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MEMORANDUM FOR: Waste Management Staff

FROM: Richard Lee
Geology/Geophysics Section
Geotechnical Branch
Division of Waste Management, NMSS

SUBJECT: GEOLOGY/GEOPHYSICS STAFF CONTRACTOR MEETINGS FOR EA REVIEW

On January 14-18, 1985, the Geology/Geophysics Section staff and their technical
contractors are scheduled to meet at NRC offices in Silver Spring, Room 130, to
discuss their prepared selected detailed comments and preliminary major comments
on the final draft EAs. The meetings are separated on the basis of site region
with the Permian Basin discussions on the 14th, the Paradox Basin on the 15th,
the Gulf Coast on the 16th, NNWSI on the 17th and BWIP on the 18th. The meeting
agenda is loosely constrained such that all specific comments and concerns can
be raised for discussion. Results of the meetings will contribute to the
selection of those comments the Geology/Geophysics staff will propose as their
draft EA selected detailed comments as well as provide a basis for identifying
potential major comments.

Due to limited space in Room 130 and limited time to conduct the EA review,
those who are interested in attending any of these meetings should contact me
(X74526) by COB, Thursday, January 10, 1985.

Richard Lee
Geology-Geophysics Section
Geotechnical Branch
Division of Waste Management, NMSS
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Deaf Smith Swisher

Chapter 3

Section 3.2.3 Stratigraphy

This section should present some discussion of Quaternary Deposits.

LEVEL 2
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Deaf Smith Swisher Page 3-29, paragraph 2

Chapter 3

Section 3.2.3.1.4, Upper Permian Page 3-25, Paragraph 1

The statement that "above the dolomite is a sequence to the cleanest and
thickest Sand Andres salt recognized in the Basin" is not supported by the
reference, SWEC, 1983g [1983b]. DOE should substitute a reference which can
directly support this conclusion.

LEVEL 3
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Deaf Smith Swisher page 3--29

Chapter 3

Section 3.2.3.1.5 Trassic System And Section 3.2.3.1.6 Tertiary System,

Seni, 1980, shows that the Deaf Smith site lies near or within both a
Pre-Ogallala erosional channel which was cut into the Dockum as well as an
Ogallala distributary channel. Areas within the Pre-Qgallala erosional
channels may have been subject to deeper and more intense weathering than areas
outside the channels which could possible have helped focus paleo
dissolutioning and be an areas where future differential erosion and
dissolutioning could be focused. The Ogallala depositional channels could
offered preferential groundwater flow paths and have the potential of being
areas where groundwater could be obtained more readily than areas of thinner
ogallala deposits outside the channels. In addition the areas within or near
the edge of the channels may present more problems for consturction of shafts
then areas where these features are not present. Neither the text nor the
accompaning of figures appear to indicate the existence of these features. The
EA should present a discussion of the known location and characteristics of
these features so that there effects on waste isolation can be addressed.

LEVEL 1
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Deaf Smith Swisher pages 3-30 to 3-52

Chapter 3

Section 3.2.3.3 Salt Dissolution Pages 3-49 to 3-51

Within this section rates of dissolutioning are presented which appear to be
reasonable if it is assumed that dissolutioning progresses inward at an
essentially uniform rate. It is well known, however, that solution features in
other water soluable rocks are strongly joint controlled and there are many
suggestions that this is also the case in salt dissolutioning. Based on
studies in Caprock Canyons State Park, Goldstein and Collins 1984, state "if
dissolution was enhanced along joint zones, regional dissolution might consist
of a mosaic of localized areas with varying rates of dissolution. The
similarity between the orientation of joints that predate dissolution and the
synchlinal depressions suggest that this occured."

The linear appearance of features such as Palo Duro Creek and the parallelism
of these features with regional joint and lineament trends as reported by
Finley and Gustavson, 1981, strongly suggest the potential for dissolutioning
to be concentrated around these features. If preferential dissolutioning along
joints is considered, dissolutioning could effect the site in a shorter time
frame than the calculations presented in this section suggest. The EA should
address the potential and effects of preferential dissolution.

LEVEL 1
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Deaf Smith Swisher

Chapter 3

Section 3.2.5 Struction and Tectonics

The Matador Arch is the southern boundary of the Palo Duro Basin and
essentially separates this basin from the Midland basin. There is no
discussion within this section of this feature, the associate faulting and the
relationship of this feature to the amarillo-Wichita-Ouachita structural zone.
The EA should present a complete dscription of the major regional structural
features and the relationship of these features to structures within the site
vicinity.

LEVEL 2
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Deaf Smith

Chapter 3

Section 3.2.5.1 Faulting Meers Fault
insert from others
Deaf Smith Swisher page 3-56, last paragraph

Section 3.2.5.1, Faulting, Page 3-52 Last Paragraph

This section states that no faulting has been identified which offsets units
younger than Upper Clear Fork. Budnick, 1983, Figures 9 & 14 indicates that
some faults offset the San Andres and some faults are interpreted to offset
beds as young as Alibates.

If Budniks interpretation is correct these fault plains could be potential
paths for groundwater movement and potential dissolution zones. The EA should
indicate that other interpretations have been made so that the potential
effects on waste isolation can be analyzed.

LEVEL 1
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Deaf Smith Swisher page 3-61

Section 3.2.5.2, Page 3-52

As is stated within this section several investigations have suggested that
lineaments and joints may be related to basement faults. This section does not
point out however that these joints may be controlling the location of playas
and drainage patterns, that the joints can act as preferential pathways for
groundwater flow and that solution widening of joints has been noted. (see
Finley & Gustavson, 1981).

The site is bounded on the north by an unnamed tributary to North Palo Duro
Crek and lies approximately 3 miles north of Palo Duro Creek, both of which
appear from air photo and map analysis to be at least partially joint
controlled.
[ the site lies approximatly 3 miles north of North Tule Draw and several large
playas lie along the northern boundry of the site. Based on map and air photo
analysis these features appear to be at least partially joint controlled.]

As the joints and lineaments in the site region may be structually controlled
may be paths of preferential groundwater flow and dissolution a more detailed
discussion of joints and lineaments is needed within this EA so that their
potential effect on waste isolation can be assessed.

LEVEL 1
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Deaf Smith Swisher

Section 3.2.5.2. lineaments and joints

This section should contain a discussion of jointing and fracturing as observed
in the cores and boreholes.
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Deaf Smith Swisher page 3-83, 1st paragraph

Section 3.2.6.1.2 Lithostartigraphic Characterization, Page 3-80 First Paragraph

This section states that the volume percent of the host rock for both Deaf
Smith and Swisher is 90% Halite, 7% Anhydrite and 3% Clay. Based on the
information presented in Table 3-8 & 3-10 [Table 3-6 and 3-8], examination of
the geophysical logs, lithological logs and core photos of the borings utilized
to prepare these tables it is unclear this figure was obtained.

The average percent mudstone is presented in Table 3-10 3-8] as approximatly
8% of Unit 4. As other minerals beside salt, anhydrite & clay are reported in
this section to be present in only trace amounts the approximatly 67% [84%]
mudstone in the mudstone interval would by itself account for approximatly 5.5%
[7.5%] clay. It therefore appears that the mudstone intervals alone accounts
for more than 3% clay and no consideration has been given for clay within the
salt or anhydrite let alone the chaotic mudstone - halite rock reported in
Table 3-10 [3-81. It is also unclear what the 31% [37%] of dirty salt reported
in Table 3-8 [3-6] corresponds to in Table 3-10 [3-8] or to the site
stratigraphy dscribed in section 3.2.3.2

The date which forms the basis for the information presented within this
section and the correspondence tables need to be reanalyzed to determine the
true percent of clay and anhydrite within the host rock. The information needs
to be presented in a manor that allows the reader to determine how and where
the clay & anhydrite is distributed so that its effect on waste isolation can
be assessed.

LEVEL 1
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Deaf Smith Swisher page 3-96, 1st paragraph

Section 3.2.8.2 Other Resources Page 3-95 2nd Paragraph

This section states "Abundant potassium salts have not been observed in the DOE
wells." Where, both geographically & stratigraphically, have potassium salts
been noted.

LEVEL 2
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Deaf Smith Swisher figure 3-28

Chapter 3

Figure 3-25

The interpretation presented within this figure differs greatly from Budnik,
1984 & 1983. Because Budnik indicates faulting which offsets the San Andes
(see comment X) both interpretations should be shown so that the Reader can
evaluate the potential effects alternate interpretations of geologic conditions
may have on the suitability of the site.

LEVEL 2
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Deaf Smith Swisher, 3rd to last paragraph

Chapter 4

Section 4.1.1. Field Studies, Page 4-1, 2nd to Last Paragraph

We assume that specific that specific program details includes the exact type,
number and location of testing activities as well as the exact procedures to be
followed.

LEVEL 1
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Deaf Smith

Chapter 4

4.1.1.1.10 Regional Seismic Reflection and 4.1.1.1.11 Three-Dimensional
Seismic Reflection

Seismic surveys, conducted utilizing an energy source consisting of several
large vibrator trucks are fairly standard and the methodology normally has good
deep resolution capability, however due to recording and processing
requirements the low frequency portion of the energy spectrum normally
predominates resulting in poor resolution in the upper portion of the
stratigraphic section. While modifications to both the field procedures and
processing parameters can improve and inhance the information obtained in the
upper portions of the section, this technique will not normally provide
information much above the 1000 foot depth. As it will be necessary to
demonstrate the characteristics of the upper portion of the stratigraphic
section, including reasonable assurance that features such as breccia pipes and
the like are not present, the DOE should consider the possibility of modifying
or supplementing the planned surveys through the use of alternate techniques
which utilize a high frequency energy source. While these techniques normally
do not have as deep a penetration potential as the standard oil field type
surveys, they are especially suited for obtaining information in the upper 1 to
2000 feet of the stratigraphic section. There are several firms within the US
which are quite familiar with these various techniques and who have developed
computer programs which can not only process the reflection data, but can
perform refraction calculations from the same data set allowing extremely high
resolution of the near surface stratigraphic section. As these techniques do
not require large truck mounted energy sources they are much less disruptive of
the surface, and therefor in environmentally sensitive areas can be performed
with minimal effects. The DOE should consider supplementing there program with
both high resolution shallow reflection surveys and seismic refraction surveys.

LEVEL 1



Deaf Smith Swisher

Chapter 4

Section 4.1.1

For purpose of this EA, DOE is proposing a control area which would provide
less than a one kilometer buffer zone between the underground workings and the
accessible environment.

If DOE believes that this distance is a reasonable approximation of the size of
the control area that it will eventually recommend, the NRC believes that in
order to provide reasonable assurance that waste can be isolated within the
control area for the time period required, DOE would have to perform a
substantially more detailed field program than is proposed. DOE should
revaluate both the control area size and field program proposed to determine if
the environmental effects of characterization activities as presented in
section 4.2 adequately reflect the effects expected.

LEVEL 1



Deaf Smith Swisher

Chapter 5

Section 5.2, Expected Effects on the Physical Environment

For purpose of this EA, DOE is proposing a control area which will provide less
than a one kilometer buffer between the accessible environment and the
underground workings. The NRC is concerned that with a control area this small
that DOE will not be able to provide reasonable assurance that the waste can be
isolated from the accessing environment for the time period required. It is
the NRC's opinion that a larger controlled area will be required and that by
using the control area stated in this EA that the expected effects are
understated. DOE should reevalute the basis for presenting this control area
to determine if it needs to be revised along with the discussion on expected
effects.

LEVEL 1
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Deaf Smith Swisher

Chapter 5

Section 5.2.1.1 Geologic Structure

Page 5-39, Paragraph 2

The NRC is in the process of preparing a generic technical position on
seismotectonic evaluation methods. This paper will cover the types of
seismotectonic investigation and evaluation methods which will need to be
conducted for a repository. In addition, the NRC will need to separately
review the types of structures to be constructed, their functions and the
consequences of potential accidents before the actual design requirements which
will be necessary can be determined. At the present time, it is premature to
state that the design requirements for nuclear power plants are the same as
those required for a waste repository. It can only be stated at this time that
the design requirements of structures important to safety will comply with
10CFR60 and appropriate EPA regulations.

LEVEL 1
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Deaf smith Swisher

Section 6.3.1.3.1. statement of qualifying condition (postclosure rock
characteristics) page 6-93

This section staes that the most significant movements will occur along
interbeds and bedding plains. Jointing and fracturing is not discussed in
section 3.2.5.2. or to any degree anywhere in this document (see comment x) and
the mineralogical composition utilized in the analysis appears to be in
error.(see comment y) Based on the information presented in this EA it is
unclear how the horizontal and vertical discomtinuities were utilized in the
analysis or how the mineralogical composition , distribution and variations
were factored into the analysis. The DOE should present sufficient information
within this EA so that the reader can understand how these factors were
utilized in the analysis. Understanding these analysis is important to
determine if suitability of the site verses the rock characteristic guidelines
has been correctly evaluated..

LEVEL 1
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Deaf Smith Swisher page 6-107 4th paragraph from the bottom

Chapter 6

6.3.1.6.1 Statement of Qualifying Conditions Dissolation Page 6-106
2nd Paragraph

The distance to the dissolution front quoted is slightly, through not
significantly different from values quoted in Section 3.2.3.3. These two
sections should be consistent.

LEVEL 3
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COMMENTS ON DEAF SMITH DEA

1. It is stated that "the closet OCRM seismic reflection line is bout 6 KM
from the site". Unless more well control and closer reflectionlines to
the site are obtained, the statement of no faults in the immediate
vicinity of the site can not be ualified.

2. More information is needed regarding crustal movement.

3. It is sated "Subsidence and Collapse re active processes in area of
peripheral salt dissolution beyond the high plan margin". How much of a
subsidence occurs and what effect would have on the ater table and
groundwater flow?

4. Why the San Andres unit 4 has not been tested in the Mansfield No. 1
well. What's the thickness of this unit at the well location?

5. Because of the lack of information and the uncertainty about the
historical seismic data, more information is needed regarding the
magnitude of earthquakes associated with tectonic structures.

6. There is uncertainty about the details of structures at the site, because
subsurface mapping is lacking.

7. What are the bases for stating no active surface faulting is present in
the Texas panhandle-

8. What precautions are taken to prevent the occurrence of a hydraulic water
connection which may lead to a loss of waste isolation-

9. The reference dealing with the reflection data shoot in the vicinity of
the site is not available.
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10. It is stated that "although no surface faulting have been identified
active faulting may be present in the vicinity of the site" more
information regarding these faults is needed to estimate the magnitude of
earthquakes which may be generated from these active faults.



Lawrence Livermore National Laboratory

NUCLEAR SYSTEMS SAFETY PROGRAM
L-95

EG-85-007
January 12, 1985

Mr. Michael E. Blackford
Project Officer, MS-623ss
Geotechnical Branch, WMGT
Division of Waste Management
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUBJECT: Transmittal of EA Review Report (Draft) on the Deaf Smith
County Site, Texas

Reference: NRC FIN A0294
Technical Assistance in Seismo-Tectonic Impacts
in Repositories

Dear Mr. Blackford:

This is to transmit the subject draft report on the Deaf Smith County
Site, Texas.

In accordance with Subtask 1.3 of the reference Contract A0294, and
your assignment letter dated 22 December 1984, we have performed our review
and evaluation of those assigned portions of the DOE Environmental
Assessments (EA) for the proposed Deaf Smith County Site. Our review and
evaluation to this date was accomplished by us without access to a number
of important DOE and their contractors literature of the site. Many
references listed in the text of the EA are not readily available in time.
For these reasons, this review and evaluation report should be considered
as a draft document which may need revisions after all the references
become available. In this draft document, we have identified areas of our
technical concerns and the rationale for our concerns. We have also
indicated in this draft report what action we feel is necessary for
mitigation.

If you have any questions, please let us know.

Sincerely yours,

Dae H. Chung
Project Leader

DHC/ic
Enclosure: As stated.
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Preliminary Review, Draft Environmental Assessment, Deaf Smith Site,
Palo Duro Basin, Deaf Smith County, Texas

This report is a preliminary review of the Deaf Smith Site, Palo Duro
Basin, Deaf Smith County, Texas.

This report is divided into 7 sections. The first section provides

review comments on the Executive Summary. Following sections provide

review comments on Chapters 1 and 3 through 7 respectively. There are no

comments on Chapter 2. Comments are most extensive with respect to

Chapter 3 since this is the Chapter in which descriptive material

concerning geology, seismicity and tectonics appears. In accordance with

USNRC instructions, this review has concentrated chiefly on these

elements of the Draft Environmental Assessment (EA). Geochemistry and

geohydrology have not been reviewed in detail since it is the reviewer's

understanding that these matters will be reviewed in depth by others.

However, the reviewer has offered some comments where he felt able to

provide expertise.

The Draft EA was noted to contain a few typographical errors,

misspellings, etc., but these do not materially detract from the

document. A few of the drawings have legibility problems; these are

specifically noted where appropriate.

Chapter specific comments follow.

Executive Summary

E-1.

Section 2.2.2 Grouping of Sites by Geohydrologic Setting, page 5,

paragraph 5

Although differences in detail are evident between the Paradox Basin and

the Palo Duro Basin it is not clear that the two areas represent

distinctly different geohydrologic settings. A nuclear waste repository

in either setting would rely on the properties of bedded salt for waste

isolation. These properties are independent of geologic age. Available

data suggests that the salt in the Gibson Dome area, Paradox Basin, is of

higher purity and offers beds of greater thickness than are present in

the Palo Duro Basin. These factors are not specifically discussed in the

Executive Summary for the Environmental Assessment (EA).
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E-2

Section 3, The Site, page 10, Figure 3

The location and orientation of this cross-section needs to be provided.

E-3

Section 7.3, Preferred Sites for Characterization, page 22, Table 1

Equality of all potential repository sites evaluated with respect to

climatic conditions is not justified by available data. The reference

repository site at Hanford is an an area where severe climatic conditions

prevailed during latest Pleistocene time. These included periglacial

climate; periodic lake breakouts resulting in catastropic flooding and

severe erosion were experienced. Also, tectonic effects of ice loadings

may have been significant.

Chapter 1

1.1

Section 1.3.2.2 Distinct Differences among the Geohydrologic Settings and

Host Rocks, page 1-20, paragraph 2

As with comment E-1, above, fundamental differences between Paradox Basin

and Palo Duro Basin sites are not evident. A repository in either basin

would rely on the physical properties of bedded salt for waste

isolation. it should be noted that the principal supply aquifer in the

Paradox Basin, while of relatively low yield, also overlies the

repository horizon. The deep aquifer in the Paradox Basin (Leadville

limestone) yields water of poor quality as with deep aquifers in the Palo

Duro Basin.

Chapter 3

3.1

Section 3.2.1 Regional Geology, page 3-4,, paragraph 5

The discussion of regional geology begins with the Paleozoic strata.

There is no discussion of the varied Pre-cambrian basement beneath the

region and of the Pre-cambrian structural elements and their influence on

subsequent geologic history.
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3.2

Section 3.2.1 Regional Geology, page 3-4, paragraph 7 and page 3-9,

paragraph 1

There is little discussion of the important positive elements of

Paleozoic age present within the area and their tectonic history. Since

these features appear related to present day regional seismic activity a

description of each is in order.

3.3

Section 3.2.1 Regional Geology, page 3-7, Figure 3-4

Several faults mapped in other literature (e.g. Area Characterization

Report) are omitted from this figure. The map scale of this figure

prohibits the detail that would allow inclusion of all these faults, but

no additional, larger-scale map that would compensate for this included

in the EA. The only larger-scale fault map included in the EA is figure

3-25, which is too limited in coverage.

Presentation of all recognized faults is required and a larger-scale map

than 3-4 (for instance, one showing just the Texas Panhandle and a

portion of eastern New Mexico) appears to be needed.

Faults shown should be identified in a manner such that ages of last

movement can be recognized. For instance, the Meers Fault, a probably

Holocene reactivated fault, is not discriminated from other regional

faults. The names of a number of faults and fold axes shown on this

figure are illegible.

3.4

Section 3.2.1 Regional Geology, page 3-9, paragraph 4, not enough

information is presented

The same comments, needs, and concerns exist as stated for Section 3.2.5,

pages 3-51 to 3-60.

This should be reworded to state that the youngest recognized

structurally offset unit is the Glorieta Formation.
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3.5

Section 3.2.2.1 Physiography, page 3-9, paragraphs 4, 5 7

What is the origin of a High Plains playa? These are obviously important

ground water recharge locations and significant physiographic features of

the High Plains. In paragraph 6 it is stated that wind erosion may have

contributed to their development but this clearly implies the presence of

other undescribed contributors. Are playas subsidence features over

areas of salt dissolution? What stratigraphic horizons beneath a typical

playa show evidence of disturbance? On the topographic map, Figure 3-2,

the playas bear resemblance to sinkholes in karst terrain.

Text needs to be added to this portion of the EA describing the geology

of playas so that the reader can assess their significance.

3.6

Section 3.2.2.2 Erosion Processes, page 3-11, paragraph 2

What is the erosional status of the unnamed tributary to North Palo Duro

Creek that passes along the north boundary of the Deaf Smith site? Is

this stream channel alluviated or cutting into bedrock? How well

integrated is this stream in the vicinity of playas?

3.7

Section 3.2.3.1.2 Pennsylvanian System, page 3-12, paragraph 3

The presence of coarse arkosic elastic derived from basement rocks

indicates a time of strong tectonic activity and uplift. Areas of uplift

and relationships to regional faulting need to be shown on a figure in

the EA and the discussion of the Pennsylvanian period needs to be

expanded to include a summary of its tectonic history.

3.8

Section 3.2.3.1.5 Triassic System page 3-25, paragraph 4

In summary sections (c.f. sec. 2.1, page 2-5, para. 3) the presence in

the Dockum Group of coarse clastics including conglomerate was

emphasized. These strata are not mentioned here.
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3.9

Section 3.2.3.3. Salt Dissolution, page 3-41, paragraph 6

How do the collapse features that are described in this paragraph and

attributed to salt dissolution differ geomorphically from the playa

basins that are widespread on the Texas High Plains? Obviously, if some

or all of the playas internal to the High Plains are also the products of

salt dissolution, the integrity of Palo Duro Basin salt is called into

question. This is a critical issue in the EA that is not addressed.

3.10

Section 3.2.3.3 Salt Dissolution, page 3-47, Figure 3-22

As bound in the EA this figure is very difficult to use since it appears

on two separate pages with an intervening page of text. Why are the

contours on the Tuff formation not drawn through the area northwest of

the Deaf Smith site? Well control in this area does not appear poorer

than in several other locations in the region where contours have been

projected.

3-11

Section 3.2.3.3 Salt Dissolution, page 3-49, aragraph 2

For surface waters to penetrate to salt-bearing formations and promote

dissolution by percolation downward along fault and fracture systems, the

faults must cross-cut strata younger than the salt-bearing units. How is

such a situation consistent with statements elsewhere in the EA which

describe the long-term tectonic stability of the Permian asin? This

paragraph also states that the High Plains escarpment, a Quaternary

feature, is more pronounced where fault frequency and displacement

increase near the Amarillo Uplight. This implies Quaternary movements

along these faults. This would refute the belief that the Permian Basin

is a tectonically stable area and raise the possibility that the

repository could be subjected to strong near-field ground motions.

3-12

Section 3.2.5 Faulting, General Comment

The principal seismotectonic issue for this site is the lack of

discussion of the potential for activity along the Amarillo-Wichita
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Uplift. Recent recognition of Holocene movement on the Meers fault, at

WNW - ESE trending fault along the north side of the Wichita Mts.,

indicates that other similar features are likely to have also escaped

recognition at the present time.

Indications of possible activity along the north side of the Wichita Mts.

and its NW extension include:

1. Left-lateral, Holocene movement on the Meers fault;

2. Seismicity (up to Intensity VI) possibly associated with the

Amarillo Uplift in the region-northeast of the site;

3. Quaternary volcanic activity in northeastern New Mexico possibly

associated with WNW - ESE trending fractures on line with

extension of this zone;

4. Lineaments recognized in the Anadarko Basin and postulated to

represent reactivation (not necessarily recent) of the Mt. View

or other faults;

5. Regional stress conditions compatible with observed motion on

the Meers fault and WNW - ESE fault orientation; and

6. Possible activity along the Matador Uplift, a subparallel

structure.

Inadequate discussion is also presented on past fault motion along the

Amarillo-Wichita Uplift. The Wichita Mts. area is a surface exposure of

the same structure that passes just north of the site. Both areas must

have undergone similar histories and understanding of past fault behavior

is needed in order to predict future behavior. Thrusting indicated by

recent COCORP data is mentioned, with a brief comment on "possible"

strike-slip movement. Folds and other structures in the Slick Hills to

the north of the Wichita Mts. and in the Arbuckle Mts. to the southeast

indicate major left-lateral deformation. Thrusting of the Wichita Mts.
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over the Anadarko Basin is inferred from unclear seismic profiles.

Considerable vertical mvoement occurred, but it is still uncertain

whether this took place along near vertical faults or by thrusting on

moderately dipping faults.

The second issue of concern is deficiencies and inconsistencies in fault

mapping. The dominant orientation of faults and lineaments in the region

is NW - SE. With the possibility of activity along the Amarillo-Wichita

Uplift, recognition of faults subparallel to this structure is crucial.

No faults have been mapped with 12 km of the site, but with straight-line

segments of drainages, with probable structural control, parallel the

majority of faults in the area. The nearest of these segments is

immediately north of the site and extension of this feature would pass

through the site. Other segments include parts of Palo Duro Creek (3 km

to the south), North Palo Duro Creek (20 km to the east), Nigger Arroyo

Creek (30 km to the east), and around Buffalo Lake (30 km to the

southeast).

Several faults included in the Area Characterization Report (Stone and

Webster Eng. Corp., 1983) are omitted from figure 3-4 of the EA, due to

map scale. Figure 3-25 of the EA (Inferred Faults in the Northern Palo

Duro Basin) should extend into Oldham and Potter Counties. Currently, it

ends just 5 km to the north of the site. There appears to have been

inadequate imagery analysis.

The final concern is that attenuation relations derived principally from

the western U.S. are inferred to be valid for this region. However, in

some parts of the eastern U.S. (for example, the New Madrid, Mo. area),

attentuation of seismic waves has been shown to be much less than this.

Reasons for these differences are probably not simple, but it is likely

that the structural complexity of the western U.S. has a lot to do with

it. If this is the case, low attenuation rates would be expected in the

south-central U.S. This appears to be indicated by the large felt areas

for relatively small magnitude events that have occurred in the Texas

Panhandle. Studies of attenuation rates for this region are required.
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3-13

Section 3.2.5.1 Faulting, page 3-52, paragraph 2

Have studies been performed along the Potter County Fault to evaluate

possible post-Triassic displacement? If so, what findings were made?

Descriptions of the Meers fault provided by Tilford and Western (1984)

provide incontrovertible evidence for Quaternary and probably Holocene

movements along this fault. These movements are not merely "proposed".

It has not been demonstrated what the youngest offset units are for many

of the faults in the Texas Panhandle region. Although no major

deformational settings have been present since the late Paleozoic,

periodic fault movements have continued to the present.

Evaluation and description of faulting episodes with respect to extents

and ages is required. Assumption of current inactivity should not be

made. This information is needed for adequate assessment of seismic risk

to a waste repository in this region.

3-14

Section 3.2.4.1 Faulting, Page 3-52, paragraphs 1 to 5, not enough

information is presented

Other than a LANDSAT lineament analysis, there is no apparent input to

the EA from imagery analyses. This needs to be accomplished and should

include available imagery such as radar, and U-2 imagery and aerial

photography. It is unlikely that low-sun-angle hotography is available

for this region and it should be generated. Utilization of low-sun-angle

conditions greatly augments active fault analysis, due to the shading

and/or highlighting of fault scarps (Glass and Slemmons, 1978). Faults

in this region (particularly those with NW -SE orientations and known

surface exposures) should be photographed with low-sun-angle conditions

during optimum times of the year (usually mid-winter or mid-summer).

Identification of any possibly active faults would require additional

studies, including trenching and determinations of offsets, rupture

lengths, fault orientations, and sense of motion.
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3-15

Section 3.2.5.1 Faulting, Page 3-52, not enough information is presented

It is inferred that the faults discussed in this section are the ones of

those shown in figure 3-4, that are of importance. No mention is made of

the faults included in this figure that are nearest the site. These are

the T.C. fault 40 km to the northwest, an unnamed series of faults 25 km

to the north, and an unnamed, 100 km long, fault in eastern New Mexico

that, if extended, would pass through or near the site. Whatever reasons

the authors of the EA have for considering these faults to be unimportant

are not presented.

Distances to faults or fault zones are important parameters in assessment

of seismic hazards, so those nearest the site need to be evaluated. Lack

of significance must be demonstrated and explained.

3-16

Section 3.2.5.1 Faulting, page 3-52, paragraph 2, information disagrees

with other parts of the EA

80 km is given as the distance from the Potter County fault to the site.

Figure 3-4 of the EA indicates a distance of about 60 km and an assumed

reference to this fault in Section 6.3.1.7.1 gives a distance of 72 km.

Ground motion at a site is dependent on the distance to the seismic

source or source area, so an accurate distance is needed for evaluation

of seismic risk. Accurate, consistent figures should be resented.

3-17

Section 3.2.5.1 Faulting, page 3-52, paragraph 3, information disagrees

with other parts of the EA

The Bonita and Alamosa faults are described as being "at least 80 km west

of the Deaf Smith site." Figure 3-4 indicates a distance of about 70 km

to the Bonita fault.

The same needs and concerns exist as outlined for Section 3.2.5.1, page

3-52, paragraph 2.
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3-18

Section 3.2.5.2 Lineaments and Joints, page 3-52, aragraph 6

Are there any areas and/or orientations of increased joint and/or

lineament density in the Permian Basin region? If so, what locations and

trends are identified?

3-19

Section 3.2.5.1 Faulting, page 3-55, figure 3-25, not enough information

is presented

This figure is too limited in coverage to provide adequate information on

faulting near the site. It currently is cut off just 5 km to the north

of the site (i.e. at the Deaf Smith County line).

Any faults within close proximity of the site may be of significance.

This figure should be extended to include Oldham and Potter Counties in

order to show any known faults to the north of the site.

3-20

Section 3.2.5.2 Lineaments and Joints, age 3-57, Table 3-1

Differences in trends between Landsat lineament patterns and joints in

post Permian strata are evident from Table 3-1. What is the significance

of these differing trends and how do the differences relate to the

tectonic history of the region?

3-21

Section 3.2.5.3 Seismicity, page 3-58, aragraph 2, not enough

information is presented

A current and past seismographic station distribution map is needed. The

historical record for this region is extremely short, being less than 100

years. The historical level of seismicity is apparently low, but only

felt earthquakes in a sparsely populated region are represented. For the

reviewer to know the extent of instrumental coverage, a map is needed

showing seismographic station locations, time periods of operation, and

sensitivities of instruments used. Such a map is presented in the Area

Characterization Report (ACR), although instrument types and

sensitivities are not given. This map indicates the probable poor
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instrumentation record for the Texas Panhandle region. The only stations

indicated to have been located in the panhandle were open for short time

periods (about 6 months), during which no seismic events occurred. A

seismographic network is described as being installed in the area for

purposes of this study, but no indication of the extent of coverage is

given.

3-22

Section 3.2.5.3 Seismicity, page 3-58, paragraph 3, information disagrees

with other published literature

Attenuation relations derived principally from the western U.S. are

inferred to be valid for this region. However, in some parts of the

eastern U.S. (for example, the New Madrid, Mo. area), attenuation of

seismic waves has been shown to be much less than in the western U.S.

Reasons for these differences are probably not simple, but it is likely

that the structural complexity of the western U.S. has a lot to do with

it. If this is the case, low attenuation rates would be expected in the

south-central U.S. This appears to be indicated by the large felt areas

for relatively small magnitude events that have occurred in the Texas

Panhandle. The significance of this is that predictions for ground

motion at the site are likely to be underestimated. Studies of

attenuation rates for this region and site are required.

3-23

Section 3.2.5.3 Seismicity, page 3-58, paragraph 3, the environmental

effects have possibly been misstated

Possible activity along the Amarillo-Wichita Uplift (see comments on

Section 3.2.5, pages 3-51 to 3-60) could indicate that the maximum

credible earthquakes proposed by Nuttli and Herrmann (1978) may be

underestimations.

The potential for activity of this zone needs to be evaluated and maximum

credible earthquakes reassessed.

3-24

Section 3.2.5.3 Seismicity, page 3-59, Figure 3-26

A comparison of epicentral locations shown in Figure 3-26 with the
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regional tectonic map, Figure 3-4, suggests a spatial correlation between

events northwest of the Deaf Smith site and the northern Tucumcari Basin

and/or Oldham Nose. As shown in Figiure 3-4, a fault occurs along the

boundary between these two structures and trends toward the Deaf Smith

site. Could this fault be the source of the earthquakes detected and

could their evident scatter be a function of the recognized poor control

existing with respect to the seismic data?

3-25

Section 3.2.5.3 Seismicity, page 3-59 figure 3-26, information disagrees

with other published literature

Figure 3-26 itself appears to be taken from the Area Characterization

Report (ACR) done by Stone and Webster Engineering Corp. (SWEC), (1983).

Some events have apparently been replotted or relocated. If this is the

case, it should be stated and a basis for relocations given. The event

nearest the site (about 40 km to the east in west-central Randall County)

included in the ACR map is omitted from the EA. This event does not

appear to be included in the earthquake catalog of the ACR. Was it

misplotted or omitted from the catalog? If the latter is the case, it

should be included in the EA. The July 30, 1925 event that occurred

northeast of Amarillo was described as Intensity VI in the ACR, but as

Intensity V in the EA. Since this event had the largest felt area of any

earthquake occurring in the Texas Panhandle, one would suspect that the

larger value is more accurate.

Replotting or reassignment of different intensity values should be

described and a basis given. Knowledge of confidence levels for assigned

locations and intensities of historic seismic events is needed for

evaluation of these events' significance and relations to structures.

3-26

Section 3.2.5.4 Igneous Activity, page 3-58, paragraph 4

What evidence exists for the mantle hot spot hypothesized by Suppe and

Berry (1975) as the cause of late Tertiary-Quaternary volcanism in

northeastern New Mexico? Does terrestrial heat-flow data support this

hypothesis?
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3-27

Section 3.2.6.1.1. Rock Mechanics Testing, page 3-64, paragraph 1

A northeast-southwest oriented regional stress field appears oriented so

as to favor reactivation of northwest trending faults and may provide an

explanation for the reactivation of the Meers Fault. What is the

potential for the reactivation of other faults such as in the Amarillo

uplift or along the boundary between the Oldham Nose and Tucumcari Basin

northwest of the Deaf Smith site? These are important evaluations with

respect to future seismicity in the vicinity of the Deaf Smith site.

3-28

Section 3.3.1.1 Hydrology, page 3-104, paragraph 1

What subsurface conditions prevail beneath typical playas? What are the

infiltration and ground water recharge characteristics of these features

and what is their origin? Are there any distinct differences between the

hydrology of playas and of collapse features associated with salt

dissolution?

3-29

Section 3.3.2.1.1 Regional Hydrostratigraphic Units, page 3-122,

paragraph 1 and page 3-124, Figure 3-51

The direction of flow in Pennsylvanian rocks within HSU C is stated to be

northeastward. However, Figiure 3-51 shows that the Pennsylvanian strata

are absent northeast of the Deaf Smith site evidently as a result of a

pinch-out against a relict Pre-cambrian highland. For groundwater to

move northeast regionally in this area would require lateral continuity

between Pennsylvanian beds and a weathered and/or fractures surface on

the Pre-cambrian basement. What evidence exists for such a surface?

If the Pre-cambrian basement acts as a barrier to flow, then the flow

direction in the lower part of HSU C is eastward raising the possibility

that contaminants escaping from the repository to the far field would

move in a direction different from that postulated in the EA.
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Chapter 4

4-1

Section 4.1.1 Field Studies

Table 4-1 provides a listing of field activities to be performed but no

figure showing activity scheduling is provided (c.f. Lavender Canyon EA

for an example of such a figure). Without such an illustration it is not

possible to envision the totality of the field program, evaluate impacts

associated with simultaneous activities and determine the potential for

iteration within the program.

4-2

Section 4.1.1 Field Studies, Hydrologic Testing Subsection, page 4-4,

paragraphs 7 and 9

In view of the differing hydrologic characteristics of the Ogallala

Formation and Dockum Group beds, it appears that hydrologic testing in

HSU A should be conducted so as to test each of these formations

separately. This may be planned but it is not evident from the EA text.

4-3

Section 4.1.1.1.2 Upper Hydrostratigraphic Unit Test Wells (Near-Surface

Facilities), page 4-13, paragraph 4

What is the purpose of the proposed single-well site?

4-4

Section 4.1.1 Field Studies, page 4-17, Table 4-2

Footnote** "Access only is defined as ....". No definition is provided.

4-5

Section 4.1.1.1.4 Playa Investigations, page 4-19, paragraph 2

Will any of the holes within playa areas be completed for long-term

Ogallala Formation ground water monitoring? What precautions are planned

to prevent direct surface water entry into the aquifer if heavy rains

lead to playa flooding while a borehole is in progress?
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4-6

Section 4.1.1.2.3 Foundation Boreholes for Surface Facilities, page 4-20,

paragraph 9

The need for up to 50 shallow boreholes prior to exploratory shaft

construction is not evident. Several boreholes at each shaft site may be

in order but since support structures will be temporary in nature it

seems that their foundation designs can be based on generally accepted

engineering practice for light structures on expansive soils.

It would appear that detailed studies of surface facility sites could be

deferred until the licensing phase given the physiographic

characteristics of the site. This would reduce environmental impacts of

site exploration since no disturbances would be necessary unless the site

were selected for repository construction.

4-7

Section 4.1.1.2.4 Foundation Boreholes for Access Routes and Utilities,

page 4-20, paragraph 10

The scheduling of this exploratory work is not evident in the EA.

However, since no major geotechnical problems are reported to be

anticipated along the railroad alignment, this work could probably be

deferred until the licensing phase.

4-8

Section 4.1.1 General Description, page 4-5, Figure 4-1 and Section 4.1.2

Exploratory Shaft Facility, Figures 4-5 and 4-6

Figure 4-1 shows exploration for the test shafts concentrated along the

east side of the Deaf Smith site. Shaft locations shown in Figure 4-5

are in the central and western parts of the site. In Figure 4-6 the

locations are shown as north and south. The drawings are not consistent

and there is no exploration near the shaft locations.

4-9

Section 4.1.2.3.2 At-Depth Testing, page 4-56, paragraph 2

No mention is made of testing using spent fuel or other radioactive

source. While thermal properties of waste may be adequately simulated by
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heaters, radiation effects cannot. Testing should include the use of

several prototype waste packages for bedded salt so that their

effectiveness can be tested and effects on the proposed repository medium

assessed.

Will monitoring of shaft stability and subsurface performance of linings

and seals and in-situ materials characterization, e.g. long-term creep,

outlined in Section 4.1.2.3.1 continue during the at-depth testing

phase? These observations should be continued so that data for a eriod

longer than 8 months will be available to evaluate anticipated site

performance.

4-10

Section 4.2.1.1.1 Geotechnical Field Studies, page 4-76, paragraph 7

As noted in comment 4-7, the drilling of most of the shallow boreholes

listed in this paragraph could probably be deferred to the licensing

phase, thereby marginally reducing site disturbance and attendant

environmental impacts.

4-11

Section 4.2.1.5.1 Field Studies, page 4-100, paragraph 4

Note that deeper boreholes such as the EDBH will penetrate salt-bearing

strata. Therefore some salt and highly saline drilling fluids will be

brought to the surface during geotechnical field studies. There is

therefore a potential for a marginal environmental impact as a result of

these investigations.

4-12

Section 4.2.1.6 Noise Effects, page 4-102, paragraph 2

The principal off-site drilling activities are the lower HSU test well

groupings (Figure 4-1, page 4-5). Table 4-2, page 4-15, indicates that

each lower HSU site is likely to be occupied for a 4 to 9 month period.

Therefore noise impacts in the vicinity of important off-site exploratory

locations is likely to last 4 to 9 months rather than 3 to 5 weeks as

stated in this paragraph.
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4-13

Section 4.2.1.9 Effects on Radiological Levels, page 4-111, paragraph 8

In-situ testing with prototype waste packages containing radioactive

substances would be a necessary part of site characterization unless it

can be conclusively demonstrated that radiological effects and waste

package performance can be determined in other ways. Lacking such a

demonstration, this part of the EA is incomplete.

4-14

Section 4.3.4.2.3 Deep Well Injection, page 4-128, paragraph 3

The potential for induced seismicity and/or hydraulic fracturing is not

noted as an impact associated with deep well injection of salt brines.

The potential environmental impacts of this alternative means of waste

disposal are therefore misstated.

Chapter 5

5-1

Section 5.1.1 General Description, page 5-9, Figure 5-2

Figure 5-2 shows a conceptual layout for a Nuclear Waste Repository at

the Deaf Smith site. However, this layout is not superimposed on a

suitably scaled site topographic map. Therefore, it is not possible to

envision the interrelationship of site topography and proposed

facilities. Also, there is no north arrow on the drawing so it is

difficult to compare the conceptual repository to the site

characterization plan layout (Figures 4-5 and 4-6) to determine how the

two site characterization shafts are incorporated in the conceptual

layout.

5-2

Section 5.1.3.4 Salt Disposal, page 5-32, paragraph 5, Deep-Well Injection

Potentials for induced seismicity and alteration of aquifer systems as a

result of hydrofracturing are not mentioned as potential impacts of

deep-well injection.



-18-

5-3

Section 5.1.3.4 Salt Disposal, page 5-32, paragraph 11, Mine Disposal

Note that there would be some long-term benefits in terms of reduction of

subsidence above mines receiving the salt as backfill with this method of

disposal.

5-4

Section 5.2.1.3 Geologic Structure, page 5-38, paragraphs 4 through 6

These paragraphs suggest that the effects of excavating the repository

and placing waste will be relatively small subsidence followed by slow

thermal uplift. Changes in directions of resulting active stresses,

strain rates and the potential for fracturing particularly in strata near

the repository horizon are not discussed although such fracturing could

compromise waste isolation. There is no discussion of effects upon

sensitive waste handling facilities of differential subsidence resulting

from repository development. The size of the area(s) to be affected by

subsidence and subsequent uplift is not stated. In the case of

differential subsidence, if the 0.3 m subsidence occurs across an area of

radius 1 Km, then for a waste handling building with dimensions as set

forth in 5.2.5.2, about 8 cm of differential subsidence could occur

across the structure. This could cause significant operating and safety

problems with track cranes, cell doors, etc.

The analysis presented in this section is very incomplete and needs

considerable expansion before an accurate assessment of impacts can be

made.

Chapter 6

6-1

Section 6.3 Suitability of the Deaf Smith Site for Site Characterization

The accuracy and adequacy of evaluations presented in this section depend

of course upon the extent and quality of the data base available. To the

extent that there are deficiencies in the existing data base (see

comments regarding Chapter 3), this section is limited in the accuracy

and adequacy of the evaluations presented.
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6-2

Section 6.3.1.2.2 Analysis of Favorable Conditions, page 6-87, paragraph 7

Problems with available data concerning salt dissolution have been

identified with particular reference to the possibility that playas have

formed at least in part in response to salt dissolution. Until the

origin and significance for High Plans playas is understood, the

evaluation presented in this paragraph cannot be regarded as proven.

6-3

Section 6.3.1.3 Rock Characteristics, page 6-92, paragraph 4.7

Elsewhere in the EA it is assumed that backfill placed in the repository

will be at 65 percent of maximum dry density.

6-4

Section 6.3.1.3.2 Analysis of Favorable Conditions, Page 6-93, paragraph 6

The detailed stratigraphy of the San Andres No. 4 salt presented here is

very unclear. The section initially described the presence of two weak

muddy salt zones that separate the massive salt into three descrete beds

ranging from 18.5 to 105 feet thick. However, then it is stated that

there are numerous interbeds which could adversely affect the ability to

insure isolation. Unless data exists that shows that salt with clay

shale interbeds is suitable as an aggregate material for waste isolation,

the detailed character of the San Andres No. 4 salt appears to disqualify

it as a medium for nuclear waste isolation.

6-5

Section 6.3.1.3.3 Analysis of Potentially Adverse Conditions, page 6-94,

paragraph 7

About 0.6 m of void space to be closed by creep is postulated. it is

further stated that this void space can be filled in a short time by a

combination of creep healing and thermal expansion. Model calculations

reported in Section 5.2.1.3 project less than 0.5 m of thermally induced

surface uplift (equated to thermal expansion?) over the long term.

Unless it can be shown that the creep healing process referred to here

involves a rapid expansion of the halite crystal lattice to accommodate

adjacent void space, the mechanism for short term filling of remaining
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repository void space after initial backfill is not evident. Also,

effects on brittle rocks such as anhydrite and dolomite present above and

within the salt sequence as a result of mining and closure of the

repository are not discussed. These may be expected to fracture and not

reheat thereby creating potential pathways for waste migration.

6-6

Section 6.3.1.3.3 Analysis of Potentially Adverse Conditions, page 6-96,

paragraph 2

Data concerning potential subsidence and uplift presented in this

paragraph differ from data presented in 5.2.1.3 wherein the same subject

is discussed. The use of conflicting data within the same document

raises questions concerning the validity of both sets and analyses that

are based upon them. The adequacy of thermal-mechanical modeling efforts

undertaken to predict repository performance has been questioned before.

More serious questions arise when section 6.3.1.3.3 is compared with

Section 5.2.1.3. The statement that porosity increase is restricted to

the host rock horizon is not demonstrated based on the data presented.

6-7

Section 6.3.1.3.5 Conclusion for Qualifying Condition, page 6-96,

paragraphs 6 and 7

These statements are not supported by geologic and geotechnical data

presented elsewhere in the EA. In view of uncertainties concerning the

stratigraphic properties of the host horizon (comment 6-4) and the

validity of thermal-mechanical modeling to date (comments 5-4, 6-3, 6-4),

no favorable conclusion appears supported.

6-8

Section 6.3.1.4 Climatic Changes, page 6-97, paragraph 1, sub. 1

Until the significance and origin of High Plains playas are understood,

the statement that there is no evidence of adverse erosion, salt

dissolution or ground-water processes under extreme climate conditions is

not demonstrated.
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6-9

Section 6.3.1.5 Erosion, page 6-99, paragraph 8, sub. 2

Again the issue of the origin and significance of playas bears upon a

relevant aspect of a nuclear waste repository beneath the High Plains.

To what depth does water penetrate beneath playas and along what rock

structures? Is internal erosion (dissolution and/or piping) active

beneath playas?

The issue of regional soil loss as a result of wind erosion of exposed

field surfaces is not discussed.

6-10

Section 6.3.1.5 Erosion, pages 6-101 through 6-104

The analyses presented here do not include any considerations of regional

tectonic uplift. While slow, the elevation of marine strata to several

thousand feet above sea level attests to the existence of such uplift and

it should be factored into the analysis.

6-11

Section 6.3.1.6 Dissolution, pages 6-105 through 6-108

Unless it can be shown that High Plains playas are not related to salt

dissolution and that their presence cannot credibly promote this process,

the discussion of internal dissolution included in this section must be

considered incomplete and not supported by an adequate data base.

6-12

Section 6.3.1.7 Tectonics, pages 6-108 through 6-111

The adequacy of this section is of course dependent upon the accuracy and

completeness of the data base that supports the analyses presented.

There has been little basis presented for either of the two assumptions

stated in this section. That "the geologic and seismic information is

representative of the site to a degree suitable to address the guidlines"

and "it is believed that the major tectonic structures and processes that

could affect a repository are known" have not been supported by

information in the EA. A long history of tectonic stability is a
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considerable positive factor for location of a waste repository in the

Texas Panhandle, but present stability must be proven, not assumed. This

has not been accomplished in the EA.

