goals of this activity and
Study 8.3.1.3.1.1 appear to be identical for the saturated-zone
hydrochemistry. This activity at least makes reference to
utilization bf.the chemical models to provide supporting evidence
for flow models. |
8.3.1.2-97 Study: Regional hydrologic system synthesis and

modeling

The four.activities that comprise this study contain only one

short paragraph involving qeochemistry.
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Comments on section 8.3.1.2.1.4.1 (pages 8.3.1.2-97 through 98)
1. What type of model? Surface water or ground water?

2. The uncertainties in the ground-water model boundaries,
vertical and horizontal variations in permeability, and the
distribution and amounf of recharge .and dischargé will need to be
evaluated to determine how these uncertainties may affect the

simulation of flow near the repository site.

Comments on section 8.3.1.2.1.4.2 (pages 8.3.1.2-98 through 100)

1. Title is unclear. What type of hydrologic model will this be?
2. How appropriate is it to estimate an average travel time when
travel of}a water particle (and perhaps a radionuclide) may be
faster along preferred avenues than are estimated from lumped
vertical and horizontal hydraulic properties?

3. Are the 2nalyses of hydrogeologic properties in exploration
boreholes only in the unconsolidﬁted basin £fill or will some test
holes extend into the underlying consolidated rocks--specifically
the carbonate aquifers? How will 6verage hydrogeologic properties
be calcuiated for flow in the vertical when @eposits vary from
unconsolidated sands and-gravels to fractured volcanics, and

carbonate rocks?
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4. It is not enough to say that the model results are sensitive
to estimates of evapotranspiration, but rather, why the model

results are sensitive to evapotranspiration.

5. An explanation needs to be given for using the two-dimensional
ground-water flow model developed by Czarnecki and Waddell (1984)
and why it is not bein§ revised to three dimensidhs to account for
leakage between the lower carbonate aquifers and the overlying

volcanics and basin-£fill deposits.

6. Hydrochemical studies suggest that water chemistry varies
depending on the'major rock types (volcanics and carbonate) and
the water in the carbonate rocks "evolve" downgradient because of
leakage of a different "type” of ground water from the overlying
‘volcanic ;ocks and perhaps from basin-fill deposits. How can this
hypothesis be evaluated with a two-dimensional ground-water flow

model?

7. Shouldn't FEMOD be included in the table dedcribing methods
and technical procedures under ;pe method--simulation of
ground-water flow?

Comments on section 8.3.1.2.1.4.3 (pages 8.3.1.2-101 through 103)

l. What is the need to specify each layer as isotropic? Why

cah't simulations be done with anisotropy in the vertical and
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horizontal directions to assess the effect it may have on

ground-water flow?

2. Will the two dimensional model include the underlying
carbonate rock squifer? The statement implying that the current
potentiometric data suggest the vertical component is minor
conflicts with data that there is Qn upward head}gradient befween
the carbonate rocks and the overlying volcanics. Alsd. just
because the gradient is small does not necessarily mean there is
no vertical flow. For instance, where the vertical hydraulic
conductivity is high (due to vertical fractures), vertical flow
could still be substantial even though the vertical gradient is
small. Conversely, vertical flow may be little in the presence of
large vertical gradients if the vertical hydraulic conductivity is

small.
3. Will you develop @ new computer code to simulate flow in a
vertical section as implied in the first paragraph on page
8.3.1.2-103? If so, why?

Comments on section 8.3.1.2.1.4ﬁ4 (pages 8.3.1.2-103 through 106)

.1. WwWhat does a quasi-three dimensional ground-water flow model

mean?
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2. Why are we using a different computer code than the one used
for the two-dimensional mpdel? Do we need to check if the results
of the two different codes are the same for a given problem (i.e.,

can we duplicate the results of one code with the other)?
Page 8.3.1.2-115 Effective porosity from environmental tracers

Not clear how environmental tracers give effective porosity in
absence of flux data from other sources. If, say, &8 bomb pulse of
36c1 is located at a horizon, and the cumulative water content
down to that point is determined, an estimate of the average flux
over that time périod can be obtained, based on the assumption
that all of the saturated porosity was effective. If that
assﬁmption were incorrect, recharge would be overestimated. Also,
any isotope strongly subject to diphasic transport, such as

14Coz, cannot be used to determine liquid travel times in arid

or semiarid environments because gaseous diffusion is generally a

much more rapid transport mechanism.
Page 8.3.1.2-123 Last full paragraph

The dielectric constant of saline water is greatly reduced from
that for fresh water. It is unlikély that the dielectric constant
and electrical conductivity will compliment each other. However,
if steady infiltration is achieved before adding the tracer, some
information on tracer movement might be obtained by either

technique.
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Page 8.3.1.2-125 to 126 Vapor-phase tritium

Tritium does move in both the vapor and the liquid phase.
However, if the local equilibrium assumption (LEA) can be made,
transport of tritiated water vapor would be slow. This is true
because the water density of water-vapor saturated air at 20
-degrees C is about §x10% less than that of liquid water. Thus,
for LEA, the retardation factor for gaseous tritium migration
under conditions of 50% saturation would be 5x1o‘. and gas
diffusion would occur at a rate similar to liquid diffusion.
Vapor-phase sampling would still be desirable as a check on LEA,

but one can be optimistic about tritium as a liquid tracer.
Page 8.3.1.2-132 Evaluation of artificial infiltration

Much of Yucca Mountain consists of hillslopes, with soil tending

to thicken ddﬁﬁslope. Downslope flow will occur, at least to some
extent, within the so0il zone. Thus, water will migrate within the -
soil downslope to the wash or swale, cpncent:ating recharge in
drainage ways to an even greater extent than would be produced by
overland runoff alone. This phénomenon needs to be considered in
the experimental design of the LPRS tests and possibly for the

SPRS tests. | |
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References:

McCord, J.T., and Stephens, D.B., 1987, Lateral moisture flow
beneath a sandy hillslope without an apparent impeding
layer: Hydrological Processes, v. 1, p. 225-238.

8.3.1.2-136 Study 8.3.1.,2.2,.2 and Activity 8.3.132.2.2.1 seem
somewhat brief considering the potential importance'of chlorine-36
as a tool to augment carbon-14 (for example) data. The existing
data (p. 8.3.1.2-137 and 8.3.1.2-138) appear to relate to a study
of migration of bomb-produced chlorine-36. No specifics regarding
the feasibility 6f studies of patural chlorine-36 are presented.

Comments on technetium-99 need expansion.
803l1-2-138 tO 8030102-176

8.3.1.2.2.3 §Study: Characterization of percolation in the.

unsaturated zone--surface-based study
The three activities in this study contain, respectively, 10, 19,

and 18 parameters (many repetitive), none of which involves

chemical/isotopic analyses.
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As discussed in a general comment, each of these activities seems
to depend heavily on injection (largely Nz) testing. Most of
the data might be obtainable through pumping, rather than

injection tests.