The same needs and concerns exist as stated for Section 3.2.5, pages 3-51

to 3-60.

Possible correlations of seismicity with a fault along the boundary of

the Oldham Nose and Tucumcari Basin northwest of the Deaf Smith site is

not discussed (see comment 3-24). This fault projects toward the Deaf

Smith site.

The significance of the late Pleistocene/Holocene reactivation of the

Meers Fault (comment 3-13) and the potential for reactivation of other

northwest trending faults within the Amarillo Uplift by the present

regional stress field (comment 3-27) are not discussed.

Recent recognition of probable activity on the Meers fault (see comments

on Section 3.2.5, pages 3-51 to 3-60) indicate the possibility of a

similar situation in the Texas Panhandle.

This item should be reworded to state that Quaternary deposits give no

recognized indications of episodes of active tectonism.

Judgements concerning the potential for volcanism in the region are

presently based on speculation unless the present location of the mantle

"hot spot" judged to have been the cause of Quaternary volcanism in

north-eastern New Mexico can be established (see comment 3-15).

What is the cause of the subsidence controlling locations of Pleistocene

age lakes (playas?) on the High Plains (see comments 3-9, 3-28, 6-2, 6-7)?

6-13

Section 6.3.1.7 Statement of Qualifying Condition, Subheading: Relevant

Data, page 6-109, paragraph 3, information presented disagrees with other

parts of the EA

The statement is made that "no historic earthquakes have been reported in
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or near Deaf Smith County." A Feb. 2, 1975 (M = 2.9) event in eastern

New Mexico is shown to have been located just 5 km outside of Deaf Smith

County.

This sentence should be reworded to state that no events have been

reported in Deaf Smith County.

6-14

Section 6.3.2.7.3 Analysis of Potentially Adverse Conditions, page 6-110,

item (2), not enough information is presented

The same comment exists as stated for Section 6.3.1.7.3, item (1). This

will likely require a recalculation of maximum credible earthquakes for

the site, referred to here as being summarized in Section 3.2.5.3.

The second sentence of this statement should be changed to state that no

active surface faults are recognized in the Texas Panhandle.

6-15

Section 6.3.1.7.3 Analysis of Potentially Adverse Conditions, page 6-110,

item (3), data resented allows a different interpretation

Tectonic activity is much lower than in late Pennsylvanian time, but to

say that it has diminished since then may be misleading. The time period

of concern for waste isolation is much shorter than that between the

Pennsylvanian and the present, so analysis of increasing or decreasing

tectonic activity must concentrate on the present and the recent past

(i.e. the Quaternary). Indications of activity along the

Amarillo-Wichita Uplift (see comments on Section 3.2.5, pages 3-51 to

3-60) suggest that activity may indeed be on the increase at this time.

Even if this is the case, it may not present a potentially adverse

condition, but this must be evaluated.

6-16

Section 6.3.1.7.3 Analysis of Potentially Adverse Condition, page 6-111,

Item (6), not enough information is presented

The same comments, needs, and concerns exist as stated for Section 3.2.5,

pages 3-51 to 3-60.
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6-17

Section 6.3.1.7.4 Analysis of Disqualifying Condition, page 6-111,

paragraph 1, not enough information is presented

The same comments, needs, and concerns exist as stated for Section 3.2.5,

pages 3-51 to 3-60.

6-18

Section 6.3.1.7.5 Conclusion of Qualifying Condition, page 6-111,

paragraph 1, not enough information s presented

The same comments, needs, and concerns exist as stated for Section 3.2.5,

pages 3-51 to 3-60.

6-19

Section 6.3 Suitability of the Deaf Smith Site for Site Characterization

--- , pages 6-116 through 6-129

The findings presented in this summary table are not supported in many

cases as noted in previous comments concerning Chapter 3 and Section 6-3.

6-20

Section 6.3.2 Postclosure System Guidelines, page 6-130, paragraph 2

In view of the lack and ambiguity of relevant data concerning erosion

features (e.g. playas), dissolution potential and reactivation of

favorably oriented northwest trending faults, the statements made in this

paragraph are not supported by available data.

6-21

Section 6.3.2 Postclosure System Guidelines, page 6-130, paragraph 6

Uncertainties exist regarding the existence of a suitable massive salt

bed with the San Andres No. 4 salt (see comment 6-4). Unless a

salt/shale/anhydrite aggregate is judged suitable as a repository host,

the problems outlined in this paragraph could be experienced.

6-22

Section 6.3.2 Postclosure System Guidelines, pages 6-133 through 6-135,

Table 6-10

There is insufficient data concerning several relevant issues (see
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comment 6-18) to support the assessment results summarized in this

table. The Finding presented would be more accurate if the first not

were deleted; at best, it appears that considerable work is needed before

a judgement can be made concerning the accuracy of the double-negative

Finding offered.

6-23

Section 6.3.3.1 Preclosure Technical Guidelines, page 6-136, paragraph 8

One playa exists within the site and several occur nearby. Concentrated

infiltration may be expected at these locations. Until the depth to

which playas influence the ground-water system is known, the statement in

this paragraph is not supported by an adequate data base.

6-24

Section 6.3.3.3 Preclosure Technical Guidelines, page 6-138, paragraph 2

In view of the interbedding reported, particularly shale beds and clay

seams (see comment 6-4) the anticipated stability of repository workings

is highly uncertain since it is based on generic data and assumed

homogeneity whereas the actual workings would likely encounter a

heterogeneous sequence with variable and time-dependent properties. The

ability of rock bolts to control clay shales that aare subject to

dehydration and/or swelling is questionable.

6-25

Section 6.3.3.3 Preclosure Technical Guidelines, pages 6-140 and 6-141

A series of potentially adverse conditions with respect to host rock

suitability and stability are presented in paragraphs preceding these.

The sum of these potentially adverse conditions is considerable and

therefore it appears that before the suitability of the Deaf Smith site

for site characterization can be determined substantial stratigraphic and

geomechanical studies are needed so that an accurate determination as to

technical ranking can be made,

6-26

Section 6.3.3.4 Tectonics, page 6-144, paragraph 4

Late Pleistocene-Holocene reactivation of the Meers Fault has been
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demonstrated and other faults exist that are oriented favorably for

reactivation. A correlation may exist between seismicity and a fault to

the northwest that projects toward the site (comment 3-24). Therefore,

the statement in this paragraph is not supported by available data and is

at least in part refuted by the geologic record.

6-27

Section 6.3.3.4 Tectonics, page 6-144, paragraph 8

The basis for a peak horizontal ground acceleration of 0.2 g at the site

is not presented.

6-28

Section 6.3.3.4 Tectonics, page 6-145, paragraphs 3 through 6

Available data does not clearly support these evaluations. The presence

of geologically young offsets along the Meers Fault indicates at least

local Quaternary tectonism and many faults in the region are oriented

such that they also could be reactivated by the regional stress field. A

potentially adverse regional condition is clearly present.

6-29

Section 6.3.3 Preclosure Technical Guidelines, pages 6-146 through 6-149,

Table 6-11

The deficiencies cited in comments 6-22 through 6-26 also apply to

related Assessments and Findings summarized in this table.

6-30

Section 6.3.4 System Guideline 960.5-l(a)(3), page 6-151, paragraph 5

Significant deficiencies in the data base relevant to this paragraph have

been previously noted. The judgements made in this paragraph are

premature, given the available data base.

6-31

Section 6.3.5 Conclusion Regarding Suitability of the Site for Site

Characterization, page 6-153, paragraph 4

In view of the significant deficiencies in the geologic and geotechnical

data base, the statement that the Deaf Smith site is suitable for site
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characterization is highly questionable. To proceed to full-scale site

characterization before evaluating several technical issues more fully

could result in an avoidable misexpenditure of Federal Funds.

Identified issues that appear to need more evaluation prior to site

characterization include:

a) Stratigraphy of the repository horizon

b) Geomechanical properties of the repository horizon

c) Origin and significance of playas

d) Regional fault patterns, stress fields and Quaternary tectonics

6-32

Section 6.4.2.3.5 Geologic Subsystem Performance, page 6-207, paragraph 1

The basis for the belief that Thermo-Mechanical disturbance in a nuclear

waste repository results in the closing of openings and healing of

fractures (and is therefore dismissed) is not stated. Data elsewhere in

the EA indicates that fracture and dehydration of shale beds within the

host salt is likely, roof and pillar failures may occur and that

subsidence and thermal uplift will be experienced at the surface.

Effects on brittle rocks within and above the repository have not been

carefully analysed and the absence of potentially adverse effects in

these strata as a result of repository creep closure is not

demonstrated. The conclusions presented here are not supported by an

adequate data base.

6-33

Section 6.4.2.3.5 Geologic Subsystem Performance, page 6-209, paragraph 1

through page 6-211, paragraph 3

Until geohydrologic and structural conditions prevailing beneath playas

are well known, geohydrologic simulations presented in this section may

be seriously in error. An inadequate data base exists to support the

analyses presented and constitutes a serious general deficiency in the EA.

6-34

Section 6.4.2.6.1 Geologic Processes, page 6-217, paragraphs 3 through 7

The potential for disruptive events at the repository is highly dependent
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upon possible rapid infiltration of ground water through possible

collapse features beneath playas and increased retional site seismicity

and faulting through reactivation of fault systems by a favorably

oriented stress field. Available data on playas is insufficient to

support or refute the first scenario. Recent data supports the second

concern and its significance needs thorough evaluation.

Chapter 7

General Comment

Chapter 7 presents comparisons among the various sites proposed as

repository locations and is similar in all the EAs. In view of the

limited data base available for the Deaf Smith site, it is difficult to

see how it can be accurately compared with other proposed sites where the

data base is more complete.
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in Repositories

Dear Mr. Blackford:

This is to transmit the subject draft report on the Swisher County
Site, Texas.

In accordance with Subtask 1.3 of the reference Contract A0294, and
your assignment letter dated 22 December 1984, we have performed our review
and evaluation of those assigned portions of the DOE Environmental
Assessments (EA) for the proposed Swisher County Site. Our review and
evaluation to this date was accomplished by us without access to a number
of important DOE and their contractors literature of the site. Many
references listed in the text of the EA are not readily available in time.
For these reasons, this review and evaluation report should be considered
as a draft document which may need revisions after all the references
become available. In this draft document, we have identified areas of our
technical concerns and the rationale for our concerns. We have also
indicated in this draft report what action we feel is necessary for
mitigation.

If you have any questions, please let us know.

Sincerely yours,

Dae H. Chung
Project Leader

DHC/ic
Enclosure: As stated.



Swisher County Site

This report presents the results of a very preliminary review of the

Environmental Assessment (EA) for the potential Swisher County, Palo Duro

Basin, Texas site for a nuclear waste repository.

The Swisher County site is located in the same general geologic and

hydrologic environment as the Dear Smith County site and draws from

essentially the same data base as has been used to evaluate the Deaf

Smith site. Serious deficiencies in that data base have been noted and

these deficiencies are applicable to the Swisher County site as well as

the Deaf Smith site. Therefore, general and specific geologic comments

made for the Deaf Smith site may be applied to the Swisher County site as

well.

Principal general areas of concern include:

1) The origin and significance of High Plains playas. There are 7

within the Swisher County site.

2) Reactivation of northwest trending faults within the region in

response to a favorably oriented stress field. At least one

fault in the region (Meers Fault) has undergone Quaternary

reactivation.

3) Geotechnical properties of the host salt horizon with particular

reference to the effects of interbeds on repository stability

and long-term waste isolation.

Specific Comments on the Swisher County site not applicable to the Deaf

Smith site are:

3-1

Section 3.2.2.2 Erosion Processes, page 3-11, aragraph 2

The eastern caprock escarpment is stated to be located 27 km (16 mi) east

of the site. Regional maps, e.g., Figure 3-1, show a major reentrant in
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this scarp along the Prairie Dog Town Fork of the Red River. The scarp

along this reentrant is located about 21 km (13 mi) northeast of the

site. The scarp is therefore closer to the site than indicated in the EA.

3-2

Section 3.2.3.3 Salt Dissolution, page 3-51, paragraphs 4 and 5

Correlations between retreat of the Eastern Caprock Escarpment and salt

dissolution are noted. What is the evidence for or against salt

dissolution beneath the reentrant area?

3-3

Section 3.2.6.1.2 Lithostratigraphic Characterization, page 3-81,

paragraph 5 and page 3-82, Table 3-8

It is evident from these parts of the EA that the repository horizon at

the Swisher County site even more than at the Deaf Smith site would be an

aggregate of salt, anhydrite and shale. In evaluating the stability and

waste isolation properties of the site the characteristics of an

aggregate would have to be considered, not those of bedded salt.



January 14, 1985
WGC - R531

Mr. Benjamin Rice, Project Manager
Geotechnical Branch
Division of Waste Management
Office of Nuclear Material Safety & Safeguards
U.S. Nuclear Regulatory Commission
Washington. DC 20555

Subject: Swisher County Site, Texas DEA Review Comments

Dear Mr. Rice:

The enclosed comments are the result of Weston Geophysical's review of the above
referenced DEA. Our comments are presented in the format described in "Standard
Review Plan for Draft Environmental Assessments", dated December 12, 1984.

As directed by you and your fellow staff members, we have concentrated our
comments on significant aspects of the DEA documents which impact guideline
criteria.

Should you have any questions or require clarification regarding this submittal,
please contact us.

Very truly yours,

WESTON GEOPHYSICAL CORPORATION

John P. Imse



DEA

SWISHER COUNTY SITE, TEXAS

REVIEW COMMENTS
PREPARED BY

WESTON GEOPHYSICAL CORPORATION

FOR
THE UNITED STATES NUCLEAR REGULATORY COMMISSION

Weston Geophysical



MAJOR COMMENT #1 DEA: SWISHER

Subject: Structure and Tectonics

Comment: Presentation of structural setting, particularly existence of faults,

for the site vicinity is uperficial. This is due to the unavailability of two

key reports on interpreted seismic reflection data for the site area and the

presentation of unit elevation maps. Because the seismic reflection reports are

unavailable, faults in the site region cannot be reviewed for extent, style of

faulting and occurrence. Use of unit elevation maps, noting that faults are not

shown, rather than more accepted structure contour maps does not provide a clear

picture of the structural setting. Structural development through time is not

depicted and effects on depositional patterns can not be assesed.

MAJOR COMMENT #2 DEA: SWISHER

Section: Hydrogeology

Comment: Calculations of travel time to the accessible environment are based on

Darcian flow conditions. No calculations are presented where assumed flow is

controlled by fracturing. Using fracture flow it "appears probable that

ground-water flow rates through the fractures or other secondary openings in the

bedrock of the Swisher study area could be one or more orders of magnitude

greater than the ground-water flow rates shown" [P. 6-83]. Therefore, it is

possible for downward flow through the evaporate section to only be 7,400 years

or less, and since the accessible area, as planned, is only a kilometer or two

from the repository, the guidelines may not be met.

The effect of interbeds on vertical flow through the unit is also not

addressed. If the interbeds can act as barriers to vertical flow and can

concentrate flow along the interbeds, the time to the accessible environment may

be further diminished.



DETAILED COMMENT #3-1 DEA: SWISHER

Section: 3.2.5.1 Faulting, p. 3-56. para. 5

Comment: Two documents referenced here Long [1983] and Budnik 1984] regarding

seismic reflection interpretation were not available for review of conclusions

regarding faulting in the site area.

DETAILED COMMENT #6-1 DEA: SWISHER

Section: 6.3.1.1.1 Statement of Qualifying Condition, p. 6-83. para. 5

Comment: The authors have used a horizontal distance to the accessible

environment of 10 km. Although that is the maximum allowable distance, they

* have previously stated [Section 6.2.1.1.1. p. 6-6] that the conditions at this

site will not require a controlled area of that size and have only estimated a

need for approximately 1-2 kilometers of controlled zone beyond the limits of

the repository. The travel times presented here should be those that justify

such a limited controlled area. See also Major Comment 2.

DETAILED COMMENT #6-2 DEA: SWISHER

Section: 6.3.1.1.2 Analysis of Favorable Conditions, p. 6-83, para. 7

Comment: The travel time from repository to accessible environment is stated as

907,000 years. Two paragraphs earlier the travel time for the same route is

stated as 104.000-378,000 years. Which is correct? See also Comment 6-1 and

Major Comment 2.



DETAILED

Section:

Comment:

COMMENT #6-3 DEA: SWISHER

6.3.1.1.5 Conclusion for Qualyifying Condition, p. 6-87, para 1.

See Comment 6-2.

DETAILED COMMENT #6-4 DEA: SWISHER

Section: 6.4.2.3.5 Geologic Subsystem Performance, p. 6-213. para. 2

Comment: The thicknesses and travel times stated here are applicable to the

Deaf Smith site, not Swisher. It should be noted that total travel time

presented here is different than stated in the Deaf Smith DEA.



Weston Geophysical

January 14, 1985
WGC - R531

Mr. Benjamin Rice, Project Manager
Geotechnical Branch
Division of Waste Management
Office of Nuclear Material Safety & Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Subject: Deaf Smith County Site, Texas DEA Review Comments

Dear Mr. Rice:

The enclosed comments are the result of Weston Geophysical's review of the above
referenced DEA. Our comments are presented in the format described in Standard
Review Plan for Draft Environmental Assessments", dated December 12. 1984.

As directed by you and your fellow staff members, we have concentrated our
comments on significant aspects of the DEA documents which impact guideline
criteria.

Should you have any questions or require clarification regarding this
please contact us.

Very truly yours,

WESTON GEOPHYSICAL CORPORATION
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MAJOR COMMENT 1 DEA: DEAF SMITH

Subject: Structure and Tectonics

Comment: Presentation of structural setting, particularly existence of faults,

for the site vicinity is superficial. This is due to the unavailability of two

key reports on interpreted seismic reflection data for the site area and the

presentation of unit elevation maps. Because the seismic reflection reports are

unavailable, faults in the site region cannot be reviewed for extent, style of

faulting and occurrence. Use of unit elevation maps, noting that faults are not

shown, rather than more accepted structure contour maps does not provide a clear

picture of the structural setting. Structural development through time is not

depicted and effects on depositional patterns can not be assessed.

The discussion of site area structure is very descriptive but not interpretive.

Based on structure contour maps in [Dutton. et.al., 1982] the Deaf Smith site is

located over an uplifted basement region where pre-Pennsylvanian rocks have been

removed through erosion and/or nondeposition. Basement uplifts bounding the

basin are typically fault controlled Section 3.2.5], yet this possibility is

not applied to the site location other than the statement, undetected faulting

could exist" P. 3-52]. Based on Figure 3-24 which depicts elevation of the

Precambrian basement and structure contour maps in Dutton. et.al. 1982],

basement faulting could extend through the site area.

MAJOR COMMENT #2 DEA: DEAF SMITH

Subject: Hydrogeology

Comment: Calculations of travel times to the accessible environment are based

on Darcian flow conditions. No calculations are presented where assumed flow is

controlled by fracturing which could result in travel times "one, or more,

orders of magnitude greater" [p. 6-81] than those presented. One order of



MAJOR COMMENT #2 Continued DEA: DEAF SMITH

magnitude change for travel time to accessible environment could possibly

produce a time of 5700 years see Comment 6-1]. just over half the minimum

required interval. Fracture flow is not dealt with rigorously in this study and

may be the most significant control on satisfying the guidelines. In addition,

zones of fracture flow may also provide loci for interior zones of dissolution

within the salt units.

The effect of interbeds on vertical flow through the unit is also not

addressed. If the interbeds can act as barriers to vertical flow and can

concentrate flow along the interbeds, the time to the accessible environment may

be further diminished.

DETAILED COMMENT #3-1 DEA: DEAF SMITH

Section: 3.2, Geologic Conditions, p. 3-4, para. 3

Comment: Figure 3-3 is referenced but not included. This reviewer has used

Figure 3-3 from the Swisher County DEA.

DETAILED COMMENT #3-2 DEA: DEAF SMITH

Section: 3.2.1 Regional Geology, p. 3-4, para. 5

Comment: Figure 3-4 is referenced but not included. This reviewer has used

Figure 3-4 from the Swisher County DEA.

2011R DEAF SMITH * 2 *



DETAILED COMMENT #3-3 DEA: DEAF SMITH

Section: 3.2.5.1 Faulting, p. 3-52. para. 4 and 5

Comment: Discussion of basement faulting in the site area references two

seismic reflection reports which are not available for review, Budnik[l984] and

Long 1983].

DETAILED COMMENT #6-1 DEA: DEAF SMITH

Section: 6.3.1.1.1 Statement of Qualifying Condition. p. 6-82, para. 1

Comment: Calculations for travel time to the accessible environment, use a

distance of 10 kilometers for horizontal flow. In Section 6.2.1.1.1 the authors

state that although a 10 kilometer radius is the allowed maximum, a much smaller

area, 5,600 hectares, will be controlled. Based on Figures 4-4 the eastern

limit of the repository is nearly coincident with the eastern limit of the

surface operations area which in turn is at the eastern edge of the controlled

area. Therefore, the accessible environment at Deaf Smith is much less than 10

kilometers and may be less than 1 kilometer. Travel time to the accessible

environment may be only the vertical travel time to the olfcamp of

approximately 57,000 years. If the authors feel that the smaller area is

supported, the supporting evidence should be presented. See also Major Comment

2.

DETAILED COMMENT *6-2 DEA: DEAF SMITH

Section: 6.3.1.1.2 Analysis of Favorable Conditions, p. 6-82. para. 3

Comment: See Comment 6-1.



DETAILED COMMENT #6-3 DEA: DEAF SMITH

Section: 6.3.1.1.5 Conclusion for Qualifying Condition. p. 6-85, para. 10

Comment: Distance to the accessible environment is described as conservatively

estimated to be 10 kilometers, First, this is not conservative because that is

the maximum allowable distance, therefore it is the most liberal estimate.

Second, as discussed in Comment 6-1, the accessible environment may be less than

1 kilometer. Where does the number 769,000 years come from?



11 January 1985

Mr. John Trapp
316 Opera Court
Silver Spring, MD 20901

Dear Mr. Trapp:

The attached pages are preliminary notes assembled by Joseph (Andy)
Obrochta from his review of the Palo Duro Basin rport, as you requested.
This letter is being mailed, special courier to insure delivery for your
reference at Monday's conference.

The comments pertain only to the Swisher Site. Comments on the site
geology are not complete. Comment numbers are not included or are subject to
change.

These are preliminary comments and in no way represent our final review
report. The final report will be delivered to NRC (Kristin Westbrook)
on or before 22 January 1981, as agreed.

Sincerely,

ARTHUR H. BURKART
Chief, Engineering Geology Section
Geotechnical Branch
US Army, Corps of Engineers

CC:Kristin Westbrook



3-1
Section 3.1 Location. The location map, figure 3-1, shows the 9 square mile
site to be on the north side of highway 146. Figure 3-2, however, shows the
location to be 2 miles south of he location on figure 3-1. Also on figure
3-1, the bar scale is incorrectly drawn.



3-
3.2.3.3.1,Peripheral Dissolution. The fourth paragraph of this section
discusses sinkholes along the eastern dissolution front which formed by
removal of salt. While this is likely to be partly true, anhydrite/gypsum
and dolomite are also soluble, and solution features in these materials
are well documented. This section should use the term "evaporite" in
place of "salt."

3-
3.2.3.3.2,Interior Dissolution. This section is somewhat confusing and
lacking in internal consistency. The first sentence states "There are no
confirmed areas beneath the Southern High Plains where the uppermost salt
has undergone post-Pleistocene interior dissolution," while the second
paragraph estimates rates for this non-existant dissolution. Gustavson
et al (1980) present evidence to show that pre-Ogallala dissolution occurred
in the uppermost salt in a mappable "paleodissolution zone" (page 25).
More attention should be placed on identifying paleodissolution because of
possible porosity and permeability differences with unsolutioned zones.
Penecontemporaneous dissolution during Permian time in association with
cyclic influxes of fresher water could account for the beds of chaotic
halite/mudstone mixtures.

3-
Section 3.2.5.1,Faulting. Figure 3-27 is a topographic map of the Precambrian
basement rocks. Faults displacing these rocks are intentially omitted. Leaving
out the faults is a poor practice, because it requires a different interpre-
tation.to connect the contours from the upthrown to downthrown sides. The
faults should be added to the figure.

3-
Section 3.2.5.1 Faulting. The Meers Fault should be added to the faults
discussed in this section even though this fault is exposed only in Comanche
County in southwestern Oklahoma. Recently documented Quaternary movement
on this fault. (Donovan, et al 1983) is significant because the eers is
one of a series of en echelon faults on the north flank of the Amarillo-
Wichita uplift. This geologic structure extends into the Texas panhandle
and is responsible for some of the minor earthquake events discussed in
section 3.2.5.3.

3-
Section 3.2.8.1, Hydrocarbon Resources. This section extensively sites Dutton,
et al (1982) and concludes that the Palo Duro Basin is undercharged with
respect to hydrocarbon potential, and that the possibility of undiscovered
hydrocarbons is low. Dutton, et al (1982), however,state (page 1) that "the
Palo Duro Basin seemingly has all the elements necessary for hydrocarbon
generation and accumulation: reservoirs, traps, sources rocks, and sufficient
thermal maturity...The Palo Duro Basin contains source rocks of sufficient
quality to generate hydrocarbons. Pennsylvanian and Wolfcampian shales contain
up to 2.4 percent total organic carbon and are fair to very good source rocks."



They conclude (page 73) that "additional discoveries in the Palo
Duro Basin are likely." One well in Swisher County (page 26) had a hydro-
carbon show in granite wash and 3 in the county had a hydrocarbon show in
Pennsylvanian carbonate. One of these wells, Frankfort Oil #1 Wesley is 5
miles north of the site, and another, Devore and Slade 1 Kleen, is a 2½
miles east of the site. Figures - and taken from Dutton et al
(1982, page 74 and 75) show Pennsylvanian and Lower Permian potential
reservoir fairways superimposed over organic-rich source rocks. These maps,
which ignore granite wash potential, show that Swisher County has among
the greatest potential for hydrocarbon production in the interior of the
basin. Although these studies are theoretical, and no production has occurred
in Swisher County, it appears that the potential for oil or gas discoveries
has been underestimated, and this section should be expanded to include
discussions of the seismic reflection surveys shown on figure 3-
as well as summaries of information provided by exploration companies.

3-
Section 3.3.2.1.2, Site Hydrologic Setting. HSU B is the regional aquatard
separating the deep basin brine aquifer (HSU C) from the overlying Ogallala
aquifer (HSU A). HSU B consists of the middle and upper Permian strata,
including the proposed host rock. It is assumed that this unit is relatively
impermeable and non-water bearing. However, he nearest permeability from
a salt bed is a value of 0.03 millidarcy (10 cm/sec) from Los Medanos,
New Mexico, and shale permeabilities are taken from Freeze and Cherry's
textbook on groundwater. These values are hen used to determing that the
average vertical permeability is 1.99 x 1.0 millidarcy (2 x 1 cm/sec),
assuming that HSU B contains 60 percent evaporites, 30 percent shale, and 10
percent carbonates. There is no consideration given to uncertainties arising
from this method of analysis. Although HSU B undoubtedly has a low permea-
bility, it would seem that the average permeability is less important than
identifying zones of higher permeability, Water will flow along the path
of least resistance, and average permeabilities are not helpful in locating
these zones. Table 3-8 in Section 3.2.6.1.2 shows an aggregate thickness
between 14 and 30 feet of "chaotic mudstone-halite rock" just in the host
salt bed. Are these zones permeable? It has been noted that becasue of
underpressurized conditions, net flow direction from HSU B is downward, away
from the accessible environment. Any flow from HSU B would most likely end
up in the porous granite wash and carbonates of the Pennsylvanian and lower
Permian. However, as discussed in comment , these beds are the most
likely sources of any future petroleum discoveries. Without onsite
evaluation, assumptions regarding uniformly low permeability of HSU B
cannot be justified. Additional discussion should focus on the possibility
of more highly permeable strata and the ramifications of radionuclide
migration along these zones.

3-
Section 3.3.3, Water Supply. This section discusses the ability of the Ogallala
to supply water to Swisher County. In addition to the reservoirs discussed
for potential supplemental water supplies, the groundwater available in the
Dockum should be considered as well. This formation, which yields less water
than the overlying aquifer, nevertheless does contain potable water.



5-1
Section 5.2.2.2.2, Hydrology, Groundwater, Operation. The effects of the
operation of the repository on the available groundwater supplies are discussed
in this section. The conclusions drawn here are confusing and ambiguous.
Table 3-22 shows that projected water requirements exceed available water
supplies from 1990 through 2030. Figure 3-65 and table 3-23 show the same
trend for Swisher County for the same period. Tables 3-23 and 3-24 show that
the total volume of groundwater in recoverable storage in Swisher counties
will be less than demand in 2020 and 2030. On the other hand, the saturated
thicknesses of the Ogallala within the site are estimated to be between 20
and 60 feet based on projected repository withdrawal rates. How much, if any,
of this amount is potentially recoverable is not discussed. The number and
location of water supply wells needed is not given nor are any potentio-
metric maps presented which show the effects of repository well drawdowns on
the Ogallala. The conclusion of this section, that it is impossible to predict
accurately enough the availability of sufficient Ogallala water for operation,
seems to be fully warranted. This paragraph concludes by stating that "if the
available water is insufficient to fulfill repository requirements, alter-
native sources will have to be sought. However, no alternative source
scenarios at all are presented. In view of the uncertainty associated with
the Ogallala, considerable attention should be paid to other sources for
water. These include exploiting the Dockum (see comment ), trucking or
piping water from local reservoirs or obtaining it from sources other than the
High Plains. However, if the Ogallala wells at the repository run dry or
deteriorate in quality to render them unusable, much of the high plains will
be similarly affected, and competition for available supplies will be strong.

6-
Section 6.3.3.3.2, Analysis of Favorable Conditions, Groundwater Supplies.
The availability of water required for repository construction, operation,
and closure is described as uncertain. The supply of water is also described
as uncertain, but preliminary data indicate that adequate quantities can
be developed from the Dockum on the site." Other than the thickness and general
character of the Dockum, no data is presented on it in this EA. Without better
information on the Dockum, it is difficult to concur that a favorable condition
is present.



Figure 52. Pennsylvanian potential reservoir fairways. Carbonate buildups in lower Pennsylvanian and deltaic sandstones
and porous shelf margins in upper Pennsylvanian are superimposed on the distribution of organic rich (2 0.5 percent
TOC) source rocks. Granite wash, also a potential reservoir, was not included because it is so extensive (fig. 22).

small structures that abound in the basin, are
potential traps. Potential Pennsylvanian and
lower Permian reservoirs include granite-wash
and deltaic sandstones as well as shelf-margin
carbonates. Regional fairway maps for
Pennsylvanian (fig. 52) and Wolfcampian (fig.
53) strata outline areas where reservoirs should
be concentrated. Granite-wash fairways are not
included on the maps because they are so
extensive. Many existing granite-wash fields
are located in areas with less than 200 ft (60 m)
of net granite wash (figs. 20 and:21). Additional
fields in granite wash are most likely to be

discovered near the trend of high TOC (fig.46),
and the fields will probably be structurally
controlled.

Fairways in shelf-margin carbonates occur
both in Pennsylvanian (fig. 52) and in
Wolfcampian (fig. 53) strata. The fairway
containing lower Pennsylvanian carbonates is
outlined by the 400-ft contour (fig. 52).
Reservoirs may exist in lower Pennsylvanian
carbonates outside this area, but the fairway
delineates the trend of shelf-margin buildups
where potential reservoirs should be
concentrated.
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Figure 53. Wolfcampian (lower Permian) potential reservoir fairways. Positions of porous shelf margins and deitaic
sandstones are superimposed on the distribution of organic-rich (2 0.5 percent TOC) Wolfcamplan source rocks.

The upper Pennsylvanian shelf-margin
fairway is delineated by the 100-ft contour of
net porous carbonate (fig. 52). Both the lower
and upper Pennsylvanian carbonate fairways
coincide with the trend of high TOC in
Pennsylvanian shales particularly in the

juxtaposition of source rocks with porous shelf
margins makes these attractive fairways.

The Wolfcampian shelf-margin fairway is
defined by the 200-ft contour of net porous
carbonate (fig. 53). High TOC in Wolfcampian
shales overians only the eastern shelf margin



RHB-S1

Comment 6-1

Section 6.3.1.6 Dissolution. Disgualifying Condition

Page 6-109, Paragraph (Interior dissolution)

Available Alternative Interpretations

Inadequate Considerations of Available Data.

The subject paragraph contends that interior dissolution

will not create a hydraulic connection between the repository

and surrounding geohydrologic units within 10,000 years. The

statement assumes that interior dissolution has been and will

remain isolated across the top of the uppermost salt.

Existing geologic evidence strongly suggests that this

probably is not the case. As reported by Anderson (1981),

the clearer record of dissolution in the Delaqare Basin of

New Mexico indicates that dissolution has not advanced

uniformly, but, as one would expect, has progressed

selectively into structurally and stratigraphically

predisposed areas. Results include severe dissolution deep

within the evaporite sequence, beneath overlying undissolved

salt beds, as well as "deep holes" extending several hundreds

of feet downward from the upper salt surface. Vertical joint

and fracture systems and permeable interbeds probably have

played an important role in transmitting the necessary fresh

water.

1



Such selectivity is indicated by much of the evidence

for interior dissolution of the upper salt beds on the

Southern High Plains. Gustavsen and Findley (1984,

OF-WTWI-1984-39) have compiled numerous examples of such

pronounced localized effects, including discernible

subsurface depressions along Frio Draw and Tierra Blanca

Creek in Deaf Smith and Palmer Counties, and beneath Tule

Basin, on the Tule Creek at the intersection of Swisher and

Briscoe Counties. In most of the examples, the accelerated

dissolution appears to relate to fracture trends. As shown

by topographic maps, such fracturing is particularly evident

in the nearby Tule Basin area where a north northwest Joint

-set appears to be responsible for the pronounced south

southwest reentrant of the Caprock Escarpment along Tule

Creek. The southwestern extrapolation of the reentrant

approximately aligns with two anomously thin occurences of

the host rock salt, as shown by two circular depressions on

figure 3-22 (page 3-45). Both anomalies appear totally

incompatible with the regional net salt thickness pattern of

the lower part of the San Andres, shown by Budnick and Smith

1982, figure 4, page 78, GC-82-7). The northernmost of the

two anomolies closely corresponds with the trace of a

pronounced north northwest trending basement fault (Smith,

1983, p. 31). The other Unit 4 anomaly corresponds with a

cluster of three photolineaments (Findley and Gustavsen,

l981, figure 6, GC 81-5). Certainly both structural the

intersection of these features with the extrapolation of the

2



structure which apparently controls the Tule Creek reentrant

would well suit the creation of the "deep holes" identified

in the Delaware Basin. Therefore, in light of available

data, deep dissolution appears to offer a reasonable

explanation for the two anomolously thin occurences in the

Unit 4 salt. The localized nature of the thinning is further

emphasized by the absence of any such expression on the

east-west cross section of figure 3-8 which transects the

suspect area.

It would appear that selective dissolution would also be

anticipated beneath the trace of Pleasant Draw, the

structural control of which is indicated by its linear and

rectalinear pattern, its transverse orientation to the

regional slope of the Southern High Plains, and its local

correspondence with a preferred joint orientation (Findley

and ustavsen, 1981, figure 16, 8C 81-5). Southwestern

extrapolation of the apparent fracture zone which controls

the Draw approximates the southeastern corner of the

repository. Consequently, in light of the collective

geologic evidence, no reason is evident to preclude eventual

selective deep dissolution of the Unit 4 salt within the

repository. Neither is there any recognized reason to expect

that if such dissolution is not presently occurring there,

why it would not develop within the next 10,000 years,

especially if groundwater flow is enhanced by a future

pluvial climate. Until such dissolution reached proportions

ample for surface collapse, a dependable means-of identifying

3



it prior to repository excavation does not seem available.
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RHB-S2

Comment 6-2

Section 6.3.1.5 Erosion. Favorable Condition

Page 6-104. Paragraph 9(?)

Available Alternative Interpretations. Erroneous Computation.

and Incomplete Use of Data

The favorable condition involving no expectation of

exhumation within one million years is claimed on the basis

of a computation that predicts exhumation in 5.4 million

years. However, the computation appears to involve various

flaws. First, it appears to be mathematically incorrect.

Second, the computation applies a distance of 34 km. between

the repository and the Eastern Escarpment. Section 3.2.2.2.

(page 3-11) states the distance as 27 km. Given the location

shown by figure 3-2 (page 3-3), the actual distance is about

22 km., as measured on a 1250,000 topographic map. In

addition, the computation applies rates of escarpment retreat

and river incision which are of debatable use.

The rate applied for river incision (9.lxlO-

meters/year) is the average over the last 600,000 years. As

a result, it averages may represent "a geologically

sustained rate," but probably fails to reflect more robust

erosion which would be anticipated from reduced base levels

and the much greater precipitation and stream flow of the
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various pluvial periods within that time frame..

For example, Frye and Leonard (1957, RI 32) claim that the

Kansan glacial stage appears to be the period of greatest

surface moisture during the Pleistocene in the Panhandle

region. In turn, Backman (1980, p. 88, USGS OF 80-1099)

notes that in Texas the Kansan was a period of particularly

deep incision. Consequently, inlight of anticipated near-term

return of pluvial conditions (page 311), the long term

averages appear inadequate

The rate applied for retreat of the Eastern Escarpment

(.18 meters/year) is the estimated average for the entire

Quaternary and also appears debatable. Although Gustavson

and others (1981, AEG Bul. V. 18, #4, P. 413-422) claim that

erosion and denudation along the caprock escarpment are

presently proceeding at near-maximum rates, they later note

that escarpment retreat is strogly influenced by sapping.

Such sapping, it would seem, would be greatly accelerated

during pluvial periods of greater rainfall and higher water

tables in the Ogallola, just as sapping is presently greatly

reduced by water withdrawal for irrigation (Gustavson et al,

1981). Walker (1978 Baylor Geological Studies Bul. 35)

agrees that reduced ground cover resulting from present

aridity has increased soil erosion, but claims that the rate

of caprock retreat is far below rates of some periods of the

Pliestocene. Furthermore, the escarpment retreat rate used

by DOE applies to the escarpment generally and fails to

express the potential for much greater local rates associated
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with reintrants where stream gradients are much steeper.

Pleasant Draw, with headwaters presently within four

miles of the site, appears particularly prone to rapid

reintrant growth. Given the likely structural control implied

by the linearity and rectangularity of Pleasant Draw and

other creeks in the vicinity, the potential for rapid

continued breachment of the caprock may be concentrated

directly toward the repository area. The rate of such

breachment during non-pluvial times may be comparable to

those recently estimated for creeks of similar small size and

topographic setting. One of these is Holmes Creek which

reportedly reflects 12.5 meters of incision during the last

7900 to 9500 years (Page 6-102, paragraph 1). This amounts

to an annual rate of as much as .6x10- meters/year, almost

an order of magnitude greater than the incision rates applied

in the DOE computation. A similar rate of .9x10-

meters/year has been estimated as the minimum for incision of

the Ogallala Caprock on a tributary of Tierra Blanca Creek

during the last 1070 years Findley 981, GC-81-3 P.

138-139). Findley and Baumgardner (1981, GC 81-3, p.

14e-149) estimate an even higher average rate of 4.7xl0-0

meters/year for the last 380,000 years in the nearby Little

Red River Basin. More recently, an even faster rate of

downcutting has been estimated for the Little Red River Basin

amounting to about 6x10-0 meters/year for the last 1600 years

(Baumgardner 1983, GC 3-4, p. 138-144). Because all three

of these rates reflect Holocene conditions, they are probably
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substantially less than those which will result from a future

pluvial episode. Nevertheless, when applied to the DOE

formula, they predict exhumation of the repository within

130,000 to 500,000 years. Actually, however, such rapid

incision of Pleasant Draw will be constrained eventually by a

much slower reduction of its local baselevel, i.e. the

Prairie Dog Town Fork of the Red River. However, without the

ability to estimate pluvial rates for such rivers, the

magnitude of the constraint presently cannot be quantified.

Therefore, the data presented is inadequate to demonstrate

that exhumation cannot occur within 1,000,000 years, and

the favorable condition remains unestablished.



RHB-53

Comment 6-3

Page 6-107 Paragraphs 3 & 4

Inadequate Consideration of Available Data

Rates applied by DOE for peripheral dissolution are

based on stream solutes. Hence, they are current, rather

than Quaternary rates, and presumably relate largely, if not

entirely, to present climactic conditions. However, as noted

on page 3-12, higher rates would be expected during future

pluvial episodes, which are expected in the near future (page

3-11). Consequently, application of even the maximum current

rates is probably not conservative, as claimed on page 6-108,

para 2. Furthermore, as mentioned on page 6-107, rates of

stream solutes vary by four orders of magnitude, expressing

an extreme level of uncertainty associated with an unknown

complex of controlling factors. Given the inapplicability

associated with those rates, it would appear that some other

means is required for assessing rates of future peripheral

dissolution. One possibility may include an assembly of

geologic field relationships adequate to generally reflect

rates or amounts of uaternary retreat of the solution fronts

within pluvial time frames.



RHB -4, 6.

Comment 6-4

Section 6.3.1.6. Dissolution

Page 6-107. last paragraph

The subject paragraph claims that the Caprock Escarpment

controls the shallow hydraulic gradient, so that application

of solution rates greater than those of escarpment retreat is

conservative. However, as shown by the dissolution model of

Gustavson and Findley (1980, p. 38, RI 106), the shallow

hydrologic gradient is unrelated to salt dissolution.

Comment 6-8

Section 6.3.1. Geohydrology

Page 6-83. Paragraph 5

Paragraph 5 applies a vertical travel rate of

9..x1O- meters/year through HSU-B. As shown on page 3-131,

that rate assumes a vertical permeability of 6.07xlO -

meters/year, computed on the assumption that the

permeabilities of evaporites, shales and carbonates are .003,

.001 and .05 milidarcies respectively. The latter number is

about on order of magnitude lower than the .4 and .7

milidarcy averages measured for carbonates in the section,

(pages 3-124 and 3-130).



RHB-S6

Comment 6-6

Section 6.3.1 Geohydrology = Vertical Permeability of HSU-B

Inadequate Consideration of Available Data

Paragraph 2 of page 6-83 states that the hydrogeologic

analyses have ignored fracture flow. However, Paragraph 3

cites WIPP experience which directly demonstrates that

fracture flow is vitally important, and that actual flow

rates could be one or more orders of magnitude greater than

those applied by DOE. The following is a list of selected

evidence for fracturing in HSU-B.

Evidence from the Swisher EA

1) The Geotechnical Profile of the Harmon #-Zeek #1 wells

(figure 3-34) notes:

a) low to moderate inflow in the Queen/ rayburg unit.

b) low inflow (K-.3md) from the dolomite within the

San Andres Unit 4.

c) closely jointed siltstones.

d) blocky salt, possibly jointed"

2) Other wells in the Basin show brine in the sandstone of

the Queen/Grayburg(Page 3-81).

3) Page 3-81 states that the dolomite of unit 4has a 2.5%

to 15% porosity, partly comprised of filled fractures. Page

3-83 states that the same ?) dolomite has an effective

porosity of 2-77., implying that substantial fracture porosity



remains unfilled.

4) On page 3-124, a tabulation of permeabilities for

carbonates within HSUB shows an average of about .4md which

is about the same as the average of the permeabilities

shown for the units of the deep brine aquifer on page 3-123.

5) The same similarity is shown by the histograms of pages

3-125 through 3-130.

6) Page 3-130 provides measured permeabilities for the lower

San Andres dolomite which average about .7 md, which is

substantially higher than the average permeabilties of the

deep salt aquifer shown on page 3-123.

Other Evidence

1) Anderson,(1980,1981) claims that joints, fractures and

faults are necessary to explain the severe dissolution of

salt recorded deep within the evaporite sequence of the

Delaware Basin, beneath overlying undissolved salt beds.

2) Collins, 1983 (GC-e3-4, p. 36), shows average joint

spacings in a 25 foot thick Permian sandstone to be about

3/meter. He also reports that joints are more dense in joint

zones up to 40 meters thick and .75 km. long. Joints are

primarily nearly vertical. Presumably, other brittle Permian

rocks, including mudstones, siltstones and anhydrites, would

also express numerous vertical joints.

3) Gard, 1968 (USGS Paper 589, p. 26) provides a detailed

log of a shaft in New Mexico, wherein he reports gas bubbling

through halite and joints in halite at .5 foot intervals at a

depth of 1000 feet.



4) Ramondetto (1982, p. 109, GC 82-7) states that about 13%

of Texas oil production is from Lower San Andres reservoirs

and that the oil migrated there through vertical fractures

which enhance reservoir potential. One of his figures show

that the Yellowhouse dolomite member of the San Andres

typically reflects porosities of 10-15% with permeabilities

of 0-2 milidarcies. He also points out the potential for

serious sources of error in estimating permeabilities from

core because of the preselection against fractures."

5) Comparison of modeling results with known hydrologic

conditions of the High Plains indicate that Kv values

commonly applied for mudstone of the evaporite sequence (i.e.

2.7x10-* ft/day) are much too low apparently because they

assume no fracture permeability (Simpkins and Fogg, 1982 p.

130, GC 82-7). They also emphasize that selection of

permeability values are cause for more uncertainty than any

other model factor.

6) Logs of #1 Rex H. White and 1 Grabbe wells express

halite filled fractures to depths of about 3000 feet and 3400

feet respectively. Fractures are shown to occur in chaotic

mudstone/salt, pure massive salt, mudstone, anhydrite and

dolomite (Presley and McGillis, 1981 GC 81-3, p. 25).

7) While noting the usual apparent tightness of sandstones

and dolomites of the evaporite section, Bently (1981, C8



81-3) mentions some occurances of lost circulation in the

evaporite sequence.

8) According to Baumgardner (1982 RI-114), dissolution in

the Winkler County area may have resulted from groundwater

moving along fractured anhydrite beds.

9) Collins (in preparation, in Gustavson and Budnick, 1984,

OF-WTWI-1984-9), reports that core from some wells confirm

the presence of fractures throughout the stratigraphic column

of Palo Duro Basin. The fractures are nearly vertical and

may or may not be mineralized.

10) Topographic evidence for jointing and fracturing is

widespread, as illustrated by the Landsat results of Findley

and Gustavson (1981, GC 81-5). Another particularly

pertinent example is Pheasant Draw which appears to express

an especially pronounced throughgoing fracture trend in the

immediate vicinity of the Swisher site.



RHB-S7

Comment 6-7

Section 6 3.1.. Geohydrology

Evidence for the Lateral Permeability with HSU-B

1) Mercer and Gonzalez Ref.) report three permeable zones

in the Permian evaporite section of the WIPP site. They are

the Salado/Rustler contact and the Culebra and Magenta

dolomite members of the Rustler formation. Their respective

transmissivities are 10-a-10-0, 13-10-, and 4.6xl0- mday.

The thickness of the Culebra and Magenta units are six meters

and meters respectively. Flow is predominantly along

fractures.

2) Collins,(1983, GC83-4, p. 36) shows joint spacings in a

25 foot thick Permian sandstone to average about 3/meter,

as well as the existence of joint zones up to 40 meters thick

and .75 km. long, in which greater densities exist.

3) According to Simpkins (1980, p. 67-69, Gc-80-7), regional

groundwater discharge from the Permian strata occurs on the

Rolling Plains as springs and seeps. Most of that discharge

is less than 20 years old.