Page 8.3.1.2-139 Fracture permeabilities by subtracting matrix
permeabilities

Except for nonwelded tuffs, the matrix permeability will be
trivially small compared to the fracture permeability, and errors
or uncertainties in the bulk permeability will be much greater
than the matrix permeability. Thus, this subtraction makes no
sense.

Page §.3.1.2-139 Aperture distributions and spacings estimated

from fracture permeabilities

Unclear how these are to be used to develop k- curves. A given
permeability value says nothing about aperture gist:ibutions and
spacings, as densely spaced fine apertﬁre or sparsely spaced

coarse spertures give the same ﬁérmeability. This sentence needs

to be clarified.

Page 8.3.1.2-147 Not clear why oil permeability is being

determined. How can these data be used?
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Page 8.3.1.2-159 Nitrogen-injection testing

In addition to affecting the moisture content near the borehole
walls, nitrogen injection will impact the soil-gas and soil-water
chemistry by stripping co2 and the environmental gas tracers, &s
well as altering the D and 0-18 distribution. These gas chemistry
data are needed to evaluate the potential for gaseous radionuclide
migration and may help determine vadose water travel time. Consid-
eration should hence be given to performing withdrawal (pumping)
tests instead. If this proves impractical, consideration should
be given to pumping out several times the volume of nitrogen

injected following the injection test.
Page 8.3.1.2-159 Injection of water into gas-sampling tubes

It seems unlikely that sufficient water could be injected into the
gas sampling tubes to do more than test the backfill. Air would
initially be trapped in the backfill as water imbibed into it, and
capillary. effects would cause highly variable rates of inflow for
8 given pressure. The trapped air would later begin to dissolve,
resulting in a backfill-affected time history that likely would
totally obscure the effects of rock permeability. Careful
consideration should be given as td whether these experiments can

be worthwhile.
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8.3.1.2-177 8Study: Characterization of Yucca Mountain percola-
tion in the unsaturated-zone exploratory shaft facility study

As already discussed, injection tests may be detrimental to
in-situ chemical sampling. Almost all of the eight activities in
this study involve proposed packer injection studies, some on &
massive scale. Can puﬁping be substituted?

8.3.1.2-182 Activity: Intact-fracture test in the ESF

Studies already conducted at Rainier Mesa 4o not appear to have

been considered in the design of this activity.
8.3.1.2-182 Activity 8.3.1.2.2.4.1 Intact-fracture test in the ESF

This activity will hopefully isolate fractures presumed to be open
under the present-day hydrologic regime in the Yucca Mountain
unsafurated zone. If any of these open fractures contain calcite- -
silica deposits, a great deal of thought should .be given to
designing chemical/isotopic/petrologic studies of such vein-
£illing materials. Study of such veins could provide one of the
few direct lines of evidence as to the nature of gas-water-rock

-interactions in an active natural fracture system.

Page 8.3.1.2-182 Dispersivity of fractures
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It is not clear how or why fracture dispersivity is being obtained.

Page 8.3.1.2-194 A sand bed and flow tank

It seems unlikely that a sand bed can provide sufficient suction
control to allow tests to be run at less than almost complete
saturation. }cOnsideration should be given to using either a
plaster-of-Paris crust or a ceramic plate coupled to the

infiltration block with diatomaceous earth.

Page 8.3.1.2-194 to 197 Experimental objectives for infiltration
test v

Froh figure 8.3.1.2-16, it is not clear how the infiltration test
will meet its experimental objectives. Inflow and changes in
saturation in the matrix can be monitored as a function of time,
but flow in the fractures could bypass the monitoring holes, even
if flow is occurring in a fracture penetrated by the hole. Flow
in the fractures will be quite 3-dimensional along tortuous paths,
particularly at low saturations. Thus, water could bypass the
monitoring holes totally undetected. 1In this case, effective
hydraulic conductivity could not be determined because the area
~involved in flow is not known. It seems necessary to isolate the
block with vertical impermgable sheet walls and a sunction plate.
underneath. Under these conditions, some idea of when steady-

state or near-steady-state conditions were obtained could be
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assessed by comparing inflow to outflow. Once steady state is
approximately achieved, effective hydraulic conductivity as &
function of saturation (and possibly pressure head) could Se
obtained. This test should be evaluated in a laboratory prototype
before being conducted in the ES. ' '

Page 8.3.1.2-209 and fbllowing Bulk permeability room

Not clear why &8 special room needs to be excavated for this test.
It appears as though the same information could be obtazined using
boreholes drilled into any 4rift wall.

Page 8.3.1.2-213 *"Cross-hole tested to [evaluate] the Klinkenberg
effect and determine the air permeability - capillary pressure

relationships.”

Not clear how the Klinkenberg effect can be evaluated. The effect
should be small in the fractures, but quite significant in the
matrix. The medium definitely should behave as sone of double
porosity, and possibly the matrix Klinkenberg effect could be
evaluated by changes in the Warren and Root parameter with injec-
tion pressure as determined in successive tests. Alternatively,
since the Klinkenberg effect is prdportional to the square root of
the mass of the gas molecu;e involved, nitrogen and helium could-
be used in successive tests, with differences in the Warren and
Root parameter attributed to the Klinkenberg effect. If this is

the plan, it should be so stated.
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It is not clear how air permeability will be relasted to capillary
pressure. This should be clarified.

Page 8.3.1.2-235 Excavation effects test

Why is this test important to the site characterization of Yupca
Mountain? Why-do we want to know the effects of’excafations on
permeability? These effects will mainly be on fracture
permeability, which is already great enough to transmit all

potentially available water.

Page 8.3.1.2-247" The proposed use of psychrometers to measure
water potential in perched water zones won't work because they
measure water potentials of less than -1 bar, and the presence of
perched water indicates water at atmospheric pressure. Thus,

psychrometers couldn't possibly be in range.

Page 8.3.1.2-248 Activity 8.3.1.2.2.4.8 Hydrochemistry tests in
the ESF |

Carbon-13 ratios can be determined directly from gas samples of
500 cc or more. Why not use this technique for carbon-13 rather
than adding the uncertainty of tthhsferting the co2 on to and

off of molecular sieve?

Vacuum distillation for deuterium and oxygen-18 will require great

care to ensure quantitative extraction and thus no fractionation.
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The age of unsaturated-zone gases can be estimated from carbon-14
only if all of the possible sources and sinks for carbon-14 in the
system can be characterized. A knowledge of the carbon-13 content
of Co2 does not (as implied on p. 249) in itself provide

sufficient information to make age estimates.

Analysis of noble gas isotopes might also add interesting
information to this study.

Page 8.3.1.2-252 and page 8.3.1.3-108 Diffusion tests

It is unclear that these tests will give values on diffusivity.
This is true because the tracer-tagged water will migrate by
capillarity and by gravity, carrying the tracer with it. Thus,
tﬁe predominant transport will be by convection rather than
diffusion, Perhaps an alternate approach would be to place a
solid soluble salt in the borehole and then determine the
distribution of that dissolved salt in so0il solution in the
overcored material. Some interference to pure diffusion would.
arise in Ehat vapor would condense on the salt,‘to be reimbibed by
capillarity into the rock. This effect would be much less than

that due to capillarity on the injected water body, however.

Page 8.3.1.2-253 Activity 6.3.1.2.2.5.1 Diffusion tests in the
ESF '
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The design of this activity seems to imply that diffusion, and
only diffusion, will contribute to the movement of aqueous

solutions of tracers. This seems oversimplistic to say the least!

Page 8.3.1.2-257 to 265 Study 8.3.1.2.2.7 Characterization of

qaséous-phase movement in the unsaturated zone

The programs described in this Study and its single activity
(8.3.1.2.2.7.1) seem sound in principle and, if successful, would
produce a great deal of extremely useful information. However,
taken as a whole, this Study seems optimistically overambitious,
perhaps best eviaenced by the proposal (p. 25%( for bimonthly
carbon-14 sampling at UZ-6 and UZ-6S; this alone would constitute

a.fairly major project.
Page 8.3.1.2-264 Gas tracers

Chloride-36 is not a gas tracer, a&s it occurs only in the liquid

phase. It should be deleted from the list.

8.3.1.2-267 Activity 8.3.1.2.2;8.1 Gas-phase chemical

investigations

Comments made previously on Hydrochemistry tests in the ESF all

apply here.
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Page 8.3.1.2-269 Activity 8.3.1.2.2.8.2 Aqueous-phase chemical

investigations

This is perhaps the most important chemically related activity in
the site--or regional characterization programs, and should be
strongly supported. The text states thgt carbon-14 and
chlorine-36 will be an@lyzed on extracted water Ehmples. Even
with tandem accelerator techniques, are these analyses feasible?
The test (p. 271) also states that the extracted water will be
analyzed for trace gases--by what technique?

Page 8.3.1.2-282' 14Co2 is not a reliable tracer of

unsaturated water flow because it moves by gaseous diffusion much
more rapidly than does the water. ' Suggest deleting it from the
.list. Also, Co2 partitioning between soil gas, water, and the
s0lid phase is highly complicated, and has not been identified as

an aspect of the model.
Comments on section 8.3.1.2.3 (pages 8.3.1.2-290 through 297)

l. Boundary conditions (pages 252-297)--The faults themselves may
not be as important for control on the movement of water as the
.Juxtaposition of poorly permeable focks adjacent to more permeable
rocks or the off-setting of permeable rocks into disconnected

blocks.
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2. Page 296, Item l--Why haven't the previously completed

hydraulic-stress tests beén analyzed?

3. Page 296, Item 2--Will cross-borehole geophysical techniques

also be used in defining the character of the rocks?

4. Page 296, Item 3--§as any thought been given to the effect
applied stresses may have in altéring flow direétion and rates as
compared to the natural conditions. That is, will the pumping of
ground water for supplies either at the proposed repository or
nearby change the direction and rate of flow?

Comments on Studies to Provide & Description of the Saturated Zone

Hydrologic System at the Site, p. 8.3.1.2-290 to 297

In general, the saturated zone study plans are impressive in their
scope and depth. It seems that the U.S. Department of Energy will
be doing anything and everything that & large panel of experts
could possibly suggest to do. All of the reviewed plans are
appropriate in detail. They also appropriately allow for various
follow-up work plans depending on initial results. All of the
plans that deal with specific measurements related to head
_response of aquifer boundaries and'hydraulic properties are sound
and -should give the specific informétion expected from the work. -
On the other hand, the plans are insufficient in resolving a few

very significant issues of performance assessment related to the
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solute transport that would occur in the event that radionuclides
reach the saturated zone. This insufficiency is not by any means
due to misdirection or a lack of proposed efforts to characterize,
but to basic intractability in defining subsurface transport in

almost any geohydrologic environment.
Page 8-3-1.2-40

*Hydrologic modeling produces the velocity field essential
for defining flow paths and computing ground-water travel
time. Such modeling requires sufficiently detailed
knowledge gf the hydrogeologic framework and the
three-dimensional distribution of potential values and

conductivity properties.”

A velocity field defined in this way only gives some mean picture
of actual flow paths and values. Water seeks to flow in the path
where it loses least energy. Thus, &8 single preferred large scale
flow path from the repository to the accessible ‘environment may be
made up of a series of connected‘and non-connected fractures and
permeable zones with internal velocities orders of magnitude
greater than a local modeled average of the area. We would
therefore disagree that hydrologic modeling defines velocities and

flow paths accurately enough to satisfy the design criteria.
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Page 8.3.1.2-59

*Adequate statistical characterization of the geometry of
hydrostratigraphic units and their hydraulic conductivity,
storativity, dispersivity, and porosity requires that a
sufficient number and distribution of boreholes be drilled

to determine these properties.*®

Statistical or deterministic characterization of these properties
is valid only for the scale and at the locations at which
measurements are made. Unless Yucca Mountain has &n unusually
homogeneous aquifer system (which is not the case, as stated in
the plans), the small-scale measurements planned will likely miss
key features in the aquifer that control specific higher velocity

flow paths.
Page 8.3.1.24i§5

“The fracture network at Yucca Mountain has a major
influence on ground-water flow and solute transport. The
ground-water system is so éxtensively fractured that
discrete fracture-network modeling at the scale of the
mountain may not be a practiéal method for calculating
travel time of grounq water. Nevertheless, models used to
calculate travel time must be based on an understanding of

the fracture network.

-179-



Because fractures are individually different, with
apertures, orientations, spacing, lengths, and in-filling
characteristics subject to statistical description, in situ
tests encompassing scores of fractures are needed to
describe hydraulic conductivity and other bulk aquifer
properties. Hydraulic conductivity of the fracture network
is several order§ of magnitude greater than matrix
permeability in welded units, and may be an order of
magnitude greater in nonwelded units. At the scale of well
tests, it may not be possible to describe hydraulic
conductivity as a tensor analogous to that of an equivalent
porous medium. Criteria for porous-medium equivalence may
be more strict for solute transport than for ground-water

. flow. The character of effective porosity and hydrodynamic
dispersion may be completely different from that which would

be expected in a porous medium.

In general, multiple-well tests will be needed to evaluate
complex heterogeneous flow models. While useful for .
investigating many aspects of saturated-zone hydrology
beneath Yucca Mountain, régults of single-well tests have
limited use in understanding the nature and areal

distribution of bulk aquifer properties.®

This approach to calculating travel times is apparently cognizant

of the problem's intractability. However, it is suggested here
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that multiple-well tests will improve single-well test
understanding of fracture permeability and connectivity. While
this may be relatively true, it points out that the plan drafters
realize that the scale of the test is related to the property
measured. A single-well test samples only & small aquifer volume:'
8 multiple-well test samples a larger volume and gives information
on a larger scale. Hoﬁever, even the proposed multi-well tests
are at a scale which is minute compared with the travel distance
from repository to the ‘'accessible environment.' Thus,
multiple-well testing may shed little light on the large-scale
flow and transport of which understanding is required to satisfy
design criteria.” In particular, measurement of local dispersion
coefficients with tracer tests will likely give values unrelated

tq dispersion at the large scale of the design criteria.