4) Ramondetto (1982 p. 109, C 82-7) shows that in the

Midland Basin, the Yellowhouse dolomite member of the San

Andres typically reflects porosities of 10-15%, with



permeabilities of 0-2 milidarcies. Presley and Ramondetto

(1981 p. 59 C 81-3) further emphasize the importance of

fracture porosity in controlling oil production in San Andres

carbonates. However, they note that oxygen isotopes indicate

long-term hydraulic isolation and that the brines may have

been syncronous with deposition or "locked in" by pervasive

halite cementation.

5) According to Simpkins and Fogg, (1982 p. 131, GC 82-7),

the Blaine formation (of San Andres Unit 4?) is the principal

lateral transporter of brine from the eastern dissolution

front to discharge points comprised of saline springs in the

Rolling Plains. Measured permeabilities average 10 ft./day.

(It should be noted, however, that the high permeability may

partly relate to fracturing associated with dissolution

subsidence. - RHB)

6) Bentley (1981, C 81-3), while discussing vertical flow

through the evaporite aquatard, mentions that more direct

pathways may exist in erratically permeable dolomites in the

evaporite section in the Palo Duro Basin.

7) Syder and ard (1982, USGS OF 82-966) mention that the

Culebro dolomite is the most significant aquifer of the WIPP

region, while the Magenta is a seconday aquifer. Their

respective thicknesses there are 27 and 25 feet.

8) Backman (1980, USGS OF 80-1099) describes dissolution in



southeastern New Mexico which results when fresh water

penetrates to a permeable bed, then migrates laterally,

dissolving adjacent soluble rocks. Tunnels, caves and

collapse sinks result. Where rocks are relatively tight,

however, halite is protected by enclosing beds of anhydrite.

In general, the permeability of the Delaware Mountain Group

is only .016 ft./day, thereby precluding removal of saturated

brine.

9) Dutton (1983 GSA Abstracts, Southcentral Section, p. 4)

claims that transmissivity of the San Anres dolomite is less

than .004 mday in the Palo Duro basin because evaporite

cement fills ore spaces. However, Collins (in press)

reports open fractures throughout the section. (Is Dutton's

assessment based on core samples, by chance?)



RHB-S8

Comment 6-8

Section 6.3.1.3. Rock Characteristics

Purity and Thickness of Salt

Page 3-83 states that the host salt is about 90%. halite,

7%. anhydrite and 3% clay. As shown by table 3-8, the purity

of the salt differs greatly from the host rock where

interbeds of mudstone and anhydrite alone amount to 14 - 23..

In contrast, p. 6-93 states that the host rock, (not the host

salt) has 3% clay, thereby ignoring the additional 8 - 10 of

mudstone shown in table 3-8. Because it exists as 129

individual interbeds, it would appear to comprise an integral

unavoidable constituent of the host rock. Although page 6-94

claims that the host rock is dividable into four relatively

clean salt layers, the "muddy" interbeds shown on page 6-95

for Zeek #1, total only 12.5 feet, substantially less than

the 17.6 feet (10.0%) shown by table 3.8 (p. 3-82).

Consequently, the remaining mudstones must exist in the

relatively pure salt, in addition to the 3% clay.

Therefore, it apears that the estimated water losses

from dehydration, and the resulting increase in porosity will

be substantially greater than that estimated on pages 6-94

and 6-97, thereby further decreasing the "isolation capacity"

of the host rock.



RHB-S9

Comment 6-9

Section 6.3.1,8 Human Interference and Natural Resources

PETROLEUM EXPLORATION

The drilling of the Mayfield #1 discovery well alone, is

clear evidence of the potential for further exploration,

especially since its production probably represents the "low

end" of production potential of the Basin interior" (p.

3-89). The promise for future potential of the Basin

interior is described by Dutton (1983, GC 3-4).



RHB-S10

Comment 3-1

Section 3.2.5.1 Faulting

Page 3-56, 57 and figure 3-28

INCOMPLETE ANALYSIS OF AVAILABLE DATA

As stated on pages 3-56, last paragraph, figure 3-28

summarizes the results of a Stone and Webster study which

integrates seismic reflection data with geophysical logs from

exploratory wells. However, they further state that numerous

other faults have been identified in the area by several

other workers. Many of these other structured apparently are

not displayed in the EA. According to Findley and Gustavsen

(1981, GC 1-5), the Landsat lineaments commonly correspond

with known faults, (including those of the basement), as well

as measured joint set directions. Based on those

relationships, as well as relationships established

elsewhere, they suggest that joints are commonly propagated

upwards from basement faults. Because of this likelihood,

coupled with the vital significance of jointing to

assessments of geohydrology, dissolution and erosion, we

would find an areal compilation of all recognized faults of

the area to be very useful.
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RHB-S 11

GENERAL MISCELLANEOUS COMMENTS

1) Page 9 states that the High Plains aquifer is recharged

to the west, in New Mexico. P. 25 correctly states that it

is recharged primarily by precipitation collected in playa

lakes.

2). Page 3-9 states that wind erosion may have contributed

to playa development. This is the only mention regarding

playa origin, even though numerous investigators claim that

playas result from dissolution. However, DOE plans to explore

their origin (Page 4-8).

3) Page 3-9 claims eight playas within the site whereas

seven are mentioned elsewhere.

4) The largest of the playas, shown in the northwest corner

of the site (figure 3-2), is not depicted on the 1954

1.250,000 topo map. Does it exist on older 124,000 sheets?

5) The aggregate thickness of non-salt interbeds of two of

the three borings of table 3-8 (page 3-82) severely violate

the 15% limit stated in the definition of a thick salt bed on

figure 3-22 (p. 3-45). How does that definition relate to

DOE criteria? Has DOE stated any minimum requirement?

6) Section 3.2.5.1 mentions proposed Quaternary movement on

the Meers fault. According to Slemmons (letter of Aug.5,
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1984 to NRC), such offset is late Quaternary, probably

involving the Holocene.

7) Page 3-61, paragraph 4, assigns a maximum magnitude 6.3

to the Wichia-Ouochita zone. This contrasts with Slemmons'

recommendation of 6.75 to 7 for the Meers fault within that

zone Slemmons, letter to NRC, Aug. 5, 1984).

8) Pages 3-58 and 3-60 are missing. However, text and

figures appear to be complete.

9) Page 3-52 claims there is no confirmed post-Pliestocene

interior dissolution on the Southern High Plains. This

conflicts with Horvakas' statement (1983, p. 67, GC-83-4)

that the base of dissolution in Sawyer #1 is presently

active. In addition, the Texas BEG has reported several

cases of dissolution of apparent Pliestocene dissolution on

the High Plains evidenced, in part, by Pliestocene lakes.

Given the likely groundwater paths responsible for such

dissolution, no reason is apparent to suggest that the

conditions responsible for Pliestocene dissolution has

changed. Therefore, continuing dissolution is a logical

expectation regardless of the incompleteness of the present

record.

10) Backman (1980, p. 88. USGS OF 80-1099) notes that the

Kansan stage was a period of deep incision in Texas, and that
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the climate of the Delaware Basin area has been continuously

semi-arid for the past 300,000 to 500,000 years. If humidity

had been severe, it would have dissolved the caliche caprock.

(Therefore, how applicable are erosiion rates averaged over

the last 600,000 years if they include Kansan processes?)

11) Page 6-110 states that joints have not been identified

within the salt beds. However possible joints are shown for

the salt core on figure 3-34.

12) According to ustavsen and McGillus (1980, RI-106)

playas larger than 8000 feet in diameter show a statistical

preference for areas of known salt dissolution. As shown by

figure 14 of their report, some of these lie within Swisher

and Deaf Smith Counties. The authors suggest that large

playas on the High Plains may either be the result of, or

strogly modified by, salt dissolution (p. 15). They also

point out that the paleodissolution of Swisher County extends

to depths of 1000 to 2000 feet, substantially deeper than the

350 to 1000 foot depths of the eastern active area.

13. According to Evans and Meade (1944), it is evident that

basins similar to those of modern playas have been forming

and filling throughout most, if not all of the Quaternary

Older basins have become topographically invisible.

(Consequently, how stable is the Swisher site surface?)
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Davis Canyon Lavender

Chapter 3

Section 3.2.2.2 Erosion Process

Based on the discussion of rates of erosion and scarp retreat as presented in
ONWI-92, Section 4.6, it appears that the rates of erosion presented in this EA
are representative but not conservative. A more detailed discussion of the
relationship of these rates of erosion and scarp retreat to erosion rates
presented in ONWI-92 should be presented to justify the rates utilized in the
analysis.

LEVEL 3
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Davis Lavender

Chapter 3

Section 3.2.3.1 Regional Stratigraphic History of the Paradox Basin, Page
3-14 Last Sentence.

This sentence states that by the end of the permian the formation of salt
anticlines was well advanced but not complete. When was anticlines development
compleated or is it still ongoing?

LEVEL 2
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Davis canyon Lavender canyon

Section 3.2.5. Structure and tectonics

What is the significance of the discordent structural features in the area of
Chesler canyon

LEVEL 2
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Davis Lavender

Chapter 3

Section 3.2.5.1 Faulting Pages, 3-36, First Paragraph

This section proposes that the Lockhart fault may be a tensional feature
resulting from collapse of the Lockhart Basin. Huntoon, et al, 1982, shows
this fault as part of a North East trending zone of faults. Is dissolution
collapse proposed as the mechanism for the formation of this entire zone of
faulting? How does this mechanism account for the fact that there are only
north east trensing surface faults mapped near Lockhart Basin?

LEVEL 1
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Davis Canyon Lavender

Chapter 3

Section 3.2.5.4 Uplift, Subsidence and Folding

Based on the location of Indian Creek Syncline a more detailed discussion of
its origin and significance should be presented.

LEVEL 2
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Davis Lavender

Chapter 3

Section 3.2.5.6 Dissolution Page 3-50, Last Paragraph

In this paragraph dissolutioning in the Lockhart Basin is attributed to
disruption of the Salt sequence by a horst which allowed the water bearing
Mississippian leadville limestone to come in contact with the salt bearing
formations. In Section 3.2.5.1, pp. 3-36, first paragraph the Lockhart fault
is interpreted to have formed as a result of dissolutioning and subsequent
collopse. In this area the general North est treading faults are therefore the
faults considered to control dissolutioning. If this theory is correct the
surface expression of structures is not indicative of the potential for
dissolutioning to occur but rather a reflection of areas of major
dissolutioning. Considering the general lack of subsurface control near the
site, it may be safe to assume that dissolutioning of the magnitude of lockhart
basin is not present at the site, but how confident can DOE be that
dissolutioning of a lessor magnitude is not expected at the site. Do North
East trending faults, of which the Lockhart fault is one, suggest that
dissolutioning is more extensive in the area of the lockhart basin than the
surface expression suggests?

LEVEL 1
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Davis Canyon Lavender

Chapter 3

Section 3.2.5.6 Dissolution, Page, 3-50, 2nd to last paragraph

If, as stated in this section dissolution is only possible when fault disrupt
the Mississippian strata beneath the evaporite section,
Fault R Figure 3-19 should be considered as a potential focus for
dissolutioning.

LEVEL 1
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davis canyon Lavender Canyon

3.2.5.6 Dissolution

This section should contain a discussion of known and potential dissolutioning
in the Needels fault zone and the Shay Graben Area.

LEVEL 2
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Davis canyon Lavender canyon

3.2.6.1 Geomechanical Properties Pages, 3-52, Last Paragraph

If the valley aticlines reflect conditions of excess horizontal stress, the
stress could either be generated by tectonic forces or be due to salt flowage.
These features and their significance should be discussed in both sections
3.2.5.4 and 3.2.5.5.

LEVEL 2
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Davis Canyon Lavender canyon

Chapter 3

Figure 3-13

The North trending fault overlaying the Gibson Dome area does not appear on
either figure 3-17, mapped faults or figure 3-19 Reflection Time Contours Top
of Mississippian. What is the origin, nature and significance of this feature?

LEVEL 2
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chapter 4

Section 4.1.1., Field Studies Within this section there is a fairly detailed
listing of proposed studies to be conducted in and near Lavender Canyon if this
site is selected for characterization. The types of studies that are proposed
appear to be reasonable for evaluating the possible environmental effects of
such activities, however, the exact location, type and number of various
surveys and tests can not be specified at this time but rather will be
determined based on information to be presented in the Site characterization
plan. For the purpose of determining the potential environmental effects of
site characterization the following items should be considered:
1) Tectonic features, such as the Imperial fault zone, and salt dissolution
features, such as the Grabens and Needles fault zones are present west of the
site, and the relationship of such features to subsurface stratigraphy,
dissolutioning and groundwater flow are all poorly understood. It is likely
that prior to licensing, borings, hydrologic testing and geophysical surveys
will need to be conducted within the area of the park to provide reasonable
assurance that the features and processes acting in this area could not lead to
the loss of waste isolation. The environmental effects of conducting such
activities within the park need to be addressed.
2) Seismic surveys, conducted utilizing an energy source consisting of several
large vibrator trucks are fairly standard and the methodology normally has good
deep resolution capability, however due to recording and processing
requirements the low frequency portion of the energy spectrum normally
predominates resulting in poor resolution in the upper portion of the
stratigraphic section. While modifications to both the field procedures and
processing parameters can improve and nhance the information obtained in the
upper portions of the section, this technique will not normally provide
information much above the 1000 foot depth. As it will be necessary to
demonstrate the characteristics of the upper portion of the stratigraphic
section, including reasonable assurance that features such as breccia pipes and
the like are not present, the DOE should consider the possibility of modifying
or supplementing the planed surveys through the use of alternate techniques
which utilize a high frequency energy source. While these techniques normally
do not have as deep a penetration potential as the standard oil field type
surveys, they are especially suited for obtaining information in the upper 1 to
2000 feet of the stratigraphic section. There are several firms within the US
which are quite familiar with these various techniques and who have developed
computer programs which can not only process the reflection data, but can
perform refraction calculations from the same data set allowing extremely high
resolution of the near surface stratigraphic section. As these techniques do
not require large truck mounted energy sources they are much less disruptive of
the surface, and therefor in environmentally sensitive areas can be performed
with minimal effects. A carefully planned program which supplements standard
methods by state of the art techniques may allow the necessary geologic
information to be obtained while at the same time causing minimal environmental
effects to the park.
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3) The Shay graben appears to be part of a larger system which also includes
the Bridger Jack and Salt Creek grabens, and because of its potential as a
tectonic source zone, as well as the potential for it being an area of
dissolutioning it does not appear that a sufficiently detailed field program
has been planned to fully evaluate its significance. It appears likely that
more borings, seismic lines and trenchs will have to be undertaken then is
outlined within this section and the additional environmental effects of these
activities should be addressed.

LEVEL 1
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Chapter 4

Section 4.1.1

For purpose of this EA, DOE is proposing a control area which would provide
approximatly a one kilometer buffer zone between the underground workings and
the accessible environment.

If DOE believes that this distance is a reasonable approximation of the size of
the control area that it will eventually recommend, the NRC believes, that in
order to provide reasonable assurance that waste can be isolated within the
control area for the time period required, DOE would have to perform a
substantially more detailed field program than is proposed. DOE should
revaluate both the control area size and field program proposed to determine if
the environmental effects of characterization activities as presented in
section 4.2 adequately reflect the magnitude of the effects expected.

LEVEL 1
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Chapter 5

Section 5.2, Expected Effects on the Physical Evironment

For purpose of this EA, DOE is proposing a control area which will provide less
than a ore kilometer buffer between the accessible environment and the
underground workings. The NRC is concerned that with a control area this small
that DOE will not be able to provide reasonable assurance that the waste can be
isolated from the accessing environment for the time period required. It is
the NRC's opinion that a larger controlled area will be required and that by
using the control area stated in this EA that the expected effects are
understated. DOE should reevalute the basis for presenting this contrl area to
determine if it needs to be revised along with the discussion on expected
effects.

LEVEL 1
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Chapter 5

Section 5.2.1.1 Geologic Structure

Page 5-39, Paragraph 2

The NRC is in the process of preparing a generic technical position on
seismotectonic evaluation methods. This paper will cover the types of
seismotectonic investigation and evaluation methods which woll need to be
conducted for a repository. In addition, the NRC ill need to separately
review the types of structures to be constructed, their functions and the
consequences of potential accidents before the actual design requirements which
will be necessary can be determined. At the present time, it is premature to
state that the design requirements for nuclear power plants are the same as
those required for a waste repository. It can only be stated at this time that
the design requirements of structures important to safety will comply with
10CFR60 and appropriate EPA regulations.

LEVEL 1
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Davis Canyon

Chapter 4

Figures 4-3 and 4-6

Figure 4-3 indicates that the exploratory shaft is to be located in section 6,
T31S, R21E while Figure 4-6 indicates that the shaft is in Section 1, T31s,
R2OE. Where is this structure to be located?

Lavender Canyon

LEVEL 3

Chapter 4

Figures 4-3 and 4-6

The planned location of the exploratory shaft as indicated in these toe
drawings does not agree. Where is construction of this structure planned.
disqualifying conditions of the guidelines should reflect this uncertainty. In
addition, the findings on the following favorable and adverse conditions should
be reviewed as the conclusions presented within this EA do not appear to
reflect the uncertainty associated with the present understanding of the
tectonic regime.

LEVEL 3

Page 6-83

Need McColley etal 84. Climate changes need biggan and
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Davis Lavender

chapter 6

Section 6.3.1.3.3

Analysis of favorable conditions (rock characteristics) while salt cycle 6
appears to be thick enough to allow flexibility in depth surface constrants
such as the Park and surface topography effectively limit lateral flexability
to the valley floors. Because of this consideration it does not appear that
this favorable condition is present.

LEVEL 2
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Davis Canyon Lavender

Chapter 6

Section 6.3.1.3.4 Potentially Adverse Conditions (Rock Characteristics)Page
6-92

Air coring was utilized to 3098 ft., in boring GD-1 (ONW1388, p. 33). While
drilling techniques might be partially responsible for poor recovery and ROD,
certain runs, such as Run 66 from 2961.7 to 3019.9 ft. had high recover and RQD
(97% for this interval). The areas of poor RQD and recover would appear at
least in part to reflect areas in which rock conditions may impose design and
construction constraints.

LEVEL 2
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Section 6.3.1.5.2 analysis of Favorable Conditions (Erosion)

There appears to be no site specific data on rates of erosion therefore, until
such data is gathered it would appear conservative to utilize maximum rates
rather than rates based on assumptions. Biggar, et al, 1981 gives rates ranging
up to a maximum of 1 meter per 1000 years and in 1 million years at this rate
the waste would be exhumed. It may be safe to assume that the favorable
condition is expected, but without site specific data it is premature to say
this favorable condition is present.

LEVEL 3
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Chapter 6

Section 6.3.1.6 Dissolution Page, 6-105, Paragraph 6

The NRC has reviewed the 4 seismic lines discussed in this paragraph. The are
several areas on these lines where salt reflections can not be traced. This
may be due to several factors such as poor surface coupling, and variations in
the lithology of the salt reflectors. However, it could also be caused by
dissolution features. In addition fault R may have sufficient throw (see
comment X) to provide a focus for dissolutioning. The analysis presented for
this guideline should better reflect the uncertainties in the data base.

LEVEL 1 ( should this be two comments?)
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Section 6.3.1.6.1. Statement of qualifying condition (dissolution),
page 6-105. paragraph 4.

The diffinition provided by the examination of the 4 logs disscribed in this
paragraph is sufficient to state that there is no indication of major
dissolution features, however minor dissolution features could easily be
present which would not be evident.

LEVEL 2
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6.2.1.6.4 Analysis of Disqualifyinq Condition (Environemtnal Quality,
10CFR 960.2-2-5) page 6-46 first full paragraph

The Boundary of the proposed control area which is considered equivalent to the
site boundary (see chapter 3, page 34) is shown on Figure 4-3 and other figures
as approximately one-quarter mile, not one mile from the park.

LEVEL 3

Lavender

Section 6.2.1.6.4. Analysis of disqualifying condition (environmental quality,
10CFR 960.2-2-

The bpoundry of the proposed control area, which is considered eqivelent to to
site boundry is shown on figure 4-3 as approximaly one and one-quater mile, not
two and one half miles from the park.

LEVEL 3
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Section 6.3.1.3.3. Analysis of favorable condition (Rock characteristics)
page 6-91, 1st paragraph

The reference to figure 3-15 should be changed to 3-14

LEVEL 3
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Davis canyon Lavender

6.3.1.6.4 Analysis of Disqualifying Condition (Dissolution)

Based on the definition of the site as presented in chapter 3, page 3-1, the
site is approximately 12 [8] kilometers from the Shay Bridger Jack-Salt Creek
fault system. In addition, Gustavson et al, 1980, page 36, quoated rates of up
to 3.2 ft/year which is approximatly an order of magnitude greater then the
rates, used in this analysis . As no site specific data is available on
dissolution a conservative approach would be to utilize both the average and
the maximun rates in the analysis. utilizing the maximun rates quoted by
Gustavson dissolution could reach the site in less then 8500 years. These rates
indicate that there is a potential for the site to be disqualified]

LEVEL 1
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6.3.1.7.1 Statement of Qualifying Conditions (Tectonics) page 6-108 2nd
paragraph

Based on the definition of the site as presented on page 3-1 the site is
approximately 12 [8] km from the Shay Bridder Jack-Salt Creek fault zone. For
seismic activity which is assumed to occur on this zone this should be the
distance used to calculate ground accelerations at the site.

LEVEL 2



26

Davis Lavender

6.3.1.7.2 Analysis of Favorable condition (tectonics) page 6-109

This section states that the maximum horizontal stress is west-northwest-east
southeast. This is in contradiction to ONWI-400 page 37 which indicates a east
north east- west, southwest orientation from in situ stress testing. This
conflicting data set should be acknowledged in this section.

LEVEL 2
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Section 6.3.1.7.2 Analysis of Favorable Condition (tectonics) page 6-109

ONWI-492 indicates microseismic activity has been ovserved in the area of this
Shay-Bridder Jack-Salt Creek fault system. This should be referenced and used
as part of the evaluation.

LEVEL 2
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Section 6.3.1.7.2 Analysis of Favorable Conditions (Post-Closure Tectonics)
page 6-109 last sentence

Due to general uncertainty as to the processes which have and are acting
within the area it is premature to state that a favorable condition is found.

LEVEL 2
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Section 6.3.1.7.3 Analysis of Potentially Adverse Conditions (Post-Closure
Tectonics)

If the Shay graben and associated structures are seismogenic and could produce
events of magnitude 6.5, this indicates that based on correlation of
earthquakes and tectonic structures, that the magnitude of earthquakes could
increase from historically recorded values. This adverse condition appears to
be present.

Level 1
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Tables 6-9, page 11 of 13

The findins for the postclosure potentially adverse conditions,
960.4-2-7(c)(1) and 960.4-2-7(c)(2) are stated directly oposite from the
information presented in the text.

LEVEL 3
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Section 6.3.3.2. Rock characteristics Guideline 10 cfr 960.5-2-9

The write up for this section in Both the Davis canyon and Lavender Canyon EAs
apperars to be identical. While the limited data base would suggest that many
similarities should exist, the variations expressed in section 3.2.3.2.11 of
the two EAs and the variations in the surface conditions suggest that certain
dissimilarities should appear. DOE should review and revise the information in
this section as appropriate.

LEVEL 3
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Davis Lavender page 6-147

Section 6.3.3.2.2. Analysis of favorable condition (rock characteristics)

The refernce to figure 3-15 should be changed to 3-14.

LEVEL 3
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Section 6.3.3.2.2 Analysis of Favorable Conditions (Pre-Closure Rock
Characteristics)

As described in comment X surface constraints would indicate that this
favorable condition is not present.

LEVEL 1
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6.3.3.4.4. Analysis of potentially adverse conditions (Tectonics) As is
presented in ONWI-492, microsiesmic activity has been recorded in the vicinity
of the Shay Graben. In addition, the feature is considered active (see section
3.xxx) and is considered to have the potential for generating a seismic event
of up to magnitude 6.5 (section 3.xxx). As there is evidence that earthquakes
larger than would be predicted from the historic record could occur within the
geologic setting it appears that this potentially adverse condition is found.

LEVEL 1
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Section 6.3.3.4.2. Analysis of favorable conditions (Preclosure tectonics)

The Design acceleration of .35g does not agree with the information in section
6.3.1.7.1. where .30g is presented as the preliminary design acceleration.

LEVEL 2
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6.3.3.4.5. Analysis of disqualifying condition (Tectonics) Within the geologic
setting there is a potential of active faulting and it does not appear that
this consideration was factored into consideration regarding the ability to
maintain stable openings should tectonic movement occur within the repository.
It is presently a matter of geologic judgement as to weather or not this is a
likely or even possible event, and therefore it may be successfully argued as
that the " the evidence does not support a finding that the site is
disqualified however there is the potential that tectonic activity could
disqualify the site.

LEVEL 1
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960.4-2-7 Tectonics (Postclosure) and 960.5-2-11 Tectonics (Precolosure)
The EA appears to describe all major tectonic features, however, there is no
area within this document which presents a complete tectonic model as it
relates to site sutibility.

The Colorado river generally follows the trend of the Colorado liniments, a
zone of inferred right lateral basement faulting.(Warner,1978, Case and
Joesting, 1972, Shoemaker, et al, 1978) This precambrian structural zone is
seismogenic along certain portions (Warner, 1978, Brill and Nutli, 1983)
including the zone from approxamatly the confluence of the Colorado and Green
rivers, northeast to Moab. (ONWI-492, figure 2 1). Fault plane solutions
presented within ONWI-492, suggest ongoing right lateral displacement along
this zone. Within section 3.xxx, the Salt Creek-Bridger Jack-Shay Graben
complex is described as an en echelone series of grabens which may have formed
in response to left lateral displacement at depth. This section further states
that the south fault of the Shay graben displaces quaternary sediments, and
figure 2-17 of ONWI-492 shows that microseismic activity has been recorded in
this area.

ONWI-400 presents the results of in situ stress measurements conducted in
borehole GD-I which indicate a maximum horizontal stress direction of
approximately east-northeast.

The spatial orientation of the main structural features, the location of
microseismic activity, fault plane solutions and inferred stress directions
from brehole GD-1, the Meander anticline, The Needles Fault zone, north
northwest trending salt anticlines including the smaller domes such as Gibson
dome and Rustler dome, the valley anticlines, the northwest trending faults
parallel to, and in some cases within, the core of the salt anticlines, the
discordant northeast trending faults, Indian creek syncline and the Imperial
fault zone all need to be factored into a complete tectonic model of the site
area..If this area is within an active tectonic regime, potentially significant
design constraints could be imposed and the possible effects on the various
radionuclide release/flow-transport scenarios would need to be reevaluated..

Because of the present uncertainty in understanding of the tectonic regime of
the area there is the potential that the site either could be disqualified, or
not meet the qualifying condition once the regime is better understood. The
discussion on suitability of the site in regard to the qualifying and
disqualifying conditions should reflect the present uncertaintly

LEVEL 1
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960.5-2-11(b) Until a detailed site investigation is conducted, the number and
location of tectonic structures, their seismogenic potential, the relationship
of these structures to the site and the seismic wave transmission
characteristics of the site area are all speculative.

LEVEL 2



GEOLOGY

One of our significant concerns is that in an attempt to be brief and concise,
the document either does not present, brushes over, or presents in the wrong
area, information which may be significant in evaluating the site.

Within Geomorphology, Section 3.2.2, the EA states that landforms in the site
vicinity include major cliffs and local changes in elevation may be as great as
1200 ft in .25 miles. This section concludes with the statement that
observation to date suggest cliff retreat is no more rapid than .8 to 1.8 ft
per 1000 years. Slumping, block fall and other mass wasting processes could be
potentially significant to surface facilities, however, no information is
presented so that the reader can determine the expected mechanism of mass
wasting in the site area to determine if these processes and the resultant
features need to be considered in design and construction.

In Section 3.2.5, Structure and Tectonics, most of the Major structural
features are at least mentioned, however, many features such as structurs in
the area of Chesler Canyon or the Valley anticlines are not metioned. The
northwest "structures" in the area of Chesler Canyon appear to mark an area
where the nature of deformation within the Graben system changes (McGill &
Stromquist, 1979), therefore, it is an important feature in evaluating the
significance of the Graben zone. The valley anticlines are not discussed
within the structure section however they are discussed under Rock
Characteristics.As these features appear to represent zones of high
commpressive stress they may also be important in understanding the processes
which have and are active within the Graber-needles Fault Zone, as well as the
state of stress in the area.

The section on Dissolution states that the Needles Fault Zone and Shay Graben
are areas of potential dissolutioning but no information is presented on the
types of evidence from which this conclusion was based.

These examples point out some of the basic geologic information needed by the
reader to evaluate this site which is not presented within this EA. While it
is accepted that this document is to be based on available evidence DOE has not
presented a complete synthesized description of the information available.
More detailed information should be presented in Chapter 3 so that the basis of
conclusioon arrived at in Chapter 6 can be better evaluated.
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6.3.1.3.1, Statement of.Qualifying Condition (Preclosure Rock Characteristics),
Page 6-90

It is unclear within this EA how in situ stress was evaluated in the analysis.
Within the proposed Geologic repository operations area the repository horizon
is at approximately 2900 feet. Assuming 1.1 psi/ft of depth a lithostatic
stress of approximatly 3200 psi would result. Assumming this value for insitu
stress would however ignore several characteristics of the site area which may
be of significance in determining the state of stress.

The general topography of the proposed geologic repository operations area
consists of a series of canyons and uplands or mesas. The GROA is located
within a canyon or valley and the upland areas generally extend from 1000 to
1500 feet above the valley floors. The stress at the repository level, either
due to loading from the mesas or due to residual stress, should, therefore, be
approximately 4800 psi under lithostatic conditions. This calculation neglects
the results of hydrofracturing at GD-1 which suggested that the ratio of
maximum horizontal stress to minimum horizontal stress (in this case,
approximately lithostatic) was on the order of 1.5-1.6:1. If such a condition
exists within the GROA, than the maximum horizontal stress could be on the
order of 7700 psi.

While it can be argued that the magnitude of the maximum horizontal stress from
hydrofracturing of salt may be questionable, the valley anticlines (see Section
3.2.6.1) suggest that excess horizontal compressive stress exists.

Based on the present data base, the range in uncertainty for the values for in
situ stress are extremely high. This has serious implications, both from the
standpoint of determining the correct design parameters and from the general
area of tectonic stability. Unless other information is available which
provides a basis for determining a more exact value for in situ stress the
report should present the potential range in values and either indicate that
this is a potentially adverse condition or provide information wich indicate
that this range of values is well within design constraints.



2

COMMENTS ON THE DAVIS CANYON'S DEA

1. It is stated that "available geophysical data incidate that the Needles
fault zone and the Shafy/Bridge-Jack/Salt Creek Graben system are active
Quaternary fault within the Paradox Basin geological setting."

What is the length and width of this fault? and what is the
earthquake which may be generate along this fault? What is
approach of the site?

2. It is stated "A seismic reflection line in Davis Canyo
Paradox Formation, shows no evidence of faulting in the
rocks."

magnitude of the
the closest

n, including the
e sedimentary

Which seimsic reflection line was used to support this statement and what kind
of resolution does this line have? Is the resolution of the seismic line
capable of identifying any displacement less than 50'?

3. If the historical record is limited in value because it is incomplete,
and contains inaccurate earthquake locations, how can this statement be
verified"? "No earthquakes have been reported at the Davis Canyon site
during historical time".

4. In figure 3.21, the black spot
Operations area is misleading.
location?

identified as Geological Repository
Are there any earthquakes at this

5. On apge 6-91 and 6-141, you mean Fig. 3-14 instead of Fig. 3-15.

6. It is stated that "Geophysical data included purchase and interpretation
of considerable amount of data." Is there any final report regarding the
interpretation of those data?

7. If a magnitude-frequency relationship has not been developed for the
Paradox Basin othe Colorado Plateau tectonic provinces, how can it be
stated that no increase in earthquake frequency ofmagnitude is expected?
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8. It is stated "Seismic reflection data indicate that Salt Cycle 6
maintains a minimum of thickness of 30m for a minimum of 8 KM n any
direction from the site." Which line was used in the NW direction from
the site to verify that statement?

9. It is-stated "thickening and thinning of strata and possible area of
salt flowage or dissolution can be identified from the seismic data."
How large is the area of dissolution identified?

10. What are the bases for not extropolating the faults through the salt
layers if the resolution of the seismic reflection data is not good
enough to resolve any displacement less than 50'.
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evaluation to this date was accomplished by us without access to a number
of important DOE and their contractors literature of the site. Many
references listed in the text of the-EA are not readily available in time.
For these reasons, this review and evaluation report should be considered
as a draft document which may need revisions after all the references
become available. In this draft document, we ave identified areas of our
technical concerns and the rationale for our concerns. We have also
indicated in this draft report what action we feel is necessary for
mitigation.
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Preliminary Review, Draft Environmental Assessment, Lavender Canyon Site,
Paradox Basin, San Juan County, Utah

This report is a preliminary review of the Draft Environmental

Assessment (EA) of the Lavender Canyon Sites, Paradox Basin, San Juan County,

Utah.

This report is divided into 8 sections. The first section provides

review comments on the Executive Summary. Following sections provide review

comments on Chapters 1 through 7 respectively. Comments are most extensive

with respect to Chapter 3 since this is the Chapter in which descriptive

material concerning geology, seismicity and tectonics appears. In accordance

with USNRC instructions, this review has concentrated chiefly on these

elements of the Draft Environmental Assessment (EA). Geochemistry and

geohydrology have not been reviewed in detail since it is the reviewer's

understanding that these matters will be reviewed in depth by others.

However, the reviewer has offered some comments where he felt able to provide

expertise.

The Draft EA was noted to contain a few typographical errors,

misspellings, etc. (i.e. Figure 4-4, page 4-16 where Shay Graben is misspelled

Shay Graven) but these do not materially detract from the document. Of

greater concern is that some figures are difficult to read or are poorly

reproduced. The lack of a suitably scaled topographic map of the Lavender

Canyon site with the conceptual repository superimposed is a serious

omission. Such a map should have appeared in the Executive Summary and

certainly in Chapter 5.

Chapter specific comments follow.

Executive Summary

E-1

Figure 3, page 10. Where is cross-section B-B' located within the study area,

and what is its orientation?

E-2

Section 3.0, page 9.

The direction of ground water flow in the lower hydrostratigraphic unit is

stated to be west or northwest, although on page 3-139 the direction of flow

is stated to be west-southwest. If cross-section B-B' is oriented in an
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east-west or northwest-southeast direction, then ground water flow in the

postulated directions would have to move up dip across the crest of the

Monument Uplift. For this to occur, a pressure head would have to exist in

the lower hydrostratigraphic unit through the repository horizon aquitard to

the lower hydrostratigraphic unit implied in the Executive Summary is

incorrect. The Summary description of regional hydrology needs to be revised

so that Executive Summary readers will be aware that local hydrology may prove

complex in detail and that water could move upward into the repository horizon

along fault and fracture systems. The locations) of the recharge area(s) for

the lower hydrostratigraphic unit should be stated.

E-3

Section 7.3, Table 1, page 24

In view of latest Pleistocene-Holocent geologic history in central Washington

State, equating the Hanford site with other candidate sites relative to

effects of climatic changes is not supported by the data and could seriously

affect site rankings. Periglacial to glacial conditions prevailed in the

area; lake braeakouts caused periodic catastrophic flooding and locally severe

erosion and it is not clear that differential regional ice loadings did not

have tectonic effects as a result of perturbed regional stress fields,

subsidence and post-glacial rebound.

The data therefore allows a different interpretation regarding climatic

influences at the Hanford site relative to other candidate sites. Potential

effects on both surface and tectonic processes est and may be of large

enough magnitude to affect the overall rankings made by DOE. Thus the

reported administrative problems affecting the Lavender Canyon site and

causing its low ranking should be reconsidered.

Chapter 1

1-1
Section 1.3.2.2, page 1-20, paragraph 2

Differences in detail are evident between the Paradox and Palo Duro Basins but

it is not clear that these are sufficiently fundamental to justify the DOE

position that the two basins represent truly different gohydrologic

settings. All four potential sites rely on the properties of bedded rock salt

which differ little regardless of geologic age if the thickness of overlying

strata is similar and relative tectonic stability exists.
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Chapter 2

2-1 Figure 2-6, page 2-13

Topographic features are poorly visible in the southwestern part of the Figure

but have been "washed out" elsewhere. It is impossible to tell from this

figure what the areal topographic setting of the Lavender Canyon site is.

Chapter 3

General Comments

In general the largely descriptive data of Chapter 3 agrees with the published

literature. The regional geology, geomorphology and stratigraphy have had a

long history of investigation and study and are well known. However, some

topics appear to be treated in a cursory way, with little integration of data

from various disciplines. For example, the seismicity in the vicinity of the

Shay Graben is not mentioned in Section 3.2.5.1 (faulting). The general

comments in this section while referenced to one or the other of the

repositories are of concern for both repositories or EA's.

3-1

Section 3.2.2.1, Physiography, page 3-8, paragraphs 1 and 2, and Figure 3.2

Site and near-site topography and landforms are discussed in this section, but

the discussion does not reference a topographic map. A heavily screened

topographic map forms the base for figure 3.2 and some topographic features

are visible. A good quality topographic map of the Lavender Canyon site is

needed so that terrain features can be envisioned. Lavender 2 should be

identified on the map.

3-2

Section 3.2.2.2 Erosion Processes, page 3-11, paragraph 1

How much erosion of the Holocene valley fill has occurred and what were the

geologic conditions prevailing at the time of its deposition? A discussion of

erosion and deposition during flash floods in Lavender Canyon is needed in

order to evaluate the potential for effects on repository operations and

safety as a result of short-term geologic events.
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Did bedrock incision occur during the last glacial and if so how much? What

is the basis for the WCC inference that no bedrock incision has occurred

during later Holocene time?

3-3

Section 3.2.3.2 Site-Specific Stratigraphy, pages 3-18, 25, and 26

(subparagraphs 3.2.3.2.1 through 3.2.3.2.18)

Approximate thickness beneath the Lavender Canyon site are given for various

formations in these subparagraphs. The basis for their determinations is not

stated and is needed to allow the reader to determine how the conclusions

regarding thicknesses were reached.

3-4

Section 3.2.3.2, Subsection 3.2.3.2.11, Paradox Formation, page 3-25

The thickness of the Paradox Formation beneath the Lavender Canyon site is

stated to be about 1800 feet.

In the Gibson Dome borehole located about 8 miles NE of the site, the

thickness of the Paradox Formation was determined to be 2889 ft. Thus over

1000 feet of thinning is indicated in an 8 mile distance. What is the

indicated cause of this thinning and how is this thinning in keeping with the

statement on page 3-18 that site-specific stratigraphy is consistent for tens

of kilometers surrounding the site?

3-5

Section 3.2.3.3 Thickness, Lateral Extent, and Character of the host rock,

page 3-27, paragraph 4

Text indicates the carnallite zone extends from 975 meters (3200 feet) to 995

meters (3265 feet). On Figure 3-16 the interval from 3130 feet to 3270 feet

is described as azone containing dissolution features indicative of

"high-solubility grains (potash?)". There would appear to be a discrepancy

between the text and the figure.

3-6

Section 3.2.5.1 Faulting, page 3-36, paragraph 1

The Lockhart fault is here described as a shallow feature possibly related to

collapse of the Lockhart Basin. The cause of basin collapse is not clearly
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stated in the EA and the Lockhart Fault shown in Figure 3-18 extends beyond

the areas of thinning of salt cycle 6 shown in Figure 3-4.

Geophysical evidence that the Lockhart fault cuts only the upper Paradox

Formation and post-Paradox strata is used as evidence that the fault resulted

from collapse owing to dissolution, rather than being a conduit for fluids and

thus a cause of dissolution leading to collapse. Mechanisms, other than

collapse, causing such faulting are conceivable. These include: 1) local

stress fields (i.e. tension) caused by folding and/or salt flowage; 2)

differing mechanical behavior of strata above and below (an) evaporite

layer(s) resulting in a detachment surface; 3) failure by folding in upper

units, rather than by brittle failure; and 4) lateral offset unrecognized in

pre-Paradox strata. It seems probable that vertical movement has resulted

from collapse, but any of these (or other) mechanisms could have created the

conduit allowing dissolution to occur.

Evaluation of settings leading to significant dissolution and collapse is

crucial to determination of any potential disruption to the repository.

Understanding of the role of the Lockhart fault must be an important part of

this evaluation. Investigation of different mechanisms should indicate

whether any or all are possible realities. Some mechanisms will likely be

easily proved inadequate to explain the setting.

The structure and tectonics of the Lockhart Basin requires expansion in the EA

so that the significance of this feature can be adequately evaluated.

The last sentence of this paragraph states that alluvial deposits have been

ponded on the basin side of the Lockhart fault but do not appear to be

displaced by the fault. The locations where observations were made and their

type (e.g. wash exposures, trenches, surface observations) need to be provided

so that the reader can determine how the conclusions were reached.

3-7

Section 3.2.5.1 Faulting, page 3-36, paragraph 6

What are the similarities between the Salt Creek-Bridger Jack-Shay and

Verdure-Glade graben systems that indicate similar ages? Not knowing what

assumptions have been made, it is not possible for the reader to speculate on
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the validity of this interpretation. From orientations of the fault systems

and the en echelon patterns, it seems like that these were conjugate systems,

with the former system having left-lateral displacement and the latter having

right-lateral. If this is the case, it should be stated and not have to be

assumed. This alone would indicate approximately similar ages, but some

variation is possible. Are there further similarities indicating similar ages?

Characterization of fault parameters such as mechanisms), displacements,

fault lengths, timing, ages, and sense of movement are important for the

determination of past and possible future fault behavior. A more extensive

discussion and presentation of these parameters should sufficiently inform the

reader.

3-8

Section 3.2.5.1 Faulting, page 3-36, paragraph 6

A Laramide age is implied for the graben systems and should be stated. Late

Cenozoic movement is also described (Sec. 3.2.5.1), but not mentioned here.

Faceted spurs would seem to indicate recurrent recent movement. Although

reactivation of an older fault is probable, no mention is made of the

magnitudes of each period of movement. What amount of offset is indicated by

the faceted spurs and for how much of the total offset does this account?

Adequate characterization of a fault system requires description of the entire

history of faulting. Assigning an initial age of formation does not

sufficiently describe its age.

The same needs and concerns exist as outlined in Sec. 3.2.5.1 paragraph 6,

previous comment.

3-9

Section 3.2.5.1 Faulting, page 3-36, paragraph 7 and page 3-42, paragraph 1

These paragraphs contain descriptive material about the Shay Graben and other

structures en-echelon with it to the west. However, microseismicity

potentially associated with these grabens (ONWI 491, Fig. 2-17) is not

discussed nor are four more recent earthquakes east of those described in ONWI

491. (See Draft Site Technical Paper Gibson Dome Waste Isolation Project

Site, p. 14). Nor is there any attempt to fit these structures into the

regional tectonic picture. These are the largest prominent structures near
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both the Davis Canyon and the Lavender Canyon sites. Their origin and current

relationship to regional tectonics needs to be known in order to assess its

effects on the Lavender Canyon site. Also, the presence of the Sweet Alice

Graben southwest of the Salt Creek Graben should be noted and its relationship

to the other structures discussed.

Vertical displacement on Shay graben is described, but there is no discussion

of evidence for or against lateral displacement. The interpretation of this

fault forming in response to left-lateral movement at depth indicates the

likelihood of lateral displacement at the surface. Assuming two periods of

movement (Laramide and Recent), what sense of motion did each period have?

How do these relate to each other? Also, no mention is made of fault length,

which is an important parameter for understanding and predicting fault

behavior.

The same needs and concerns exist as outlined in Sec. 3.2.5.1 paragraph 6.

(comment 3-7)

Figure 3-18 shows the Sweet Alice Graben as part of the series of graben

structures passing south of the Lavender Canyon site. Figure 3-17 links these

features to form a northeast trending zone about 50 km in length. If this

feature is a basement fault zone, it is of considerable significance to the

Lavender Canyon site since features in Shay graben suggest Quaternary

activity. If the south Shay fault represents a single rupture event along

this fault zone, then a potential capability of about M = 6.5 is indicated

using regression data provided by Bonilla (1967).

Characteristics of all the grabens south of the Lvender Canyon site need to

be provided before the reader can determine how conclusions in the EA

concerning seismicity were reached and whether these conclusions are supported

by available data.

3-10

Section 3.2.5.1 Faulting, page 3-36 and 3-42

No mention is made of the Imperial fault, which trends east-west, through the

southern part of the Needles fault zone. This fault can be inferred, from

mapped faults (Huntoon et al. 1982), to lie within a fault zone extending in

excess of 40 km, with the eastern end about 9 km to the southwest of the
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repository operations area. This distance is only slightly less than that to

Shay graben, which appears to be part of a more major structure, but the

Imperial fault must still be assessed in terms of potential for seismic

activity and adverse effects at the site.

3-11

Section 3.2.5.1 Faulting, page 3-42, paragraph 2

It is possible that plastic deformation of salt takes up displacement on

faults in the basement rocks. The statement that most of these faults "die

out in the lower part of the Paradox Formation" leaves open this possibility

and post-Pennsylvanian activity is not ruled out. No surface expression would

be expected with this situation.

The potential for fault movement in basement rocks underlying the site would

have significant implications for repository performance, both with respect to

ground motion and to deformation of the host rock. If displacement is taken

up in the salt containing a repository, there may be greater potential for

adverse effects than is indicated at the surface. More detailed determination

of where and how faults die out should lead to better understanding of fault

age and behavior.

3-12

Section 3.2.5.1 Faulting, page 3-47, paragraph 4

Discussion of seismicity implied to be associated with the Colorado lineament

indicates a narrow zone along the Colorado River .as is shown in Figure 3-23.

Figure 3-22 indicates a somewhat wider zone than this. Brill and Huttli

(1983) indicate the possibility of seismic activity within this zone where

stress conditions are favorable. Ascribing seismicity to this feature

suggests that favorable stress conditions exist. Features within this zone

and parallel to it include the Lockhart fault and a mapped subsurface fault

within 2 1/2 km of the repository operations area (Figure 3-20).

Movement of either of these faults could pose significant threats to

repository performance. They must carefully be analyzed in order to determine

their relation to the Colorado Lineament and potential for reactivation.
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3-13

Section 3.2.5.1 Faulting, pages 3-36 to 3-47

Very little attention is given to the Uncompahgre Uplift area. The southwest

flank of this structure is approximately 70 km from the site area. This is

more distance than other fault systems, but since this is a major structural

discontinuity lying within the Colorado Plateau and could have implications of

other, similarly oriented systems (i.e. the Paradox Fold and Fault Belt), it

requires evaluation. Cater (1970) and Kirkham and Rogers (1981) report

considerable movement associated with this structure during Pliocene and

Pleistocene time, with a high probability that parts of it are active. This

may indicate a greater seismic hazard than is normally ascribed to the area

(for example, seen Anderson and Miller,, 1979).

Any faults or fault systems that might have implications of effects on

repository performance need be characterized. Fault systems bounding the

Uncompahgre Uplift are among the most significant in the Colorado Plateau.

They require as close attention as is given to other fault systems in the

region.

3-14

Section 3.2.5.2 Seismicity, page 3-47, paragraph 4

The microseismic swarm described in this paragraph and shown in Figure 3-32

defines a seismic zone at least 50 km long. Based upon an empirical total

length-magnitude relationship developed by Slemmons (1981), a fault of this

length could generate an earthquake of about Ms = 6.6. An event of this

size, potentially as near as about 20 km to the Lavender Canyon site would be

of great significance. Additional data concerning this seismic zone is needed

to allow the reader to determine the adequacy of the conclusions reached in

the EA text.