8.3.1.2-298 Activity 8.3.1.2.3.1.1 Solitario Canyon fault study

in the saturated zone

This activity would appear to provide one of the best opportuni-
ties in the site for a combined hydrologic-geochemical study.
Gradients are steep enough that Elow paths would appear to be at
least generally definable; solid phase and aqueous chemistry will
be available from existing and/or étoposed boreholes and cores.
The situation seems made-to-order for a thorough hydrogeochemical

study. A substantial benefit from this study would be the chance
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to look at rock-water interaction in some detail along a known
flow path, if one is defined. Such an analysis does not appear
feasible (at least to the same degree) elsewhere in the site or
regional system because of the complex nature of the flow system

and distribution of existing/proposed borehole data.

8.3.1.2-301 Activity 8.3.1.2.3.1.2 Site potentipmettic-levél

evaluation .

This appears to be & worthwhile program, but, once again, planned
with a total absence of hydrochemical input.

_Activities 8.3.1.2.3.1.5 and 8.3.1.2.3.1.6 both involve use of
conservative tracers in pumping tests. Would it be feasible or
desirable to use labelled water (HTO or deuterium and oxygen-18)
as a tracer? An advantage would be monitoring of water molecules
directly, without concern for sorption, etc., og solute tracers.
Disadvantages might be cost and/or lack of sensitivity. Has any

thought been given to this?
8.3.1.2-328 to 333

Activities 8.3.1.2.3.1.7 and 8.3.1.2.3.1.8 both propose to use

reactive tracers in the same type of pumping tests as the pfevious
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two activities to obtain kinetic adsorption and equilibrium
sorption parameters. This is an intriguing idea, but it does not
seem that enough information can be measured to allow the

calculation of the desired parameters from the measurements.

8.3.1.2-333 to 336 Study 8..3.1.2.3.2 Characterization of the

site saturated-zone hfdrochemistry

The two activities in this study seem to be well thought out. The
second activity--sampling of water table wells--should be one of

the highest priority items in the program,.

-

8.3.1.2-337 to 345 Study 8.3.1.2.3.3 Saturated-zone hydrologic

system synthesis and modeling

There are three modeling activities in this study, none of which

seem to be aware of the existence of water chemistry in any form.

Page 8.3.1.2-343 P

“The relation between tecﬁniques applicable &t the scale of
hydrologic well tests &and techniques applicable at regional
scales has not been established for most fractured media.
Techniques that successfully simulate results or
hydrologic-well tests will be extended on a theoretical

basis for use in large-scale models. Scale dependence of
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many model parameters is expected. Hydrologic well tests
are conducted in a perturbed flow system, while large-scale
models evaluate a relatively unperturbed system. This
raises questions when using well test results in regional

analyses.*
The difficulty is clearly stated here.
Page 8.3.1.2-343

“Applicability of techniques proved successful at the scale
hydrologic:well tests to large-scale problems will be
evaluated by conducting sensitivity analyses and simulations
of flow and transport in hypothetical flow systems. The
hypothetical systems will be similar conceptually and will
retain many of the important hydrologic characteristics of
Yucca Mountain but will be simplified for ease of data

input.”

Two approaches are suggested in‘the plans for dealing with the
scale problem. Both approaches #ssume statistical homogeneity of
parameters at the large scale. Such large-scale homogeneity
indeed must be assumed & priori; however, no measurements will be
available to prove homogeneity. Moreover, even if the assumption
of homogeneity were correct, the single realization of the

multitude of possible parameter fields that exists at Yucca
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Mountain may exhibit peculiar flow paths not similar to the mean
behavior predicted statistically. Further, it is not possible to
assign objective probabilities to the likelihood of this

occurrence.
8.3.1.3-25 Study 8.3.1.3.1.1 Ground-water chemistry model

It is not clear how this differs from the various modeling

exercises proposed in the final sections of Subchapter 8.3.1.2.

8.3.1.3-67to 74 Study 8.3.1.3.4.1 Batch sorption studies
Several activities are proposed in this study, dealing with

sorption as a function of various chemical parameters:

a. Solid ppgse composition. Parts of this activity appear to
duplicéte work already presented in Chapter 4. Studies of
sorption by specific minerals are potentially importént and
should be pursued. How will the question of surface area be

handled?

b. Isotherms: Again not clear, without consulting primary

references, how much has already been done.

c. Ground-water composition: 1In principle, this is a good

question and needs to be answered. But--within any
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reasonably expected range of ground-water compositions
(assumina oxjdizing condjtions), is there any reason to
expect compositional variations in Kd's to exceed the

variations that are already observed (Chapter 4)?

Sorption on particulates and colloids: Can the surface area
of these ponceivébly be great enough, relative to total

available surface area, to make this important?

Statistics of sorption: All previous (a-d) activities are
aimed at elucidating processes; it is not obvious how

statistics'will help this quest.

Biological sorption and transport (Study): Possibly an
important study, more emphasis on determining natural

populations (if any) of microorganisms also seems important.

Sorption models (Study): Again, how will the guestion of

surface area be handled?

’

8.3.1.3-77 to 85 1Investigation 5.3.1.3.5 ...Radionuclide

retardation by precipitation...

Several studies and Activities are included in this Investigation;

comments follow.
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a. Solubility measurements: These are to be done in oxidizing
solutions based on observed conditions at Yucca Mountain.
However, liquid water containing dissolved oxygen at
concentrations that will be substantially less than 1
millimole/liter is a very poorly “"poised" system. What
happens to the transfer value of these experiments if
reaction of wastéform/cannister with liquid water (should it
appear) in the repository removes the dissolved oxygen?

This is not necessarily bad, but certainly deviates

substantially from experimental conditions.

b. Speciationvmeasurements: These are important and should be

supported to whatever degree feasible.

“C. Colloids: 1If transport of anything by colloids is important
under natural conditions, then so are these studies.
Evidence presented as to the imporgance of colloids in the
absence of stresses (i.e., pumping) is unconvincing, and it
is .not clear how any of the proposed studies will answef

questions pertinent to in-situ conditions.
8.3.1.3-89 to 111 1Investigation 8.3.1.3.6 ...Radionuclide

retardation by dispersive, diffusive, and advective transport

processes...
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8.3.1.3.6.1.1 Crushed tuff column experiments

Measurements relative to tritiated water are a good idea.
“Tritium will always be run alone" (p. 96). Why? Seems to
contradict the purpose of the experiment. Is all of the proposed

work feasible in finite time?
8.3.1.3.6.1.2 Mass transfer kinetics.

Much of this seems similar to the above activity. Why do we need

to know the velocity limit to which sorption values are valid?

8.3.1.3.6.1.3 Unsaturated tuff columns

.This is an interesting proposal, but seems of guestionable
feasibility, particularly under realistic matric potentials for

Yucca Mountain.

8.3.1.3.6.1.4 Fractured tuff column experiments

In principle, this is an excellént idea. As described, however,
it is unclear how data from these experiments can be transferred

.to field application - fracture mineralogy, surface area, and

scale questions (lab vs. field) are not addressed.
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8.3.1.3.6.1.5 Filtration

It is important to establish whether or not colloids can
contribute significantly to radionuclide transport under natural
conditions. It is not clear how this activity will help to answer

this question.

8.3.1.3.6.2.1 Uptake of radionuclides on rock beakers in a

saturated system

Perhaps something was missed in review, but this activity is hard

to take seriously.
8.3.1.3.6.2.2 Diffusion in a saturated tuff slab

How are the effects of diffusion and sorption to be separated? 1If

this can be done, it i; not clear from the brief discussion here.
8.3.1.3.6.2.3 Diffusion in an unsaturgted tuff‘block

Same question as above.

_Page 5.3.1.4-61 Borehole geophysics

Neutron logging will be important to the hydrologists and needs

"more of a commitment here from the geologists.

-89 -



Page 8.3.1.4-90 to 92 The grid drilling appears not to take
account of existing boreholes. Surely these data can be
incorporated in developing a rational scheme for locating

boreholes that improves the sampling design.
Page 8.3.1.5-46 Measurement of soil pco2

This discussion is very sketchy, but the authors 4o not appear to
be familiar with the literature on pCO2 in soils. Soil pco2
fluctuates greatly over the year, as shown by Reardon et al.
(1980). Thus, pcoz will need to be monitored frequently in

time. Also, suction lysimeters probably will yield samples only
whenn the s0ils are quite wet, while the soil-water chemistry may
be more important as a soil-forming agent when moisture contents
are low. Hence, alternate methods, such as leaching, immiscible

displacement, or squeezing need to be considered. The comments

regarding water sampling apply to p. 8.3.1.5-49 and -53 as well.
Reference:
Reardon, E.J., et al., 1979, Seasonal chemical and isotopic

variations of soil coz at Trout Creek, Ontario: Jour.
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Page 8.3.1.5-84 1Isotope analyses to determine soil-water ages
Use of 14CO2 to determine the residence time of water in the

unsaturated zone is not practical, because transport by water
movement in the unsaturated zone in arid and semiarid areas is

much slower than gaseous diffusion. Since 14

CO, also moves in

the gas phase, and the quantity of co2 in the 1liguid phase is of
the same general magnitude of that in the gas phase, the liquid
will probably be in near-equilibrium with the gas phase, and
nothing will be learned about liquid movement. Tritium also moves
in the vapor phase, but the fact that vastly more water exists in
the liquid phase'than in the gas phase means that, with vapor-
liquid phase equilibrium, tritium movement by vapor transport will
not greatly outpace that by liquid transport. However, the time

36C1 does

frame over which tritium can be used is very limited.
not move in the vapor phase, but its decay is so slow that it

mightynot be.é-useful indicator of soil-water age. The positive
assertions made regarding the utility of these data need ts be‘_

greatly tempered. ‘ s

8.3.1.5-44 to 46 Activity 8.3.1.5.1.4.1: Modeling of soil

properties in the Yucca Mountain Region
The goal of this activity is stated as using the various lifted

soil analyses as input to a computer program that "has been

developed to model the movement of carbonates in soils...” 1If
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this is a process-related geochemical model, it exceeds in
sophistication anything else in the SCP. References, etc., are

needed.
803.1.5"48 ACtiVitY: 8.301050402

Seems pretty much & repetition of the above without the computer

model.

8.3.1.5-51 to 56 Activity: 8.3.1.5.1.4.3 Surficial deposits

mapping of the Yucca Mountain area

-

In general this seems well thought out and ambitious. It is not
clear (p. 53) how present so0il water chemical data are going to
2id in understanding paleoclimate. Isotopic analysis of secondary

carbonates (p. 54) could be very important.

8.3.1.5-57 Eolian history of Yucca Mountain

5

Any eolian sands dated by uranium series dating of secondary
carbonates should also have staﬁle isotopes of oxygen and carbon

determined.
8.3.1.5-84to 86 Quaternary unsaturated zone hydrology

Carbon-14 almost certainly cannot indicate water travel times,

tritium will not say much about the Quaternary, and none of the

-192 -



proposed analyses would seem to provide much input to Quaternary

hydrology.
8.3.1.5-88 Past ET estimated from modern ET

This discussion is so sketchy that it is meaningless.

-

8.3.1.5-94 Analog recharge studies

Estimates of recharge based on a single technique--the chloride
method--are suspect. It is important that other techniques be

used as a check.

‘discharge areas.

An ambitious proposal. Are gosls #2,4, and 5 actually feasible?
8.3.1.5-93 to 96 Analog recharge studies
This study assumes that recharge to the ground water system is

equal to infiltrations estimated by the Claasen (1986) technique.
Is this true? '
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8.3.1.5-96 to 102 Activity 8.3.1.5.2.1.5 Studies of calcite and

opaline silica vein deposits

This study, as proposed, is similar to the hypothetical *"cross
discipline” study mentioned in the general commenfs. This study
should be supported, and if anything, expanded. For a study as
potentially wide-ranging as this, an external review committee

seems like a gooq idesa.

Comments on Section 8.3.1.8.3 p. 8.3.1.8-59%9 to 89.--"Studies to
provide information required on changes in unsaturated and

saturated zone hydrology due to tectonic events"™

Page §.3.1.8-76 under "Objectives"--"...model the effects that
dikes or other intrusions would have on water table elevation...*
-Referencing *software quality assurance," and "use and control of
computer programs®” is inadequate. How are you going to do this?

What codes will be used? Who wrote them?

Page 8.3.1.8-79 Activity 8.3.1.8.3.2.3--1s this‘being coordinated
with Activity 8.3.1.8.3.3.3 on p. 87 following? 1It should be, but

it cannot be determined from the text.

'Page 8.3.1.8-89--211 of these disclaimers are all well and good,
but what happens when one of the items listed is not available?

What are the consequences?
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8.3.1.8-119 Heat flow at Yucca Mountain

Part of this study consists of more calcite-silica deposit

work--this time as isotope geothermometry.

8.3.1.9~27 This activity (Geochemical assessment of Yucca
Mountain...) also includes proposed sampling of cplcite and

opaline silica deposits.

Section 8.3.1.9.2.2, Study: Water resource assessment of Yucca

Mountain

Page 9-37, Objectives--The study might not be sble to come up with
just one projected supply-demand situation that will adequately
portray the future choices for development. We recommend that the
objective be modified to produce 2 to 4 development scenarios that
deal with the most probable options for future development.
Estimates of the value of water could be made for each scenario.
This would produce a range of values; however, DOE would probably
be able to demonstrate a higher confidence in a‘range that
recognizes some variability in the future than in & single value

that does not.