3-15

Section 3.2.5.3 Igneous Activity, page 3-47, paragraph 5

The basis for the presumption that the igneous rocks on Shay Mountain are of

the same age as the rest of the Abajo Mountains needs to be presented so that

the reader can determine how this conclusion was reached.
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3-16

Section 3.2.5.4 Subsidence and Folding, age 3-49, paragraph 2

In view of the general aridity of the Paradox Basin during the Holocene, the

lack of significant stream incision does not constitute definitive data in

support of the conclusion that limited vertical crustal movement has occurred

during this time.

3-17

Section 3.2.5.6 Dissolution, page 3-50, paragraph 5

Data suggesting that the Shay Graben is an area where the potential for

dissolution is not presented in the EA. Seismic activity shown in Figure 3-22

and evident offsets of the Leadville limestone, a formation present beneath

the Paradox salt sequence, along the boundary faults of the Shay Graben

(Figure 3-29) supports the belief that the Shay Graben is of tectonic origin.

Thus this paragraph disagrees with other published information and does not

provide enough information to permit the reader to determine the basis for the

hypothesis presented. Other graben structures exist south and southwest of

the Lavender Canyon site. Are these possible dissolution features and if so

what is the significance of a dissolution zone about 50 km in length located

within about 5 km of the Lavender Canyon site?

3-18

Section 3.2.6.1 Geomechanical Properties, page 3-53, paragraph 3

The indicated closure rate for salt in Cycle 9 at a depth of about 3625 ft in

borehole GD-1 is less than that for salt from Cycle 6 at 3240 ft. This

suggests that Cycle 6 salt, the potential repository horizon, may be

mechanically inferior. In view of NRC requirements for 50 year retrievability

and general safety considerations this observation needs addressing the EA

beyond a brief summation of the raw data.

3-19

Section 3.2.7.1, Rock Chemical Properties, page 3-70, paragraph 3 and

Section 3.2.8.2.2., Potash, page 3-86, paragraph 6, and page 3-111,

paragraph 3

It appears that the boundary for both the potentially economic potash deposits

and the zero potash deposit shown in Figure 3-25 are poorly constrained to the

southwest and easily could include the Lavender Canyon GROA. This would

increase the potential for economic potash extraction at or near the site.
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3-20

Section 3.2.9 Soils, page 3-112, paragraph 6

The suitability of the Ignacio and Begay series soild for agriculture is not

stated and in needed for environmental assessment.

3-21

Section 3.2.9 Soils, page 3-113, Figure 3-30

The soils map presented is very generalized and provides insufficient

site-specific information. This information is needed to allow the reader to

determine how the conclusions in Chapter 5 of the EA were reached.

3-22

Section 3.3.1.4 Flooding, page 3-121

The implications of referenced Figure 3-34 are not discussed in the text.

Figure 3-34 shows that much of the relatively level portion of the Lavender

Canyon site is within the 100 year flood-plain or the P floorplain.

Potential erosion and effects upon potential repository development need to be

discussed either here or in Chapter 5.

3-23

Section 3.3.2.1 Hydrology and Modeling, page 3-143, paragraph 7

Data presented in Figure 3-16 (P. 3-35) indicate evidence for partial salt

dissolution within Salt Cycle 6 between 3130 and 3270 ft depth. These

observations are not discussed in the subject portion of the EA although they

provide data seemingly at variance with the conclusions presented here.

Chapter 4

General Comments

Plans in several areas appear to be inadequate to acquire the information

necessary to characterize the sites and evaluate their seismo-tectonic

stability. It should be recognized that these planned studies may identify

the need for subsequent studies.
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4-1

Section 4.1.1.1 Geologic and Hydrologic Studies, page 4-2, paragraph 1, and

page 47, paragraph 10

A clear description of the phasing of subsurface exploration is missing from

the chapter. The impression given is that no more than one deep borehole will

be underway at a given time, but in view of the magnitude of the effort

required and the limited time in which it must be completed this is clearly

unrealistic. Some overlaps between types of borings, particularly between

months 1 to 6, 7 and 26 are evident from Figure 4-1 but it is not stated how

many of a given type of boring, e.g. Lower Hydrostratigraphic Unit Test Wells,

may be underway at the same time. This data is needed in order to evaluate

the adequacy of the exploration program, e.g. potential for iteration within

it, and the potential environmental effects of field activities. Test borings

up to 1000 ft deep are planned for tunnel sites on the access railroad. These

are major undertakings requiring significant set-ups and lengthy occupation.

However, their locations are not shown nor are relationships to scenic areas

indicated. In Chapter 5 it is indicated that railroad tunnels would be

constructed under the Canyonlands and Needles overlooks. Exploration for

these tunnels will necessarily occur in the same areas impacting aesthetic

qualities of the overlooks and possibly introducing safety problems.

4-2

Section 4.1.1.1.5 Lower Hydrostratigraphic Unit Test Wells, age 4-15,

paragraph 9

What will be the fate of the abandoned wells?

This information is needed to allow the reader to assess potential

environmental impacts and to determine how the conclusions in the EA were

reached.

4-3

Section 4.1.1.1.6 Foundation Borings, page 4-17, paragraphs 7 to 10

Phasing of this work is unclear. Many of these boreholes are clearly intended

for engineering design data and may be deferred until the licensing phase.

others are needed to determine conditions at potential safety-related

structure locations and are appropriate parts of site characterization.

Phasing for this work needs to be clarified. The borings along the railroad
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tunnels beneath Canyonlands and Needles overlooks (see Chapter 5) need special

attention because of their depth since the feasibility of tunneling in these

areas must be carefully determined becauses of safety issued relative to waste

transport and because of environmental impacts of rail activities in scenic

areas. Detailed plans are needed to allow the reader to determine how

conclusions in the EA were reached, potential environmental impacts of site

characterization and repository development and to assess adequacy of the

exploration program.

4-4

Section 4.1.1.1.7 Hydrologic and Geologic Boreholes and Champlin Borehole,

page 4-18, paragraph 4

No exploration is listed for the Salt Creek and Bridger Jack Grabens which are

located closer to the Lavender Canyon site than are Lockhart or Beef Basins.

On Chapter 3 these are identified as en-echelon with Shay Graben, a possible

dissolution feature. Studies of subsurface conditions within Salt Creek and

Bridger Jack grabens appear to be an essential part of any Site

Characterization activities for the Lavender Canyon site.

4-5

Section 4.1.1.1.7 Hydrologic and Geologic Boreholes and Champlin Borehole,

page 4-18 and 4-19

A drawing showing how these holes will be completed is necessary in order to

allow the reader to determine how pertinent conclusions in the EA were

reached, what environmental impacts may arise and whether the monitoring

system will be adequate for its intended use.

4-6

Section 4.1.1.1.7 Hydrologic and Geologic Boreholes and Champlin Borehole,

page 4-18, paragraph 8

The reasons for the hydraulic fracturing experiments described in this

paragraph are not given and their pertinence to the Site Characterization

effort is not evident based on the information presented. This information is

necessary to allow the reader to determine the adequacy and need for the

planned tests, to assess any environmental impacts arising from them and to

determine how the conclusions in the EA were reached.
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4-7

Section 4.1.1.1.8 Trench at Shay Graben, page 4-19

The trench and seismic survey will provide information on the Shay Graben

system. However, there appears to be little effort planned to investigate the

other graben structures. There are many questions, especially with regard to

their tectonic and seismic characteristics, which need to be answered. Their

en echelon nature suggests they could be the surface expression of a very

large east-west trending fault. It is suggested that additional geophysical

and geological studies concentrate on the Salt-Creek and Bridger Jack

structures to determine the regional significance of these structures.

The proposed work schedule does not allow sufficient time for a field review

by NRC staff or consultants. Such review is an established part of seismic

hazards investigations.

4-8

Section 4.1.1.1.8 Trench at Shay Graben, page 4-19, following existing text

In view of the distribution of faulting and microseismicity reported in

Chapter 3, trenching studies in other grabens south and southwest of Shay

Graben are necessary to adequately understand these features. Paragraphs

outlining and describing this work need to be inserted in the EA.

4-9

Section 4.1.1.2.1 Seismic Lines, page 4-20

This section needs to be expanded to include geophysical studies in other

grabens near the Lavender Canyon site. Specific locations include Salt Creek

Graben, Bridger Jack Graben, and Sweet Alice Graben.

4-10

Section 4.1.1.2.1 Seismic Lines, Page 4-20

Adequate seismic lines may be planned, but this has not been demonstrated in

the Draft EA. Accurate descriptions of layouts appear to be given, but it

would be cumbersome and time consuming for the reader to determine the extent

of coverage.

A diagram indicating locations of the seismic lines relative to geologic

structures and the GROAs would greatly facilitate evaluation of this section.
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There is a text reference to Figure 4-4 but no geophysical survey locations

are shown on that figure.

4-11

Section 4.1.1.2.3 (L) Seismic Network, page 4-21 (Figure 4-5)

The network shown does not appear to include enough stations south and

southwest of Lavender Canyon to provide adequate regional monitoring. The

text implies that the existing network is functioning but gives no details

concerning collection of records, types of analyses and servicing of equipment.

4-12

Section 4.1.1.3 (L) Geologic Mapping, age 4-21, paragraph 6

Faults are not included in the list of items to be mapped given in this

paragraph. Faults must be carefully mapped, evaluated with improved natural

exposures wherever possible and included in trenching studies if Quaternary

movements are suggested. A methodology for fault mapping needs to be included

in this section either preceding or following the last paragraph in the

section.

4-13

Section 4.2.2.3 Geologic Mapping, page 4-32, paragraph 8

The impression is given that there are plans for locating mines and prospects

on geologic maps, but not preparing maps specifically of these features.

Detailed mapping of them could provide valuable subsurface information. If

such mapping projects are planned, it should be more clearly stated.

4-14

Section 4.1.2.2.2 Shaft and Surface Facility Construction, page 37, paragraph 5

Disposal of salt-contaminated water into a deep aquifer has the potential to

result in aquifer pollution and could induce seismicity based upon recent

experiences in the Colorado Plateau region, e.g. Rangely Field. A thorough

discussion of water quality in the proposed disposal aquifer and of the

potential for induced seismicity is required so that the reader can assess

potential environmental impacts and determine how pertinent conclusions in the

EA were reached.
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4-15

Section 4.1.2.2.3 Initial Underground Excavation, page 4-49, paragraph 3

What salt conditions could be anticipated that would make use of a continuous

miner impractical? How would their presence affect the feasibility of a

nuclear waste repository at the Lavender Canyon site? Insufficient

information is presented to allow the reader to determine how the conclusions

were reached.

Section 4.1.2.3.2 At-Depth Testing, page 4-53, paragraph 3

No tests using spent fuel or radiation sources simulating fuel and other

wastes are listed. How will the effects of radiation on the stability of the

salt be determined and how will attendant environmental impacts, if any, be

assessed? Also, test package prototypes (or proposed packages) need to be

tested under under actual repository conditions.

4-17

Section 4.1.2.4.7 Final Grading, Topsoil Replacement and Revegetation,

page 4-58

In a preliminary draft of the EA, it was noted that revegetation of the

exploratory shaft site may require several decades. Presumably this situation

would apply to major exploratory hole locations and trench sites as well.

There is no discussion of this subject here in the final draft EA. The

cumulative erosion risk could be significant, but is not discussed in the EA,

nor is a time for effective revegetation stated.

4-18

Section 4.2.1.8.3 Near-Shaft Hydrostratigraphic Unit Test Wells, Deep

Hydronests, page 4-109, paragraph 2

The word hydronest, does not appear in the Glossary of Geology, Second

Edition. This glossary is the generally accepted standard for professional

geologic usage. It is not therefore a term in professional use and should not

appear in a formal document.
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Chapter 5

General Comments

5-1

Section 5.1.1.1 General Description, page 5-8 (Figure 5-2)

The figure shows a conceptual layout for Repository Surface Facilities at the

Lavender Canyon site. Pertinent natural features including steep slope areas,

talus accumulations and the 100 year and PMF flood plains are not shown. This

information is needed to permit evaluation of the environmental impacts and to

allow the reader to determine how pertinent conclusions in the EA were reached.

5-2

Section 5.1.2.1.1 Construction Schedule and Personnel, page 5-15

According to Chapter 4, two shafts and a system of partly backfilled test

adits will exist at the site when construction and repository operations

begin. How will these facilities be incorporated in the final design and what

impacts may these have on operations and radionuclide migration? Could these

facilities be incorporated in the final repository design and used in some

manner during operations?

5-3

Section 5.1.3.1.3 Onsite Development, page 5-22, paragraph 3

Does a positive net evaporation rate exist during all months of the year at

the Lavender Canyon site? If not, how much capacity will be required to

safely contain excess run-off during periods when precipitation exceeds

evaporation? This information is needed to allow the reader to assess

potential environmental impacts and to determine how the conclusions in the EA

were reached.

Before the reader can assess potential impacts arising from repository

excavation followed by waste emplacement, a coupled model simulating the

entire process is required. More detailed models of key areas and critical

time periods must then be generated before adequacy of information and

potential environmental impacts can be assessed.
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5-4

Section 5.1.5.3 Active Monitoring, page 5-34, paragraph 4

A plan needs to be included to show how monitoring activities will continue

from the Site Characterization phase through the construction phase and during

repository operations. Such monitoring is necessary for recognition of

anomalies as these appear. The plan is necessary so that the reader can

determine how the conclusions in the EA were reached and whether an effective

monitoriong system will be in place and operating during construction and

operational phases.

5-5

Section 5.2.1 Geologic Conditions, page 5-35, paragraphs 1, 2, 3, 4

The discussion of potential subsidence/uplift presented in these paragraphs is

inadequate. It appears to be based upon two uncoupled models, one for

subsidence, the other for thermally induced uplift. The discussion does not

consider time factors, e.g. subsidence will follow mining activities, thermal

uplift will come into play as waste is entombed. The effects of differential

stresses both in time and space receive no consideration.

5-6

Section 5.2.1.1.3 Decommissioning and Closure, page 5-38, paragraph 2

What types of contamination are being referred to in this paragraph? Is the

reference to any materials escaping from the repository or to surficial

technical contamination residual from repository operations? Where would such

materials be removed to and in what way? How much material might exist?

Estimates concerning these matters based upon the best present estimates are

needed so that potential environmental impacts can be evaluated.

5-7

Section 5.2.2.1 Surface Water, page 5-39, paragraph 5

Conceptual repository designs need to be evaluated against the 100-year flood

hazard in order to detect possible environmental impacts arising from

flooding. A map showing the conceptual repository design with the 100 year

flood plain superimposed is needed so that the reader can evaluate effects and

determine how conclusions in the EA were reached.
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5-8

Section 5.3.2.2 Railroads, pages 5-101 and 5-102

Key geotechnical issues include the anticipated stability of proposed tunnels

beneath Canyonlands and Needles overlooks, stability of slopes elsewhere along

the alignment to the repository, and potential environmental hazards arising

from accidents caused by tunnel or slope failures. Not enough information is

available to allow the reader to evaluate potential impacts or to determine

how pertinent conclusions in the EA were reached.

Chapter 6

General Comments

Much of the information necessary to assess the suitability of the site will

be collected during the site characterization phase. Some specific comments

of concern are given below.

6-1

Section 6.3.1.1.1 Statement of Qualifying Condition, page 6-87, paragraph 3,

and page 6-88, paragraph 4

Features suggestive of partial salt dissolution were noted in core from CD-1

(see comment 3-5). Also about 1000 feet of thinning of the Paradox Formation

from GD-1 to the Lavender Canyon site is reported (see comment 3-4); this

could be the result of salt dissolution. Therefore, the statement made in

this paragraph is not supported by available data and cannot be correctly

judged at least until core from the EBDH is examined.

6-2

Section 6.3.1.3 Rock Characteristics, page 6-97, paragraph 6

Note that creep closure tests performed in borehole GD-1 detected more creep

closure in Salt Cycle 6 strata than in Salt Cycle 9 strata even though the

latter is under more overburden load (see comment 3-18). This observation

needs to be discussed here.

6-3

Section 6.3.1.6.2 Evaluation (Dissolution), page 6-112, paragraph 6

This paragraph discusses the use of borehole geophysical logs to identify

dissolution within the site. In this paragraph the four holes which were used
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in addition to GD-1 are not identified. The types of geophysical logs run in

the holes are not identified, nor is there a reference to the data.

6-4

Section 6.3.1.6.2 Assumptions and Data Uncertainty, page 6-113, paragraph 2

The thinning of the Paradox Formation from GD-1 to the Lavender Canyon site is

not mentioned. The possibility that dissolution could contribute to this

thinning needs to be evaluated.

6-5

Section 6.3.1.7.2 Evaluation Process, page 6-115, paragraph 6

The EA states "...a conservative estimate for a peak horizontal acceleration

for design purposes would be 0.35 g." It is agreed that further analysis is

necessary to determine if this is indeed a conservative estimate. The design

earthquake has not been attributed to a single source or source area.

However, it is probable that Shay Graben will be this source. Attenuation

relations presented by Seed and Idriss (1982) indicate an earthquake of M=6 on

this fault could generate 0.25 g at the site. It is possible that an

earthquake of M 6 could occur on this fault and that, as a result, 0.25 g

might not be a conservative value.

Evaluation of magnitudes and source areas that could produce the strongest

ground motions at the site are needed to assess the potential for adverse

effects due to seismic events. Characterization of any faults that could

potentially cause adverse conditions at the site is needed. Fault or fault

zone parameters such as lengths, displacements, ages, and timing and sense of

movements should be presented and maximum credible earthquakes calculated.

Attenuations need also be assessed and included as they may be lower in the

Colorado Plateau than in most of the Cordillera, possibly resulting in

stronger ground motions at farther distances from the source. Specifically,

the applicability of attenuation data obtained in north-central Utah is not

proven.
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6-6

Section 6.3.1.7.3 Analysis of Favorable Conditions, age 6-118, paragraph 2,

Seismicity

Although not stated directly, it is implied that since there have not been

historical seismic events of magnitude greater than 4 to 5, then they should

not be expected to occur in the future. The presence of past surface ruptures

indicates the probability of occurrences of larger events than those from the

historical record.

The-same needs and concerns exist as outlined in comments on Sec. 6.3.1.7.2.

6-7

Section 6.3.1.7.4 Analysis of Potentially Adverse Conditions, page 6-119,

paragraph 5, Faulting

That Shay Graben "is not anticipated-(to)-affect the ability of the repository

to isolate waste" seems to be a premature, and perhaps, invalid, conclusion.

No information is presented showing what size of seismic events could be

expected to be generated by movement on this fault.

The same needs and concerns exist as outlined in comments on Sec. 6.3.1.7.2.

6-8

Section 6.3.1.7.4 Analysis of Potentially Adverse Conditions, page 6-118,

subheading (3)

This subheading questions whether the historical record is representative of

what can be expected in the future. As discussed in Sec. 3.2.5.2 and other

locations, the historic record is quite inadequate. There appears to be no

basis to state with confidence that "No evidence indicates greater frequency

or magnitudes of earthquakes in the recent geologic past". The presence of

apparently active faulting nearby indicates the opposite. While this does not

necessarily indicate an "anomalously" low level of activity is now occurring,

fluctuations in activity can be expected and periods of greater seismic

activity are probable. These periods may not pose a threat to repository

performance, but that remains to be proven.

The same needs and concerns exist as outlined in comments on Sec. 6.3.1.7.2.
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6-9

Section 6.3.1.8 Human Interference and Natural Resources, page 6-120,

paragraph 8

The poor constraint to the southwest in the data presented by Hite (1982a) has

been previously noted (see comment 3-19). The absence of potash

mineralization beneath the Lavender Canyon site is presently unproven and this

should be stated in the EA.

6-10

Section 6.3.2 Post Closure System Guideline, age 6-134, Table 6-9

In this table the distance to the nearest Quaternary volcanism is 138

kilometers. In Section 3.2.5.3 on page 3-47, paragraph 6, this distance is

given as 127 kilometers. This discrepancy will affect a future reader's

confidence in the EA.

6-11

Section 6.3.3.1 Surface Characteristics, page 6-145, paragraph 2

As fills are placed into floodplain areas, flood levels tend to rise higher

because of flow restrictions. Thus filling is not necessarily a mitigating

action for the flood hazard.

6-12

Section 6.3.3.4 Evaluation Process, page 6-152 through 6-154

The same comments, needs, and concerns exist as outlined in comments on Sec.

6.3.1.1.4.

6-13

Section 6.3.3.4.2 Analysis of Favorable Condition, page 6-153, paragraph 6

The length of Shay graben is given as 40 km. However, this fault appears to

be part of a much longer fault system. It cannot be assumed that Shay graben

will behave independently of other faults in this system. A fault system

contains the potential for producing stronger ground motions than any single

fault within that system behaving independently. As assessment of the entire

fault system is required.
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6-14

Section 6.3.3.4.3 Analysis of Potentially Adverse Conditions, page 6-154,

paragraph 4

Based on the historical seismic record and current microearthquake monitoring

the largest earthquake predicted for the Paradox Basin is M 4 to 5.

However, based on length of the Shay graben faults an earthquake of M 7

(LLNL - Draft Technical Position on the Gibson Dome Waste Isolation Project)

may be possible. This may have a significantly larger effect on the GROA, and

should be considered in the seismic analysis.

6-15

Section 6.3.4 Preclosure System Guideline, ages 6-155 through 6-162

Comments regarding seismic setting and potential repository exposure to

seismic activity are the same as for the preceeding section.

6-16

Section 6.4.2.6 Effects of Potentially Disruptive Events and Processes, pages

6-222 through 6-225

The potential for strong earthquakes in the near field, e.g. Shay and related

graben system, is not discussed. A thorough analysis of this near-field

feature is needed before a credible evaluation of potentially disruptive

events will exist.

Chapter 7

General Comment

The discussion of rankings between potential repository sites is of course

based upon presently available data. Detailed data is very limited for the

Paradox Basin and many uncertainties exist. The same doubtless holds for the

other sites. It would be instructive as part of the process of ranking to

indicate the effects of variations in critical parameters at the various sites

under evaluation. The amount-of change in a critical parameter necessary to

cause changes in ranking should be presented.
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This report is a preliminary review of the draft Environmental
Assessments (EA) of the Davis Canyon Site, Paradox Basin, San Juan
County, Utah.

The report is divided into five sections. The first section contains
general editorial comments which reflect the preliminary nature of the
EAs. In a final form these comments should not apply. The other four
sections deal with Chapters 3, 4, 5, and 6. Although all comments refer
to the Davis Canyon EA, some may also be applicable to the Lavender
Canyon EA.

General Editorial Comments

The preliminary drafts contain numerous typographic errors, such as
-misspelling, omission of words, improper hyphenization of words, and
incomplete sentences (Davis Canyon, p.. 3-19, paragraph 5, 3rd sentence).
Many of these have not been noted in this review. In addition many of
the figures are difficult to read or interpret. By way of example, see
figure 3-10 of the Davis Canyon EA.

Some 1984 references are currently unavailable. These are noted
below, if they appeared to be critical. Most of these can be picked up
by scanning the list of references at the end of each chapter. For an
example see Kitcho (1984) in the list of references at the end of Chapter
6 of the Davis Canyon EA.

Chapter 3

General Comments

In general the largely descriptive data of Chapter 3 agrees with the

published literature. The regional geology, geomorphology and stratigraphy

have had a long history of investigation and study and are well known. How-

ever, some topics appear to be treated in a cursory way, with little integra-

tion of data from various disciplines. For example, the seismicity in the

vicinity of the Shay Graben is not mentioned in Section 3.2.5.1 (faulting).

The general comments in this section while referenced to one or the other of

the repositories are of concern for both repositories or EAs.

3-1

Section 3.2.3.1 Regional Stratigraphic History of the Paradox Basin, page 3-18,
paragraph 2

In the 5th line an unfamiliar geologic term is introduced - Monument upward,

circle Cliffs upward. It appears that the more common term uplift is

appropriate. If not, more information needs to be presented to allow the

reader to determine how this term is being used in the EA.
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3-2

Section 3.2.3.2 Site-Specific Stratigraphy, pages 3-18, 25, 26, and 27
(subparagraphs 3.2.3.2.9 through 3.2.3.2.19)

Approximate thickness beneath the Davis Canyon site are given for various

formations in these subparagraphs. The basis for their determinations is not

stated and is needed to allow the reader to determine how the conclusions

regarding thicknesses were reached.

3-3

Section 3.2.5.1 Faulting, page 3-36, paragraph 1

Geophysical evidence that the Lockhart fault cuts only the upper Paradox

Formation and post-Paradox strata is used as evidence that the fault resulted

from collapse owing to dissolution, rather than being a conduit for fluids and

thus a cause of dissolution leading to collapse. Mechanisms, other than

collapse, causing such faulting are conceivable. These include: 1) local

stress fields (i.e. tension) caused by folding and/or salt flowage; 2)

differing mechanical behavior of strata above and below (an) evaporite

layer(s) resulting in a detachment surface; 3) failure by folding in upper

units, rather than by brittle failure; and 4) lateral offset unrecognized in

pre-Paradox strata. It seems probable that vertical movement has resulted

from collapse, but any of these (or other) mechanisms could have created the

conduit allowing dissolution to occur.

Evaluation of settings leading to significant dissolution and collapse is

crucial to determination of any potential disruption to the repository.

Understanding of the role of the Lockhart fault must be an important part of

this evaluation. Investigation of different mechanisms should indicate

whether any or all are possible realities. Some mechanisms will likely be

easily proved inadequate to explain the setting.

3-4

Section 3.2.5.1 Faulting, page 3-36, paragraph 2

Decrease of block rotations away from the Colorado River in the Needles fault

zone is used as evidence that the dominant mechanism of faulting changes from
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salt flowage to down-dip sliding. The discussion does not address the

possibility of collapse due to dissolution as an additional mechanism or of

ages of deformation causing this situation without a change in mechanisms.

This latter possibility considers the likelihood that faulting initiated near

the river and migrated to the east, thus subjecting blocks nearer the river to

greater displacement and rotation.

Evaluation of fault mechanisms (i.e. flowage, down-dip sliding, and collapse)

is necessary in order to assess the potential for migration of the Needles

fault zone into the site area. The extent to which each mechanism is

operating and the conditions required for continuation of each mechanism need

be determined.

3-5

Section 3.2.5.1 Faulting, page 3-36, paragraph 6

This and following paragraphs contain descriptive material about the Shay

Graben. However, microseismicity potentially associated with the Graben (ONWI

491, Fig. 2-17) was not mentioned nor were four more recent earthquakes east

of those described in ONWI 491. (See Draft Site Technical Paper Gibson Dome

Waste Isolation Project Site, p. 14). Nor is there any attempt to fit this

structure into regional tectonic picture. This is the largest prominent

structure near both the Davis Canyon and the Lavender Canyon sites. Its

origin and current relationship to regional tectonics needs to be known in

order to access its affects on both Geologic Repository Operation Areas (GROA).

3-6

Section 3.2.5.1 Faulting, page 3-36, paragraph 6

What are the similarities between the Salt Creek-Bridger Jack-Shay and

Verdure-Glade graben systems that indicate similar ages? Not knowing what

assumptions have been made, it.is not possible for the reader to speculate on

the validity of this interpretation. From orientations of the fault systems

and the en echelon patterns, it seems likely that these were conjugate

systems, with the former system having left-lateral displacement and the

latter having right-lateral. If this is the case, it should be stated and not

have to be assumed. This alone would indicate approximately similar ages, but

some variation is possible. Are there further similarities indicating similar
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Characterization of fault parameters such as mechanism(s), displacements,

fault lengths, timing, ages, and sense of movement are important for the

determination of past and possible future fault behavior. A more extensive

discussion and presentation of these parameters should sufficiently inform the

reader.

3 -7

Section 3.2.5.1 Faulting, page 3-36, paragraph 6

A Laramide age is implied for the graben systems and should be stated. Late

Cenozoic movement is also described (Sec. 3.2.5.1 page 3-40, paragraph 1), but

not mentioned here. Faceted spurs would seem to indicate recurrent recent

movement. Although reactivation of an older fault is probable, no mention is

made of the magnitudes of each period of movement. What amount of offset is

indicated by the faceted spurs and for how much of the total offset does this

account? Adequate characterization of a fault or fault system requires

description of the entire history of faulting. Assigning an initial age of

formation does not sufficiently describe its age.

The same needs and concerns exist as outlined in Sec. 3.2.5.1 paragraph 6,

comment 3-6.

3-8

Section 3.2.5.1 Faulting, page 3-36, paragraph 7 and page 3-42, paragraph 1

Vertical displacement on Shay graben is described, but no mention is made of a

lateral displacement. The interpretation of this fault forming in response to

left-lateral movement at depth indicates the likelihood of lateral

displacement at the surface. Assuming two periods of movement (Laramide and

Recent), what sense of motion did each period have? How do these relate to

each other? Also, no mention is made of fault length, which is an important

parameter for understanding and predicting fault behavior.

The same needs and concerns exist as outlined in Sec. 3.2.5.1 paragraph 6

(comment 3-6), see Lavender Canyon comment 3-9.
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3-9

Section 3.2.5.1 Faulting, page 3-36 and 3-42

No mention is made of te Imperial fault, which trends east-west, through the

southern part of the Needles fault zone. This fault can be inferred, from

mapped faults (Huntoon et al. 1982), to lie within a fault zone extending in

excess of 40 km, with the eastern end about 9 km to the southwest of the

repository operations area. This distance is only slightly less than that to

Shay graben, which appears to be part of a more major structure, but the

Imperial fault must still be assessed in terms of potential for seismic

activity and adverse ffects at the site.

3-10

Section 3.2.5.1 Faulting, page 3-42, paragraph 2

It is possible that plastic deformation of salt takes up displacement on

faults in the basement rocks. The statement that most of these faults "die

out in the lower part of the Paradox Formation leaves open this possibility

and post-Pennsylvanian activity is not ruled out. No surface expression would

be expected with this situation.

The potential for fault movement in basement rocks underlying the site would

have significant implications for repository performance, both with respect to

ground motion and to deformation of the host rock. If displacement is taken

up in the salt containing a repository, there may be greater potential for

adverse effects than is indicated at the surface. More detailed determination

of where and how faults die out should lead to better understanding of fault

age and behavior.

3-11

Section 3.2.5.1 Faulting, page 3-4, paragraph 4

The seismicity implied to be associated with the Colorado lineament indicates

a narrow zone along the Colorado River, as is shown in Figure 3-21. The text

indicates a somewhat wider zone than this and an average width of the

lineament zone is given as 160'm in this paragraph. Brill and Nuttli (1983)

indicate the possibility of seismic activity within this zone where stress

conditions are favorable. Ascribing seismicity to this feature suggests that
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favorable stress conditions exists. Features within this

zone and parallel to it include the Lockhart fault and a mapped subsurface

fault within 2 1/2 km of the repository operations area (Figure 3-20).

Movement of either of these faults could pose significant threats to

repository performance. They must carefully be analyzed in order to determine

their relation to the Colorado lineament and potential for reactivation.

3-12

Section 3.2.5.1 Faulting, pages 3-26 to 3-45

Very little attention is given to the Uncompahgre Uplift area. The southwest

flank of this structure is approximately 70 km from the site area. This is

more distance than other fault systems, but since this is a major structural

discontinuity lying within the Colorado Plateau and could have implications of

other, similarly oriented systems (i.e. the Paradox Fold and Fault Belt), it

requires evaluation. Cater (1970) and Kirkham and Rogers (1981) report

considerable movement associated with this structure during Pliocene and

Pleistocene time, with a high probability that parts of it are active. This

may indicate a greater seismic hazard than is normally ascribed to the area

(for example, see Anderson and Miller, 1979).

Any faults or fault systems that might have implications of effects on

repository performance need be characterized. Fault systems bounding the

Uncompahgre Uplift are among the most significant in the Colorado Plateau.

They require as close attention as is given to other fault systems in the

region.

3-13

Section 3.2.5.1 Faulting, page 3-36, paragraph 1

The Lockhart fault is here described as a shallow feature possibly related to

collapse of the Lockhart Basin. The cause of basin collapse is not clearly

stated in the EA and the Lockhart Fault shown in Figure 3-18 extends beyond

the areas of thinning of salt cycles 6 in Figures 3-4. The structure and

tectonics of the Lockhart Basin requires expansion in the EA so that the

significance of this feature can be adequately evaluated.
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The last sentence of this paragraph states that alluvial deposits have been

ponded on the basin side of the Lockhart fault but do not appear to be

displaced by the fault. The locations where observations were made and their

type (e.g. wash exposures, trenches, surface observations) need to be provided

so that the reader can determine how the conclusions were reached.

3-4

Section 3.2.7.2 Hydrochemistry, page 3-71, paragraph 2

This paragraph offers an interpretation of the trend in the chemistry of the

groundwater in the upper hydrostratigraphic unit. However the text indicates

there are five alternate interpretations discussed in McCulley et al. (1984),

one of which is a salt dissolution. This is one of the publications which is

currently unavailable, thus it is not possible to determine if the alternate

interpretations are more conservative with regards to the long term storage of

high level radioactive waste in this area.

3-15

Section 3.2.5.2 Seismicity, age 3-45, paragraph 4

The microseismic swarm described in this paragraph and shown in Figure 3-24

defines a seismic zone at least 50 km long. Based upon an empirical total

length-magnitude relationship developed by Slemmons (1981), a fault of this

length could generate an earthquake of about Ms=6.6. An event of this size,

potentially as near as about 20 km to the Lavender Canyon site would be of

great significance. Additional data concerning this seismic zone is needed to

allow the reader to determine the adequacy of the conclusions reached in the

EA text.

3-16

Section 3.2.5.2 Seismicity, page 3-45, paragraph 4

Data concerning magnitudes and sense of motion for earthquakes detected in the

Shay Graben area and in the areas south and southwest of Davis Canyon need to

be presented so that the reader can determine how the conclusions presented in

the EA were reached.
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3-17

Section 3.2.5.2 Seismicity, page 3-47, Figure 3-22

Known areal faults such as the Lisbon Valley fault and faults in the Shay

Graben and related structures south and southwest of the Davis Canyon need to
be added to Figure 3-22. This is necessary so that the reader may better

envision the data and observe relationships so that it will be possible to

determine if the conclusions in the EA are supported by available geologic and

seismic data.

3-18

Section 3.2.5.3 Igneous Activity, page 3-45, paragraph 1

The basis for the presumption that the igneous rocks on Shay Mountain are of

the same age as the rest of the Abajo Mountains needs to be presented so that

the reader can determine how this conclusion was reached.

3-19

Section 3.2.5.4 Uplift, Subsidence and Folding, page 3-49

In view of the general aridity of the Paradox Basin during the Holocene, the

lack of significant stream incision does not constitute definitive data in

support of the conclusion that limited vertical crustal movement has occurred

during this time.

3-20

Section 3.2.5.6 Dissolution, page 3-50, paragraph 4

Data suggesting that the Shay Graben is a possible dissolution feature is not

presented in the EA. Seismic activity shown in Figure 3-22 and evident

offsets of the Leadville limestone, a formation present beneath the Paradox

salt sequence, along the boundary faults of the Shay Graben (Figure 3-29)

supports the belief that the Shay Graben is of tectonic origin. Thus this

paragraph disagrees with other published information and does not provide

enough information to permit the reader to determine how this conclusion was

reached. Other graben structures exist south and southwest of the Davis

Canyon site. Are these possible dissolution features and if so what is the

significance of a dissolution zone about 50 km in length located within about

5 km of the Lavender Canyon site?
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Section 3.2.8.2.2 Potash, page 3-109, paragraph 2

From Figure 3-25 it appears that the boundary for both the potentially

economic potash deposits and the zero potash deposit are poorly constrained to

the southwest and easily could include the Davis Canyon GROA. This would

increase the potential for economic potash extraction at or near both sites.

3-22

Section 3.2.9 Soils, page 3-111, paragraph 4

The suitability of the Ignacio and Begay series soils for agriculture is not

stated. This information is necessary to allow the reader to determine how

the conclusions in this section of the EA were reached.

3-23

Section 3.2.2.2. Erosion Process, page 3-8, (missing); comment from draft 4,
pages 3-8, -9, -10

This discussion on the erosion process is incomplete in that there is no

discussion of mass wasting process and slope stability which could occur at

and affect the site operation. Figure 5-2 shows the operations area to be

against and beneath the mesa edge and thus it may be subject to rock falls or

slides as a result of normal mechanical weathering processes or earthquakes.

3-24

Section 3.2.5.1 Faulting, page 3-28, paragraph 1

Only fault mentioned to occur in the Davis Canyon area is a seismically

inferred fault in the Precambrian. Lack of data on type of fault, amount of

offset, and orientation make it difficult to assess this fault with regards to

the GROA and the current regional stress field. Nor is it indicated how this

fault is related, if at all, to the northeast striking subsurface fault shown

crossing north of the Davis Canyon site in Figure 3-19.
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3-25

Section 3.2.5.6 Dissolution, page 3-50, paragraph

On page 3-50 it is stated that relatively little dissolution is expected

because the salt is overlain and underlain by relatively impervious

carbonate strata. Hwever, in Table 3-10, p. 3-128, the carbonate rocks are

characterized as being at least impart aquifers.

Section 3.2.5.1 Faulting, aae 3-36, aragraphs 2,3,4

Figure 3-17 shows the Sweet Alice Graben as part of the series of graben

structures passing south of the Davis Canyon site. Figure 3-22 links these

features to form a northeast trending zone about 50 km in length. If this

feature is a basement fault zone, it is of considerable significance to the

Davis Canyon site since features in Shay graben suggest Quaternary activity.

If the south Shay fault represents a single rupture event along this fault

zone, then a potential capability of about M = 6.5 is indicated using

regression data provided by Bonilla (1967).

Characteristics of all the grabens south of the Davis Canyon site need to be

provided before the reader can determine how conclusions in the EA concerning

seismicity were reached and whether these conclusions are supported by

available data.

Chapter 4
General Comments

Plans in several areas appear to be inadequate to acquire the information
necessary to characterize the sites and evaluate their seismo-tectonic
stability. It should be recognized that these planned studies may identify
the need for subsequent studies.

4-1

Section 4.1.1.1.8 Trench at Shay Graben, page 4-17

The trench and seismic survey will provide information on the Shay Graben

system. However., there appears to be little effort planned to investigate the

other graben structures. There are many questions, especially with regard to

their tectonic and seismic characteristics, which need to be answered.
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Their en echelon nature suggest they could be the surface expression of a very

large east-west trending fault. It is suggested that additional geophysical

and geological studies concentrate on the Salt-Creek and Bridger Jack struc-

tures to determine the regional significance of these structures.

Chapter 6
General Comments

Much of the information necessary to access the suitability of the site will
be collected during the site characterization phase. Some specific comments
of concern are given below.

.6-1

Section 6.3.1.6.1 Statement of Qualifying Conditions, page 6-105, paragraph 4

This paragraph discusses the use of borehole geophysical logs to identify

dissolution within the site. In this paragraph the four holes which were used

in addition to GD-1 are not identified. The types of geophysical logs run in

the holes are not identified, nor is there a reference to the data.

6-2

Section 6.3.1.7.1 Statement of Qualifying Conditions, page 6-108, paragraph 2

The EA states "... a conservative estimate for a peak horizontal acceleration

for design purposes would be 0.30 g." It is agreed that further analysis is

necessary to determine if this is indeed a conservative estimate. The design

earthquake has not been attributed to a single source or source area.

However, it is probable that Shay Graben will be this source. Attenuation

relations presented by Seed and Idriss (1982) indicate an earthquake of M "

6 on this fault could generate 0.25 g at the site. It is possible that an

earthquake of M > 6 could occur on this fault and that, as a result, 0.30 g
might not be a conservative value.

Evaluation of magnitudes and source areas that could produce the strongest
ground motions at the site are needed to assess the potential for adverse
effects due to seismic events. Characterization of any faults that could

potentially cause adverse conditons at the site is needed. Fault or fault

zone parameters such as lengths, displacements, ages, and timing and sense of

movements should be presented and maximum credible earthquakes calculated.

Attenuations needed also be assessed and included as they may be lower in the
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Colorado Plateau than in most of the Cordillera, possibly resulting in

stronger ground motions at farther distances from the source.

6-3

Section 6.3.1.7.3 Analysis of Potentially Adverse Conditions, page 6-110,
paragraph 4 (faulting)

It is stated that the Shay Graben could be a source of small nearby

earthquakes. Using fault length to estimate magnitude, an earthquake with an

M 6 could occur on the Shay Graben.

6-4

Section 6.3.1.7.4. Analysis of Disqualifying Conditions, page 6-112,
paragraph 3

That Shay Graben "could be a source of small nearby earthquakes that would not

threaten repository facility design" seems to be a premature, and perhaps,

invalid, conclusion. No information is presented showing what size of seismic

events could be expected to be generated by movement on this fault.

The same needs and concerns exist as outlined in comments on Sec. 6.3.1.7.1

(comment 6-2).

6-5

Section 6.3.1.7.3. Analysis of Potentially Adverse Conditions, page 6-110,
paragraph 11, (Evaluation)

Although not stated directly, it is implied that since there have not been

historical seismic events of magnitude greater than 4 to 5, then they should

not be expected to occur in the future. The presence of past surface ruptures

indicates the probability of occurrences of larger events than those from the

historical record.

The same needs and concerns exist as outlined in comments on Sec. 6.3.1.7.2.
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6-6

Section 6.3.1.7.4. Analysis of Potentially Adverse Conditions, page 6-110,
subheading (2)

This subheading questions whether the historical record is representative of

what can be expected in the future. As discussed in Sec. 3.2.5.2 (paragraph

1) and other locations, the historic record is quite inadequate. While the

historical record does not necessarily indicate an anomalously low level of

activity is now occurring, fluctuations in activity can be expected and

periods of greater seismic activity are probable. These periods may not pose

a threat to repository performance, but that remains to be proven.

The same needs and concerns exist as outlined in comments on Sec. 6.3.1.7.1,

(comment 6-2).

6-7

Section 6.3.3.4.2. Analysis of Favorable Conditions, page 6-147, paragraph 1
and 2

The same comments, needs, and concerns exist as outlined in comments on Sec.

6.3.1.7.1, (comment 6-2).

6-8

Section 6.3.3.4.3. Analysis of Potentially Adverse Conditions, page 6-148,
paragraph 5

See comment 6-6. No estimate of magnitude based on fault length are given for

the Shay Graben, or other faults surrounding the repository site. Based on

the historical seismic record and current microearthquake monitoring the

largest earthquake predicted for the Paradox Basin is M1 = 4 to 5. However,

based on length of the Shay Graben faults an earthquake of M1=7 (LLNL -

Draft Technical Position on the Gibson Dome Waste Isolation Project) may be

possible. This may have a significantly larger effect on the GROA, and should

be considered in the seismic analysis.
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MAJOR COMMENT #1 DEA: DAVIS

Subject: HYDROGEOLOGY

Comment: All calculations for groundwater travel time are based on Darcian

porous media flow. The authors do acknowledge that studies conducted at the

WIPP site indicate that porous media theory is not satisfactory for predicting

flow p. 6-81]. In fact, the results indicate that travel times were an order

of magnitude or more less than predicted flow times. If the authors are

correct, that vertical flow downward through the salt will be unaffected by

interbeds, a change in travel times by one order of magnitude [12.000 vs.

120.000] will still meet the guidelines. A change greater than the one order of

magnitude may result in difficulties since the site cannot have a 10 kilometer

controlled area downgradient because of Canyonlands National Park. In addition,

if fracture flow is the dominant mechanism, the more brittle interbeds may

become significant conduits due to more extensive fracturing. The first

interbed below repository level is reached in 4.000-5.000 years assuming the

much slower Darcian flow rates.

DETAILED COMMENT #3-1 DEA: DAVIS

Section: 3.2.5.1 Faulting. p. 3-40, para. 2

COMMENT: Authors state that fault offset diminishing in Pennsylvanian strata is

evidence for cessation of fault movement in the Pennsylvanian. This is not

necessarily true. The fault may have had insufficient offset at depth to

propagate to the surface or the ductile salt strata may have taken-up the offset

through plastic deformation. In both cases, the faulting may be younger than

Pennsylvanian.



DETAILED COMMENT #3-2 DEA: DAVIS

Section: 3.2.5.2 Seismicity, p. 3-45, para. 4

Comment: Aeromagnetic data are discussed as evidence for faulting within the

Colorada lineament. What aeromagnetic data are referred to; no figure presents

the data.

DETAILED COMMENT #3-3 DEA: DAVIS

Section: 3.2.7.1 Host Rock Chemical Properties, p. 3-70, para. 3

Comment: The authors state that Cycle 6 in the site should have lower

carnallite and kieserite because the site is outside the potash limit drawn by

Hite. Because this limit is poorly constrained, as the authors admit p. 3-27].

this statement does not have a great deal of basis.

DETAILED

Section:

Comment:

DETAILED

Section:

Comment:

COMMENT #3-4

3.2.8.2.2 Potash, p. 3-109, para. 6

see Comment 3-3.

COMMENT #3.5

3.2.8.2.2 Potash, p. 3-110. para. 2

see Comment 3-3.

DEA: DAVIS

DEA: DAVIS
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DETAILED COMMENT #6-1 DEA: DAVIS

Section: 6.3.1.1.2 Evaluation Process, p. 6-82, para. 1

Comment: The authors have used the maximum distance of 10 kilometers to

calculate travel time to the accessible environment in the Lower HSU. Based on

Figure 3-40 groundwater flow in the Lower HSU is westward from the site toward

Canyonlands. Since the controlled area cannot be in a national park and

Canyonlands is less than 10 kilometers from the site, the maximum travel path

cannot be applied at this site. The authors have stated that the largest

control area is not necessary, calculations to support that contention should be

presented.

DETAILED COMMENT #6-2 DEA: DAVIS

Section: 6.3.1.1.2 Analysis of Favorable Conditions, p. 6-82, para. 4

Comment: The authors define accessible environment as 10 kilometers down

gradient in the Leadville limestone [Lower HSU]. See Comment 6-1.

DETAILED COMMENT #6-3 DEA: DAVIS

Section: 6.4.2.3.5 Geologic Subsystem Performance, p. 211, para. 5

Comment: Again the authors site applicability of l0km controlled area, see

Comment 6-1.



DETAILED COMMENT #6-4 DEA: DAVIS

Section: 6.4.2.3.5 Geologic Subsystem Performance. p. 211. para. 5

Comment: The authors state that vertical travel time through the salt is

120,000 year and horizontal flow time in the Lower HSU is 3,000-33.000 years.

In Section 6.3.1.1.2, p. 6-82, vertical travel time is stated as 125,000 years

and horizontal travel time as 12,000 to 114,000 years. What are the bases for

the-differing travel time calculations?



Weston Geophysical

January 14. 1985
WGC - R531

Mr. Benjamin Rice. Project Manager
Geotechnical Branch
Division of Waste Management
Office of Nuclear Material Safety &
U.S. Nuclear Regulatory Commission
Washington. DC 20555

Safeguards

Subject: Lavender Canyon Site. Utah DEA Review Comments

Dear Mr. Rice:

The enclosed comments are the result of Weston Geophysical's review of the above
referenced DEA. Our comments are presented in the format described in Standard
Review Plan for Draft Environmental Assessments", dated December 12, 1984.

As directed by you and your fellow staff members, we have concentrated our
comments on significant aspects of the DEA documents which impact guideline
criteria.

Should you have any questions or require clarification regarding this submittal,
please contact us.

Very truly yours,

WESTON GEOPHYSICAL CORPORATION

John P. Imse



DEA

LAVENDER CANYON SITE, UTAH

REVIEW COMMENTS
PREPARED BY

WESTON GEOPHYSICAL CORPORATION

FOR
THE UNITED STATES NUCLEAR REGULATORY COMMISSION

Weston Geophysical



MAJOR COMMENT #1 DEA: LAVENDER

Subject: Hydrogeology

Comment: All calculations for groundwater travel time are based on Darcian

porous media flow. The authors do acknowledge that studies conducted at the

WIPP site indicate that porous media theory is not satisfactory for predicting

flow (p. 6-81]. In fact, the results indicate that travel times were an order

of magnitude or more less than predicted flow times. If the authors are

correct, that vertical flow downward through the salt will be unaffected by

interbeds, a change in travel times by one order of magnitude 12,000 vs.