Page 9-37, last paragraph--How is the information from the
preceeding paragraph to be hsed to estimate the probable
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withdrawal rates and locations of pumping. 6Some specific
assumptions about future growth and the utilization of water will
be needed. The assumptions will have to be area specific, e.qg.,
future needs for Amargosa Valley (Lathrop Wells), future
agricultural pumping, possible real estate development (tract
homes), possible borate mining in the Amaragosa Desert area
basin-£fill deposits; and so on. It seems that only then can '

potential use curves be developed that have much credibility.

Page 9-38, Methods and technical procedures section.--The two
paragraphs on obtaining sources of information sound all right but
these data will have to be processed and carefully analyzed to be
able to come up with the most probable development scenarios.
Without the probable development scenarios, how can anyone come up
with credible supply-demand information? This comment illustrates
what may be a basic weakness in most of the proposed study plans.
There seems to0 be an underlying basic assumption that once
information has been obtained from a list of sources there remains
little to do except present the results of whatait means. This
may not be the case (even if the listed sources are other work
elements of the site characteriZation plan); the information will
probably be nonstandard, have varying degrees of coverage and
credibility, deal with different time periods, and will probably

address a different objective than the one being considered.
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Page 9-45, Methods and technical procedures--The statement that
these are yet to be determined is inadequate. The description
section mentions certain techniques; this section is where the
methods and technical procedures should be described in more

detail.

Page 8.3.1.12-6 Paragraph 3--"A site monitoring éiogram...' What

data are being collected? 1Is this spelled out somewhere?

8.3.1.12-11, 15, and 17 Meteorological monitoring (Three

activities)

Will precipitation monitoring in each activity include chemical/

isotopic analysis?

Page 8.3.1.12-15, Item 6, atmospheric stability--"(calculated
from...net iadiation).' Radiation is pot one of the parameters

listed as being collected.
- 8.3.1.12-21 Precipitation data

Hourly precipitation data are inadequate to model thinfall-tunoff
telationships in small watersheds sﬁch as those instrumented at
Yucca Mountain. Currently, it is gquite simple to program data
loggers to record every hour when no rain is occurring, but every
minute or every five minutes while rain is occurring. This should

be done in the meteorology study.
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8.3.1.15-54 Only one neutron hole to monitor moisture migration
during the heater-block experiment seems inadequate to monitor
moisture redistribution. Additional neutron holes should be

considered.

Section 8.3.1.16.2, Investigation: Location of adequate water

supplies, techﬂical basis for obtaining information

Page 16-19, Objectives--Locating the primary well sites sbove the
central surface facilities will not necessarily reduce the total
lift. There will be gravity feed from the well head to the
facilities, but this may be offset by much greater pumping lifts.
P;ge 16-19, Description--The technical search should not be
restricted to unappropriated water. The technical search should
be for well sites capable of meeting the anticipated water needs
for the project. If the water in the area has already been
appropriated then consideration should be given to buying or
leasing Qater rights and then transferring the éoints of diversion

to areas selected for the principal supply.
8.3.1.17-145 Activity 8.3.1.17.4.5.2 Movement on Quaternary faults

Throughout this activity, dating of fracture fillings by uranium
trend or series is proposed. These fracture fillings should also

be snalyzed for carbon and oxygen isotopes.
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Section 8.3.2.2.4, Information Need 1.11.4: Design constraints to

limit water usage and potential chemical changes

Page 2-60, Comment on the general objective--The general objective
as stated is to limit water usage. The real objective is to limit.
or prevent the build up of water in the materials that the
repository is‘being coﬁstructed in. Limiting the overall use of

water is just one way to try and attain the real objective.

Page 2-64, 4th paragraph--The use of water for dust control is
necessary, but excessive infiltration could be prevented by
careful monitori;g of the wetted surfaces. Neutron moisture
meters have been laid on a surface and measured the moisture in
about the upper foot of material. This or similar equipment could
.be used to make sure that dust-control water was not allowed to
build up the near-surface moisture to the point where significant

infiltration was likely.

Page 2-64, 4th paragraph--The development of a water balance for
the entire facility is a good idea. What is being considered is a
relatively simple balance of water into the site less water
physically transported away from the site which would leave a
residual that would either be consuﬁed by evaporation or remain on
site. What will be needed for an adequate budget must include the
best estimates of evaporation that can be made. If this is done,

the residual will be a direct estimate of the water build up on
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the site, which is what is needed. Subbudgets should be developed
- for underground and surface activities. In the budget for under-
ground activity, the water carried out through the air-circulation

gsystem should be included.
Page 8.3.4.2-4€6¢ Preemplacement Vadpse water composition

This activity appears to duplicate activities planned for the
exploratory shaft. Perhaps the activity listed here is for the
waste-emplacement area itself, but the ES activity should be

referenced.

Page 8.3.4.2-47 Dissolution experiments

‘Would the presence of an air phase radically change these

results? Are experiments under saturated conditions for a more
corrosive environment, and hence conservative? Some justification
is needed for running experiments under saturated conditions.

Page 8.3.4.2-51 Vapor flow modeling

The modeling of vapor flow at high temperature requires a

consideration of steam adsorption as well as vapor-pressure

lowering. This approach is described by Herkelrath et al. (1983).
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Reference:

Herkelrath, W.N., et al., 1983, Laboratory investigations of steam
flow in a porous medium: Water Resources Res., v. 19, no.

4, p. 931-537.

Page 8.3.4.2-52 to 58 ' A number of very complicaged unsaturated
flow and transport experiments are mentioned but it is not clear

how they are to be performed. More detail is needed.

8.3.5.10-50 to €69 Information need 8.3.5.10.3 Scenarios and
models needed to'predict the rate of radionuclide release from the

waste package and engineered barrier system

A major portion of this section of the SCP is devoted to proposed
modifications to, and applications of, the computer code EQ3/6.
The proposed modifications and improvements to EQ3/6 are needed.
The models generated should be taken with some degree of caution

however.

Section 8.3.5.12 Issue resolution strategy for Issue 1.6

This is a very confusing document. The confusion arises from two
causes. First, the NRC performance objective is not clear.

Nobody knows what the ‘fasfest path of likely radionuclide travel"

really means. Also, the wording of the performance objective is

~20| -



basically noncommensurate with a probabilistic/stochastic approach
to analyzing ground-water flow. ®“Fastest® refers to an extreme of
a probabilistic distribution. *“Likely" refers to somewhere away
from the extreme. To put fastest and likely together seems
contradictory. The second cause of the confusion stems from the
DOE's way of thinking and the associated jargon. This “issue,
resolution strategy"” divides the technical study‘into such smzll
compartments, and then draws a maze of interconnection between the
different parts, that it is almost impossible for the reader to
understand the overall thinking behind the site characterization.
Page 8.3.5.12-3,.3td full paragraph--The sentence "The hydraulic
characteristics along these paths..." is poorly written. One does
not test hydraulic characteristics. One tests the rock to
determine the hydraulic characteristics. This sentence should

be: *"The paths that may be identified during site characteriza-

tion, will be determined during the characterization process.*"

Page 8.3.5.12-5, 1st full paragraph, lst sentence--The term
"reflect” does not make sense here. It would be better to replace

it by "account for."

Page 8.3.5.12-6, 1lst full paragraﬁh--This paragraph describes the
five parts of the performance allocation. The fourth part is
“identifying relevant flow processes with each unit.*" However,
this is different from Step 4, described on p. 8.3.5.12-17 to 16§,

which is entitled *"performance goals."
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Page 8.3.5.12-10, lst paragraph--The sentence starting with
*Nested within this arena...® What is meant by the “technical
indeterminism regarding the relstions among the uncertainties
attached to individuval parameters...?" This phrase should be
replaced by "technical indeterminism due to uncertainties attached
to individual parameters..." Also, the point tﬁat "the underlying
mathematical structure of any valid conceptual approach does ﬁot
permit unique solutions as to the relative influence of
uncertainty associated with any given parameter or parameter set”
is not correct. For & given model, the uncertainty associated
with any parameter can be determined through stochastic analysis
(i.e., given & pEobabilistic or stochastic description of a
parameter, e.g., hydraulic conductivity, one can determine the
stochastic description of the model behavior, e.g., hydraulic
head.) This may be a complicated procedure, involving Monte

Carlos simulation, but it can be done.

Page 8.3.5.12-~11, 2nd full paragraph--The term "Diffusive ﬁrocess'
at the start of the paragraph should be replaced by *Matrix '

~ @iffusion process” to be more explicit.

Page 8.3.5.12-11, last sentence on the page--Meaning unclear.

Page 8.3.5.12-16, 1st full paragraph--It is not clear how “the
diffusioﬁ of nonsorbing tracers from the fractures to the matrix

"pores™ can be used to "jdentify the fastest path of likely

-203-



radionuclide travel.” 1Is the point of the paragraph that if rapid
flow in fractures is found during characterization, then matrix

diffusion will be taken into account when computing travel times?

Page 8.3.5.12-17, 3rd paragraph--The second sentence talks about
natural variability of properties and also "uncertainty associated
with that vatiability.; I take the latter to mean the uncertainty
in the probability distribution function that describes the
variability. In other words, this is the uncertainty of the

uncertainty.

Page 8.3.5.12-19: 1st partial paragraph--It is not clear how the
goals for 10,000 yr can “constrain the shape of the (cumulative
distribution) curve" for travel time. This curve is derived from
the probabilistic description of the model parameters (hydraulic
conductivity, porosity, etc.). Its shape has nothing to do with

the 10,000 yr goal.
Section 8.3.5.12.1 Information Need 1.6.1

There are four general comments on this section. First, why is
the controlled area taken to be the largest region over which
parameter values are to be determined? I can understand this for
unsaturafed flow, since al{ the flow is assumed to move vertically
downward from the reposifory. However, for saturated flow, one

has to compute ground-water travel time to the accessible
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environment, which is outside the controlled area. Thus, one
should also know something about the properties outside the

controlled area.

Second, the entire statistical framework and the statistical
language used in this §ection are sloppy. For exemple, it is not
clear what “"confidence level" really means. On p. 8.3.5.12-3, it
is stated that "the confidence levels apply to confidence that the
location-dependent mean, standard deviation, and spatial
correlation need to be known to the indicated levels.® It is not
clear if this means that the sample mean, sample standard
deviation, and s;mple spatial correlation (obtained from field
data) should be very close to the “"true” mean, true standard
deviation, and true spatial correlation, i.e., the estimation
.errors are small. Suppose the true mean and true standard
deviation are known, but the true standard deviation is very
large, is this still a *high confidence” situation? In general,
this section can be improved by being more rigorous and precise in

the statistical language and ideas. _ P

The third comment deals with thétmanner in which heterogeneity is
treated. On p. 8.3.5.12-38, it is stated that "the heterogeneity
can be characterized by the autocbrrelation of the properties of
interest as a function of spatial separation.® This is a very
limiting way of dealing with heterogeneity and is only appropriate

(at least theoretically) when the property can be treated as a
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stationary or *intrinsic" stochastic process. One should at least
consider if there is “"trend" or *"drift" in the data. For example,
within a .rock unit, there may be a large region where the
permeability is generally higher, while in another large region,
the permeability is generally lower. These large-scale variations
should probably be considered as a .deterministic heterogeneity and
should probably be subtracted from the data prior to stochastic
analysis. Perhaps all this is already implied by the document,
but this should be more clearly stated. The point is that
heterogeneity should be treated on &8 combined deterministic/
stochastic approach. The autocorrelation can only give a partial

description of the heterogeneity.

The fourth comment regards the use of *"location-dependent mean,
-standard deviation, and spatial correlation within each unit*® (p.
8.3.5.12-37, last paragraph). If the mean and standard deviation
are location dependent, then the stochastic process is not
stationary. and the spatial correlation will not be a function of
gspatial separation but must be defined as a function of any two
points in the rock unit. This contradicts the previous assumption
that the autocorrelation is a £u;ction of spatial distance. The
concept of location-dependent mean, standard deviation, and
spatial correlation should be re-examined to see how it fits into

the overall stochastic approach of this study.
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Page 8.3.5.12-27, paregraph under *"Parameters”--Table 6.3.5.13-3
should be 8.3.5.12-3

Page 8.3.5.12-27, 2nd8 paragraph under “"Logic"--Constitutive
equations do not relate the statements of mass and momentum
conservation to measurable quantities such as hydraulic head and
initial and boundary conditions. Constitutive eguations relate
various quantities to each other, such as unsatﬁtated hydraulic
conductivity to water content. Also, initial and boundary
conditions are not involved in derivation of the governing

equations.

Page 8.3.5.12-28, Definitions of variables at top of page--Q
shoﬁld be defined as a source/sink term. The term (d/4x, d/dy,
d/d4z) should be moved down two lines to follow "differential

operator."

Page 8.3.5.12-29, 1lst paragraph, 5th line of text--"Pressure
gradient” should be “head gradient." @ should be D.

Page 8.3.5.12-29, 2nd paragraph, 2nd sentence--First word is

missing. On the line after eqg. 8.3.5.12-5, K should be k, for
_both permeability and relative perﬁeability.
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Page 8.3.5.12-38, last peragraph--It is not clear why the
“confidence in means, standard deviations, and spatial
correlations can be gnhanced by defining the covariance
coefficients among different parameters.®" Means, standard
deviations, and spatial correlations are estimated from field
data; their estimates will not be affected by estimating the

covariance coefficient'among different parameters.
Section 8.3.5.12.2 Information KNeed 1.6.2

This section is well written; no comments.

Section 8.3.5.12.3 Information Need 1.6.3

The meaning of this entire section is unclear. This is due to the
confusion over what "fastest path®” means. Also, it is difficult
to understanduéhe two ways of generating the cumulative
distribution functions of travel time as described on p.

8.3.5.12-51 and how these lead to definition of fastest path.