[20 000] will still meet the guidelines. A change greater than the one order of

magnitude may result in difficulties since the site cannot have a 10 kilometer

controlled area downgradient because of Canyonlands National Park. In addition,

if fracture flow is the dominant mechanism, the more brittle interbeds may

become significant conduits due to more extensive fracturing. The first

interbed below repository level is reached in 4,000-5,000 years assuming the

much slower Darcian flow rates.

DETAILED COMMENT #3-1 DEA: LAVENDER

Section: 3.2.5.2 Seismicity, p. 3-47, para. 4

Comment: Aeromagnetic data are discussed as evidence for faulting within the

Colorada lineament. What aeromagnetic data are referred to; no figure presents

the data.



DETAILED COMMENT #3-2 DEA: LAVENDER

Section: 3.2.7.1 Host Rock Chemical Properties, p. 3-70, para.3

Comment: The authors state that Cycle 6 in the site should have lower

carnallite and kieserite because the site is outside the potash limit drawn by

Hite. Because this limit is poorly constrained, as the authors admit p. 3-27],

this statement does not have a great deal of basis.

DETAILED COMMENT #3-3 DEA: LAVENDER

Section: 3.2.8.2.2 Potash, p. 3-86, para. 6

Comment: see Comment 3-3.

DETAILED

Section:

Comment:

COMMENT #3-4

3.2.8.2.2 Potash, p. 3-111, para. 3

See Comment 3-3.

DEA: LAVENDER

DETAILED COMMENT #3-5 DEA: LAVENDER

Section: 3.3.2.1 Hydrology and Modeling, p. 3-139. para. 2

Comment: A range of permeabilities is stated as 2xl02 to 2xl0

Based on the table [Table 3-11] referenced, the range is 2xl10 2 to

2x10 4.



DETAILED COMMENT #6-1 DEA: LAVENDER

Section: 6.3.1.1.2 Evaluation Process, p. 6-89, para. 2

Comment: The authors have used the maximum distance of 10 kilometers to

calculate travel time to the accessible environment in the Lower HSU. Based on

Figure 3-40 groundwater flow in the Lower HSU is westward from the site toward

Canyonlands. Since the controlled area cannot be in a national park and

Canyonlands is less than 10 kilometers from the site, the maximum travel path

cannot be applied at this site. The authors have stated that the largest

control area is not necessary, calculations to support that contention should be

presented.

DETAILED COMMENT #6-2 DEA: LAVENDER

Section: 6.3.1.1.2 Analysis of Favorable Conditions, p. 6-89, para. 6

Comment: The authors define accessible environment as 10 kilometers down

gradient in the Leadville limestone Lower HSU). See Comment 6-1.

DETAILED COMMENT #6-3 DEA: LAVENDER

Section: 6.4.2.3.5 Geologic Subsystem Performance, p. 6-217, para. 4

Comment: Again the authors site applicability of l0km controlled area, see

Comment 6-1.

2011R LAVENDER * 3 *
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DETAILED COMMENT #6-4 DEA: LAVENDER

Section: 6.4.2.3.5 Geologic Subsystem Performance, p. 6-217, para. 4

Comment: The authors state that vertical travel time through the salt is

120,000 year and horizontal flow time in the Lower HSU is 3000-33,000 years.

In Section 6.3.1.1.2, p. 6-89, vetical travel time is stated as 125,000 years

and horizontal travel time as 12,000 to 114,000 years. What are the bases for

the differing travel time calculations?
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 3-1

COMMENT HEADING: Section 3.2.2.1 - Physiography P. 3-8

COMMENT

The statement in this section that "variations in the drainage network have
been shown to be controlled by lithology (LETCO, 1982b, ONWI-120, P. 13-125)."
is a misrepresentation of the cited reference. The reference actually states
that "Field geologic mapping supports the observation that the drainage courses
in the near-dome area are dominantly controlled by variations in lighology".
This inaccuracy is even more noteworthy in that it fails to mention possible
structural influence of drainage courses. ONWI-120, P. D-1-43 says that
"Channel segments of intermediate order...appear to be preferentially oriented
in a NW/SE direction, parallel to one of the major lineament modes in the
area."

Fig. 13-15 shows such a lineament/creek alignment with Beaver Dam Creek
adjacent to the dome. This and similar lineament/creek alignments over the
dome supports the possibility that drainage patterns may be structurally
controlled.
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 3-2

COMMENT HEADING: Section 3.2.3.2.3
PP. 3-18 to 3-24

Caprock and Salt Stratigraphy

COMMENT

Faulted caprock, mentioned in ONWI-120, Table 12-2, and Rainey (1981) is not
mentioned in this section. A discussion of the nature and extent of this
feature as well as its relation to to other caprock features should be
included.
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 3-3

COMMENT HEADING: Section 3.2.5.1 Faulting PP. 3-24 to 3-28

COMMENT

It is not clear to me why faulting similar to the F-7 Fault, suspected to be
present south and west of the dome near the salt-sediment contract (ONWI-555,
P. 15), is not mentioned in this section. Although these faults probably do
not exhibit Quaternary movement and may have no bearing on the controlled area
as defined in the EA, they may very well contribute to difficulties in
groundwater modeling.
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 3-4

COMMENT HEADING: Section 3.2.5.1 Faulting PP. 3-24 to 3-28

COMMENT

Based upon seismic reflection profiles obtained from DOE, seismic line W-W',
whose position is shown in ONWI-120, Fig. 13-46, more extensive faulting may be
present to the west of and near the western dome flank than has been presented
in this section. These possible faults appear to be different from those in
Comment 3-3 and together make a far more complicated picture of near dome
faulting than this section describes.
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 3-5

COMMENT HEADING: Section 3.2.5.7 Dissolution PP. 3-35 and 3-39

COMMENT

The closed topographic depression on the eastern edge of the supra domal area
may be related to dissolution but is not discussed in this section. With
Citronelle deposits exposed on the depression flanks, Quaternary subsidence due
to dome dissolution is possible. Since the center of the depression is less
than 2000 feet from Beaver Dam Creek and its potential relation to a structural
feature (see comment 3-1), any relation between the depression and dissolution
should be evaluated.
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 3-6

COMMENT HEADING: Section 3.2.5.4, Uplift and Subsidence, P. 3-33

COMMENT

Drainage of surface water over the dome (Fig. 3-25) shows a radial pattern
similar to experimentally obtained surface fracture patterns resulting from
dispersion (Packer & McDowell, 1951). Fig. 3-25 also appears to have 2 centers
of drainage (topographic highs) which correspond well with centers of arching
(COA II & III) described in Werner, 1984. If COA II & III represent spines of
salt movement with differential rates of uplift, the methods of obtaining
uplift rates presented in this section may be unrealistic.
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 4-1

COMMENT HEADING: Section 4.1.1.1.12 3-0 Seismic Reflection Survey
P 4-23 and Fig. 4-6

COMMENT

Fig. 4-6 does not show the 1KM radius around the dome, however, according to
USGS 7-1/2 minute topographic map for the Richton Quadrangle, that 1 KM radius
will incorporate a large portion of the town of Ricton. The suggested
explosive energy source for the seismic survey may need to be reconsidered. In
addition, the text says that the seismic study will be conducted in an area
extending 1.6 KM beyond the dome area.
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SELECTED DETAILED COMMENT

SITE: Richton, Cypress Creek, and Vacherie

COMMENT NUMBER: 4-2

COMMENT HEADING: Section 4.1, Site Characterization Activities

COMMENT

The EA proposes an 800' buffer between the underground facility and the
accessible environment.

If DOE believes that this distance is a reasonable approximation of the size of
the control area that it will eventually recommend, the NRC believes that in
order to provide reasonable assurance that waste can be isolated within the
control area for the time period required, DOE would have to perform a
substantially more detailed field program than is proposed. DOE should
reevaluate both the control area size and field program proposed to determine
if the environmental effects of characterization activities as presented in
section 4.2 adequately reflect the effects expected.
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SELECTED DETAILED COMMENT

SITE: Richton, Cypress Creek, and Vacherie

COMMENT NUMBER: Chapter 5

COMMENT HEADING: Section 5.2, Expected Effects on the Physical Environment

COMMENT

For purpose of this EA, DOE is proposing a controlled area which will provide
an 800' buffer between the accessible environment and the underground faiclity.
The NRC is concerned that with a controlled area this small, DOE will not be
able to provide reasonable assurance that the waste can be isolated from the
accessible environment for the time period required. It is the NRC's opinion
that a larger controlled area will be required and that by using the controlled
area stated in this EA, the expected effects are understated. DOE should
reevaluate the basis for presenting this controlled area to determine if it
needs to be revised along with the discussion on expected effects.
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SELECTED DETAILED COMMENT

SITE: Richton, Cypress Creek and Vacherie

COMMENT NUMBER: Chapter 5

COMMENT HEADING: Section 5.2.1.1, Geologic Structure

COMMENT

The NRC is in the process of preparing a generic technical position on
seismotectonic evaluation methods. This paper will cover the types of
seismotectonic investigation and evaluation methods which will need to be
conducted for a repository. In addition, the NRC will need to separately
review the types of structures to be constructed, their functions and the
consequences of potential accidents before the actual design requirements,
which will be necessary, can be determined. At the present time, it is
premature to state that the design requirements for nuclear power plants are
the same as those required for a waste repository. It can only be stated that
the design requirements of structures important to safety will complky with
10CFR60 and appropriate EPA regulations.
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 6-1

COMMENT HEADING: Section 6.3.1.7 Tectonics P. 6-98

COMMENT

Comment 3-1 indicates a possible structural control of the course of Beaver Dam
Creek. Tectonic activity related to that structural lineament could alter the
course of Beaver Dam Creek. Thus a potentially adverse condition is found for
960. 4-2-7, C6, Tectonics.
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 6-2

COMMENT HEADING: Section 6.3.1.6 Dissolution P. 6-93

COMMENT

Faulted caprock, (Comment 3-2), possibly related to spines of salt movement
could provide a hydraulic connection to salt and result in a loss of waste
isolation. Therefore, an additional potentially adverse condition is found for
960.4-2-6,c, Dissolution.
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SELECTED DETAILED COMMENT

SITE: Richton and Cypress Creek

COMMENT NUMBER: 6-3

COMMENT HEADING: Section 6.3.1.6 Dissolution P. 6-93 (Richton)
P. 6-102 (Cypress Creek)

COMMENT

The statement of the postclosure technical guideline for the Dissolution
potentially adverse condition in evaluating the sites is incorrect in both the
Richton and Cypress Creek EAs and although stated correctly in the Vacherie EA
site evaluation section, section 6.3, it is listed incorrectly in Table 6-11.
All three sites find that the potentially adverse condition is present, based
on the presence of caprock, but the analyses used to arrive at that conclusion,
at Richton and Cypress Creek, assume the incorrectly stated guideline. The
correctly stated guideline would most likely result in another reason to find a
potentially adverse condition because of the gaps at the caprock/salt
interface.
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 6-4

COMMENT HEADING: Section 6.3.1.6
Section 6.3.1.7

Dissolution P. 6-93
Tectonics P. 6-96

COMMENT

The closed topographic depression adjacent to the dome may be a
dissolution-related collapse feature that developed during the Quaternary (see
Comment 3-5). If both of these presumptions is correct, an additional
potentially adverse condition is present for 960.4-2-6, Dissolution, and an
additional potentially adverse condition is present for 960.4-2-7, Cl,
Tectonics.
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SELECTED DETAILED COMMENT

SITE: Richton

COMMENT NUMBER: 6-5

COMMENT HEADING: Section 6.3.1.3, Rock Characteristics, P. 6-84

COMMENT

At Richton dome, two centers of arching, COA II & III, Werner, 1984 Fig. 2, are
interpreted to represent areas of greatest dome uparching in the later
Oligocene based on caprock structural and thickness of overlying deposits.
These two areas probably represent areas of salt spine movement similar to
those described in ONWI-355. If that's the case, then the thin boundary
between COA II & III may very well contain a relatively sizable anomalous zone.
EA Fig. 3-2, P. 3-3, shows the geologic repository operations area cutting
across this potential anomalous zone. If it exists, it could have a direct
bearing on the lateral amount of salt available to house the repository,
960.4-2-3, Rock Characteristics Favorable Condition.
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SELECTED DETAILED COMMENT

SITE: Cypress Creek

COMMENT NUMBER: 3-1

COMMENT HEADING: Section 3.2.2.1 Physiography P. 3-7

COMMENT

The statement that drainage is dominantly controlled by the lithology of the
surficial strata implies a lack of control associated with dome instability.
According to Kolb & Holmes (ONWI-467), dissolution-related collapse of
overdome sediments controls the development of overdome stream drainage
patterns. This mechanism may also account for the anomalous change in the
course of Cypress Creek over the dome described in ONWI-120, P. 13-22 and
shown in EA Fig. 3-2.
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SELECTED DETAILED COMMENT

SITE: Cypress Creek Richton, Vacherie

COMMENT NUMBER: 3-2

COMMENT HEADING: Section 3.2.2.3, Paleoclimatology, P. 3-12
P. 3-10
P. 3-13

COMMENT

This section says that effective precipitation and streamflow were slightly
greater than at present. Saucier and Fleetwood (1970) suggest a 6-7 fold
greater stream discharge than present and a more than 2 fold increase in
precipitation. This may indicate that erosional rates during the Quaternary
were not uniform but fluctuated during that period. If so, erosional rate
estimates in Section 3.2.2.2 may be inaccurate.
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SELECTED DETAILED COMMENT

SITE: Cypress Creek

COMMENT NUMBER: 3-3

COMMENT HEADING: Section 3.2.5.7 Dissolution P. 3-32

COMMENT

Dissolution rate calculations based on caprock thickness assume relatively
constant dissolution rates over the past 5 MY. Kolb et. al. (ONWI-467)
acknowledge that no data exists to determine if caprock formation is gradual
or episodic; therefore, this rate may not be conservative.
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SELECTED DETAILED COMMENT

SITE: Cypress Creek

COMMENT NUMBER: 3-4

COMMENT HEADING: Section 3.2.5.7 Dissolution, P. 3-32

COMMENT

The dissolution disucssion does not mention the void at the caprock/salt
interface described on p. 3-14. Werner (1984) recofniges a similar gap at
Richton dome as representative of limited dissolution, and although the void at
Cypress Creek may not represent a position of significant dissolution, it
probably developed during post Citronelle time and should be included in a
thorough analysis of dissolution.
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SELECTED DETAILED COMMENT

SITE: Cypress Creek

COMMENT NUMBER: 6-1

COMMENT HEADING: Section 6.3.1.8, Human Interference and Natural Resources
P. 6-115

COMMENT

Paragraph 1 states that drilling for hydrocarbons has resulted in six
penetrations of the repository level. P. 6-111, 6, P. 6-114, 1, and Table
6-10 each indicate there are only 5 such wells.
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SELECTED DETAILED COMMENT

SITE: Cypress Creek

COMMENT NUMBER: 6-2

COMMENT HEADING: Section 6.3.1.8, Human Interference and Natural Resources
P. 6-111

COMMENT

This section states that 5 petroleum exploration wells are drilled within the
site, 3 of which are drilled through the salt overhang to below the proposed
repository horizon. Since the "potential effects on waste containment and
isolation remain to be evaluated", te potentially adverse condition is
present for 960.4-2-8-1, C3.
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SELECTED DETAILED COMMENT

SITE: Cypress Creek

COMMENT NUMBER: 6-3

COMMENT HEADING: Section 6.3.1.6 Dissolution, P. 6-102

COMMENT

The relation between dissolution and the void at the caprock/salt interface in
Comment 3-4 is not considered here. Without a discussion of this relation the
analysis is incomplete in concluding that a hydraulic interconnection could
not lead to a loss of waste isolation. Therefore, an additional potentially
adverse condition is present for 960.4-2-6, C, Dissolution.
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SELECTED DETAILED COMMENT

SITE: Cypress Creek

COMMENT NUMBER: 6-4

COMMENT HEADING: Section 6.3.1.3, Rock Characteristics, P. 6-92

COMMENT

The favorable condition evaluation clamins that sufficient laterally extensive
host rock exists to allow flexibility in selecting the location of the
underground facility even though it admits a multiple level repository is
necessary. The conclusion that the favorable condition is not present is
probably correct, but the preceeding evaluation does not support the
conclusion.



Document Name:
RL/85/01/09/1

Requestor's ID:
DEBW

Author's Name:
RLee

Document Comments:
Selected Detailed Comments - Vacherie



SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 3-1

COMMENT HEADING: P. 3-1, The Site

COMMENT

Comparison of Fig. 2, P. 3-3 with ONWI-467 Fig. 33, P. 125 indicates that the
projected exploratory shaft locations crosses two overdome faults and the
boundary of the Geologic Repository Operations area crosses as many as five of
these faults and as many as four distinct lithofacies. I have found no place
in Chapter 5 where crossing these faults has been discussed. The placement of
the exploratory shafts adjacent to or through the faults and the potential for
the shafts to become conduits for groundwater travel should be addressed. In
addition, discussion of construction of the surface facilities in Chapter 5
does not include the lithofacies variations or the potential for needing
different foundation considerations.



2

SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 3-2

COMMENT HEADING: Section 3.2.5, Structure of Tectonics, PP. 3-26 to 3-25

COMMENT

This section does not mention the accurate lineaments seen in ONWI-119, P.
10-27, Fig. 10-8 and ONWI-467, PP. 6, 7 and 9. Their occurrence on both the
eastern and western margins of the dome in Quaternary deposits suggests
tectonic instability in the near dome region.



3

SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 3-3

COMMENT HEADING: Section 3.2.5, Structure and Tectonics, PP. 3-26 to 3-25

COMMENT

This section does not describe the so called Payne Fault (Payne, 1968) nor its
relation to dome movement mentioned in ONWI-119. Although LETCO (1981) is
referenced in ONWI-119 as refuting the existence of this fault, until LETCO,
1981 is made available and adequately argues against the fault, the comment
stands.
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SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 3-4

COMMENT HEADING: Section 3.2.5.1, Faulting, P. 3-26

COMMENT

This section mentions complex faulting over the dome that displaces Tertiary
and Cretaceous deposits at depth but which do not offset Quaternary deposits.
ONWI-467 Fig. 31, P. 117 shows these faults offsetting caprock to an uncertain
depth, and in the discussion of that figure, the authors conclude that such
caprock offset probably exists (P. 119). Examination of the high resoltuion
seismic reflection lines for Vacherie dome supports this conclusion. Although
many of the details concerning these faults are unknown at this time, those
which are at least strongly suspected should be included in the EA discussion
especially when they have such a strong potential bearing on waste isolation
capability of the host rock.
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SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 3-5

COMMENT HEADING: Section 3.2.5.7, Dissolution, P. 3-35
Section 3.2.5.4, Uplift and Subsidence, P. 3-29

COMMENT

These sections describe uplift and dissolution rates as 0.08-0.3 m/103 yrs and
0.01-0.05 m/103 yrs respectively. These rates are essentially equal with
uplift slightly higher. However, ONWI-467, PP. 147 and 148 concludes that
dissolution-related collapse is responsible for the topographic depression over
the dome, and thus, the dissolution rate has exceeded the uplift rate at
Vacherie. It appears most reasonable at this time to accept the
dissolution-related collapse aument as the cause of the topographuc
depression and to suspect the accuracy of the rate estimate calculations in
both of these sections.
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SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 3-6

COMMENT HEADING: Section 3.2.5.7, Dissolution, P. 3-35

COMMENT

The discussion of abnormally thick Quaternary alluvium over the dome does not
include the high "lip" of Tertiary deposits at the constricted mouth of the
Bashaway Creek valley. This "lip" may reflect Quaternary dissolution-related
collapse in the southeastern portion of the dome as well as that mentioned over
the western portion (ONWI-467, P. 87).
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SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 3-7

COMMENT HEADING: Section 3.2.5.7, Dissolution, P. 3-35

COMMENT

The presentation in this section is incompatible with the cited references.
ONWI-467, PP. 114-115, after considerable study, concludes that the "anomalous"
sand is probably Pliocene in age. ONWI-467, P. 82 suggests two periods of
dissolution-related collapse, one in the Pliocene seen by the "anomalous" sand,
and another in the Quaternary seen by thickened Quaternary deposits. As such
dissolution rate estimates averaged over 1.6 x 10 yrs do not reflect the data.
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SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 4-1

COMMENT HEADING: Section 4.1.1.1.12, Anomalous Sand Boring, P. 4-24

COMMENT

Fig. 4-7 does not show the position of this boring as claimed.
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SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 4-2

COMMENT HEADING: Section 4.2.1.5.3, Palentology, P. 4-106

COMMENT

Palynological studies of anomaous sands have aided in understanding the age and
origin of these deposits (ONWI-467 and 417). To say that no important fossils
have been identified at the site is at best misleading. In addition,
foraminiferina in the Cane River Formation may be important biostratigraphic
tracers in determining the amount of overdome fault offset.
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SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 6-1

COMMENT HEADING: Section 6.3.1.7, Tectonics, P. 6-112

COMMENT

This section does not mention accurate lineations in Quaternary deposits
discussed in Comment 3-2. If these lineations represent underlying faults of
Quaternary deposits, an additional potentially adverse condition is present for
960.4-2-7, C, Tectonics.
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SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 6-2

COMMENT HEADING: Section 6.3.1.1, Geohydrology, P. 6-91
Section 6.3.1.7, Tectonics, P. 6-113

COMMENT

Reference to the so called Payne Fault (see Comment 3-3) is not ncluded in
this section, and its potential offset of the Sparta Aquifer could adversely
affect the regional groundwater system and complicate modeling of the
groundwater system. Thus, the potentially adverse condition is present for
960.4-2-7, C6, Tectonics, and an additional potentially adverse condition is
present for 960.4-2-1, C3, Geohydrology.

SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER:

COMMENT HEADING:

6-3

Section 6.3.1.6, Dissolution,.P. 6-109

COMMENT

ONWI-467, Fig. 31, P. 117 shows overdome faults offsetting caprock and
concludes that such an offset exists (see Comment 3-4). With the Wilcox
acquifer in contact with caprock and the faults penetrating caprock, a
hydraulic interconnection exists that could lead to loss of waste isolation.
Therefore, 960.4.2.6 Dissolution Potentially Adverse Condition is present.
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SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 6-4

COMMENT HEADING: Section 6.3.1.7, Dissolution, P. 6-107 to 6-109

COMMENT

Comment 3-6 discusses the potential of Quaternary dissolution-related collapse
on both the western and southeastern portions of the overdome area. Since as
much as 50-60 feet of collapse is observed at these two locations, as much as
500-600 feet of salt could have dissolved at each of two locations during the
Quaternary. If this is true, it does not appear that the site meets the
Dissolution Qualifying Condition, 960.4-2-6a.
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SELECTED DETAILED COMMENT

SITE: Vacherie

COMMENT NUMBER: 6-5

COMMENT HEADING: Section 6.3.1.7, Dissolution, P. 6-107 to 6-109

COMMENT

According to ONWI-467 dissolution-related collapse of the overdome sediments
has occurred. Evidence of 600' of Eocene Cane River Formation fault offset,
180' of Late Pliocene "anomalous" sand, and 50'-60' of Quaternary thickening
results in a net thickening and/or offset of 840' of overdome sediments due to
dissolutioning. If we assume that the salt stock is 10% insoluble, then 8400'
of dissolved salt is required to obtain the observed offset/thickening. Since
we don't know whether the dissolution occurred gradually over geologic time or
geologically instantaneously, we can presume any case within that time range.
If we choose something approaching the instantaneous case, we can conclude the
960.4.2.6 Dissolution Qualifying condition is ot met.
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EG-85-009
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Mr. Michael E. Blackford
Project Officer, MS-623ss
Geotechnical Branch, WMGT
Division of Waste Management
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUBJECT: Transmittal of EA Review Report (Draft) on the Vacherie
Dome Site, Louisiana

Reference: NRC FIN A0294
Technical Assistance in Seismo-Tectonic Impacts
in Repositories

Dear Mr. Blackford:

This is to transmit the subject draft report on the Vacherie Dome
Site, Louisiana.

In accordance with Subtask 1.3 of the reference Contract A0294, and
your assignment letter dated 22 December 1984, we have performed our review
and evaluation of those assigned portions of the DOE Environmental
Assessments (EA) for the proposed Vacherie Dome Site. Our review and
evaluation to this date was accomplished by us without access to a number
of important DOE and their contractors literature of the site. Many
references listed in the text of the EA are not readily available in time.
For these reasons, this review and evaluation report should be considered
as a draft document which may need revisions after all the references
become available. In this draft document, we have identified areas of our
technical concerns and the rationale for our concerns. We have also
indicated in this draft report what action we feel is necessary for
mitigation.

If you have any questions, please let us know.

Sincerely yours,

Dae H. Chung
Project Leader

DHC/ic
Enclosure: As stated.



Review of Draft EA, Vacnerie Dome Site, Louisiana

This review was accomplished without access to important Office of

Nuclear Waste Isolation (OWWI) literature of the site. For tnis reason, this

review should e considered as a draft document wich may need revisions after

the references become available. Following are sections of the Draft A for

Vacherie Dome with which we have concerns, and te rationale for our

concerns. We also indicate what action we feel is necessary for mitigation.

General Comments

No general comments at this time.

Specific Comments

No specific comments at this time.

CHAPTER 3

General Comments

No general comments at this time.

Specific Comments

3-1

Section 3.2.3.2.2 Stratigraphy of Dome Area and Adjacent Sediments, page 3-23

Figure 3-10 shows no narrowing of the dome with depth. However, BMI/ONWI-520

(June 1984) states in section 5.1 that the area at -3000 ft is 20% smaller

than at -2000 ft. See also last para. of 3.2.5.6.
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CHAPTER 4

General Comments

No general comments at this time.

Specific Comments

4-1

Section 4.1.1.1.7 Gravity Surveys, page 4-21

The gravity survey should e extended out past the area of the -2500 ft level

of salt if defining tne "configuration of the dome" is the purpose.

4-2

Section 4.1.1.1.15 Hole-to-Surface Resistivity Survey, page 4-27

It is not apparent that hole-to-surface resistivity will adequately define tne

overcome stratigraphy. This type of data is difficult to interpret and it is

not certain that surface potential is simply related to the overdome

stratigraphy. It seems more likely that standard borehole logging methods

will provide more useful data.

CHAPTER 5

General Comments

No general comments at this time.

Specific Comments

No specific comments at this time.
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CHAPTER 6

General Comments

No general comments at this time.

Specific Comments

6-1

Section 6.3.1.1.2 Analysis of Favorable Conditions, page 6-87

The presence of an extensively faulted graben system above the dome has not

been considered in terms of effects on groundwater flow. Section 3.2.5.1

mentions a minimum of 12 faults in the Tertiary units. The effect of these

faults on te groundwater flow regime is nowhere considered.

On page 6-88 last paragraph, it is stated that "Faults in the overburden above

Vacherie Dome have not affected the modeling done to date..." This sentence

is logically unsound. The way the faults affect the modeling depends

completely on the model used. Such results don't adequately assure that the

faulting has no effect on the groundwater flow. The proper way to address

this issue is y means of hydrologic testing for vertical connection of

aquifers.

6-2

Section 6.3.1.3.3 Analysis of Potentially Adverse Conditions, page 6-99

The evaluation does not address the possibility of encounters with anomalous

features (3.2.3.2.3 page 3-24, paragraph 5). In Section 6.4.2.3.2, page

6-197, paragraph 6, the term spline" is used as a possible source of brine.

This term is neither used or defined anywnere else. How important are these

features? What is te probability of their occurrence at te repository

level? What is their significance in terms of fluid flow?
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6-3

Section 6.4.2.3.2 Fluid Conditions n Salt, page 6-196

The assumption is made here that the salt in the dome is uniform, yet
reference is made to anomalous zones and splines. ow extensive are these

features likely to be and how could tey possibly hinder or enhance fluid

movement? See comment 6-2.

6-4

Section 6.4.2.3.5 Geologic Subsystem Performance, page 6-222 paragrap 2

The assumption of Varcian flow completely falls apart if tere is significant

connectivity etween aquifers due to discontinuities such as joints or

faults. The presence of faults in the area over tne site has been confirmed,

yet their importance to the groundwater analysis has not been addressed.
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EG-85-008
January 12, 1985

Mr. Michael E. Blackford
Project Officer, MS-623ss
Geotechnical Branch, WMGT
Division of Waste Management
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUBJECT: Transmittal of EA Review Report (Draft) on the Richton
Dome Site, Mississippi

Reference: NRC FIN A0294
Technical Assistance in Seismo-Tectonic Impacts
in Repositories

Dear Mr. Blackford:

This is to transmit the subject draft report on the Richton Dome Site,
Mississippi.

In accordance with Subtask 1.3 of the reference Contract A0294, and
your assignment letter dated 22 December 1984, we have performed our review
and evaluation of those assigned portions of the DOE Environmental
Assessments (EA) for the proposed Richton Dome Site. Our review and
evaluation to this date was accomplished by us without access to a number
of important DOE and their contractors literature of the site. Many
references listed in the text of the EA are not readily available in time.
For these reasons, this review and evaluation report should be considered
as a draft document which may need revisions after all the references
become available. In this draft document, we have identified areas of our
technical concerns and the rationale for our concerns. We have also
indicated in this draft report what action we feel is necessary for
mitigation.

If you have any questions, please let us know.

Sincerely yours,

Dae H. Chung
Project Leader

DHC/ic
Enclosure: As stated.



Review of Draft EA, Richton Dome Site, Mississippi

This review was accomplished without access to important Office of

Nuclear Waste Isolation (ONWI) literature of the site. For this reason, this

review should be considered as a draft document which may need revisions after

the references become available. Following are sections of the Draft EA for

Richton ome with which we have concerns, and the rationale for our concerns.

We also indicate what action we feel is necessary for mitigation.

CHAPTER 2

General Comments

No general comments at this time.

Specific Comments

No specific comments at this time.

CHAPTER 3

General Comments

No general comments at this time.
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Specific Comments

3-1

Section 3.2.1. Regional Geology, page 3-8, Figure 3-3

Date for the end of the Cretaceous Period is 66.4, not 664

3-2

Section 3.2.1 Regional Geology, page 3-8, paragraph 2

The term "Post-diapiric salt movement" nere is not clear. What was tne nature

of tis movement-vertical, lateral, etc.? This as bearing on tne current and

future stability of the repository.

3-3

Section 3.2.2.1 Pysiography, page 3-6, paragraph 2

Fig. 3-6 is of very poor quality and does not adequately illustrate the

referenced information. Fig. 3-2 is much more relevant to tne point made here.

3-4

pages 3-17 and 3-18 are in the wrong order.

3-4

pages 3-22, Fig. 3-11, it sould say -2000 feet MSL in legend.
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3-5

Section 3.2.5.1 Faulting, page 3-28, paragraph 1

The statement is made tat "displacements decrease sratigraphically upward,

and become minor..." This statement should be clarified and made more
specific. Any displacement in the youngest sediments would be very important

in terms of seismic hazard or connectivity of aquifers.

The last sentence in paragraph 3 claims that significant faulting was not

found. This contradicts the previous sentence. Structure, tectonic, and

hydrologic models are strongly affected by te presence of faulting over the

dome. 'Further work needs to be done to confirm the structural details of the

dome vicinity.

3-6

Section 3.2.5.6 Salt ome Development and Geometry, page 3-35, paragrapn 3

The sape of the -2000 feet MSL structural contour of salt is sown in Fig.

3-11, but the text does not explain how this was determined. This also

applies to Fig. 3-10. In the paragraph the statement is made that "Gravity

data indicate..." te shape of the dome and that areal extent is "estimated".

Studies of Vacherie Dome (BMI/ONWI-511) show that te area at -3000 feet is

20% smaller than te area at -2000 feet. Considering the importance of the
available area to siting considerations (amount of buffer zone, etc.) This

question as many uncertainties which should be addressed. For example, in

Section 3.2.8.1, para. 2, a well is mentioned which penetrated an "overhang on

the eastern flank of the dome..." There is no hint of an overhang in Fig.

3-10.

3-7

Section 3.2.8.1 Hydrocarbons, page 3-54, paragraph 2

Reference is made to an overhang on the eastern flanK of the dome. There is

no int of this in Fig. 3-10 or Fig. 3-11. The shape of the dome has not been

well constrained by studies to date. Uncertanties in te size and shape of

the dome have a earing on the potential repository size and should be
incorporated into the performance assessment.
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CHAPTER 4

General Comments

No general comments at this time.

Specific Comments

4-1

Section 4.11.1.1l 3-0 Seismic Reflection Survey, page 4-21, Figure 4-6

Tne one km radius around dome line snown in legend) is not on te figure.

4-2

Section 4.1.1.1.15 Hole-to-Surface Resistivity Survey, page 4-25

It is not apparent that hole-to-surface resistivity will adequately define the

overdome stratigraphy. This type of data is difficult to interpret and it is

not certain that surface potential is simply related to the overdome

stratigraphy. It seems more likely that standard borehole logging methods

will provide more useful data.

CHArE 5

General Comments

No general comments at this time.

Specific Comments

No specific comments at this time.
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CHAPTER 6

General Comments

No general comments at this time.

Specific comments

6-1

Section 6.3.1.1.2 Analysis of Favorable Conditions

This section does not address the possibility of enhanced flow along a fault

pathway. The F-7 fault may be important if further work defines it as

extending above the Wilcox Formation. The faults mentioned as possibly

occurring in the Hattiesburg Formation (Sect. 3.2.5.1) should also be

addressed here.

6-2

Section 6.3.1.3.2 Analysis of Favorable Conditions, page 6-84

The size of tne dome at te repository level as only been estimated (see

comment 3-6). What are the uncertainties about the dome size and now will the

uncertainties affect the evaluation?

6-3

Section 6.3.1.3.3 Analysis of Potentially Adverse Conditions, page 6-85

The reference to Mullin is only given at the end of Chapter . Tne statement

"Fluid inclusions...are rare..." is misleading as most of the samples were

from near te caprock region and the data base is very small - see Table 6-10,

p. 6-104. Only one borehole has penetrated the salt more than 6m from the

caprock.
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The evaluation in 6.3.1.3.3 does not address the possibility of encounters

with anomalous features (3.2.3.2.2 p. 3-24). In Section 6.4.2.3.2, p. 6-187,

the term "spline" is used as a possible source of brine. This term is neither

used or defined anywhere else. How important are these features? What is the

probability of their occurrence at the repository level? What is their

significance in terms of fluid flow?

6-4

page 6-128 is out of place, probably from another report.

6-5

Section 6.3.3.2.2 analysis of Favorable Conditions, page 6-140, paragraph )

The possible extent and the effects of anomalous zones should be more

thoroughly addressed (see comment 6-3).

6-6

Section 6.4.2.3.2 Fluid Conditions in Salt, page 6-182

The assumption is made ere tat the salt in the dome is uniform, yet

reference is made to anomalous zones, splines, and even anhydrite sand (Fig.

3-12). How extensive are these features likely to e and how could they

possibly inder or enhance fluid movement? See comment 6-3.
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Mr. Michael E. Blackford
Project Officer, MS-623ss
Geotechnical Branch, WMGT
Division of Waste Management
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUBJECT: Transmittal of EA Review Report (Draft) on the Cypress Creek
Dome Site, Mississippi

Reference: NRC FIN A0294
Technical Assistance in Seismo-Tectonic Impacts
in Repositories

Dear Mr. Blackford:

This is to transmit the subject draft report on the Cypress Crrek Dome
Site, Mississippi.

In accordance with Subtask 1.3 of the reference Contract A0294, and
your assignment letter dated 22 December 1984, we have performed our review
and evaluation of those assigned portions of the DOE Environmental
Assessments (EA) for the proposed Cypress Creek Dome Site. Our review and
evaluation to this date was accomplished by us without access to a number
of important DOE and their contractors literature of the site. Many
references listed in the text of the EA are not readily available in time.
For these reasons, this review and evaluation report should be considered
as-a draft document which may need revisions after all the references
become available. In this draft document, we have identified areas of our
technical concerns and the rationale for our concerns. We have also
indicated in this draft report what action we feel is necessary for
mitigation.

If you have any questions, please let us know.

Sincerely yours,

Dae H. Chung
Project Leader

DHC/ic
Enclosure: As stated.



Review of Draft EA, Cypress Creek Dome Site, Mississippi

This review was accomplished without access to important Office of

Nuclear Waste Isolation (ONWI) literature of the site. For this reason, tis

review should be considered as a draft document which may need revisions after

the references become available. Following are sections of the Draft EA for

Cypress Creek Dome with which we have concerns, and the rationale for our

concerns. We also indicate what action we feel is necessary for mitigation.

CHAPTER 2

General Comments

No general comments at this time.

Specific Comments

No specific comments at this time.

CHAPTER 3

General Comments

No general comments at this time.

Specific Comments

No specific comments at this time.
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CHAPTER 4

General Comments

No general comments at this time.

Specific Comments

4-1

Section 4.1.1.1.13 Regional Structure, page 4-23, paragapn 2

It is not apparent that hole-to-surface resistivity will adequately define the

overdome stratigrapny. This type of data is difficult to interpret and it is

not certain that surface potential is simply related to the overdome

stratigraphy. It seems more likely tnat standard borehole logging methods

will provide more useful data.

CHAPTER 6

General Comments

No general comments at this time.
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Specific Comments

6-1

Section 6.3.1.3.3 Analysis of Potentially Adverse Conditions, page 6-94

The evaluation does not address the possibility of encounters with anomalous

features (3.2.3.2.2 page 3-24, Richton Dome EA). In section 6.4.2.3.2, page

6-192, the term "spline" is used as a possible conduit for ground water. This
term is neither used nor defined anywhere else in the report. How important

are these features? What is the probability of their occurrence at the

repository level? What is their signifiance to the analysis of fluid flow?

Section 6.3.3.2.2 Assumptions and ata Uncertainty, page 6-148

The possible extent and the effects of anomalous zones should be more

thoroughly addressed (see comment 6-1).

6-3

Section 6.4.2.3.2 Fluid Conditions in Salt, page 6-189

Tne assumption is made here that the salt in the dome is uniform, yet
reference is made to anomalous zones, splines, and even anhydrite sand (Fig.

3-11). How extensive are these features likely to be and how could they

possibly hinder or enhance fluid movement? See comment 6-1.















Weston Geophysical
CORPORATION

January 14, 1985
WGC - R531

Mr. Benjamin Rice. Project Manager
Geotechnical Branch
Division of Waste Management
Office of Nuclear Material Safety & Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Subject: Richton Dome Site, Mississippi DEA Review Comments

Dear Mr. Rice:

The enclosed comments are the result of Weston Geophysical's review
referenced DEA. Our comments are presented in the format described
Review Plan for Draft Environmental Assessments", dated December 12.

of the above
in Standard
1984.

As directed by you and your fellow staff members, we have concentrated our
comments on significant aspects of the DEA documents which impact guideline
criteria.

Should you have any questions
please contact us.

or require clarification regarding this submittal,

Very truly yours.

WESTON GEOPHYSICAL CORPORATION

John P. Imse



DEA

RICHTON DOME SITE, MISSISSIPPI

REVIEW COMMENTS
PREPARED BY

WESTON GEOPHYSICAL CORPORATION

FOR
THE UNITED STATES NUCLEAR REGULATORY COMMISSION

Weston Geophysical



MAJOR COMMENT #1 DEA: RICHTON

Subject: Groundwater Quality

Comment: Applicable guidelines regarding release of radionuclides appear to

have been satisfied, but impairment of groundwater quality due to post-closure

effects, which are not associated with release, have not been assessed. Saline

anomalies have been detected in two wells south of the dome. The cause for

these anomalies may be vertical leakage from deeper brine aquifers. Site

characterization activities are planned to address these anomalies, but those

studies should also assess the following possibility. If the leakage is fault

controlled, will either long term subsidence or thermal expansion intensify the

existing anomalies and/or result in additional water quality impairment?

DETAILED COMMENT #3-1 DEA: RICHTON

Section: 3.2.2.1 Physiography, p. 3-8, para. 6

Comment: The authors state that drainage pattern over the dome is controlled by

lithology, yet the same reference [ONWI-120] also states that some of drainage

pattern may be due to uplift and/or subsidence of the dome p. 13-150].

DETAILED COMMENT #3-2 DEA: RICHTON

Section: 3.2.5.1 Faulting, p. 326, para. 6

Comment: Seismic reflection and structure contour data are referenced in The

Earth Technology Corporation 1984] yet this reference is not included with

reference list to identify and review the data source.



DETAILED COMMENT #3-3 DEA: RICHTON

Section: 3.2.5.1 Faulting, p. 3-28, para. 0 and 1

Comment: see Comment 3-1.

DETAILED COMMENT *3-4 DEA: RICHTON

3.2.5.1 Faulting. p. 3-28, para. 1

Comment: The authors state that seismic reflection studies have not detected

displacement of post-Paleocene sediments. The F-7 fault is shown to displace

post-Paleocene sediments in ONWI-120 [Figure 13-48]. In addition, the seismic

reflection data do not show any results over the dome or near surface due to

acquisition parameters. It was noted in ONWI-120 p. 13-148] that the surface

projection of Fault -7 was nearly parallel or coincident with Bogue Homo River

DETAILED COMMENT #3-95 DEA: RICHTON

Section: 3.2.5.4 Uplift and subsidence, p. 3-33. para. 4

Comment: The authors site ONWI-484 correctly, stating that the estimated uplift

rate based on uplift of the Citronelle Formation is l0cm/l00yr. 0.32 ft./

l000yr.]. The calculations in ONWI-484 are incorrect. The stated value is the

erosion rate of 400 ft/1.2 million years, while the uplift rate was 500 ft./l.2

million years as stated in ONWI-484. Therefore, the rate of uplift based on the

Citronelle Formation is approximately .41 ft/l000yr.



DETAILED COMMENT #3-6 DEA: RICHTON

Section: 3.2.5.5 Folding, p. 3-34, para. 4

Comment: The authors state that little or no post-Miocene upwarping is

indicated. This is in the middle of a discussion on seismic reflection results

which do not show any data on post-Miocene strata because the acquisition

parameters were such that resolution was not possible at these shallow depths.

In fact, post-Miocene deformation is indicated by deformation of the

Miocene-Pliocene age Hattiesburg sediments.

DETAILED COMMENT #6-1 DEA: RICHTON

Section: 6.3.1.7.3 Analysis of Potentially Adverse Conditions, p. 6-98, para. 2

Comment: See Comment 3-4 regarding the stated uplift rates.

DETAILED COMMENT #6-2 DEA: RICHTON

Section: 6.3.1.7.5 Conclusions, p. 6-98, para. 7

Comment: See Comment 3-4 regarding uplift rates.



DETAILED COMMENT *6-3 DEA: RICHTON

Section: 6.4.2.2.3 Geologic Subsystem, p. 6-175. para. 5

Comment: The TDS content for Upper Claiborne is stated here as 3,000 to 40,000

parts per million. TDS content for the Upper Claiborne is stated earlier as

24,500 to 30.000 mg/liter which is equivalent to 24,000 to 30,000 parts per

million. If the Upper Claiborne is characterized by TDS values less than 10,000

parts per million, the favorable conditions regarding release of radionuclides

into high TDS groundwater are not present.



























DEPARTMENT OF THE ARMY
FORT WORTH DISTRICT, CORPS OF ENGINEERS

P. O. BOX 17300
FORT WORTH. TEXAS 76102

January 11, 1985

Mrs. Kristin B. Westbrook
U.S. Nuclear Regulatory Commission
Mail Stop 623 SS
Washington, D.C. 20555

Dear Mrs. Westbrook:

The draft environmental assessment volumes for Richton, Cypress Creek, and Vacherie
salt domes sent to Mr. George M. Ruede, of this district, were reviewed by him during the
period January 7-10, 1985. No independent review of his work within the Corps of Engineers
was possible due to the short period of time available for this effort.

Mr. Ruede's review was focused primarily on Sections 3, 4, 5, and 6 of the environ-
mental assessments as suggested by Mr. Richard Lee of your office. Mr. Ruede's geotech-
nical comments for the three volumes accompany this letter.

Sincerely,

Melvin G.Green
Chief, Geology Section

Enclosures



January 11, 1985

DRAFT ENVIRONMENTAL ASSESSMENT
VACHERIE DOME SITE, LOUISIANA

Geotechnical Review Comments:

Comment No. 1: 3.2.3.2.3 Caprock and Salt Stock Stratigraphy, page 3-24

last paragraph, and page 26 first paragraph: Significance of foreign inclusions

in domal salt in Five Island salt domes as related to their possible presence

in domal salt of Richton Dome: It has been documented that interior salt

domes, such as Vacherie, have fewer inclusions of foreign material (clay, sand,

lignite, gasses, etc) than do coastal domes such as those of the Five Islands.

It is suggested that the present text be amplified to reflect the documentation

as it affects assessment of the possibility of encountering foreign materials

in Vacherie Dome. Further, it is suggested that the effect of encountering

foreign materials within the domal salt be discussed here.

Comment No. 2: 3.2.5.1 Faulting, page 3-26 third paragraph: Apparent contra-

diction between statements in this section and those in 6.3.1.1.2, page 6-88

last paragraph, and those in Table 6-11, page 6-124 third paragraph under

Assessment Results: In the third paragraph on page 3-26 it is stated "The

faults (radial at either end of the dome - previous sentence) displace Tertiary

and probably Cretaceous strata at depth, but no disturbance of Quaternary

sediments has been observed" This appears to conflict with 6.3.1.1.2, page

6-88 last paragraph, which states that "Faults in the overburden above Vacherie

Dome have not affected --. " The statement on page 3-26 also appears to conflict

with Table 6-11, page 6-124 third paragraph from the top where it is stated

"Complex faulting is present in the overburden above the dome."

Quaternary faulting above the dome implies possible recent dome movement,

or more likely, recent dissolutioning of salt on the top of the dome. The

text does not indicate the magnitude of fault throws of Quaternary age. The

nearest approach to this is contained in figure 3-10, page 3-23, which is a



geologic cross section of Vacherie Dome, But this illustration only shows vertical

offset of Tertiary strata.

Reviewed by George M. Ruede, Staff Geologist, U.S. Army Corps of Engineers,

Fort Worth District, (817) 334-3265.



11 JANUARY 1985

DRAFT ENVIRONMENTAL ASSESSMENT - RICHTON DOME SITE, MISSISSIPPI

Geotechnical Review Comments:

Comment No. 1, 3.2.3.2.3 Caprock and Salt Stratigraphy, page 3 - 24, paragraph 2 :

Significance of foreign inclusions in domal salt in Five Island salt domes as re-

lated to their possible presence in domal salt of Richton Dome: It has been doc-

umented that interior salt domes, such as Richton, have fewer inclusions of foreign

material (clay, sand, liquids, gasses, etc.) than do coastal domes such as those

of the Five Islands. It is suggested that the present text be amplified to reflect

the documentation as it affects assessment of the possibility of encountering

foreign materials in Richton Dome. Further, it is suggested that the effects of

encountering foreign materials within the domal salt be discussed here similar to

discussion of this subject later in the volume. There comparison is made between

isolated inclusions and inclusions which connect with the exterior of the dome.

Comment No. 2, 3.2.5.1 Faulting, page 3 - 28, second paragraph commencing with

"The F-7 fault - -. " The data does not justify the conclusion that the fault

may have resulted from salt dome development. The F-7 fault is described as

being 10 miles long. It appears more likely that the fault arises from dev-

elopment of a salt ridge or anticline, which would have such a length. Richton

Dome might have risen from this ridge. The significance of the F-7 fault which

abuts Richton Dome would seem to lie in (1) whether it extends through the domal

salt, and (2) if so whether it does so in a manner which will adversely affect

the ability of the domal salt to isolate waste in the future.

Reviewed by George M. Ruede, Staff Geologist, U.S. Army Corps of Engineers,
Fort Worth District, (817) 334-3265



11 JANUARY 1985

DRAFT ENVIRONMENTAL ASSESSMENT - CYPRESS CREEK DOME SITE, MISSISSIPPI

No Geotechnical Comments.

Reviewed by George M. Ruede, Staff Geologist, U.S. Army Corps of Engineers,
Fort Worth District, (817) 334-3265.



RICHTON DOME SITE, MISSISSIPPI, DRAFT
ENVIRONMENTAL ASSESSMENT REVIEW (1/15/85)

Charles (Rus) Purcell - Consultant

1) Chapter 3, Section 3.2.2.1 Physiography, page 3-8, paragraph 5

- The use of the terms youth, maturity, and old age is basically out-
dated. Clarification needed.

2) Chapter 3, Section 3.2.2.2 Erosional Processes, page 3-10, paragraph 2

- The data derived by Maxwell and by Kolb are used to describe the
erosional history in the Richton Dome Area. This is acceptable
for the regional picture. However, with the importance of the
local erosional characteristics in analyzing the potential for
dome dissolution and/or recent uplift, further studies should
be performed. These studies should include the Quaternary
terrace deposits and their associated soils to help establish
a more precise erosion rate for the proposed site area.

3) Chapter 3, Section 3.2.5.1 Faulting, page 3-24, paragraph 6

- The last sentence is misleading because there are other faults in
the area. Suggest a table with basement faults and their dis-
tance to the site would be helpful.

4) Chapter 3, Section 3.2.5.1 Faulting, page 3-26, paragraph 6

- There seem to be a large number of Quaternary deposits in the area
of the F-7 fault. Have any of these been studied to examine
the recency of faulting? Similar studies may also be applicable
to better understand the F-9 faults.

5) Chapter 3, Section 3.2.5.4 Uplift and Subsidence, page 3-33, paragraphs 2-5

- The large uncertainties in uplift rates must be clarified. A much
more thorough evaluation of the geologic and geodetic is neces-
sary and may require additional primary data collection.

6) Chapter 3, Section 3.2.9 Soils, page 3-59, paragraphs 5 & 6

- The soil descriptions should be more clearly correlated with the
geologic units. Terrace soils may prove to be very helpful
in correlations and developing Quaternary/Holocene history.

7) Chapter 7, Section 4.1.1 Field Studies, page 4-3, Table 4-1

- There are no planned field studies to alleviate the discrepancy in
uplift rates derived from geologic versus geodetic data, or to
further understand the Quaternary geologic history evidenced
in the local terrace deposits and soils. Suggest such a pro-
gram be included.



RICHTON DOME SITE REVIEW (Cont.) Page 2
Charles (Rus) Purcell

8) Chapter 5, Section 5.2.1.1 Regional Subsidence and Uplift, page 5-36,
paragraph 2

- The probability of regional uplift or subsidence is not low. Sec-
tion 3.2,5.4 states that uplift has occurred in Quaternary time.

9) Chapter 6, Section 6.3.1.4 Climatic Changes, page 6-87, paragraph 7

- See comment No. 2, this review.

10) Chapter 6, Section 6.3.1.5 Erosion, page 6-90, paragraph 1

- See comments Nos. 2 and 5, this review.

11) Chapter 6, Section 6.3.1.5 Erosion, page 6-90, paragraph 6

- Suggest a preliminary probability analysis should be performed.

Overall Comments:

1) The large discrepancy between the geologic and geodetic data for calculating
uplift rates needs to be clarified. The use of erosion rates based on
these unresolved data suggests uncertainty as to their validity.

2) The local Quaternary/Holocene deposits need to be studied in further detail
to help decipher the Quaternary Geologic History and to accurately
access the overdome conditions.



CYPRESS CREEK DOME SITE, MISSISSIPPI, DRAFT
ENVIRONMENTAL ASSESSMENT REVIEW (1/15/85)

Charles (Rus) Purcell - Consultant

1) Chapter 3, Section 3.2.1 Regional Geology, pages 3-4 to-7, whole section

- The discussion of the Mississippi Salt Basin, when compared with the
same section in the Richton Dome EA, is somewhat disjointed, has
numerous sections omitted, and has some additional references.
Is this intentional?

2) Chapter 3, Section 3.2.2.1 Physiography, page 3-7, paragraph 7

- The use of the terms youth, maturity, and old age is basically out-
dated. Clarification needed.

3) Chapter 3, Section 3.2.2.2 Erosional Processes, page 3-10, paragraph 4

- The data derived by Maxwell and by Kolb are used to describe the
erosional history in the Cypress Creek Dome Area. This is
acceptable for the regional picture. However, with the impor-
tance of the local erosional characteristics in analyzing the
potential for dome dissolution and/or recent uplift, further
studies should be performed. These studies should include the
Quaternary terrace deposits and their associated soils to help
establish a more precise erosion rate for the proposed site
area.

4) Chapter 3, Section 3.2.5.1 Faulting, page 3-21, paragraph 6

- Based on Figure 3-12, the basement fault along the northern flank
of the Wiggens Anticline is essentially as close to Cypress
Creek Dome as the Phillips Fault:

15 miles to the southern extent of the Wasau
- 20 miles to the Wiggens Anticline
- 13 miles to the Maxie-Pistol Ridge fault

5) Chapter 3, Section 3.2.5.4 Uplift and Subsidence, page 3-26, whole section

- The large discrepancies in uplift rates should be clarified. A more
thorough evaluation of the geologic and geodetic data are neces-
sary and may require additional primary data collection.

6) Chapter 3, Section 3.2.5.4 Uplift and Subsidence, page 3-29, paragraph 2

- The reported total regional uplift from geodetic data are inconsis-
tent between Richton and Cypress Creek

Cypress Creek - 200 to 400 meters (650 to 1,300 feet)
Richton - 2000 to 4000 meters (6,600 to 13,200 feet)



CYPRESS CREEK DOME REVIEW (Cont.) Page 2
Charles (Rus) Purcell

7) Chapter 3, Section 3.4.1 Land Use, page 3-86, paragraph 3

- Chapter 4 discusses field activities at Cypress Creek Dome for site
characterization. How will access be obtained to the National
Forest and onto the restricted military area? If selected, is
it reasonable to assume this land is readily available for a
repository site?

8) Chapter 5, Section 5.2.1 Geologic Conditions, page 5-35, paragraph 5

- The probability of regional uplift or subsidence is not low. Sec-
tion 3.2.5.4 states that uplift has occurred in Quaternary time.

9) Chapter 6, Section 6.3.1.4 Climatic Change, page 6-97, paragraph 1

- See comment No. 3, this review.

10) Chapter 6, Section 6.3.1.5 Erosion, page 6-99, paragraph 2

- See comments Nos. 3 and 5, this review.

11) Chapter 6, Section 6.3.1.5 Erosion, page 6-99, paragraph 8

- Suggest a preliminary probability analysis should be performed.

Overall Comments:

1) The large discrepancy between the geologic and geodetic data used in calcu-
lating uplift rates needs to be clarified. The use of erosion rates
based on these unresolved data suggests uncertainty as to their valid-
ity.

2) The local Quaternary/Holocene deposits need to be studied in further detail
to help decipher the Quaternary Geologic History and to accurately
access the overdome conditions.



VACHERIE DOME SITE, LOUISIANA, DRAFT
ENVIRONMENTAL ASSESSMENT REVIEW (1/15/85)

Charles (Rus) Purcell - Consultant

1) Chapter 3, Section 3.2.3 Stratigraphy, page 3-19, paragraph 6

- The age of the anomalous sand is important in helping determine the
time f latest collapse of the sediments over the dome. Suggest
more studies are necessary to more precisely determine the age
of the anomalous sand unit (see comment No. 4, this review).

2) Chapter 3, Section 3.2.5.1 Faulting, page 3-26, paragraph 6

- Because of the poor quality of Figure 3-9, it is impossible to
examine the relation between the overdome faults and Quaternary
deposits. Has a detailed investigation been performed to inves-
tigate the age of these faults?

3) Chapter 3, Section 3.2.5.4 Uplift and Subsidence, page 3-29, whole section

- The discussion of dissolution (p. 3-35) alludes to ongoing dissolu-
tion and displacement above the dome through the Quaternary.
There is no discussion of local subsidence in this section.

4) Chapter 3, Section 3.2.5.7 Dissolution, page 3-35, paragraph 6

- Regarding the "anomalous sand," this section calls it "thought to be
Pliocene, but it may be completely or partially Quaternary." On
page 3-19, Stratigraphy Section, the anomalous sand is called

probably Pliocene or Miocene in age," and deposited in late Ter-
tiary and the other possibly extends it into the Holocene. Clar-
ification is necessary (see comment No. 1, this review).

5) Chapter 5, Section 5.2.1.1 Regional Subsidence and Uplift, page 5-39,
paragraph 3

- The probability of regional subsidence and uplift is not low. Sec-
tion 3.2.6.4 states that uplift has occurred in Quaternary time,

6) Chapter 6, Section 6.3.1.5 Erosion, page 6-106, paragraph 1

- Suggest a preliminary probability analysis should be performed.

7) Chapter 6, Section 6.3.1.6 Dissolution,,page 6-108, paragraph 6

- The problem with the age of the anomalous sand is mentioned, but
still used to complete the analysis. Conservative or not, fur-
ther investigations are necessary to add credibility to the
analysis.

- The age of the Quaternary is listed as 1.6 my while Figure 3-3.
shows it at 1.8 my. Please clarify.



VACHERIE DOME SITE REVIEW (Cont.) Page 2
Charles (Rus) Purcell

8) Chapter 6, Section 6.3.1.6 Dissolution, page 6-108, paragraph 7

- This discussion states there is Quaternary dissolution and subsidence.
Refer to,No. 4, this review.

Overall Comments:

1) The problem with the age of the "Anomalous Sand" and its application to
studying dissolution and subsidence need further study.

2) The overall Quaternary History and investigation of Quaternary deposits
needs further study. How does this area relate to the geodetic sur-
vey data at Richton Dome?
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EXECUTIVE SUMMARY - NNWSI

Section 2.2.2, Grouping of sites by geohydrologic setting, page 5, paragraph 4
The statement "...The site is hydrologically distinct because it is in the dry
unsaturated zone above the water table," is of concern because the term "Dry"
is inappropriate. The unsaturated zone at Yucca Mountain ranges from 40 to
90% saturated (6-225). The use of the word dry"is misleading to the reader
and it is suggested that the word be eliminated from the sentence.

Section 3. , the site , page 7, paragraph 5 By indicating that "...There is
no evidence that faults at an near Yucca Mountain have had surface
displacements in the last 40,000 years." The reader is mislead into believing
that the site now possesses tectonic stability. The reference source for this
value of 40,000 years has indicated the nature of faulting by, "Holocene
(10,000 years) offset has not been demonstrated in the study area
nor can it be ruled out". It is suggested that the statement on fault dating
be revised by say that there is no conclusive evidence developed in dating
fault surface displacements at or near Yucca Mountain.

Section 6.3.1, Radiological Safety, page 17, paragraph 1 The nature of the last
sentence in this paragraph leads the reader to believe that there is little.
probability an earthquake would occur during the 90 year preclosure period.
But, earthquakes are indeed predicted for Yucca Mountain during the preclosure
period. The nature of these earthquakes may nt affect the release of
radionuclides. The sentence in this paragraph may indeed be factual, but it is
misleading. It is suggested that the sentence be reworded to state that there
is little probability of the release of radionuclides due to earthquakes.

Section 6.3.3, Ease and Cost of Siting, Construction, Operation, and Closure, page 17
last paragraph This paragraph makes the assertion that there is "adequate"
vertical flexibility for designing and constructing the repository at Yucca
Mountain. In reviewing the cross-sectional diagrams by Scott (1984). It
appears that there is marginally adequate flexibility in the vertical
direction. The location of the repository has a maximum of 30 meters of upward
flexibility (disqualifying condition under erosion, 10 CFR 960.4-2-5) and
minimal downward flexibility due to increases in lithophysal cavity percentage
and the Basalt vitrophyre of the Topopah Spring Member.

Since the potential for variations in stratigraphy probably will be high in the
welded portions of the Topopah Spring Member and because adverse structural
features may be encountered during repository construction, vertical
flexibility will be necessary in order to provide the necessary space for waste
disposal. This issue should be addressed as accurately as possible and it is
suggested that the vertical flexibility be considered "marginally adequate".
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U.S. Bureau of Mines, 1984, State-of-art assessment of large diameter
horizontal nuclear waste emplacement holes, Prepared by U.S. Bureau of Mines
for the Nuclear Regulatory Commission.

NNWSI CHAPTER 2

Section 2.1 Regional Setting of Yucca Mountain, Page 2-3, Paragraph 2

Oldest volcanic related rocks on NTS are 29 MY old Horse Spring formation
(Barnes et al. 1982). Youngest are .25 MY (Table 6-3) basaltic rocks in Crater
Flat.

2-2

Section 2.1 Regional Setting of Yucca Mountain Page 2-6 and 2-7,Figures
2-3a and 2-3b

Although cross sections are schematic they do not show caldera beneath Yucca
Mountain as is indicated in Figure 3-3. Understanding the deeper structures
beneath Yucca Mountain is an important part of evaluating the geologic
stability of the area.

2-3

Section 2.1 Regional Setting of Yucca Mountain, Page 2-5, Paragraph 3

Stewart (1978) is not listed in bibliography. Therefore cannot check reference
in order to determine if conclusion reached is correct.

NNWSI CHAPTER 3

Section 3.1, Location, General Appearance and Terrain, and Present Use
Page 3-1, Paragraph 2, Figure 3-2

Insufficient information presented.

Section 3.2 Geologic Conditions, Page 3-5, Paragraph 1

The Geologic Conditions Section should include a detailed discussion of the
Quaternary deposits and the Quaternary geologic evolution of the site area,
geomorphology, paleoclimates, erosion and erosion rates.

Section 3.2.1, Stratigraphy and Volcanic History of the Yucca Mountain Area
Page 3-6, Paragraph 2

Caliche is the result of soil forming processes and should be considered a soil
zone. Clarification needed.
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Section 3.2.1.1, Cladera Evolution and Genesis of Ash Flows, Page 3-9,
Paragraph 2

The report states that ash flows, after coming to rest, compact and weld
together under their own weight and heat, forming the rock type known as welded
tuff. Ash flow tuffs, however, are not always welded. Many small ash flow
deposits contain unwelded, particularly welded, and densely welded members
within a single or compound cooling unit. See for example the Yucca Mountain
Member of the Paintbruch Tuff, Pages 3-10.

Accurate portrayal of the ash flow units is essential to evaluation of the
geology and placement of the repository site.

Section 3.2.1.1, Stratigraphy and Volcanic History of Yucca Mountain Area,
Page 3-9, Paragraph 3

Vitrophyre is a dense black glassy rock in which the glassy fragments have
completely coalesced (welded) eliminating all pore space. The vitrophyre zone
or zone of dense welding does not occur at top of an ash flow and only rarely
at the bottom of flows mplaced at high temperatures (Smith, 1960, Page
154-155). Rapid cooling by the atmosphere or earth results in a vitric non- to
partially welded tuff. Most single ash-flow cooling units have a nonwelded top
and bottom (Smith 1960, p.154).

Section 3.2.1.1 Caldera Evolution and Genesis of Ash Flows, Page 3-9, Paragraph 4

Bedded tuffs generally imply the volcanic material has been reworked, i.e.,
eroded and redeposited, after the initial deposition and may have originated as
either an ash fall or an ash flow, or both, prior to erosion and redeposition.
For an example see Maldonado and Keother (1983, page 58).. Ash falls are the
more common source for bedded material because of their nonwelded nature.
However, ash falls can be identified and are commonly listed in USGS lithologic
descriptions as such: for example see Maldonado and Koether (1983, Page 66).

Section 3.2.1.3 Paintbruch Tuff, Pages 3-11, Paragraph 1, Sectence 6

The report states that a "thickly welded devitrified zone" is being considered
as the potential host rock for the repository. A zone cannot be "thickly
welded"; a zone is thick and moderately to densely welded, or thin and
unwelded, but not thickly welded. "The thick, moderately to densely welded
devitrified zone" is more correct.

As stated in comment 3-2, an accurate portrayal of the ash flow units is
essential in evaluation of the site geology. The above sentence should be
reworded.

Section 3.2.2 Structure, Page 3-13, Figure 3-4
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Figure 3-4 does not have sufficient discussion of the caption to allow the
reader to understand the figure. The figure shows major strike-slip fault
zones in Nevada and California. However, the age and activity of these faults
are not presented. Many of-the fault representations are not clear. For
example, a strikeslop fault of 80 km length is shown at a distance of about 15
to 20 kn southwest of the site. The fault's age, activity, and seismic hazard
to the site is not discussed for possible impact on the seismotectonic
characterization of the site. This figure should be redrafted and clearly
labelled with characterization and accurate delineation of faults.

This figure also implies the Walker Lane Fault Zone is much narrower than other
authors show (Carr, W.J., 1974, Fig. 1 and Smith, 1980, Fig. 3). This is
significant in view of the statement on page 3-14, paragraph 2 where it is
acknowledged "...that seismic activity and surface displacements have occurred
during this century within the Walker Lane shear zone." It is important to
show the maximum width and extent of the Walker Land Fault Zone in order to
illustrate the maximum potential extent of seismic activity associated with
this zone. In addition Tonopah is located approximately 35 miles east of its
actual location on this figure.

Section 3.2.2, Structure, Page 3-13, Figure 3-4

The map shouwn in Figure 3-4 appears to be in error. The twon of Tonopah
should be relocated 75 kilometers to the west of its present location on the
map.

Section 3.2.2, Structure Page 3-14, Paragraph 2

The EA states movement has occurred along the Walker Lane within the last
century. Carr (1984) suggests movement-along the Walker Lane in the vicinity
of the candidate area ceased about 10 my ago. North of Tonopah, the Walker
Lane belt is considered active (Slemmons, et al., 1977). The EA implies that
displacements at Yucca Flat an Pahyte Mesa indicate the Walker Lane s still
active in the vicinity of the candidate area. Detailed discussions of the
regional sesimogenic regime are needed to adequately assess the seismic risk to
a waste repository site. Discussion in the EA are limited to Yucca Mountain
and do not take into account nearby faults or faulting styles (e.g. - the
left-lateral offsets in the Spotted Range-Mine Mountain structural zone
immediately south of the site). False impressions of simplicity of the
regional stress regime are given by the brevity and limited scope of the
discussions. More precise documentation of the regional and site-specific
seismotectonic regimes at and around Yucca Mountain is needed.

Section 3.2.2 Structrue, Page 3-14, Paragraph 4

The EA mentions an area of very closely spaced faults at trend northeast.
There is no discussion or reference to this work. Figure 3-8 shows several
areas of closely spaced faults in the central block. However, these trend
north-north-west. Lack of information on these faults does not permit their
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evaluation. These zones would seem to be an unusual feature not recognized
elsewhere in southern Nevada.

Section 3.2.2 Structure, Page 3-15, Figure 3-5

Figure 3-5 shows disagreement with Figure 3-3. Tram and Older Tuffs calderas
are omitted and Crater Flat Caldera are not indicated on Figure.

Section 3.2.3 Seismicity Page 3-19,

The seismic activity along this NE trending left lateral Pahranagat Sher Zone,
the Mine Mountain, Rock Valley, and Frenchman Flat fault systems, which is
shown in Rogers et al (1983), Fig. 9, is not discussed, although these are the
most seismicity active areas in the vicinity of the repository site.

The same comments, needs, and concerns exist on the useage of Rogers and others
(1977) for the maximum ground acceleration as outlined in comments for Section
6.3.3.4, Page 6-296 (comment 6-21).

Section 3.2.2, Seismicity, Page 3-19, Paragraph 1

In this section it is stated that "Yucca Mountain lies in an area of relatively
low historic seismicity just south of the Southern Nevada East West Seismic
Belt" (SNEWSB). This is schematically illustrated in Figure 3-9 (pages 3-20)
of the EA. Insufficient data or discussion is presented to evaluate whether a
southern boundary of the SNEWSB can be delineated and the site be excluded from
this seismic belt. The SNEWSB is characterized by seismicity in a region where
north-south trending normal blocks are transected by east to southeast zones of
lateral faulting (Smith, 1978). Two seismicity maps of the area around the NTS
(Rogers et al., 1981, Figure 7, Rogers et al., 1983, Figure 9) show a shotgun
pattern of seismicity, with local areas of more concentrated seismicity. From
these seismicity maps it seems more likely that the Yucca Mountain site be
interpreted as lying within the SNEWSB. At least on publication (Carr and
Rogers, 1982, page 9) delinate the extent of the "East - West Zone" to include
the Yucca Mountain site. A higher degree of tectonic and seismic activity is
implied if the site is included within the SNEWST. If the site is to be
excluded from the SNEWSB, further discussion and characterization of the
southern boundary of the SNEWSB is needed.

Section 3.2.2-Structure, Page 3-19, Paragraph 2

Data allows for different interpretation.

Same as September review, comment 3-5, pages 3 and 4, on use of "residual"
stress along the Walker Lane.

Section 3.2.2 Structure, Pages 3-19, Paragraph 2
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First sentence suggests that lateral displacement only north of the repository
area and there along northwest trending faults. This is attributed to the
report on G-2 by Maldonado and Koether (1983). However, in both G-1 (Spengler,
et al., 1981, pages 40-41) and UE25a-1 (Spengler, et al.m 1979, page 29)
slickenslides also indicate lateral movement. Both holes are south of G-2.
The sentence also infers the horizontal movement occurs on northwest trending
faults. This is no where explicitly stated in Maldonado and Koether (1983).
They indicate "...the lateral component could possibly be related to an ancient
(pre 18 M.Y.) northwest-trending right-lateral fault zone Carr (1982) that may
be present in Yucca Wash (Fig. 5) approximately 1 km north of the drill site."
This would appear an unlikely origin in view of the subsequent deformation
southern Nevada has undergone and the generally acceoted fact that
slickenslides indicate only last motion.

Section 3.2.2 Structure, Page 3-19, Paragraph 3

The absence of Timber Mountain tuff on high standing blocks can occur as the
result of geologic process other than non depostion on topographically high
standing fault blocks. The most obvious one is erosion, subsequent to
faulting. Ekren et al. (1968) offer evidence that the topography was "very
subdued during the eruption of the Timber Mountain tuff." Thus the initiation
of significant faulting may be several million years more recent than implied
in this report

Section 3.2.2 Structure, Page 3-19, Paragraph 3

The report states that trenches across faults with small, degraded scarps
within about 10-20km of the site, show "no equivocal" evidence that movement
has occurred in the last 35.000 years. The terminology no unequivocla" is
also used in similar statement about faulting near the site on pages 6-223,
6-226, 6-290, and 6-291. On page 6-287, section 6.3.3.4.4, paragraph 1, the
terminology is changed to say "There is no confirmed evidence of surface
displacements younger than 40,000 years".

This statement refers to faults "on and near Yucca Mountain". The terminology
"no unequivocal" is an unclear, double negative phrase, and can be interpreted
as equivocal evidence of fualting within the last 35,000 years existing within
10 to 20 kn of the site. Not enough information is presented allow the reader
to know whether these faults should be considered seismic hazards or not. For
example, there is no discussion of the possibility of lateral faulting, causing
only low scarps, which could degrade relatively quickly. If "no confirmed
evidence" is being used in the same context, it would be more clear to use it
throughout. Evidence for active faulting should be more clear to use it
throughout. Evidence for active faulting should be evaluated and the basis for
dismissing this evidence should be provided. The fault map of Nakata and
others (1982) indicates the Bare Mountain fault to have Holocent activity at a
distance of about 15 km (not 1 to 20 km).

Section 3.2.3, Seismicity, Page 3-19, Paragraph 3
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This paragraph states that the Yucca Mountain site lies just south of the
Southern Nevada East-West Sreismic Belt (SNEWSB). From the material presented
in Figure 3-9 and Plate 1 of Rogers et al., 1983, there seems to be no
justification for omitting the seismicity in the vicinity of the Rock Valley
Fault zone from the SNEWSB. If the seismicity is included within the SNEWSB,
the Yucca Mountain site would also be included. The definition of the southern
boudary of the SNEWSB is important because the SNEWSB could be charaterized as
a seismic source zone. If the Yucca Mountain site is included in the zone,
then a "floating" maximum earthquake of about Richter Magnitude 6 (see
paragraph 2), characteristic of the zone, could occur at the site. If the
Yucca Mountain site is outside the zone, the floating maximum earthquake would
be considered to occur within the zone at a point closest to the site. The
distance between the zone and the site would yield a lower maximum acceleration
at the site. A floating earthquake a a maximum earthquake expected to occur
within the seismic source zone that cannot be associated with a seismogenic
structure.

Rogers'A.M., et al., "Southern Great Basin Seismological Data Report for 1981
and Preliminary Data Analysis" USGS OFR 83-669

Section 3.2.3, Seismicity, Page 3-21, Paragraph 2

This paragraph states that under the assumption the Yucca Mountain faults are
not active, the peak deterministic ground accerelation computed for the site is
0.4g, resulting from an earthquake of magnitude 6.8 (this information is
detailed in Chapter 6, see, for example, Section 6.3.1.7.5). According to the
definition of active fault presented in the Glossary of the is EA (page 6-1) it
cannot be assumed that the Yucca Mountain faults are not active. The Solitario
Canyon fault, located within a kilometer of the western margin of the Yucca
Mountain site, is approximately the same length as the Bare Mountain fault.
The maximum magnitude computed for the Bare Mountain fault is 6.8. Should such
an earthquake occur on the Solitario Canyon fault, the deterministic peak
acceleration may exceed 1.0g and would exceed 0.7g. The Ghost Dance fault,
which intersetects the Yuicca Mountain site, would most likely be considered
active according to the Glossary definition. An earthquake on the Ghost Dance
fault would most likely cause accelerations within the repository in excess of
the 0.4g stated in the EA.

Section 3.2.3, Seismicity, Page 3-21, Paragraph 3

Interpretation disagrees with other parts of the EA. The assumption that
faults at Yucca Mountain are not active is discordant with the statement made
in paragraph 1, page 3-21, that until there is better understanding of seismic
cycles and of why seismically stable and unstable areas exist within the same
structural province, earthquakes near Yucca Mountain should be considered
possible. Evaluations and descriptions of faulting episodes with respect to
age, recurrence interval, style, and proximity to the site are required.
Assumption of current inactivity should not be made. This information is
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needed for adequate assessment of seismic risk to a waste repository in the
region.

Chapter 3, Section 3.2.4.2 Metals, Page 2-23, Paragraph 3

The preliminary nature of the data on mercury, lead, zinc, and uranium suggests
more work ins necessary to be able to draw the given conclusion.

NNWSI CHAPTER 4

Section 4.1.1 Field Studies, Page 4-2 to 4-6

Because of the descriptive and general nature of this section it is impossible
to determine if many of the tasks outlined are justified and suitable to fill
information gaps in the seismological and tectonic elements of present geologic
data.

Section 4.1.1. Field Studies, Page 4-2, Paragraph 1 A detailed understanding of
Quaternary geologic history, including the correlation of Quaternary deposits,
and paleoclimates, plays an important role in evaluating the adequacy of the
proposed repository. Data on these subjects are necessary to evaluate rates of
erosion, uplift and subsidence. At this stage in the investigation, many
regional estimates, based on the available data, can at best be considered
marginally adequate. Acknowledging these analyses as probably the best that
could be done with the existing data, the fact remains that these subjects will
require substantial efforts during site characterization. However, apparent
plans to further evaluate these important subjects are not presented in the
discussion of activities for site characterization in Chapter 4.

Section 4.1.1.2, Page 4-4

The geophysical surveys and techniques described are presented rather
succinctly and indicate the use of off-road vehicles. Such would be used for
SITE-CHARACTERIZATION ACTIVITIES: some shallow drillholes may also be required
for seismic energy generation by use of explosives set off in drillled
shotholes. Such transportation and data acquisition efforts in a relatively
arid area such as the Yucca Mountain site and vicinity will no doubt disturb
the desert type vegetation, leave wheel tracks that will be susceptible to
gullying during periods of heavy rainfall, and may therefore be considered as
an effect on the landscape.

Section 4.1.3.4, Tectonics, Seismicity, and Volcanism Studies, Page 4-21,
Paragraph 1

"Monitoring and interpreting present seismicity [and] studies [of] the history
of Pliocene and Pleistocene activity" will not necessarily result in adequate
assessment of seismic hazards at the site. As outlined in comments on Section
6.3.1.7.4 (comment 6-12) the faulting history may be a poor representation of
potential future fault behavior. Likewise, present (and historical) seismicity
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is commonly non-representative of long term seismicity. Utilization of all
available data and concepts are needed to make the best estimations for future
seismic activity. No mention is made of intent for remote design analyses or
low-sun-angle aerial photography projects, which are needed for fault
delineation.

Chapter 4, Section 4.2.1.1.1 Geology, Page 4-23,Paragraph 1

The last sentence implies that with future information there could be
activities that would significantly impact the geologic conditions at the site.
These impacts should be predictable at this stage in the site investigations.

Chapter 4, Section 4.2.1.1.3, Land Use,Page 4-24, Paragraph 1

Are arrangements planned to eliminate Air Force use of the airspace over the
adjacent to the proposed site? This would greatly reduce the potential hazard
to the site.

Chapter 4, Section 4.2.1.1.4, Surface Soils, Page 4-24, Paragraph 2

The description of acres disturbed by "exploratory hole access roads" implies a
set-up like spokes on a wheel. Are theses acreages derived from actual plans?
And, if so, a map of the locations would be helpful.

Chapter 4, Section 4.2.1.1.3, Surface Soils, Page 4-24, Paragraph 3

What steps will be taken to reclaim the disturbed area? What is planned if the
present, ongoing studies show reclamation in arid regions to be ineffective?

NNWSI CHAPTER 4

Section 5.2.1 Geologic Impacts, page 5-34, paragraph 2 The concern here is the
potential for induced seismicity due to the stress releases imposed by
repository construction at Yucca Mountain. The statement presented,
"excavation of the repository represents an insignificant disturbance to the
overall competence of the rock units at Yucca Mountain." My be inaccurate in
lieu of the available data on the Yucca Mountain structural and tectonic
environment. The following list of interpretations presented in teh EA lead to
some potentially adverse impacts on the geologic system.

1) "At present, a preliminary conclusion could be made that the north-
trending faults at Yucca Mountain should be considered active even
though the absence of fault scarps and the near absence of seismic
activity suggests that they are not active." (6-226, Last Paragraph).

2) "...Interpretations of stress measurements at Yucca Mountain could
indicate that certain faults may be near failure..." (6-227, First
Paragraph).
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3) "...The accompanying aftershocks indicate that these faults (at Pahute
Mesa) may have been tectonically stressed near the failure point, and
slip was triggered by stress changes producted by the explosions
(Underground Testing."(6-227, First Paragraph).

The significance of this concern is that stress drops imposed by the
construction of an underground facility at Yucca Mountain may initiate slip on
faults that may be at or near the failure point of particular concern is the
stress changes near the Solitario Canyon Fault, and perhaps the Ghostdance
Fault. Major displacement on either of these faults has the potential to
generate significant seismicity, which would certainly have impacts on the
integrety of the underground and surface facilities as well as the safety of
repository personnel.

To resolve this concern, it is suggested that the in situ stress regime at
Yucca Mountain be included in a discussion of potential changes to that regime
due to repository construction. And from this, a discussion of potential
impacts on fault displacement and resulting seismicity for faults in and around
the repository location.

NNWSI CHAPTER 6

Section 6.2.1.8.2 Data Relevant to the Evaluation, Page 6-91, Paragraph
Because of the flood potential of Forty Mile Wash to the east of Yucca Mountain
and because the proposed construction of either a railroad or auto bridge is
planned to cross the wash, it is a conern that design specifications for this
bridge be evaluated with appropriate flood hazard analyses. This section
provides no indication of the design criteria for the bridge.

It is suggested that this section include relevant, available data on flood
potentials for Forty Mile Wash (Squires and Young, 1984) and surrounding
washes, as well as how these influence bridge conceptual design. The section
should also provide diagrams of the coneptual design and detailed map location
of the bridge(s).

Section 6.2.1.8.3 Favorable Conditions, page 6-93, (iv) Evaluation
Information presented does not allow determination of effects of flash floods
crossing alluvial fan at base of Sheep Range on rail line and potential for
accident. This is not considered in Chapter 5, page 5-71 and 5-72.

Section 6.2.2.2.3 Evaluation of the Yucca Mountain Site, Page 6-109, last
paragraph. In the discussion of the construction of an auto road from
Interstate 95, there is reference to "Nevada State Route 173". It is assumed
that Nevada State Route 173 is the former Nevada State Route 29, intersecting
Interstate Route 95 at Amargosa Valley (formerly Lathrop Wells). It is
understood that the highway routes of Nevada have been recently renamed. To
avoid any confusion, t is suggested that a map be provided showing the renamed
highways (and perhaps town settlements) where appropriate throughout the
Environmental Assessment.



11

Section 6.3.1, page 6-112, and Sections 6.3.1.7.5, 6.3.1.7.6, 6.3.3.4.3
6.3.3.4.4, 6.3.3.4.5, 6.3.3.4.6
The above sections all refer to "no significant surface displacement for the
past 500,000 years" - reference OFR-699, Rogers et.al. and/or personal
communication from W. C. Swadley, USGS, 1984, Concerning the 40,000 year
period. See Major Comment #1.

Section 6.3.1.1.2 Data Relevant to the Evaluation, page 6-113, paragraph 8
page 6-123, paragraph 1
Emphasis in discussions concerning faults is on vertical displacement.
However, strike-slip displacement has been observed on a number of historical
faults in Nevada (Stewart, 1980, p. 117; Maldonado and Koether, 1983, p. 45).
Without considering horizontal displacement. The structural setting at Yucca
Mountain may not be well known.

Section 6.3.1.1.2 Data Relevant to the Evaluation, Page 6-113, last Paragraph
The statement "the attitudes of faults and fractures at depth in drill holes
are similar to those on the surface (Maldonado and Koether, 1983; Scott et al.,
1983, 1984)." is made in this section. In reviewing the cross sections
developed by Scott and Bonk, 1984, based on surface mapping and borehole data,
it appears that many of these faults do in fact change attitude with depth.
Granted that it is often very difficult to be certain that a projected surface
fault correlates with a borehole fualt, the attitudes are different as
evidenced by the curved nature of interpreted major faults at Yucca Mountain.
This change in attitude may play an important role in predicting radionuclide
transportation via ground water, as well as the constructability and
flexibility of the underground facility. It is suggested that this particular
statement in the section indicate the degree of similarity between surface and
subsurface fault and fracture attitudes.

Section 6.3.1.1.2 Geohydrology, Data Relevant to the Evaluation, Page 6-120
paragraph 1
Paper by Blair et. al. (1984) is not listed in bibliography. Without reference
information is unavailable to assess conclusions.

Section 6.3.1.3.3 Favorable Conditions, Pages 6-177 and 6-179, Figures 6-5 and
6-6 Figures 6.5 and 6.6 identify the map locations of Area 1 "Primary area" for
the underground facility and approximate area of the underground facility
showing the overburden contours, respectively. Close examination of the two
show that they are indeed different. Both diatrams show key features in
evaluating the site against the siting guidelines, one for adequate area for
waste emplacement and the other for the 200 meter overburden requirement. It
is suggested that one standard design location should be used for all such
figures throughout the text. This should eliminate the potential for
misinterpretation of design requirements imposed by the existing geologic
setting.

Section 6.3.1.3.3 Favorable Conditions, Page 6-178, last paragraph Based on
the stratigraphic features of the Topopah pring Member (the repository host
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rock), the statement "the potential host rock at Yucca Mountain is sufficiently
thick to provide significant vertical flexibility in the placement of the
repository to ensure isolation." The highly variable nature of the
lithophysal cavities and vitrophyre of the basal units limit the downward
flexibility. Furthermore, the 200 meter overburden disqualifying condition
limits the upward flexibility. Considering the unpredictable nature of the
host tuff unit petrology and structure, there are limited construction
alternatives available for repository openings in the host rock.

Since lateral flexibility in the repository location exists, any adverse
structural and/or petrographic features encountered during construction must be
avoided by either upward or downward relocation. The repository envelope (45
meters in diameter) can move relatively slightly up or down based on the
previously mentioned restrictions. It is then suggested that within this
section of the EA, the statement be reworded to say there is "marginally
adequate vertical flexibility" rather than "significant vertical flexibility".

Section 6.3.1.3.4. Potentially Adverse Conditions, Page 6-188, Paragraph 4 The
nature of permeability changes due to rock-water interactions from repository
conditions will have a major effect on the groundwater flow properties at Yucca
Mountain. The statement "permeability changes due to host rock dissolution and
precipitation process should not be significant,..." is made in the conclusion
statement.

This statement is based on a laboratory test that was conducted on a heated
sample core of Topopah Spring Member Tuff using J13 well water. It is felt
that the results are not indicative of the actual situation that would occur
around the proposed repository. Since the hsot rock is highly fractured, a
sample core without fractures may not have the same response. Additionally,
the use of J13 water may be inappropriate since its chemistry may be different
from that of the Topopah Spring Member in the unsaturated zone. Finally, the
laboratory test was conducted for two weeks and the results were extrapolated
to the length of time for repository performance.

For these reasons, it is suggested that the uncertainties of the lab results be
evaluated and the degree of which be presented in the conclusion of the
potentially adverse condition.

Section 6.3.1.5 Erosion, page 6-120, paragraph 3
Incision rates presented are based on a total of only three reported
measurements. If more data are available they need to be presented. If no
additional data is available, more studies ar necessary. An erosion rate based
only on three measurements can, at best, be considered bery speculative, and
not adequate to base decisions concerning the integrity of the proposed site.

Section 6.3.1.5 Erosion, page 6-214, paragraph 1 The proposed characterization
studies do not mention the need to concentrate on developing an accurate
erosion rate to refine the estimates in this report. Suggest such studies be
included.
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Section 6.3.1.5.2 Data Relevant to the Evaluation, Page 6-204, Paragraph 3 The
overall analysis of the Quaternary Period, including the stratigraphic units,
climatic fluctuations, and erosional history, is based on the views of the
primary author and one or two references (predominated by personal
communications). MOre typically (appropriately-), in reporting highly
interpretive geologic histories, numerous authors are cited and their various
hypotheses presented. These citations will support the interpretations being
suggested and will also acknowledge potential alternative hypotheses.

Numerous references on the subjects of Quaternary stratigraphic units,
Quaternary climatic history, and pluvial lake chronologies are available for
the Basin and Range. A few examples include:

1. Bachman, G.O. and Machette, M.N., 1977, Calcic soils and calcretes of the
southwestern United States: U.S. Geological Survey Open-File Report
77-794, 163 p.

2. Benson, L.V., 1978, Fluctuations in the level of Pluvial Lake Lahonten
during the last 40,000 years: Quaternary Research, v..9, p. 22-40.

3. Bull, WG., 1974, Geomorphic tectonic analysis of the Vidal region, in
Information concerning site characteristics, Vidal Nuclear Generating
Station: Southern California Edison Company, 1975, appendix 2.5B,
amendment 1.

4. ____, 1984, Impact of Pleistocene-Holocene climatic change in the lower
Colorado River region, in Climatic Geomorphology: book in press.

5. Chrstenson, G.E. and Purcell, C.W., 1982, Correlation and age of
Quaternary alluvial sequences, Basin and Range: Geological Society of
America Abstracts with Programs, v. 11, p. 155.

6. , 1985, Correlation and age of Quaternary alluvial-fan sequences,
Basin and Range Province, American Southwest: in Weide, D.L. and M.L.
Faber eds., Geological Society of America Special Paper 203, Soils and
Quaternary Geology of the Southwestern United States, (in Press).

7. Galloway, R.W., 1970, The full-flacial climate in the southwestern United
States: annals of the association of American Geographers, v. 60, p.
245-256.

8. , 1983, Full-glacial southwestern United States: Mild and wet or cold
and dry?: Quaternary Research, v. 19, p. 236-248.

9. King, T.J., Jr., 1976, Late Pleistocene-early Holocene history of
coniferous woodlands in the Lucerne Valley region, Mohave Desert,
California: Great Basin Naturalist, v. 36, p. 227-238.

10. Lajoie, K.R. and Robinson, S.W., 1982, Late Quaternary glacio-lacustrine
chronology Mono Basin, California: Geological Society of America
Abstracts with Programs, v. 14, p. 179.

11. Mayer, L. and Bull, W.B., 1981, Impact of Pleistocene-Holocene climatic
change on particle sizse distribution of fan deposits in southwestern
Arizona: Geological Society of America Abstracts with Programs, v. 13, p.
95.

12. McFadden, L.D., 1982,.The impacts of termporal and spatial climatic
changes on alluvial soils genesis in southern California (Ph.D.
dissertation): Tucson, University of Arizona, 430 p.
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13. McFadden, L.D. and Bull, W.B., 1981, Impact of Pleistocene-Holocene
climatic change on soils genesis in the eastern Mojave Desert, California:
Geological Society of America Abstracts with Programs, v. 13, p. 95.

14. Melton, M.A., 1965, The geomorphic and paleoclimatic significance of
alluvial deposits in southern Arizona: Journal of Geology, v. 73, p.
1-38.

15. Smith, L.N. and Anderson, R.Y., 1982, Pleistocene-Holocene climate of the
Estancia Basin, central New Mexico: New Mexico Geological Society
Guidebook 33, p. .347-350.

16. Van Devender, T.R., 1973, Late Pleistocene plants and animals of the
Sonoran Desert: A survey of ancient packrat middens in southwestern
Arizona (Ph.D. dissertation): Tucson, University of Arizona, 179 p.

17. , 1977, Holocene woodlands in the southwestern deserts: Science, v.
198, p. 189-192.

18. Van Devender, T.R. and Spaulding, W.G., 1979, The development of
vegetation and climate in the southwestern United States: Science, v.
204, p. 701-710.

19. Wells, S.G., 1977, Geomorphic controls of alluvial fan deposition in the
Sonoran Desert, southwestern Arizona: in Doering, D.O., ed.,
Geomorphology in arid regions: State University of New York at
Binghamton, Publications in Geomorphology, p. 27-50.

20. , 1978a, Geomorphic framework of an open drainage basin in the Basin
and Range province of southwestern Arizona: Geological Society of America
Abstracts with Programs, v. 10, p.153.

21. , 1978b, Processes and patterns of wash sedimentation and Quaternary
fan building on piedmonts of the Sonoran Desert: Abstracts, Tenth
International Congress on Sedimentology, v. II, p. 734.

22. Wells, S.G., Ford, R.L., Grimm, J.P., Martinez, G.F., Pickle, J.D., Sars,
S.W., and Weadock, G.L., 1982, Development of debris mantled hillslopes:
an example of feedback mechanisms in desert hillslope processes: American
geomorphological Field Group Field Trip Guidebook, 1982 Conference, p.
141.

23. Wells, S.G., McFadden, L.D., Dohrenwend, J.C., Bullard, T.F., Feilberg,
B.F., Ford, R.L., Grimm, J.P., Miller, J.R., Orbock, S.M., and Pickle,
J.D., 1984, Late Quaternary geomorphic history of the Silver Lake area,
eastern Mojave Desert, California: in Geological Society of America,
Surficial geology of the eastern Mojave Desert, Califonria, Field Trip 14,
Guidebook, p. 69-87.

Section 6.3.1.7.1 Tectonics, Introduction, page 6-219, paragraph 1 Three
tectonic processes and events are evaluated for adverse effects on a waste
location site: 1) faulting affecting groundwater and the waste canister, 2)
uplift or subsidence affecting erosion rates, and 3) transport of waste to the
surface by volcanic activity. A fourth tectonic process that should be
evaluated for Yucca Mountain site is surface and subsurface faulting at the
site, possibly rupturing the repository. The EA contains some discussion of
faulting at the site, but that discussion is confusing and inadequate.
"Faulting affecting groundwater" may have a differnt emphasis in analysis than
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faulting the site, which might adversely affect engineered or natural barriers
of the waste containment.

The reasons for faulting at the Yucca Mountain site is an important
consideration include the following. The stress regime at Yucca Mountain is at
least roughly known. Healy and others (1982) report a least principle stress
direction of N70W - 10 degrees based on hydraulic fracturing techniques.
Various authors have concluded that faults in the Yucca Mountain area which
have a north of northease trend, are potentially active based on the stress
regime, orientation of the faults, and type of faults (e.g., normal) (Rogers
and others (1982) and Healy and others, 1982. Further, on page 6-225 (3rd
paragraph) of this EA, it states, "In addition, stress measurements suggest
that the rocks may be extensionlly stressed to near the point of failure along
certain faults (Healy et al., 1982).", and, as stated from Carr (1984)
"Although none of these data or arguments are conclusive, a combination of the
stress data, the historic seismicity of the region, and the indication from
current seismicity that fault activity depends more on fault orientation than
fault age, suggests that a potential exists for renewed movement on faults near
Yucca Mountain, despite geologic evidence or relatively tectonic stability i
the Quaternary period".

Faults at the Yucca Mountain site are shown on pages 3-16 and 3-18 of this EA
(figures 3-6 and 3-8, respectively, and are discussed on pages 3-14). These
faults have the potential for rupturing if ther is sufficient strain and/or the
accumulation the local state-of-stress along the faults is changed (e.g.,
change of groundwater level due to climatic change). These are considerations
for primary rupture. The possibility of secondary or subsidary rupture should
also be considered at the site (e.g., adjustments to a faulting event on the
Bare Mountain fault). The host rock (Tonopah Springs member of the Paintbrush
Tuff) has been described as being "densely fractured" in the lower part of the
unit (page 3-11, paragraph 1). In addition to faults, these fractures should
also be considered for potential adjustments during a faulting event. Direct
rupture of the repository could cause many conceivable adverse situations,
including release of radioactive gases into the atmosphere and destruction of
access to waste storage areas.

To resolve this issue, thepossibility of surface and subsurface faulting at the
stie needs to be directly addressed. If the faults in the site area are close
to a failure state, the scenarios of fault rupture events should be discussed.
Section 6.3.1:7.3 Favorable Conditions, Page 6-222, Last Paragraph

No source for the "mean" probability for basalt volcanic disruption of the
repository is given. Crowe's (1982) data and results indicate a wide range of
probabilities, yet many of which appear to excede the "1 chance in 10,000
during the first 10,000 years after closure" (10 8). Indicate how the mean
value was derived and what the actual value is.

Section 6.3.1.7.3 Techtonics, Favorable Conditions, Page 6-223, Paragraph 1
Same as comment 3-7, on usage of "no unequivocal".
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Section 6.3.1.7.3 Tectonic, Favorable Conditions, page 6-223, paragraph 1
Insufficient information presented. The report states that care will be taken
to minimize contact with preexisting fault zones. The report fails to clarify
which fault zones may be contacted, whether or not the faults are active, and
the style of faulting along the preexisting faults. The EA does not adequately
address the question of faulting styles and states of stress n the Yucca
Mountain vicinity. Regional tectonic features, such as the Walker Lane Fault
zone, the Las Vegas Valley Shear zone, the Cane Springs Fault zone, the Rock
Valley Fault zone, and the Yucca-Frenchmen Flexure zone, are not incorporated
into the discussion. Each of these features may be tectonically related to one
or more of the others and could have an impact on the Yucca Mountain stress
regime. Abundant northwest-trending strike-slip faults are evident in the
northern portions of Yucca Mountain (possibly related to the Walker Lane Fault
zone) and northeasterly trending faults exist to the south. To discuss the
nature of tectonic processes operating within the geologic setting, it is
suggested that a greater area of investigation, for with data is presently
available, be reviewed to evaluate the tectonic processes at Yucca Mountain.