Page 8.3.5.12--53, 1lst partial pétagraph--The inverse problem is
one "in which the head field (is) predicted based on set of
conductivity fields."” This is the-'forward' problem. In the
inverse problem, the conductivity field is estimated based on a

given head field.
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Section 8.3.5.12.4 Information Need 1.6.4

In the part under "logic," the ground-water travel time is
considered a random variable. Thus, the first four steps
describing the probabilistic analysis (p. 8.3.5.12-56) deals with
generating model parameters and calculating travel times for each
realization. However, how does one go from step.4 to step 57
Given & whole set of realizations of travel time, how does one

determine the pre-waste-emplacement ground-water travel time?

Page 8.3.5.12, 1lst full paragraph--This paragraph implies that
one-dimensional ﬁodels are unable to account for the *"dependence
between outflow locations, travel times, and quantities." 1It is
not clear why this is so, and in fact, what this means. The
entire discussion about dimensionality is also unclear. For
example, it is not clear how one-dimensional equations can account

indirectly fbi'multidimensional flow by random walk techniques.
Section 8.3.5.12.5 1Information Need 1.6.5

It is not clear why "the NNWSI ﬁroject believes 10 CFR 60 offers &
more concrete definition of the disturbed zone" (p. 8.33.5.12-62)
compared to the NRC Generic Techniéal Position (GTP). The reverse
makes more sense. This is'because the NRC performance objective
is that "The geologic repository shall be located so that

pre-waste-emplacement ground-water travel time along the fastest

-209-



path of .likely radionuclide travel from the disturbed zone to the
accessible environment shall be at least 1,000 years or such other
times as may be approved or specified by the Commission.® 1It is
clear that the boundary of the disturbed zone must be defined
before the ground-water travel time (GWIT) can be determined.
However, in 10 CFR 60.2, the disturbed zone is defined as “That
portion of the.controlied area the physical or cﬁémical properties
of which have changed as & result of underground fability
construction or as & result of heat generation by the emplaced
radioactive wastes gsuch that the resultant change of properties
may have 2 sjgnificant effect on the performance of the geologic
Iepository.* Th; last part (underlined) makes the definition
ambiguous. If GWTT is taken as & measure of repository perfor-
mance, then one is caught in a "Catch-22" type dilemma: the
calculation of GWTT requires knowledge of the disturbed zone, but
the knowledge of the disturbed zone requires knowledge of GWTT.
Furthermore, it is not reasonable to involve repository perfor-
mance in the definition of the disturbed zone. For example, if i}
over a distance of, say, 30 m from the edge of the undergroundi
excavation, the effective porosity is changed by a factor of three
and the intrinsic permeability i; changed by two orders of
magnitude. It would be reasonable to say that there is indeed a
disturbed zone. Now, suppose the‘effect of this disturbance is to
change the GWTT from SOOQ years (calculated based on absence of a

disturbed zone) to 4500 years, and this is considered an

insignificant change in GWTT and, therefore, an insignificant
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effect on the performance of the geologic repository. According
to the definition in 10 CFR 60.2, there will be no disturbed
zone. This seems unreasonable. The advantage of adopting the
view in the NRC's GTR is that the repository performance is taken
out of the definition of the disturbed zone; The meaning of
“significant changes" is also well defined, even though it is
rather arbitrary. Anyway, the SCP adopts the criteria in the GTP

as performance goals, s0 why 2ll the fuss?

8.3.5.12-55 *“Ground-water travel time is considered a random
variable because the hydrologic properties (such as effective
porosity and per;eability) are spatially distributed heterogeneous
quantities and because uncertainty is associated with both
conceptual models and measurement of properties.®* If ground-
.water travel time is a random variable, why are we doing this

review?

Page §.3.5.13-39 Boundary conditions for modeling gas-phase Co2
in the unsaturated zone ‘ '
For the purposes of modeling Coéfftom the repository, it seems

as though setting the upper boundary at the depth where seasonal
fluxes daﬁpen out (approximately 16 m) makes more sense than the
bottom of the root zone, where seasonal variations would still be

very large.
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8.3.5.13-39 Transport of carbon-14 dioxide

The transport of carbon dioxide in any isotopic form will be
strongly influenced by the presence/absence of ca;bonate minerals;
another potentially important aspect of the @istribution of
calcite-silica deposits. Pages 4o_and 41 correctly point oug that .
transport modeling of carbon-14 dioxide will require valid
geochemical reaction models for carbonate precipitation and/or
dissolution.

£ 14

Page 8.3.5.13-56 Residence time o co

2

A goal of a 14

Co2 residence time of >30,000 years is not
realistic in regard to the physics of gas transport. Gaseous
diffusive transport is & fairly rapid process and is the one
relevant to this problem. HKence, a performance goal of a flux of

less than a certain value at land surface would be appropriate.
Page 8.3.5.13-92 Adequate general theory of carbon-14 transport

The theory given is modified from Thorstenson et al. (1983), but

those authors clearly state that the model failed to explain their

f 14C02 is slower

North Dakota data. The measured movement o
than predicted by the theory, so such an analysis might be
conservative. Nonetheless, it should be pointed out that the

-

‘theory has not proven adequate.
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Reference:

.

Thorstenson, D.C., et al., 1983, Distribution of qhseous

12 13 14
coz, CO2 and

unsaturated zone of the western U.S. Great Plains:

co2 in the subsoil
Radiocarbon, v, 25, no. 2, p. 315-343.

Section 8.3.5.15 Issue resolution strategy forAIssue 1.2: Will
the mined disposal system meet the requirements for the protection

of special sources of ground water as required by 40 CFR 191.16

General comment--This section refers to numerous other activities,
but_in each case, the information expected to be obtained is
spelled out so that it is possible to follow the line of reasoning
without doing extensive research through the other six volumes of
the plan. This section might be used as an example if some of the

other sections are revised.

Page 15-2, Approach--If transport modeling is needed you will
probably be looking at a sophisticated model (or at several
models) capable of simulating ti;nsport in the unsaturated zone as
well as three-dimensional transport in the saturated zone.
Suggest that a model development aﬂd testing phase be programmed.
in to the list of activities. This phase would begin as soon as

it was determined what transport models will be needed.
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Section 8.3.5.15.3 Information Need 1.1.3

This section is sufficiently general and brief that there are no
specific technical comments. A general comment is that there is
no mention of model verification and validation. This applies
particularily to uncommon models such as the model of release.
through basaltic volcagism, which probably conta{ns many
simplifying assumptions. It is not clear if such models actually

describe the physical processes that they are supposed to model.

8.3.4.19-1 to 8.3.5.20-9 Completed Analytical Techniques

(computer codes), and Analytical Techniques Requiring Development

These two sections discuss the various computer codes involved in
performance assessment and verification and validation activities
for NNWSI. There are a number of long-accepted and widely used
geochemical computer codes (the WATEQ series, for example) that
areAnot included in these activities. Are programs such as WATEQ

acceptable for NNWSI work?
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