Section 6.3.1.7.4 Tectonics, potentially adverse conditions, page 6-223,
paragraph 2 The same comments, needs, and concerns exist as outlined in
comments on the usage of "no unequivocal" n Section 3.2.3, page 3-19 (comment
3-9).

Section 63.1.7 Tectonics, potentially adverse conditions page 6-224 paragraph 1
The report states that the lack of faults scarps on or near Yucca Mountain that
are demonstrably younger than 40,000 years indicates that there has been no
repeated normal movements on faults in the vicinity. As stated in the SIAC
technica report (1984), fault plane solutions for the central and western
portions of the Basin and Range show varied distribuions of pure normal,
oblique normal, and strike-slip solutions. The SIAC report also states that
the nature of the motion on the fault will influence the likelihood that a
large scarp is generated by a large earthquake. Glass and Slemmons (1978)
indicate that the single most effective method of delineating scarps s by use
and study of low-sun-angle aerial photography. No mention is made of having
done (or planning to do) any aerial photography or remote sensing. Considering
the scope and importance of this study, generation and analysis of
low-sun-angle aerial photography and a remote sensing analysis fo the entire
area around Yucca Mountain should be completed to delineate and assist in
characterization of the faults of the region.

Section 6.3.1.7.4 - Tectonics, potentially adverse conditions, page 6-225
paragraph 2 The absence of fault scarps and the near absence of seismic
activity does not necessarily imply the absence of all activity along
north-trending fault scarps at Yucca Mountain. The absence of fault scarps is
addressed in Comment 6- . As pointed out by Smith (1978), the pattern of
historic eqrthquakes in the western United States is marked by relatively brief
episodes of intense activity separated by long quiescent periods. The EA
places too much emphasis on the very brief seismic record in the vicinity of
the site. The same comments, needs and concerns exist on the usage of "no
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unequivocal" as stated in Comment 3-
Section 6.3.1.7 Tectonics, page 6-223, paragraphs 3 and 5; page 6-226, paragraph 6
The same comments, needs and concerns exist as outlined in comments on the
usage of "no unequivocal" in Section 3.2.2, page 3-19 (comment 3-5).

Scetion 6.3.1.7.4 Tectonics, Potentially Adverse Conditions, Page 6-226
Paragraph 2

This paragraph states that the Yucca Mountain site is adjacent to the Southern
Nevada East-West Seismic Belt (SNEWSB). From the material presented in Figure
3-9-and Plate 1 of Rogers et al., 1983, there seems to be no justification for
omitting the seismicity in the vicinity of the Rock Valley Fault zone from the
SNEWSB. If the seismicity is included within the SNEWSB, the Yucca Mountain
site would also be included. The definition of the southern boudary of the
SNEWSB is important because the SNEWSB could be charaterized as a seismic
source zone. If the Yucca Mountain site is included in the zone, then a
"floating" maximum earthquake of about Richter Magnitude 6, characteristic of
the zone, could occur at the site. If the Yucca Mountain site is outside the
zone, the floating maximum earthquake would be considered to occur within the
zone at a point closest to the site. The distance between the zone and the
site would yield a lower maximum acceleration at the site. A floating
earthquake ia a maximum earthquake expected to occur within the seismic source
zone that cannot be associated with a seismogenic structure.

Rogers A.M., et al., "Southern Great Basin Seismological Data Report for 1981
and Preliminary Data Analysis" USGS OFR 83-669

Section 6.3.1.7.4, Potentially Adverse Conditions, Page 6-226, Paragraph 3

This paragraph states that a preliminary conclusions could be made that the
north-trending faults a Yucca Mountain should be considered potentially active.
This conclusion is in contrast to the assumption made in Chapter 3, page 3-21,
paragraph 2. The consequences of this conclusion results in deterministic
accelerations of 0.7g, and perhaps 1.0g, at the Yucca Mountian site. These
values are significantly above the 0.4g value reported in Chapter 3.

Section 6.3.1.7.4 Tectonics, potentially adverse conditions, page 6-226, paragraph 5
in the first paragraph on this page, it is again stated the the Yucca Mountain
site is situated adjacent to the Southern Nevada East - West Seismic Belt. The
problem and basis, importance to EA findings, and recommendations are the same
as that of Section 3.2.3, page 3-19 (comment 3-19).

Section 6.3.1.7.4 Tectonics, potentially adverse conditions, page 226, paragraph 6
It is stated that faults at or near Yucca Mountain have not had large surface
displacements n the last half million years. Again, the role of horizontal
displacement appears to have been disregarded. See comment 3-9. The
recognition of post 35,000 year horizontal movement on faults and a longer
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record of historical earthquakes could change estimate of probability of future
earthquakes.

Section 6.3.1.7.4 Tectonics, potentially adverse conditions, page 6-229, Table 6-33
Table 6-33 shows vertical tectonic uplift rates for various locations in the
Great Basin. One location is the "Sierra Nevada Owens Valley - White -Inyo
Mountains", and a 0.4m/1000 yr vertical rate is ascribed to this location. The
reference listed for this vertical rate is an "average of 9 estimates from the
literature". This is hard to evaluate because it is not clear why the Sierra
Nevada and the White Mountains are grouped together, and the data for the
estimate is not presented. The Sierra Nevada and the White Mountains are
separate blocks, and should be considered as separate entities in the tectonic
analysis. although 0.4m/1000 yr may be a good approximation for the Sierra
Nevada (Huber, 1981) estimates an uplift rate of 0.3m/1000 yr for the Sierra
Nevada at 38 degree north latitude), the White Mountains have been estimated to
have an uplift rate of 0.8m/1000 yr (Wallace, 1978) at the northern end. To
resolve this the Sierra Nevada and White Mountains vertical tectonic rates
should be evaluated separately and this should be indicated in the EA.

Section 6.3.1.7.7 Tectonics, plans for site characterization, page 6-235, paragraph 1
Under "Plans for Site Characterization," only one plan is presented for
studying faults directly. This is "dating of past fault displacements". This
investigation is critical to future evaluations of the site, but this
investigation alone is not adequate for characterization of faults in the Yucca
Mountain area. Other fault parameters, including fault dimensions, sense of
displacement, role, if any, or detachment faulting, degree of branching and
shattering of faults, etc., need to also be determined. This statement should
be modified to include a more complete analysis of the faults.

Section 6.3.1.8.2 Data Relevant to the Evaluation, Page 6-236, Paragraph 2

Natural resource exploration has been banned within the Nevada Test Site for
the last 30 years. Because of this, the analysis of existing mines and surface
workings in the region may not be a good indicator of economic potential. It
is suggested that the discussion in this section include a qualification of the
data used in the survey and how in impacts the conclusions for each applicable
guideline in this section.

Section 6.3.3.4.3 Tectonics, favorable conditions, page 6-286, paragraph 3 Item
2 under the Evaluation on page 6-286 states that "The estimated peak
deterministic acceleration at Yucca Mountain is 0.49.". This statement is out
of date. If it is based on Rogers et al. (1977) as it was in draft 4, the
current estimate is attributed to unavailable references and therefore cannot
be assessed. A number of things are questionable about Rogers and other
s(1977) study, mostly because of post 1977 studies and earthquakes. Some of
the lengths from Rogers and others (1977) differ from later representations
(e.g., Yucca fault is reported as 25 km in Rogers and others (1977) and is
shown as possibly 30+ km in Carr and Rogers (1982); the Bare Mountain fault s
preported as 8 km long in Rogers and others (1977) which differs from later
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representations of 15km as shown by Carr and Rogers in 1982. Rogers and others
(1977) use Schnabel and Seed's (1973) attenuation relations to estimate maximum
ground motions. These relationships have been revised by See and Idriss (1982)
incorporating data from the well recorded 1979 and 1980 earthquakes in
California. Rogers and others (1977) Figure 9 (contoured mximum acceleration)
does not show the influence of the Bare Mountain fault, a critical fault in the
seismic hazard analysis of the Yucca Mountain site. Estimation of the ground
motion parameters is a vital link between seismic hazard and seismic safety.
Considerations of ground motion parameters should be derived from present
state-of-knowledge. Parameters such as fault lengths should be defined and
discussed, incorporating the most recent studies. Maximum credible earthquake
magnitude estimations using fault lengths should utilize the more recent
(Slemmons, 1984) relationships. See and Idriss (1982) relations should be used
instead of Schnabel and See (1973). Separate faults such as the Bare Mountain
fault should be considered specific sources, and be individually treated in a
more sophisticated seismic hazard analysis.

Section 6.3.3.4.3 Favorable Condition, Page 6-286, Paragraph 3

This paragraph states that under the assumption the Yucca Mountain faults are
not active, the deterministic peak acceleration estimated for the site is
approximately 0.4g resulting from an earthquake of magnitude 6.8.occurring on
the Bare Mountain fault (lenght 17km) located 14 kilometers west of the site.
According to the definition of "active fault" presented in the Glossary of this
EA (page G-1), as well as the discussion of Yucca Mountain faults on page
6-266, paragraph 3, it cannot be assumed that the Yucca Mountain faults are not
active. The Solitario Canyon fault, which is located directly adjacent to the
repository , is approximately the same length as the Bare Mountain fault. If
an earthquake similar to the earthquake described above for the Bare Mountain
fault, were to occur on the Solitario Canyon fault, the deterministic preak
acceleration may exceed 1.0g and would exceed 0.7g. The Ghost Dance fault,
which intersects the propsoed Yucca Mountain repository, would most likely be
considered active according to the Glossary definition. An earthquake on the
Ghost Dance fault would most likely cause accelkerations within the repository
in excess of the stated 0.4g.

Section 6.3.3.4.4 Tectonics, Potentially Adverse Conditions, page 6-287, paragraph 1
"Sufficient detail to render is unlikely that important fault scarps are
undetected" has not been demonstrated. Glass and Slemmons (1978) indicate that
the single most effective method of delineating scarps is by use and study of
low-sun angle aerial photographs. No mention is made for having done (or
planning to do) any low-sun-angle aerial photography work. This type of study
is extremely useful for fault scarp delineation. Considering the scope and
importance of this study, generation of low-sun-angle aerial photography of the
entire area around Yucca Mountain should be completed to delineate and assist
in characterizing the faults of this region.

The same comments, needs, and concerns exist as outlined in comments on the
usage of "no unequivocal" in Section 3.2.2, page 3-19, (comment 3-5).
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Section 6.3.3.4.4 Potentially Adverse Conditions, Pages 6-287, Last Paragraph
and 6-288, Continued Paragraph

"The seismologic evidense of current fault activity in the regional geologic
setting includes...(5) faulting of probable Holocene age in Yucca Flat (Carr,
1974) and (6) minor surface displacement of possible Holocene age in Rock
Valley (Szabo et al., 1981) and at Bare Mountain." This statement appears to
be in conflict with the numerous other statements made throughout the text,
that no "unequivocal" evidense has been found on surface displacement later
than 40,000 years ago. Perhaps the study investigation that derived the 40,000
year generalization did not include any of those areas quoted to have Holocene
(10,000 y.b.o.) faulting and/or surface displacement. It is suggested that
these inconsistent statements be qualified to identify the reasons for the
discrepancies.

Section 6.3.3.4.4 Potentially Adverse Conditions, Page 6-289, Paragraph 2 The
NRC is in the process of preparing a generic technical position on
seismotectonic evaluation methods. This paper will cover the types of
seismotectonic investigation and evaluation methods which will need to be
conducted for a repository. In addition, the RC will need to separately
review the types of structures to be constructed, their functions and the
consequences of potential accidents before the actual design requirements which
will be necessary can be determined. At the present time, it is premature to
state that the design requirements for nuclear power plants are the same as
those required for a waste repository. It can only be stated at this time that
the design requirements of structures important to safety will comply with 10
CFR 60 and appropriate EPA regulations.

Section 6.3.3.4.5 Disqualifying Condition, Page 6-291, Paragraph 2

From discussions in previous sections, it is assumed that the fault capable of
generating a potential earthquake of magnitude 6.8 is the Bare Mountain fault,
The activity of the Yucca Mountain faults is not considered here. According to
the definition of "active fault" presented in the Glossary of this EA (page
G-1), as well as the discussion of Yucca Mountain faults on page 6-266,
paragraph 3, it cannot be assumed that the Yucca Mountain faults are not
active. The Solitario Canyon fault, which is located directly adjacent to the
repository , is approximately the same length as the Bare Mountain fault. If
an earthquake similar to the earthquake described above for the Bare Mountain
fault, were to occur on the Solitario Canyon fault, the deterministic preak
acceleration may exceed 1.0g and would exceed 0.7g. The Ghost Dance fault,
which intersects the propsoed Yucca Mountain repository, would most likely be
considered active according to the Glossary definition. An earthquake on the
Ghost Dance fault would most likely cause accelerations within the repository
in excess of the stated 0.4g.

Section 6.3.3.4.6 Evaluation and Conclusion for the Qualifying Condition on the
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Preclosure Tectonics Guideline, Page 6-292, Paragraph 1

From discussions in previous sections, it is assumed that the fault capable of
generating a potential earthquake of magnitude 6.8 is the Bare Mountain fault.
The activity of the Yucca Mountain faults is not considered here. According to
the definition of "active fault" presented in the Glossary of this EA (page
G-1), as well as the discussion of Yucca Mountain faults on page 6-266,
paragraph 3, it cannot be assumed that the Yucca Mountain faults are not
active. The Solitario Canyon fault, which is located directly adjacent to the
repository , is approximately the same length as the Bare Mountain fault. If
an earthquake similar to the earthquake described above for the Bare Mountain
fault, were to occur on the Solitario Canyon fault, the deterministic preak
acceleration may exceed 1.0g and would exceed 0.7g. The Ghost Dance fault,
which intersects the propsoed Yucca Mountain repository, would most likely be
considered active according to the Glossary definition. An earthquake on the
Ghost Dance fault would most likely cause accelerations within the repository
in excess of the stated 0.4g.

Section 6.3.1.7.3 Favorable Condition, page 6-222 As required by the favorable
condition guideline for postclosure tectonics (under 10 CFR 960.4-2-7), the
nature of igneous activity operating within the geologic setting during the
quaternary must be protected into the future 10,000 years. Additionally, the
impacts of such activity on radionuclide releases to the accessible environment
must be evaluated.The Department of Energy has indicated its concern for
potential hydrothermal activity and its affects on the movement of groundwater.
This is indicated by DOE's elimination of the Wahnomie site because, "....local
surface depositions from recent warm springs indicate upward seepage of
groundwater, possibly from great depths," (p.2-14). The DOE has also indicated
that the probability of Baslat volcanic activity is fairly high and only
marginally meets the requirements for potential repository disruption (p.
6-222). There is evidence of elevated water temperatures in boreholes
surrounding Yucca Mountain within the geologic setting (p. 3-22) as well as
evidence of earlier hydrothermal systems below the host rock at Yucca Mountain
(6-216). In conjunction with these, evidence of travertine and opal (potential
hot spring deposits) along aluvial fault traces in trenches directly adjacent
to Yucca Mountain (memo from Ben Rice to Seth Coplan, 12/28/84) suggests Yucca
Mountain may have been recently subjected to hydrothermal activity.

In higher temperature water, waste container integrety may decrease. The
solubility of some radionuclides (as well as sorbing zeolites) increases within
this temperature environment. This would indicate that the upward movement of
hydrothermal solutions, enduced by volcanic activity, may have some fairly
adverse impacts on radionuclide isolation at Yucca Mountain. Given the shallow
depth of the proposed repository, the potential traveltime for radionuclides to
the accessible environment would be significantly shortened.

It is suggested that the potential for development of hydrothermal systems be
evaluated (with existing data) and included under the analysis of the site
against this favorable condition.
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Summary of Major Concerns in the Seismo-Tectonic Aspects of the
Draft Environmental Assessment, Yucca Mountain Site,

Nevada Research and Development Area, Nevada.

1. The EA inadequately documents the pre-existing literature on the
regional and site-specific seismo-tectonic regime at and around Yucca
Mountain. Examples of the inadequate coverage include the following:

a) The Walker Lane - Las Vegas Valley shear zone is mentioned only
once, and then briefly, in section 3.2.2 (comment 3-10);

b) There is no mention of NE-striking faults with left-lateral
offsets, such as the active Rock Valley and Spotted Range - Mine
Mountain shear zones;

c) There is no mention of NW-striking faults or flexure zones with
right-lateral offsets;

d) There is a very brief discussion of north-trending faults at
Yucca Mountain. The EA implies that all faults in the area are
high-angle normal faults which should produce large scarps if
active. According to the report, the absence of large scarps on
Yucca Mountain indicates the absence of recent faulting.

e) The possibility of strike-slip and/or listric faulting, which
may not produce large scarps, is not addressed (comment 6-2).

2. The regional stress environment and the complex structural expression
around the candidate area are ignored. For example:

a) There are no discussions of coexisting (possibly conjugate) and
intersecting NW, NE, and N-S trending structural zones;

b) There are no discussions of fault plane solutions in the
southern and central Great Basin, including Yucca Mountain,
which show varied distributions of pure normal, oblique, and
strike-slip faulting.

3. Discussion of seismic activity is inadequate. This is illustrated by:

a) The absence of a figure showing the activity on a local scale;

b) The absence of discussion of earthquake acitivy along NE-striking

faults;

c) Much of the emphasis is on the extremely brief seismological record

as evidence of lack of seismic activity in the area (comment 3-10).

In general, although the conclusions of the EA are sound (i.e., the area is

potentially seismically active), the assessment is much too brief, qiving the

reader a false impression of simplicity of the regional stress regime. The

Draft EA does not adequately document the abundant geologic work done in the

area surrounding and including Yucca Mountain.



Chapter 2

General Comments

No general comments at this time.

Specific Comments

2-1

Section 2.1 Regional setting of Yucca Mountain, page 2-3, paragraph 2

Oldest volcanic related rocks on NTS are 29 MY old Horse Spring formation

(Barnes et al. 1982). Youngest are .25 MY (Table 6-3) basaltic rocks in

Crater Flat.

2-2

Section 2.1 Regional setting of Yucca Mountain, page 2-6 and 2-7, Figures
2-3a and 2-3b
Although cross sections are schematic they do not show caldera beneath

Yucca Mountain as is indicated in Figure 3-3. Understanding the deeper

structures beneath Yucca Mountain is an important part of evaluating the

geologic stability of the area.

2-3

Section 2.1 Regional Setting of Yucca Mountain, page 2-5, paragraph 3

Stewart (1978) is not listed in bibliography. Therefore cannot check

reference in order to determine if conclusion reached is correct.

Chapter 3

General comments
The use of blanket references, as on page 3-5, paragraph 2, makes it

difficult to determine specific sources of information, how some

conclusions were reached, and if all differing interpretations were

considered.

Specific comments



3-1

Section 3.2.1.1 Stratigraphy and Volcanic History of Yucca
Mountain Area, page 3-9, paragraph 3
Vitrophyre is a dense black glassy rock in which the glassy fragments

have completely coalesced (welded) eliminating all pore space. The

vitrophyre zone or zone of dense welding does not occur at top of an ash

flow and only rarely at the bottom of flows emplaced at high temperatures

(Smith, 1960, p. 154-155). Rapid cooling by the atmosphere or earth

results in a vitric non- to partially welded tuff. Most single ash-flow

cooling units have a nonwelded top and bottom (Smith 1960, p. 154).

3-2

Section 3.1 - Location, General Appearance and Terrain, and Present Use
Page 3-1, Paragraph 2, Figure 3-2 - Insufficient information presented.

Section 3.2.1.1 Caldera Evolution and Genesis of Ash Flows, Page 3-9,
paragraph 2
The report states that ash flows, after coming to rest, compact and weld

together under their own weight and heat, forming the rock type known as

welded tuff. Ash flow tuffs, however, are not always welded. Many small
ash flow depoists contain unwelded, partially welded, and densely welded

members within a single or compound cooling unit. See for example the

Yucca Moutain Member of the Paintbrush Tuff, Pages 3-10.

Accurate portrayal of the ash flow units is essential to evaluation of

the geology and placement f the repository site.
3-3

Section 3.2.1.1 Caldera Evolution and Genesis of Ash Flows, page 3-9,
paragraph 4
Bedded tuffs generally imply the volcanic material has been reworked,
i.e. eroded and redeposited, after the initial deposition and may have

originated as either an ash fall or an ash flow, or both, prior to

erosion and redeposition. For an example see Maldonado and Koether

(1983, p. 58). Ash falls are the more common source for bedded material

because of their nonwelded nature. However, ash falls can be identified

and are commonly listed in USGS lithologic descriptions as such: for

example see Maldonado and Koether (1983, p. 66).



3-4

Section 3.2.1.3 Paintbrush Tuff, Pages 3-11, Paragraph 1, Sentence 6

The report states that a "thickly welded devitrified zone" is being

considered as the potential host rock for the repository. A zone cannot
be "thickly welded"; a zone is thick and moderately to densely welded, or

thin and unwelded, but not thickly welded. "The thick, moderately to

densely welded devitrified zone" is more correct.

As stated in comment 3-2, an accurate portrayal of the ash flow units is

essential in evaluation of the site geology. The above sentence should

be reworded.

3-5

Section 3.2.2 - Structure Page 3-14, Paragraph 2
The E.A. states movement has occurred along the Walker Lane within the

last century. Carr (1984) suggests movement along the Walker Lane in the

vicinity of the candidate area ceased about 10 my ago. North of Tonopah,

the Walker Lane belt is considered active (Slemmons, et al., 1977). The

E.A. implies that displacements at Yucca Flat and Pahute Mesa indicate

the Walker Lane is still active in the vicinity of the candidate area.

Detailed discussions of the regional seismogenic regime are needed to

adequately assess the seismic risk to a waste repository site.

Discussions in the E.A. are limited to Yucca Mountain and do not take

into account nearby faults or faulting styles (e.g. - the left-lateral

offsets in the Spotted Range-Mine Mountain structural zone immediately

south of the site). False impressions of simplicity of the regional

stress regime are given by the brevity and limited scope of the

discussions. More precise documentation of the regional and

site-specific seismotectonic regimes at and around Yucca Mountain is

needed.

3-6

Section 3.2.2 Structure, page 3-19, paragraph 2
Data allows for different interpretation.

Same as September review, comment 3-5, pages 3 and 4, on use of
"residual" stress along the Walker Lane.



3-7

Section 3.2.2. Structure, pages 3-19, paragraph 2

First sentence suggests that lateral displacement only north of the

repository area and there along northwest trending faults. This is

attributed to the report on G-2 by Maldonado and Koether (1983).

However, in both G-1 (Spengler, et al., 1981, p. 40-41) and E25a-l

(Spengler, et al., 179, p. 29) slickenslides also indicate lateral

movement. Both holes are south of G-2. The sentence also infers the

horizontal movement occurs on northwest trending faults. This is no

where explicitly stated in Maldonado and Koether (1983). They indicate

"...the lateral component could possibly be related to an ancient (pre 18

M.Y.) northwest-trending right-lateral fault zone Carr (1982) that may be

present in Yucca Wash (Fig. 5) approximately 1 km north of the drill

site." This would appear an unlikely origin in view of the subsequent

deformation southern Nevada has undergone and the generally accepted fact

that slickenslides indicate only last motion.

3-8

Section 3.2.2 Structure, page 3-19, paragraph 3
The absence of Timber Mountain tuff on high standing blocks can occur as

the result of geologic process other than non deposition on

topographically high standing fault blocks. The most obvious one is

erosion, subsequent to faulting. Ekren et al. (1968) offer evidence that

the topography was "very subdued during the eruption of the Timber

Mountain tuff." Thus the initiation of significant faulting may be

several million years more recent than implied in this report.

3-9

Section 3.2.2 Structure, page 3-19, Paragraph 3
The report states that trenches across faults with small, degraded scarps

within about 10-20 km of the site, show "no unequivocal" evidence that

movement has occurred in the last 35,000 years. The terminology "no

unequivocal" is also used in similar statements about faulting near the

site on pages 6-223, 6-226, 6-290, and 6-291. On page 6-287, section

6.3.3.4.4, paragraph lthe terminology is changed to say "There is no

confirmed evidence of surface displacements younger than 40,000 years".



This statement refers to faults "on and near Yucca Mountain". The

terminology "no unequivocal" is an unclear, double negative phrase, and

can be interpreted as equivocal evidence of faulting within the last

35,000 years existing within 10 to 20 km of the site. Not enough

information is presented to allow the reader to know whether these faults

should be considered seismic hazards or not. For example, there is no

discussion of the possibility of lateral faulting, causing only low

scarps, which could degrade relatively quickly. If "no confirmed

evidence" is being used in the same context, it would be more clear to

use it throughout. Evidence for active faulting should be evaluated and

the basis for dismissing this evidence should be provided. The fault

map of Nakata and others (1982) indicates the Bare Mountain fault to have

Holocene activity at a distance of about 15 km (not 10 to 20 km).

3-10

Section 3.2.2 Structure, page 3-13, Figure 3-4
Figure 3-4 does not have sufficient discussion of the caption to allow

the reader to understand the figure. The figure shows major strike-slip

fault zones in Nevada and California. However, the age and activity of

these faults are not presented. Many of the fault representations are

not clear. For example, a strikeslip fault of 80 km length is shown at a

distance of about 15 to 20 km southwest of the site. The fault's age,

activity, and seismic hazard to the site is not discussed for possible

impact on the seismotectonic characterization of the site. This figure

should be redrafted and clearly labelled with characterization and

accurate delineation of faults.

This figure also implies the Walker Lane Fault Zone is much narrower than

other authors show (Carr, W. J., 1974, Fig. 1 and Smith, 1980, Fig. 3).

This is significant in view of the statement on page 3-14, para. 2 where

it is acknowledged "...that seismic activity and surface displacements

have occurred during this century within the Walker Lane shear zone." It

is important to show the maximum width and extent of the Walker Lane

Fault Zone in order to illustrate the maximum potential extent of seismic

activity associated with this zone. In addition Tonopah is located

approximately 35 miles east of its actual location on this figure.



3-11

Section 3.2.2 Structure, page 3-14, paragraph 4

The EA mentions an area of very closely spaced faults that trend

northeast. There is no discussion or reference to this work. Figure 3-8

shows several areas of closely spaced faults in the central block.

However, these trend north-north-west. Lack of information on these

faults does not permit their evaluation. These zones would seem to be an

unusual feature not recognized elsewhere in southern Nevada.

3-12

Section 3.2.2 Structure, page 3-15, Figure 3-5
Figure 3-5 shows disagreement with Figure 3-3. Tram and Older Tuffs

calderas are omitted and Crater Flat Caldera are not indicated on Figure.

3-13

Section 3.2.3 Seismicity, page 3-19, paragraph 1
In this section it is stated that "Yucca Mountain lies in an area of

relatively low historic seismicity just south of the Southern Nevada East

West Seismic Belt" (SNEWSB). This is schematically illustated in Figure

3-9 (pages 3-20) of the EA. Insufficient data or discussion is presented

to evaluate whether a southern boundary of the SNEWSB can be delineated

and the site be excluded from this seismic belt. The SNEWSB is

characterized by seismicity in a region where north-south trending normal

blocks are transected by east to southeast zones of lateral faulting

(Smith, 1978). Two seismicity maps of the area around the NTS (Rogers et

al., 1981, Figure 7, Rogers et al., 1983, Figure 9) show a shotgun

pattern of seismicity, with local areas of more concentrated seismicity.

From these seismicity maps it seems more likely that the Yucca Mountain

site be interpreted as lying within the SNEWSB. At least one

publication (Carr and Rogers, 1982, p. 9) delineate the extent of the

"East - West Zone" to include the Yucca Mountain site. A higher degree

of tectonic and seismic activity is implied if the site is included

within the SNEWSB. If the site is to be excluded from the SNEWSB,

further discussion and characterization of the southern boundary of the

SNEWSB is needed.



The same comments, needs, and concerns exist on the useage of

Rogers and others (1977) for the maximum ground acceleration as outlined

in comments for Section 6.3.3.4, Page 6-296 (comment 6-21).

3-14

Section 3.2.3 - Seismicity page 3-21, Paragraph 3
Interpretation disagrees with other parts of E.A. The assumption that

faults at Yucca Mountain are not active is discordant with the statement

made in paragraph 1, page 3-21, that until there is a better

understanding of seismic cycles and of why seismically stable and

unstable areas exist within the same structural province, earthquakes

near Yucca Mountain should be considered possible. Evaluations and

descriptions of faulting episodes with respect to age, recurrence

interval, style, and proximity to the site are required. Assumption of

current inactivity should not be made. This information is needed for

adequate assessment of seismic risk to a waste repository in the region.

3-5

Section 3.2.3 Seismicity

The seismic activity along this NE trending left lateral Pahranagat Shear

Zone, the Mine Mountain, Rock Valley, and Frenchman Flat fault systems,

which is shown in Rogers et al (1983), Fig. 9, is not discussed, although

these are the most seismicity active areas in the vicinity of the

repository site.

Chapter 4

General Comments
None at this time.

Specific Comments

4-1

Section 4.1.1 Field Studies, pae 4-2 to 4-6
Because of the descriptive and general nature of this section it is

impossible to determine if many of the tasks outlined are justified and

suitable to fill information gaps in the seismological and tectonic

elements of present geologic data.



4-2

Section 4.1.3.4 Tectonics, seismicity, and volcanism studies, page 4-21,

paragraph 1

"Monitoring and interpreting present seismicity [and] studies of] the

history of Pliocene and Pleistocene activity" will not necessarily result

in adequate assessment of seismic hazards at the site. As outlined in

comments on Section 6.3.1.7.4 (comment 6-12) the faulting history may be

a poor representation of potential future fault behavior. Likewise,

present (and historical) seismicity is commonly non-representative of

long term seismicity. Utilization of all available data and concepts are

needed to make the best estimations for future seismic activity. No

mention is made of intent for remote sensing analyses or low-sun-angle

aerial photography projects, which are needed for fault delineation.

Chapter 5

No comments at this time.

Chapter 6

General comments

None at this time.

Specific comments

6-1

Section 6.2.1.8.3 Favorable Conditions, page 6-93, (iv) Evaluation
Information presented does not allow determination of effects of flash

floods crossing alluvial fan at base of Sheep Range on rail line and

potential for accident. This is not considered in Chapter 5, page 5-71

and 5-72.



6-2

Section 6.3.1.1.2 Data Relevant to the Evaluation, page 6-113, paragraph
8, p. 6-123, paragraph 1
Emphasis in discussions concerning faults is on vertical displacement.

However, strike-slip displacement has been observed on a number of

historical faults in Nevada (Stewart, 1980, p. 117; Maldonado and

Koether, 1983, p. 45). Without considering horizontal displacement. The

structural setting at Yucca Mountain may not be well known.

6-3

Section 6.3.1.1.2 Geohydrology, Data Relevant to the Evaluation, Page
6-2, paragraph
Paper by Blair et al. (1984) is not listed in bibliography. Without

reference information is unavailable to assess conclusions.

6-4

Section 6.3.1.7.1 Tectonics, Introduction, age 6-219, paragraph 1
Three tectonic processes and events are evaluated for adverse effects on

a waste location site: 1) faulting affecting groundwater and the waste

canister, 2) uplift or subsidence affecting erosion rates, and 3)

transport of waste to the surface by volcanic activity. A fourth

tectonic process that should be evaluated for Yucca Mountain site is

surface and subsurface faulting at the site, possibly rupturing the

repository. The EA contains some discussion of faulting at the site, but

that discussion is confusing and inadequate. "Faulting affecting

groundwater" may have a different emphasis in analysis than faulting of

the site, which might adversely affect engineered or natural barriers of

the waste containment.

The reasons that faulting at the Yucca Mountain site is an

important consideration include the following. The stress regime at

Yucca Mountain is at least roughly known. Healy and others (1982) report

a least principle stress direction of N70W + 10 degrees based on

hydraulic fracturing techniques. Various authors have concluded that

faults in the Yucca Mountain area which have a north or northeast trend,

are potentially active based on the stress regime, orientation of the

faults, and type of faults (e.g., normal) (Rogers and others (1982) and

Healy and others, 1982. Further, on page 6-225 (3rd paragraph) of this



EA, it states, "In addition, stress measurements suggst that the rocks

may be extensionlly stressed to near the point of failure along certain

faults (Healy et al., 1982).", and, as stated from Carr'(1984)

"Although none of these data or arguments are conclusive, a combination

of the stress data, the historic seismicity of the region, and the

indication from current seismicity that fault activity depends more on

fault orientation than fault age, suggests that a potential exists for

renewed movement on faults near Yucca Mountain, despite geologic evidence

of relatively tectonic stability in the Quaternary period".

Faults at the Yucca Mountain site are shown on pages 3-16 and

3-18 of this EA (figures 3-6 and 3-8, respectively, and are discussed on

pages 3-14). These faults have the potential for rupturing if there is

sufficient strain and/or the accumulation the local state-of-stress along

the faults is changed (e.g., change of groundwater level due to a

climatic change). These are considerations for primary rupture. The

possibility of secondary or subsidary rupture should also be considered

at the site (e.g., adjustments to a faulting event on the Bare Mountain

fault). The host rock (Tonopah Springs member of the Paintbrush Tuff)

has been described as being "densely fractured" in the lower part of the

unit (page 3-11, paragraph 1). In addition to faults, these fractures

should also be considered for potential adjustments during a faulting

event. Direct rupture of the repository could cause many conceivable

adverse situations, including release of radioactive gases into the

atmosphere and destruction of access to waste storage areas.

To resolve this issue, the possibility of surface and subsurface

faulting at the site needs to be directly addressed. If the faults in

the site area are close to a failure state, the scenarios of fault

rupture events should be discussed.

6-5

Section 6.3.1.7.3 Techtonics, Favorable Conditions, Page 6-223, Paragraph
1 -

Same as comment 3-7, on usage of "no unequivocal".



6-6

Section 6.3.1.7 Tectonic, Favorable Conditions, page 6-223, paragraph 1

Insufficient information presented.

The report states that care will be taken to minimize contact with

preexisting fault zones. The report fails to clarify which fault zones

may be contacted, whether or not the faults are active, and the style of

faulting along the preexisting faults. The E.A. does not adequately

address the question of faulting styles and states of stress in the Yucca

Mountain vicinity. For example, the nearby, active Rock Valley fault

zone, showing left-lateral, strike-slip offsets, is not mentioned in the

E.A. Styles of faulting in the region other than normal need to be

addressed to give an accurate portrayal of local and regional tectonic

regime.

6-7

Section 6.3.1.7 Tectonics, potentially adverse conditions page 6-224
paragraph 1

The report states that the lack of faults scarps on or near Yucca

Mountain that are demonstrably younger than 40,000 years indicates that

there has been no repeated normal movements on faults in the vicinity.

As stated in the SIAC technical report (1984), fault plane solutions for

the central and western portions of the Basin and Range show varied

distributions of pure normal, oblique normal, and strike-slip solutions.

The SIAC report also states that the nature of te motion on the fault

will influence the likelihood that a large scarp is generated by a large

earthquake. Glass and Slemmons (1978) indicate that the single most

effective method of delineating scarps is by use and study of

low-sun-angle aerial photography. No mention is made of having done (or

planning to do) any aerial photography or remote sensing. Considering

the scope and importance of this study, generation and analysis of

low-sun-angle aerial photography and a remote sensing analysis of the

entire area around Yucca Mountain should be completed to delineate and

assist in characterization of the faults of the region.



6-8

Section 6.3.1.7 Tectonics, page 6-223, paragraphs 3 and 5; page 6-226,
paragraph 6
The same comments, needs, and concerns exist as outlined in comments on

the usage of "no unequivocal' in Section 3.2.2, page 3-19 (comment 3-5).

6-9

Section 6.3.1.7.4 Tectonics, potentially adverse conditions, page 6-223,
paragraph 2
The same comments, needs, and concerns exist as outlined in comments on

the usage of "no unequivocal" in Section 3.2.3, page 3-19 (comment 3-9).

6-10

Section 6.3.1.7.4 - Tectonics, potentially adverse conditions, Page
6-225, Paragraph 2
The absence of fault scarps and the near absence of seismic activity does

not necessarily imply the absence of all activity along north-trending

fault scarps at Yucca Mountain. The absence of fault scarps is addressed

in comment 6- . As pointed out by Smith (1978), the pattern of historic

earthquakes in the western United States is marked by relatively brief

episodes of intense activity separated by long quiescent periods. The

E.A. places too much emphasis on the very brief seismic record in the

vicinity of the site. The same comments, needs and concerns exist on the

usage of "no unequivocal" as stated in comment 3-

6-11

Section 6.3.1.7.4 Tectonics, potentially adverse conditions, page 6-226,
paragraph 5
In the first paragraph on this page, it is again stated that the Yucca

Mountain site is situated adjacent to the Southern Nevada East - West

Seismic Belt. The problem and basis, importance to EA findings, and

recommendations are the same as that of section 3.2.3, page 3-19

(comment 3-19).



6-12

Section 6.3.1.7.4 Tectonics, potentially adverse conditions, page 226,
paragraph 6
It is stated that faults at or near Yucca Mountain have not had large

surface displacements in the last half million years. Again, the role of

horizontal displacement appears to have been disregarded. See comment

3-9. The recognition of post 35,000 year horizontal movement on faults

and a longer record of historical earthquakes could change estimate of

probability of future earthquakes.

6-13

Section 6.3.1.7.4 Tectonics, potentially adverse conditions, page 6-229,

Table 6-33

Table 6-33 shows vertical tectonic uplift rates for various locations in

the Great Basin. One location is the "Sierra Nevada Owens Valley - White

-Inyo Mountains", and a 0.4m/1000 yr vertical rate is ascribed to this

location. The reference listed for this vertical rate is an "average of

9 estimates from the literature. This is hard to evaluate because it is

not clear why the Sierra Nevada and the White Mountains are grouped

together, and the data for the estimate is not presented. The Sierra

Nevada and the White Mountains are separate blocks, and should be

considered as separate entities in the tectonic analysis. Although 0.4

m/l000yr may be a good approximation for the Sierra Nevada (Huber, 1981)

estimates an uplift rate of 0.3m/l000yr for the Sierra Nevada at 38

degree north latitude), the White Mountains have been estimated to have

an uplift rate of 0.8 m/l000yr (Wallace, 1978) at the northern end. To

resolve this the Sierra Nevada and White Mountains vertical tectonic

rates should be evaluated separately and this should be indicated in the

EA.

6-14

Section 6.3.1.7.7 Tectonics, plans for site characterization, page
6-235, paragraph 1
Under "Plans or site characterization", only one plan is presented for

studying faults directly. This is "dating of past fault displacements".



This investigation is critical to future evaluations of the site, but

this investigation alone is not adequate for characterization of faults

in the Yucca Mountain area. Other fault parameters, including fault

dimensions, sense of displacement, role, if any, of detachment faulting,

degree of branching and shattering of faults, etc., need to also be

determined. This statement should be modified to include a more complete

analysis of the faults.

6-15

Section 6.3.3.4.3 Tectonics, favorable conditions, page 6-286,
paragraph 3
item 2 under the Evaluation on page 6-286 states that "The estimated peak

deterministic acceleration at Yucca Mountain is 0.4g.". This statement

is out of date. If it is based on Rogers et al. (1977) as it was in

draft 4, the current estimate is attributed to unavailable references and

therefore cannot be assessed. A number of things are questionable about

Rogers and others (1977) study, mostly because of post 1977 studies and

earthquakes. Some of the lengths from Rogers and others (1977) differ

from later representations (e.g., Yucca fault is reported as 25 km in

Rogers and others (1977) and is shown as possibly 30+ km in Carr and

Rogers (1982); the Bare Mountain fault is preported as 8 km long in

Rogers and others (1977) which differs from later representations of l5km

as shown by Carr and Rogers in 1982. Rogers and others (1977) use

Schnabel and Seed's (1973) attenuation relations to estimate maximum

ground motions. These relationships have been revised by Seed and Idriss

(1982) incorporating data from the well recorded 1979 and 1980

earthquakes in California. Rogers and others (1977) Figure 9 (contoured
maximum acceleration) does not show the influence of the Bare Mountain

fault, a critical fault in the seismic hazard analysis of the Yucca

Mountain site. Estimation of the ground motion parameters is a vital

link between seismic hazard and seismic safety. Considerations of ground

motion parameters should be derived from present state-of-knowledge.

Parameters such as fault lengths should be defined and discussed,

incorporating the most recent studies. Maximum credible earthquake

magnitude estimations using fault lengths should utilize the more recent

(Slemmons, 1984). relationships. Seed and Idriss (1982) relations should



be used instead of Schnabel and Seed (1973). Separate faults such as the

Bare Mountain fault should be considered specific sources, and be

individually treated in a more sophisticated seismic hazard analysis.

6-16

Section 6.3.3.4.4 Tectonics, Potentially Adverse Conditions, page
6-287, paragraph 1
"Sufficient detail to render it unlikely that important fault-scarps are

undetected" has not been demonstrated. Glass and Slemmons (1978)

indicate that the single most effective method of delineating scarps is

by use and study of low-sun angle aerial photographs. No mention is made

for having done (or planning to do) any low-sun-angle aerial photography

work. This type of study is extremely useful for fault scarp

delineation. Considering the scope and importance of this study,

generation of low-sun-angle aerial photography of the entire area around

Yucca Mountain should be completed to delineate and assist in

characterizing the faults of this region.

The same comments, needs, and concerns exist as outlined in

comments on the usage of "no unequivocal" in Section 3.2.2, page 3-19

(comment 3-5).
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January 14,
WGC - R531

Mr. Benjamin Rice, Project Manager
Geotechnical Branch
Division of Waste Management
Office of Nuclear Material Safety &
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Safeguards

Subject: Yucca Mountain Site, Nevada DEA Review Comments

Dear Mr. Rice:

The enclosed comments are the result of Weston Geophysical's review
referenced DEA. Our comments are presented in the format described
Review Plan for Draft Environmental Assessments". dated December 12.

of the above
in Standard
1984.

As directed by you and your fellow staff members, we have concentrated our
comments on significant aspects of the DEA documents which impact guideline
criteria.

Should you have any questions or require clarification regarding this submittal.
please contact us.

Very truly yours,

WESTON GEOPHYSICAL CORPORATION

John P. Imse



DEA

YUCCA MOUNTAIN SITE, NEVADA

REVIEW COMMENTS
PREPARED BY

WESTON GEOPHYSICAL CORPORATION

FOR
THE UNITED STATES NUCLEAR REGULATORY COMMISSION



MAJOR COMMENT #1 DEA: YUCCA MOUNTAIN

SUBJECT: Tectonics

Comment: Virtually all tectonics discussions and conclusions consider and
depend on two references that are used in a manner that is believed to be either
misstated or misleading;

1. The Yucca Mountain area has had no significant surface displacement for
the past 500,000 years is referenced to Rogers, 'et.al., 1983,
[OFR-83-669]. The Open File Report is titled Southern Great Basin
Seismological Data Reports 1981 and Preliminary Data Analysis".

Attached to this comment are pages 25 and 31 of the OFR. The seismic
evidence has a clear conclusion based on the authors preliminary data
analysis. The 500,000 year" and "40,000 year" elements, however, are
geologic data, without evidence and apparently not based on seismological
data and analyses of the subject Open File Report.

2. A statement is made repeatedly which includes the following "--shows no
unequivocal evidence of surface displacement for 40,000 years--" this
statement is based on an oral communication: it is specifically related
to an absence of evidence as opposed or in contrast to unequivocal
evidence of no surface displacement.

The 500,000 year element is a geologic conclusion without basis or separate

reference in the OFR; the 40,000 year element is in reference to "--no

unequivocal evidence--": that is, only to an bsence of evidence in order to

demonstrate a significant conclusion concerning tectonic activity.

MAJOR COMMENT #2 DEA: YUCCA MOUNTAIN

Subject:- Technical References and Uses of Reference Materials

Comment: Geophysical surveys and studies of regional significance, aeromagnetic

surveys, gravity survey, and seismic refraction profiling, provide useful data

concerning geologic crustal sections and constraints on modeled crustal

sections. Some references such as OFR-84-120 concerning magnetic anomalies and

OFR-82-701 concerning gravity investigations are referenced correctly; however

others are not referenced: OFR-83-588 concerning the seismic refraction

profiling. OFR-83-616 which is the aeromagnetic map of Yucca Mountain and

2014R YUCCA MOUNTAIN * 1

Weston Geophysical



MAJOR COMMENT #2 Continued DEA: YUCCA MOUNTAIN

surrounding regions, and nearby geophysical surveys [OFR-81-l0l and OR-81-1350

are not referenced in the Chapter 6 reference list but are noted in chapter 2

references].

A number of graphics included with those references, such as crustal sections

across the Yucca Mountain area and vicinity which presents both gravity and

seismic velocity data to depths of several kilometers re essential for

understanding the geologic setting of Yucca ountain.

DETAILED COMMENTS 6-1 DEA: YUCCA MOUNTAIN

Section: 6.3.1.7.5. 6.3.1.7.6. 6.3.3.4.3. .3.3.4.4. 6.3.3.4.5, 6.3.3.4.6

Comment: The above sections all refer to no significant surface displacement

for the past 500,000 years" - reference OFR-669, Rogers et.al. and/or personal

communication from W.C. Swadley. USGS, 1984, Concerning the 40,000 year period.

See Major Comment #1.

DETAILED COMMENT #4-1 DEA: YUCCA MOUNTAIN

Section: 4.1.1.2

Comment: The geophysical surveys and techniques described are presented rather

succinctly and indicate the use of off-road vehicles. Such would be used for

SITE-CHARACTERIZATION ACTIVITIES; some shallow drillholes may also be required

for seismic energy generation by use of explosives set off in drilled

shotholes. Such transportation and data acquisition efforts in a relatively

arid area such as the Yucca Mountain site and vicinity will no doubt disturb the

desert type vegetation, leave wheel tracks that will be susceptible to gullying

during periods of heavy rainfall, and may therefore be considered as an effect

on the landscape.



shock (M - 6.1, USGS) was followed by an extensive aftershock series (fig. 15)
in a single zone with a north-northeast orientation, as opposed to the finding
of two active patches of aftershocks well-removed from the cluster of after-
shocks surrounding the main shock (Beck, 1970). The focal mechanism of the
1966 main shock indicates nearly pure strike slip on either a vertical north-
northeast-striking fault (right-lateral) or a nearly vertical east-southeast-
trending fault (left-lateral) (Smith and Lindh, 1978). Although little is
known of the geology in the epicentral region, transcurrent northeast-trending
faults do occur there together with north-trending faults (Ekren and others,
1977). Because of the orientation of the 1966 aftershock zone and the
existence in this region of north-trending faults, we conclude that the most
likely faulting for the 1966 main shock was nearly pure right-lateral strike
slip on a vertical north-northeast-trending fault.

In some respects the evidence for seismic hazard from the geologic record
is in conflict with that from the seismic record. From the seismic evidence
we must conclude that any faults of north to northeast trend are potentially
active in the current stress field, whereas, the geologic data suggest that
faults of this orientation, such as those at Yucca Mountain, have not had
large (>1 m) surface displacement in the last 500,000 years, and have had no
surface displacement in the last 40,000 years. That such disparities in fault
activity are possible is the conclusion of studies in the northern Great Basin
as well (Wallace, 1978). Even in active zones, areas exist that have been
stable for hundreds of thousands of years. Until more is known about why
areas are stable or unstable in the same region, however, it is not possible
to rule out significant future seismic activity on faults at Yucca Mountain.
This position is taken partly because (1) stress measurements at Yucca
Mountain indicate that faults there may be near failure (Healy and others,
1982), and (2) faults of orientation and style similar to those at Yucca
Mountain exist on Pahute Mesa, where extensive stress release has occurred
after nuclear tests on faults approaching 10 km in length, Although movement
on these faults was induced by nuclear explosions, the extent of faulting, the
size of fault displacements, and the magnitude and depths of accompanying
aftershocks indicate that these faults were tectonically stressed near the
failure point, with slip being triggered by additional stresses produced by
the nuclear explosions.

It should be noted that stress data alone cannot be used to conclude that
earthquakes are likely in a given area, Important factors in rock failure
along faults are the coefficient of friction and pore pressure. The former is
derived from laboratory measurements, the latter assumes a hydrostatic condi-
tion due to the thickness of the saturated zone. Furthermore, the conditions
required for a large earthquake to occur are (1) shear stresses approaching
that required for failure over a large area of a fault zone, and (2) signifi-
cant displacement at the time of failure. Alternatively, stresses could be
relieved aseismically by fault creep, or in a series of numerous very small
events. Abundant evidence suggests that scarps in the Great Basin are
produced by large earthquakes, not creep (Bucknam and others, 1980; Crone,
1983), and there is very little evidence that creep is a significant mode of
stress release in the Great Basin (R. C. Bucknam, oral common., 1983). For
instance, significant creep events on any of the numerous faults that are
crossed by cultural features would be easily noted. Some Basin and Range.
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3. The most seismically active areas occur in regions of major Tertiary
northeast-trending left-lateral shear. Three mportant ones in this
catagory are the Pahranagat, southern NTS, and Gold Mountain shear
zones. Although come earthquakes are probably occurring on the northeast-
trending faults, the larger earthquakes in these zones, for which focal
mechanisms are available, have occurred on shorter ntervening fault
segments with a north strike.

4. Seismicity also occurs in north-trending faults zones. These earthquakes
occur on or near segments of north-trending faults such as the Thirsty
Canyon fault, Yucca fault, and Pahute Mesa faults (north-northeast
trending) or are visible as north-trending epicenter lineations such as at
Indian Springs Valley and Sarcobatus Flat.

5. Yucca Mountain lies within a broad zone of low-level seismicity extending
on the west to the Funeral Mountains, on the south to the Black Mountains
and Nopah Range. Another region of relative quiescence extends from near
Gold Flat to Tonopah.

6. Focal mechanisms, epicenter lineations, and epicenter-fault associations
indicate that earthquakes occur principally as right-lateral strike-slip
events on north-trending faults. A focal mechanism for an -6 earthquake
near the Nevada-Utah border in 1966 also ndicated strike slip on a north-
northeast-trending fault. Two 4 earthquakes in 1971 and 1973 in
southeast NTS were strike slip. Artifically induced earthquakes at Pahute
Mesa and Lake Mead are either strike slip on north-trending faults or
normal faulting on northeast-striking faults, indicating the likelihood
that the northeast-trending faults are also active or potentially active,

7. A least principal stress with northwest orientation, and a greatest and
intermediate principal stress of about equal magnitude are implied by the
results to date. With this stress configuration faults of northwest
orientation are less likely to produce earthquakes, a result that is
supported by the current and historic seismicity, and by scarcity of
northwest-striking Quaternary fault scarps east of Death Valley. The
Death Valley-Furnace Creek, La Madre, and Las Vegas Valley shear zones are
not presently producing earthquakes, although the presence of Holocene
scarps on the Death Valley-Furnace Creek zone suggest that present
quiescence there may be due to causes other than fault orientation.

8. From the historical seismicity of the southern Great Basin (two earth-
quakes of M -6), and length of active faults, a maximum magnitude of M 6-7
is inferred for the SGB. Earthquake depths range between 0 and about 10.
km; very few well-located events are deeper than 10 km. This observation
suggests that faults of significant width are active in the SGB and
supports the conclusion that a large earthquake is possible.

9. The only earthquake that has been located at Yucca Mountain in about
1 year of intensive monitoring has a magnitude of about 1.7. Faults there
do not exhibit evidence of significant movement in at least the last
500,000 years, although their trend would permit slip in the present-day
stress field similar to that resulting from historic and present-day
seismicity on other north-to-northeast-trending faults in the SGB.



YUCCA MOUNTAIN SITE, NEVADA RESEARCH AND
DEVELOPMENT AREA, DRAFT ENVIRONMENTAL

REVIEW (1/15/85)

Charles (Rus) Purcell - Consultant

1) Chapter 3, Section 3.2 Geologic Conditions, page 3-5, paragraph 1

- The Geologic Conditions Section should include a detailed discussion
of the Quaternary deposits and the Quaternary geologic evolution
of the site area,

2) Chapter 3, Section 3.2.1 Stratigraphy and Volcanic History of the Yucca
Mountain Area, page 3-6, paragraph 2

Caliche is the result of soil forming processes and should be con-
sidered a soil zone. Clarification needed.

3) Chapter 3, Section 3.2.4.2 Metals, page 3-23, paragraph 3

- The preliminary nature of the data on mercury, lead, zinc, and
-uranium suggests more work s necessary to be able to draw
the given conclusion.

4) Chapter 4, Section 4.2.1.1.1 Geology, page 4-23, paragraph 1

- The last sentence implies that with future information there could
be activities that would significantly impact the geologic con-
ditions at the site. These impacts should be predictable at
this stage in the site investigations.

5) Chapter 4, Section 4.2.1.1.3 Land Use, page 4-24, paragraph 1

- Are arrangements planned to eliminate Air Force use of the airspace
over and adjacent to the proposed site? This would greatly
reduce the potential hazard to the site.

6) Chapter 4, Section 4.2.1.1.4 Surface Soils, page 4-24, paragraph 2

- The description of acres disturbed by "exploratory hole access roads"
implies a set-up like spokes on a wheel. Are these acreages der-
ived from actual plans? And, if so, a map of the locations would
be helpful.

7) Chapter 4, Section 4.2.1.1.4 Surface Soils, page 4-24, paragraph 3

- What steps will be taken to reclaim the disturbed area? What s
planned if the present, ongoing studies show reclamation in arid
regions to be ineffective?



YUCCA MOUNTAIN SITE REVIEW (Cont.) Page 2
Charles (Rus) Purcell

8) Chapter 6, Section 6.3.1.5 Erosion, page 6-210, paragraph 3

- Incision rates presented are based on a total of only three reported
measurements. If more data are available they need to be pre-
sented. If no additional data is available, more studies are
necessary. An erosion rate based only on three measurements can,
at best, be considered very speculative, and not adequate to base
decisions concerning the integrity of the proposed site.

9) Chapter 6, Section 6.3.1.5 Erosion,.page 6-214, paragraph 1

- The proposed characterization studies do not mention the need to
concentrate on developing an accurate erosion rate to refine
the estimates in this report. Suggest such studies be included.

Overall Comment:

- The overall analysis of the Quaternary History presented in this EA seems to be
based on the views of the primary author and one or two main references (pre-
dominated by personal communications). More typically, in reporting highly
interpretive geologic histories, numerous authors are cited and their various
hypothese discussed.

- Because f the importance of Quaternary Geology in assessing the adequacy of the
proposed repository, this subject atter needs to be expanded and data dis-
crepancies and/or inadequacies need to be clarified.





Ch apte r2, Sectio
n 2.1 . 1.3 Sei s micity, Page 2-15 12

This section of the Draft Environmental Assessment (EA) states the following:

"Deep seismicity generally takes place in a seemingly random pattern,

associated neither with known geologic structures or areas, of shallow

seismicity." The implication of the above quote is that seismicity s not

believed to be associated with structure.

Seismicity indicates fault movement. Focal

mechanism solutions can be applied to seismic events to interpret the type

of fault movement. The lack of map view alignment of deep seismicity with

known structure can be taken as an indication fault

Indications of faulting in the Hanford region are detailed

in 93, page 2-15 of the Draft EA. The Draft EA should be revised to indicate

that seismicity can be used to interpret structure even when map alignments do

not generally appear on previously identified structures.
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Chapter 2, Section 2.1.2 Tectonics, Page 2-15

This section of the Draft EA states that the Pasco Basin and Columbia Plateau

have been deforming at low average rates of strain since the Miocene. Five

bullets follow the above statement and provide the bases for this assertion.

Adequate consideration of uncertainties and alternative interpretations are not

provided.

The basic premise that deformation has been at low rates when average over

approximately 15 million years appears to be valid. However, it seems that

deformation rates taken anywhere could occur at apparently low rates, when

averaged over a similar number of millions of years. No information on long

term averages is provided to the reader, to allow for comparisons to other

areas which are considered to have high and low deformation rates. Therefore,

the low average rates stated for the Hanford area may not be meaningful

relative to other areas.

Instrumental measurements of deformation have been attempted . The time period

since initiation of measurements is very brief (less than about 15-yrs.) and

the measured rates are near the limits of detection (RHO-BW-ST-191). The

instability of surveying monuments has been a problem (RHO-BW-ST-19P).

In summary, the instrumental measurements of deformation are inconclusive.
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Descriptions of basalt thinning over the Saddle Mountains have been

extr a polat e d t o app roxi ma t e th e t imi n g o f
d e f o r ma tio nfo r

t he
Yak ima Fold Belt.

This extrapolation is uncertain as is recognized in document (RH0-BW-ST-19P).

Geologic processes and events are not expected to actually occur at average

uniform rates.

For the 10,000 year period required for waste isolation, the type of

deformation of concern is faulting because significant faulting events can

occur during this geologically short time period and faulting can change

groundwater pathways and flow rates. Faulting assessments an be made based on

stresses which act to cause certain deformations. Focal mechanism solutions of

earthquakes indicate that the north-south nearly horizontal compressions that

formed the ridges of the Yakima Fold Belt are still on going (Draft EA, Page

1-18, bullet 4). High horizontal compression is further supported by discing

in bore hole cores (RHO-BWI-ST-14) and hydrofracture test results

(RRO-BW-ST-28P). These horizontal compressional stresses may result in thrust

or reverse fault movements. It has been established that thrust faults reverse

faults exist under some Yakima Folds (Price, 1982).

Data recorded since 1969 show hundreds of micro earthquakes have occurred in

the Pasco Basin. These micro earthquakes are deformation occurring as very

small movements along Quaternary subsurface faults. The general lack of micro

earthquakes alignments on maps (RHO-BW-ST-19P) may be taken as an indication

that faulting is not vertical but cannot suggest that faulting is
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occurring. Micro earthquake swarms occur in several location in the Pasco

Basin and provide evidence of episodic non uniform deformation.

This section of the Draft EA should be revised as follows:

a) Low average deformation should be defined in relative terms; b) the
uncertainties of the time of deformation in the Yakima Fold belt should be

discussed; c) it should be recognized that deformation rates are not likely to

continue at average uniform rates; d) faulting scenaries should be addressed

based on the evidence for the stresses which may act to cause this type of

deformation; e) the micro earthquakes should be recognized as very small

Quaternary movements along subsurface.
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Chapter 3, Section 3.2.3.2 Umtanium Ridge -Cable Mtn. Structure, Page 3-49,1

This section indicates long term average displacement rate on an u designated

Gable Mountain fault of about 6 x 10 centimeters per year. The actual rate

of displacement is not expected to have been such a small amount occurring each

year. The fault rupture could have been a singe event or a few events. Due

to the fact that the undesignated fault apparently continues its trace at

depth, a significant earthquake relative to the RRL could be associated with

this fault. Recognition of episodic events as likely for this fault are

needed. Also, the Draft EA, should name the undesignated fult referenced

above based on common terminology and the agnitude of earthquakes which could

be generated needs to be addressed.
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Chapter 3, Section 3.2.3.3 Cold Creek Syncline, Page 3-49 3

This section of the Draft EA indicates that the RRL is in an area of an intact

volume of basalt, excluding ntraflow structures (Myers, 1981). This s not

consistent with the narrative portion of Myers 1981 report (No. RHO-BWI-ST-14)

which qualifies the interpretation of basalt structure by using the term

"relatively intact". Evidence in document RHO-BWI-ST-14 indicates that

potential faults exist in the boundaries of the RRL. More recent documentation

(SD-BWI-TI-177, May 1984) also indicates potential faults in the RRL. For

more detailed explanation of discontinuities in the RRL area see comment.

This section of the Draft EA should be revised to qualify and explain what is

meant by the term intact volume of basalt. Also, more up to date information

such as in document (SD-BWI-TI-177) should be included in giving background

information on the intactness of basalt in the Cold Creek Syncline.



Section 3.2.3.3 Cold Creek Syncline. Page 3-50,11

This section of the Draft EA states the following: "Overall, the central and

eastern portions of the Cold Creek Syncline, which includes the reference

repository location, appear to be free of potentially adverse structures."

This statement in the Draft EA does not agree with other published information

As indicated in comment 2-A, micro earthquakes are small movements along

subsurface faults. Since 1969 many (well over a hundred) micro earthquakes

have occurred in the central and eastern portions of the Cold Creek Syncline,

including more than a half dozen with epicenter plots in the boundries of the

RRL. Although the movements along faults indicated by the micro earthquakes

are very small the time period of monitoring is brief (since 1969) and it is

not certain that the estimated short fault rupture lengths (Caggiano 1982)

necessarily correspond to short length faults.

The aeromagnetic interpretive map (RHO-BWI-ST-14) shows about five possible

faults that are in the R boundries and several others (about five) in the

immediate vicinity of the RRL. The top of basalt contour map (RHO-BWI-ST-14)

shows several (about seven) small possible fold structures that are in the RRL

boundaries. It has been interpreted in RHO-BWI-ST-14 that the uppermost flows

of the Saddle Mountains Basalt (.e., the top of basalt) reflect some

expression of the Grande Ronde Basalt flows (i.e., the repository candidate

host rocks).



8

Seismic-reflection surveys in the Cold Creek syncline located five anomalies,

interpreted by Seismograph Service Corporation to bedrock faulting

(RHO-BWI-ST-14) Several interpretations other than faulting have been

hypothesized by Rockwell Hanford Operations and should be considered valid

possibilities (RHO-BWI-ST-14). Nevertheless, all Seismograph Service

Corporation seismic anomalies were avoided in delineating potential repository

sites (RHO-BWI-ST-14).

Recent seismic reflection reprocessing and interpretation by Emerald

Exploration Consultants, Inc. identify possible faults that are in the

boundaries of the RRL (SD-8WI-TI-177). One small anticlinal fold and one small

synclinal fold were interpreted that are in the boundaries of the RRL, and are

each associated with a potential fault. This raises the possibility that the

previous (see RO-BWI-ST-14) approximately seven small interpreted fold

structures that are in the boundaries of the RRL may be associated with faults.

Rockwell Hanford operations document SD-BWI-TI-177 entitled Reprocessing and

Interpretation Seismic Reflection Data Handford Site, Pasco Basin, South

Central Washington" is not included in the Draft EA references even though it

was officially released on May 15, 1984. As with the faults and folds in

document RHO-8WI-ST-14, the faults and folds in document SD-BWI-TI-177 have

other possible interpretations that are also valid hypotheses.

A major difficulty in conclusively identifying structures in the basalts of the

Cold Creek Syncline is that the rock exposures are covered by sediments.
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However, report SD-BWI-ER-005 details an analog study area, the Vantage

syncline. where rock exposures are much more accessible, than the Cold Creek

syncline. Observations in the Vantage area show direct evidence of faulting

and folding. Although, the Vantage analog area is not without considerable

uncertainty regarding applicability to the Cold Creek syncline, it seems likely

that some of the folds and faults interpreted in the RRL exist.

Further evidence of potential faulting in the RRL includes the presence of

"tectonic brescia" in all deep boreholes in the Cold Creek syncline, including

the RRL (RHO-BWI-ST-14). Also the 300,000 gallons of mud lost and 10 feet of

core lost n borehole RRL-2 (SD-BWI-TI-113) could be related to faulting but

many other explanations or combinations of factors may account for the mud and

core losses. Other fluid losses possibly related to faulting have occurred in

hole RRL-2 during hydrologic testing (SD-BWI-TI-089). Borehole RRL-2 is

particularly significant because t is located near the center of the RRL, and

is near the exploratory shaft location.

The Draft EA should be revised to remove the sentence (see 1 above) stating

that RRL and the central and eastern Cold Creek syncline are free of

potentially adverse structures. Data from report SD-BWI-TI-177 on seismic

reflection anomalies in the RRL should be included in the Draft EA references.

The data on anomalies and their relationship to structure in document

RHO-BWI-ST-14 from each type of investigation should be included or referenced



in discussions of potentially adverse structures. Information from the Vantage

analog area (SD-BWI-ER-005) should also be included.
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Section 3.2.3.3 Cold Creek Syncline, Page 3-50, 11

This section of the Draft EA states the following: "The structure of the top

of basalt and the structure at deeper horizons within this area [Cold Creek

Syncline] are interpreted as being nearly flat lying with very gentle dips

toward the trough of the Cold Creek Syncline ... ". It is not certain what is

meant by "nearly flat" or very gentle dips" but published information exists

which indicates that locally, areas of the top of basalt are not flat.

Report RHO-BWI-ST-14 shows about seven small possible fold structures that are

in the RRL boundaries. This report also interprets that the top of basalt

reflects some expression of the structure of the repository host rock. Report

RHO-BWI-TI-177 has interpreted a small anticlinal and a synclinal fold in the

top of basalt in the RRL.

This section of the Draft EA should be revised to recognize potential

undulation and interpreted local folds on the basalt surface and at repository

depths. Estimated ranges.of possible dips and their bases should be given or

referenced.
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Chapter 3, Section 3.2.3.8, Structural Analysis, Page 3-52

This section of the Draft EA states the following: Structural analysis of

Yakima folds in the Pasco Basin area shows that little deformation, other than

tectonic jointing, has taken place in the anticlinal crests, and that little or

no deformation occurred in the syncline trough (Price, 1981)." This quoted

statement is a misleading representation of E.H. Price's report and fails to

consider other interpretations.

Price's report (No. RHO-BWI-SA-138) summarizes structural analysis at five

locations along anticlinal ridges within and adjacent to the Pasco Basin.

Price did not study synclines. The following is a quote from Price's report:

"It was not the intent of this investigation to resolve the structural

relationships of the area but to look at the internal strain geometry to see

a comparison can be made with other areas in which strain has been attributed

to folding." Price also acknowledges n his report that his interpretation is

not necessarily the most geologically realistic one.

Prices's study did not include structural analysis of Gable Mountain although

faulting at Gable Mountain has been identified as an issue in present

repository investigations of the Pasco Basin. The geometry of folding and

faulting is not well understood at Gable Mountain because of poor bedrock

exposure (RHO-BWI-ST-14).

if
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Recent study of the Vantage area has been undertaken to determine the nature,

and extent of tectonic breccias related to faulting and folding in a synclinal

area. Tectonic breccias and fractures located to date are associated with

major folds and faults mapped in the area (SD-BWI-ER-005). This area, unlike

the buried Cold Creek syncline, has basalt exposures visible at the ground

surface. Evidence from this area suggests (is conclusive for the Vantage

syncline) that synclines in the Yakima Fold Belt may have considerable

deformation which could influence groundwater flow.

Tectonic breccias have been found in all deep boreholes in the Cold Creek

syncline, including the RRL. The term tectonic breccia doesn't define the

tectonic process which formed the breccia. Sheared rock zones, such as

breccia, shows rock displacement and can be considered indicative of faulting

whether or not associated with folding. The existence of the tectonic brecci

shows deformation occurred in many places in the synclinal trough.

The Wooded Island and Coyte Rapids micro earthquake swarms appear to be

associated with synclinal structure (see subsequent comment). This kind of

intensive localized episodic deformation is not indicative of little or no

deformation occuring in synclinal troughs.

This section of the Draft EA, should be revised to accurately represent E.H.

Price's work including the limitations of his study. The Vantage synclinal

ia

deformation, tectonic breccias, and micro earthquake swarms should be mentioned
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in addressing structural analysis of synclines. Consideration of alternative

models should also be factored into the structural analysis of the Yakima Fold

Belt.
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Section 3.2.'.8 Structural Analusis, Page 3-53, 11

It is indicated in this section that contemporary deformation in the Hanford

area is continuing at long-term, low average rates. Adequate consideration of

alternatives and uncertainties are not provided. For the bases of this comment

and suggested resolution, refer to preceeding comment.
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Section 3.2.3.8 Structural Analysis, Page 3-52, 12

This section of the Draft EA refers to in-situ hydraulic stress measurement as

defining the axes of principal and least compression. This section of the

Draft EA is on structural analysis and additional analysis could have been made

using the in situ stress measurements.

A limitation in this section is the lack of data specifying the ranges of the

in-situ stress measurements and there is no information in this section to show

that relative to many other deep mines in the world the horizonatal in-situ

stresses at Hanford site are unusually high (Hoek & Brown 1980, and

RHO-BW-ST-28P). assessing the orientation and quantifying the stresses which

act to cause deformations, indications can be derived on the liklihood and

types of structural features and orientations that may develop or be

reactivated. For more detailed discussion of deformation see comment of

the preceeding.

This section of the Draft EA should be revised to consider fully the

applications of in situ stress orientations and magnitudes to structural

analysis of the Hanford area.
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Section 6.3.1.7.3 Potentially Adverse Condition, Page 6-127 and 6-128The evaluation of the favorable condition referenced above

probability analysis.No such analysis is presented in th

requires a numerical

e Draft EA.

.
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Section 6.3.1.7.39 Favorable Condition, Page 6-128 12

This section of the Draft EA suggests that deformation around the Hanford site

has been ongoing at long-term, low average rates for at least 15 million years.

Adequate consideration of alternative interpretations and uncertainties are to

provided. For the detailed bases and resolution of this comment see comment

of the preceeding.
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Section 6.3.4.7.4, Potentially Adverse Condition, Page 6-129, 12

This section of the Draft EA states the following: Geodetic surveying as well

as the level pattern, and distribution of small earthquakes indicate the

deformation is continuing at present and appears to follow trends that were

established by at least Miocene time." The data cited above, on geodetic

surveying and micro earthquakes, have only been collected for about 15 years.

It is not reasonable to extrapolate 15 years of data back over 15 million

years, especially given the limitations of the geodetic surveys (see comment

of the preceeding). This section of the Draft EA should be revised to remove

the suggestion that the geodetic surveying and micro earthquakes follow trends

established in iocene time.
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Section 6.3.1.7.4 Potentially Adverse Condition, Page 6-129, 12

This section of the Draft EA states: "Deformation appears to be concentrated

on the steeper limbs of anticlinal folds with little or no deformation occuring

in synclinal troughs like the Cold Creek syncline. This statement does not

agree with other available information (see comment and of the preceeding).

This section of the Draft EA should be revised to correct the above quoted

statement as it refers to synclinal troughs.
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Section 6.3.1.7.4, Potentially Adverse Conditon, Page 6-129, 13

This section of the Draft EA states: "No faults have been identified in the

reference repository location." This statement does not adequately consider

available information. For details see comment of the preceeding. The Draft

EA should be revised to qualify this statement by recognizing that nterpreted

faults have been identified and other virtually unequivocal evidence of

faulting is indicated by the presence of "tectonic breccia" (also validly

termed fault breccia) in all deep boreholes n the RRL and in all other deep

boreholes in the Cold Creek syncline (RHO-BWI-ST-14).
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Section 6.3.1.7.4. Potentially Adverse Condition, Page 6-130, 11

This section of the Draft EA indicates deformation at long term, low

average rates and synclinal stability re favorable for radioactive waste

isolation. This statement does not adequately consider all available

information (see comment and of the preceeding). This section of the Draft

EA should be revised to remove the indications that the deformation rates ar

synclinal deformation style support radioactive waste isolation.

-aft

nd
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Section 6.3.1.7.5, Potentially Adverse Condition. Pae 6-130. 11

"(2) Historical earthquakes within the geologic setting of such magnitude and

intensity that if they recurred, should affect waste containment and

isolation."

Regarding the Potentially Adverse condition quoted above the Draft EA finds

that the available evidence does not support a finding that this condition is

present "at the reference repository location". Also the finding is based on

an unsupported statement that a large historical earthquake is not expected to

affect waste containment or isolation. Also finding involves two

applications of the Potentially Adverse Condition because the guideline

condition specifies the geologic setting and calls for consideration of

"historical earthquakes

The known micro earthquake swarm locations listed in 13 below could affect

groundwater flow rates within the geologic setting. In addition, because of

evidence associating micro earthquake swarm activity with the Cold Creek and

synclines(see 13 below), there s no reason to believe that micro

earthquake swarms are unlikely to occur n the RRL over the next 10,000 years.

Since 1969, swarm earthquakes in the Pasco Basin have occurred at Wooded Island

(15 miles S.E. of the RRL) at Coyote Rapids (5 miles N of the RRL), and

Rattlesnake Hills (3 miles south of the RRL). The Wooded Island swarm appears
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to be associated with synclinal structure because this swarm area occurs where

the mapped. (dashed as inferred) and Cold Creek syncline axes

converge (Shannon and WIlson 1980; U.S. Army Corps of Engineers. Seattle

Wahluke syncline (Shannon and Wilson 1980; U.S. Army Corps of Engineers,

Seattle District 1981) and on the tectonic map in RHO-BW-ST-19P, along the axis

of Wahluke syncline (dashed as inferred by Rockwell).

This section of the Draft EA should be revised to correct the

and unsupported statement detailed in 2 above.



Chapter 6, Section 6.3.1.7.5, Potentially Adverse Conditon, Page 6-131,

This section of the Draft EA suggests that deformation around the Hanford site

has been ongoing at long-term, low average rates for at least 15 million years.

Adequate consideration of alternative interpretations and uncertainties are not

provided. For the detailed bases and resolution of this comment see comment

of the preceeding.
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Chapter 6, Section 6.3.1.7.5. Potentially Adverse Conditon, Page 6-131,14

This section of the Draft EA states that micro earthquake swarms have been

along the margins of the Pasco Basin. THe three Pasco Basin swarms closest to

the RRL (see comment) are all located well within the boundaries of the Pasco

Basin and are appropriately refered to as being in the Central Pasco Basin.

This section of the Draft EA should be revised to correct the error in micro

earthquake swarm locations.



Section 6.3.1.7.9 Tectonics Potentially Adverse Condition

Page 6-135,13 and 14

"(6) Potential for tectonic deformation - such as uplift subsidence, folding,

or faulting that could adversely affect the regional ground-water flow system."

This section of the Draft EA finds that over the next 10,000 years tectonic

deformations are not expected to adversely affect the regional ground-water

flow system. However, the potential exists for faulting in the RRL location at

repository depth (see preceeding comment A and B). Since 1969 hundreds of

micro earthquakes, which are small movements along faults, have occurred

throughout the Rasco Basin including over six with enicenters which plot within

the boundaries of the RRL (see preceeding comment A and B). The potential

faulting could adversely affect the regional ground-water flow system.

This section should be revised as follows: 1) the finding should be that this

Potentially Adverse Condition appears present for fault deformations; 2) it

should be recognized that deformation is not continuous at average uniform

rates; 3) micro earthquakes should be recognized as very small movements along

fault: 3) geophysical fault interpretations in and near the RRL should be

considered, together with the ongoing deformation, as providing indications

that there is a potential for fault deformation.
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Chapter 6, Section 6.3.1.8.3 Favorable Conidtion, Page 6-139,

This section of the Draft EA states the following: Interpretation of carbon

and hydrogen isotopic data for methane gas from the confined aquifers of the

Wanapum and Saddle Mountains Basalts in the vicinity of the Hanford Site

suggest that the gas probably originated at shallow depths, from terrestrial

corbonaceous matter in the interbeds of the Ellensburg formation rather than

marine sediments at depth." No mention is made anywhere in section 6.3.1.8.3

of the fact that ground-water samples from the Grand Ronde Basalt, Cohassett

flow ("prefered candidate horizon") are about 50 percent saturated with methane

gas (page 6-187 of the Draft A).

The Grand Ronde Basalt formation is not interbedded with terrestrial

carbonaceous matter. Methane is not indigenous to basalt rock (page 6-187-draft

EA) It seems certain that the gas originate in sediments below the basalt.

This iS supported by the presence of methane in sediments below the

basalt found during exploration in the vicinity of the Saddle Mountains (page

6-187 of the Draft EA).

Section 6.3.1.8.3 of the, Draft EA should be revised to recognize that methane

gas also originate from below basalt sediments.
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Chapter 6 Section 6.3.1.8.3. Favorable Section Page 6-139.14'

This section of the Draft EA indicates that all exploration for hydrocarbons is

directed toward the anticlinal ridges and the sedimentary sequence beneath the

basalt is the target horizon. Further, it is indicated that any hydrocarbons

generated under the Pasco Basin should have migrated away from the synclinal

area to the anticlinal ridges. These indications do not adequately consider

uncertainty and other available information.

Anticlines can be structural hydrocarbon traps. Stratigraphic hydrocarbon

traps re also possible. As stated on page 6-127 of the Draft EA/ subbasalt

interpretations of stratigraphy and structure are "sketchy". Additionally, the

existence of methane as in groundwater in the Pasco Basin, Cold Creek

Syncline, RRL, show that methane gas has migrated through basalt layers in the

syncline (Hydrochem data base Jan., 1984).

This section of the draft EA should be revised to recognize the possibility of

stratigraphic subbasalt traps and the lack of knowledge of subbasalt

stratigraphy and structure. Also, the existence of methane gas in the

Cohassett flow ("preferred candidate horizon") should be explained
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Chapter 6, Section 6.3.1.8.3, Favorable Condition, Page 6-139

This section of the Draft EA indicates that the anticlinal ridges are

hydrocarbon exploration targets and the nearest anticline to the RRL is Yakima

Ridge listed as being 2 miles west. Actually, Yakima Ridge has a buried

subsurface extension which is within on half mile south of the RRL,

This section of the Draft EA should be revised to recognize

the buried Yakima Ridge anticlinal structure.
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Chapter 6, Section 6.3.1.8.5, Poentially Adverse Condition,

Page 6-141 and 6-142

A potentially adverse condition exists at a site if economic extraction of

natural occurring materials, whether or not actually identified in such form,

is potentially feasible during the foreseeable future. The Draft EA finds that

this potentially adverse condition doesn't exist for Hanford. As discussed in

preceding comment stratigraphic traps may exist under Cold Creek syncline,

information of subbasalt structure stratigraphy are sketchy", and

unmentioned ethane occurs unexplained in the RRL at repository depths.

It seems that the lack of information on subbasalt stratigraphy and structure

seriously impedes assessment, of this assessment is, even further impeded by the

ommission of information recognizing and explaining methane in the Grande Ronde

Basalt in the RRL at repository depths. The possibility does exist that

economic extraction of hydrocarbons is potentially feasible during the

foreseeable future. The Draft EA should be revised to recognize that this

potentially adverse condition possibly exists.



32

Section 6.3.1.8.11 Disqualifying Condition

Page 6-145, 15

This section of the Draft EA states that natural gas s not present within the

vicinity of the RRL. Methane (CH4 ) s a natural gas. This natural gas

(methane) occurs in the RRL at repository depths (Hydro-chemistry Data Base,

Jan. 1984.). This section of the Draft EA should be revised to correct
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Section 6.3.1.8.11 Disqualifying Condition, Page 6-146, 12

This section of the Draft EA suggests that no specific information is available

to suggest that sub-basalt sediments contain economical quantities of natural

gas and that anticlinal ridges are the hydrocarbon traps. These indications do

not adequately consider uncertainties and other available information.

For example, no mention is made of the Rattlesnake Hills gas field which

produced natural gas from 1929 to 1941. This gas field is on the southern edge

of the Hanford reservation about 7 miles south of the RRL (Draft A page

6-139), The source of hydrocarbon for the Rattlesnake gas field could be the

sub-basalt sediments.

Further details about the uncertainty of anticlinal ridges as teh hydro carbon

traps are in comment of the preceding comments.

This section of the Draft EA should be revised to recognize that information

exists (Hydrochemistry Data Base, January 1984) which indicates that sub-basalt

sediments are a source of natural gas. No attempt has been made to correlate

recorded methane with estimates of the value or quantity of the gas source.

Also, anticlines may not be the only traps.
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Chapter Section 3.2.3.2, Umtanum Ridge Gable Mountain Structure, Page 3-48,

Paragraph 4 continued from Page 3-47

This section indicates that Umtanum fault, which is part of a south dipping

imbricate thrust fault system of about three faults, dies out about 11

kilometers (7 miles) east of Priest Rapids Dam. This is based on "judgement"

which assumes that the structural relief from folding results in thrust fault

displacement (i.e., thrusting is assumed to be secondary to folding). This

assumption does not agree with other available information and doesn't

consider alternative interpretations which could significantly affect the

stability of the RRL.

Washington Public Power Supply System states the following: "West of the

Columbia River, the Umtanum Ridge and Hanson Creek faults farther north have

the spacing and geometry of an mbricate south dipping thrust zone of primary

origin." Because the Umtanum faulting involves imbricate thrust fault

processes its possible that the faults or associated splays, which buried,

continue east to the vicinity of the RRL. (Boyer and Elliott, 1982 on thrust

systems.)
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The lateral extent of a thrust sheet may be controlled by stratigraphy and not

folding. On the basis of stratigraphy, individual thrust sheets are often

correlated long distances (Boyer and Elliott, 1982).

The Hanford Site area is still undergoing N-6 compression (Draft EA p. 2-18).

In addition, high horizontal in situ stress conditions are evidenced in the

area by hydrofracture test results (RHO-BW-ST-28P) and disign in borehole

cores (RHO-BWI-ST-14). Because of the ongoing N-S deformation and because

thrust faults result from high horizontal compressional failure of rock, it is

reasonable to conclude that the Hanford site is in an active fold belt where

thrust faulting It is also reasonable (see

paragraph 2 above) and safest in the absence of any specific information to

the contrary, to assume that the Utanum thrust faults or splays continue east

to the RRL area. These projected-south dipping faults could go above,

through, or under the RRL and pose a potential earthquake hazard. This

section of the Draft EA should be revised to consider alternative

interpretations based on other available information. Also, impacts on seismic

hazard to the RRL of projected thrust faults from Umtanum Ridge should be

assessed.
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Section 6.3.1.7.10 Disqualifying Condition, Page 6-136, Paragraph 3

This section of the Draft EA implies that the RRL was sited away from areas of

known or suspected faulting. This implication doesn't include all the

available information, especially, seismic interpretation from document

SD-BWI-TI-177 (see comment of the preceding). The Draft EA should be

revised to recognize interpreted potential faults within the RRL and the

seismic impacts on waste isolation.

Section 6.3.3.4.3, Favorable Condition, Page 6-210, Paragraph 4

This Favorable Condition is met when the faulting and seismicity of a site for

geologic disposal of nuclear waste are significantly less than for nuclear

facilities. As support for a finding that this condition is present, the Draft

EA relies on the existence of numerous nuclear facilities at Hanford since

l943.

The existing nuclear facilities at Hanford do not in any way assist in meeting

the requirements of this favorable condition. A finding that this Favorable

Condition is met must be based on evidence that faulting and seismicity are
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significantly less than generally allowable for the construction and operation

of nuclear facilities. Section 6.3.3.4.3, shows that the Hanford site

nuclear facilities. Due to this use of an inapplicable basis, the favorable

condition cannot be considered to be present.

Chapter 6, Section 6.3.3.4.3 Favorable Condition, Page 6-210, Paragraph 5

This section of the Draft EA indicates that deformation around the Hanford

site has been ongoing at long-term, low average rates for at least 15 million

years. Adequate consideration of alternative interpretations and

uncertainties are not provided. For the detailed bases and resolution of this

comment see comment of the preceding.

Chapter 6, Section 6.3.3.4.7, Disqualifying Condition, Page 6-24, Paragraph 1

This section of the Draft EA states unequivocally that the RRL was sited away

from areas of known or suspected faults. This, statement doesn't include all

the available information,, especially seismic reflection interpretation from

document SD-BWI-TI-177 (see comment of the preceding). The Draft EA should

be revised to recognize interpreted faults within the RRL, and the potential

seismic impacts on exploratory shaft construction or for repository

construction, operation or closure.
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Reference: NRC FIN A0294
Technical Assistance in Seismo-Tectonic Impacts
in Repositories

Dear Mr. Blackford:

This is to transmit the subject draft report on the BWIP site.

In accordance with Subtask 1.3 of the reference Contract A0294, and
your assignment letter dated 22 December 1984, we have performed our review
and evaluation of those assigned portions of the DOE Environmental
Assessments (EA) for the proposed BWIP site. Our review and evaluation to
this date was accomplished by us without access to a number of important
Rockwell-Hanford Operations (RHO) literature of the site. Many references
listed in the text of the EA are not readily available in time. For these
reasons, this review and evaluation report should be considered as a draft
document which may need revisions after all the references become
available. In this draft document, we have identified areas of our
technical concerns and the rationale for our concerns. We have also
indicated in this draft report what action we feel is necessary for
mitigation.

If you have any questions, please let us know.

Sincerely yours,

Dae H. Chung
Project Leader

DHC/ic
Enclosure: As stated.



The following reports are listed in RHO-BW-SA-281P:
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A10
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A22
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A24

A25
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A34

A35
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A40
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A56*

A58
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A133
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A140
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A157

A160
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A190*
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C13

C14

C22

C60

E5

Note: Those marked with an *

are urgently needed in Reno for

the first phase of EA review.

Other reports not listed in RHP-BW-SA-281P

RHO-LD-158, Fecht and Lillie, 1981, Catalog of borehole lithologic logs from the

600 area, Hanford Site.

PNL-2894 McGhan and Danschen, 1979, Hanford Wells

SD-BWI-DP-035REV B-0, BWIP, 1983, Deep Borehole Stratigraphic Correlation charts

and structure cross sections.*



RHO-W-SA-214P, Cochran, M.P., 1982, Geophysical investigation of eastern Yakima

ridge, south-central Washington.

ARH-SA-47, Isaacson,.R.E., 1969, Hanford Exploratory Deep Well*

RHO-BW-SA-257P, Kim and Haimson, 1982, In situ stress measurement at a candidate

repository horizon.



Summary of Major Concern In Seismo-Techtonic in review of Draft
Enviromental Assessment of Reference Repository Location Hanford Site,
Washington

Three areas of concern are addressed. They are:

o Structural Geology

o Fault Activity Assessments

o Seismic Studies

A short description of each of these areas follows:

Structural Geology. At the present time the Yakima fold belt is not

defined and characterized for mechanism, deformation, or fold and fault

geometry, and amount of deformation accommodated by plastic flow and

faulting. Analyses are not accomplished on a regional basis and needs to

include fault-fold interactons, such as thrusting on folds, raw, the Hite

fault zone and strike-slip fault within and bordering the fold belt. The

cross sections in each need to be balanced, to allow palinspastic

reconstructions as a check on structural geometries and deformation rates.

These studies will further delineate structures which will need more

extensive mapping efforts. These structures could include the

Rattlesnake-Wallula fault system, faulting on Gable Mountin and the

Saddle Mountains structure which dips toward the RRL, and possible

faulting on the buried portion of the Yakima Ridge structure bordering

Cold Creek syncline.

fault Activity Assessment: The assessment of fault activity need be

accomplished. Faulting or possible faulting of probable Holocene age is

associated with structures at Antenum Ridge (Campbell, in Rigby and

Othberg, 1979), Saddle Mountains (Reidel, 1984), Gable Mountain (Golder

Associates, 1981), the Buroker fault zone (Shannon and Wilson, 1980),

Toppenish Ridge (Campbell and Bentley, 1981: Woodward-Clyde Consultant,

1981), the Wallula fault zone (Shannon and Wilson, 1980), Wenus Valley

(Glass, 1977), and Horse Heaven Hills. This faulting need be

characterized as to age, typical recurrance interval and length and
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displacement parameters of associated paleoseismic events. These studies

will help yield reasonable estimates on the amount of ativity of the

Yakima folds and the form of that activity (i.e., folding, large

earthquakes with long recurrence intervals, moderate earthquakes with

short recurrence intervals, etc.). This assessment need include the

characterization of faults which may not be associated with folding, such

as the central fault of Gable Mountain.

Seismic Studies: Seismological studies which are incomplete include

construction of epicenter location maps for all detected events in the

Pasco Basin area, characterization of that seismicity, and comparison of

energy release of historical seismicity with known deformation rates

determined in geological and geophysical studies. In addition the

characterization of in-situ stress and method of stress release which can

be expected to occur to accommodate the continuing deformation of the

Yakima fold belt is not discussed.

This review was accomplished without access to important Rockwell Hanford

Operations (RHO) literature of the site. Many references listed in the

text of the EA are not present in the reference section. For these

reasons this review should be considered as a draft document which may

need revisions after the references become available.

Following are sections of the Draft EA for BWIP with which we have

concerns, and the rationale for our concerns. We also indicate what

action we feel is necessary for mitigation.
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CHAPTER 2

General Comments

No general comments at this time

Specific Comments

2-1

Section 2.1.1 - Regional Geology, Page 2-1, Paragraph 4 -

Interpretation disagrees with other published literature and other sections of

E.A. The text states that there are three types of intraflow structures -

colonnade, entablature, and vesicular or brecciated flow top. The latter is

described as generally forming the top few meters of a flow although it can be

up to one-half of the flow thickness. Flow interiors are described as

composed of entablature and colonnade structures. Figure 3-36 of the E.A. and

Gephart et al. (1983) indicate that vesicular zones are not necessarily

associated with flow tops and may occur within the flow interior. Also platy

zones and local fractured zones may occur within flow interiors. The model

for the structures of a typical basalt flow at RRL affects the suitability of

a horizon from a hydrological standpoint, and affects the construction and

engineering aspects of a repository. A model needs to be compiled which

includes all flow interior structures and discontinuities. This model should

include a quantitative assessment of each type of flow structure and

discontinuity (e.g. vesicular zones) especially those which occur within the

flow interiors.

2-2

Section 2.1.1 - Regional GeologyPage 2-4, Figure 2-3 -

Interpretation disagrees with other published literature, including Chapter 3

of E.A. In Figure 2-3, the "cross section of a typical flow in the Columbia

River Basalt group, in idealized form" several structures are not present

which are delineated in Gephart et al. (1983) and in Figure 3-36 of the E.A.

These structures include vesicular zones and platy zones within the flow
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interiors. The figure also combines the flow top and (usually) accompanying

vesicular zone near the top into a feature called the "vesicular top". This

term needs to be defined or the original nomenclature of flow top and

vesicular zones needs to be adhered to in order to prevent over-simplification

and confusion in the usage of these terms. Figure 3-36 of the E.A. indicates

the occurrence of vesicular zones is not restricted to the flow top only. The

same concerns as for Section 2.1.1, Page 2-1, Paragraph 4 apply for this

figure.

2 -3

Section 2.1.1.3 - Seismicity Page 2-15, Paragraphs 1 and 2 (and Figures 2-9

and 2-10)

Not enough information is presented to allow the reader to determine how the

conclusions were reached. In these two paragraphs and figures 2-9 and 2-10

seismicity is discussed with the conclusion that shallow earthquake swarms are

not associated with deeper randomly occurring events. However, the epicenter

map (fig. 2-10) depicting shallow events uses events from Magnitude 0.5 to 4.5

whereas the map of deeper events (fig. 2-9) shows only Magnitude 3.0 and

greater events. As most events in earthquake swarms are less than Magnitude

2.0 (Page 2-12, paragraph 4) this conclusion cannot be made from the data

presented. The interpretation of seismic risk at RRL is dependent on

presentation of adequate and complete data. There is a need to include all

recorded seismicity on epicenter maps, including those events which cannot be

precisely located, indicating their location is of poor quality.

2-4

Section 2.1.1.3 - Seismicity Page 2-15, Paragraph 2 -

The third sentence of the paragraph does not make sense.

2-5

Section 2.1.2 - Tectonics Page 2-15, paragraph 2

Interpretation disagrees with published literature. This section states that

average uplift rates (vertical strain rates) were approximately 40 to 80

meters per million years from 14.5 to 10.5 million years ago on anticlinal

folds, and that deformation appears to have continued along the same

structures formed in the Miocene. First, the deformation is not on anticlinal

folds entirely, but generally on overthrust anti-clines, and thus can be both



-5-

faulting and folding. The resultant vertical uplift is only one component of

the total deformation, and primary deformation is horizontal in the Yakima

fold belt. Also, several areas appear to be "out of phase" with structures

which were formed in the Miocene. For example, thicknesses of basalts in

Rattlesnake Mountain show that, at least in Grande Ronde time, the area was

occupied by a synclinal structure (Reidel and others, 1980). Swanson (1967)

shows this reversed relationship in the Bethel Ridge anticline. This

indicates that post-Miocene deformation has not always occurred on Miocene age

structures, and the calculated vertical uplift component of the horizontal

strain needs to accommodate this style of deformation. As seismic risk

analyses and tectonic models are dependent on reliable strain rate

extrapolations, vertical uplift rates need to be delineated which represent

the actual amount of vertical deformation. Structural considerations then

need to be determined to establish actual horizontal strain rates which can be

used in the regional structural analysis.

2 -6

Section 2.1.2 - Tectonics Page 2-18, paragraph 2

Interpretation disagrees with published literature. In this section, the

Toppenish Ridge, Gable Mountain and the area near (southeast of) Wallula Gap

are described as having "possible Quaternary faulting". The discussion is

about the Yakima Fold Belt and many areas within the structural province have

"possible Quaternary faulting". In addition to the three mentioned there are:

Ahtanum Ridge (Campbell, 1979), Saddle Mountains (Reidel, 1984), Wemus Valley

(Glass, 1977) and possibly Rattlesnake Mountain Reidel and others, 1984).

Not only are these areas indicative of "possible Quaternary faulting" but many

have strong evidence for Holocene age faulting (e.g. Toppenish Ridge and Wemus

Valley). Failure to determine or recognize fault activity in the Yakima Fold

belt will lead to a non-conservative seismic risk assessment for the RRL. A

realistic and conservative seismic risk evaluation requires that fault

activity be accurately assessed in the seismogenic province (Yakima fold belt)

in which RRL is located.

2-7

Section 2.1.2 - Tectonics Page 2-18, Paragragh 2

This section indicates that there is a low average strain rate in the Pasco

Basin as, historically, few earthquakes have been felt in the area, most of
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which occurred outside the margins of the Pasco Basin. First, the Pasco Basin

cannot be considered a geotectonic or seismogenic province and siesmicity near

the Basin is probably in the same seismogenic province (the Yakima Fold

Belt). Secondly, the historical record is too short for most areas of the

world (including the Yakima Fold Belt) to determine recurrence intervals of

large events. Thus strain rate assumptions cannot be made on the "felt" record

of earthquakes. To enable proper seismic risk evaluation of the Yakima Fold

Belt, (including the Pasco Basin physiographic area) a realistic horizontal

deformation rate needs to be determined. This determination should be made on

structural and tectonic considerations which can define the "average strain

rate".

2-8

Section 2.1.2 - Tectonics Page 2-18, paragraph 3

The E.A. states that non-uniform compression is occurring at a rate of less

than 0.1 mm/km/yr in the Pasco Basin. These geodetic surveys have not been in

operation long enough to determine the following: (1) the amount of stress

stored as elastic deformation, which may be relieved during large seismic

events with surface rupture, and (2) the timing of possible seismic cycles,

with a cycle time of a few tens to a few tens of thousands of years, which

affect the surficial deformation in the Pasco Basin. The presentation of

geodetic data for only a few years for a region is not indicative of long term

strain rates. For example, in the 1977 San Juan, Argentina, earthquake,

geodetic leveling data indicated a vertical change of 6 cm between 1938 and

1976 in the axis of the causative anticline. Between 1976 and 1978 a change

of over 1.0 meters was recognized. Most of the change is assumed to have

occurred during the 1977 earthquake Uolponi et al., 1978). Inaccurate

extrapolation of present day surface deformation can yield estimated strain

rates which can be orders of magnitude less than the actual strain rate, if

the period of time of geodetic surveying is short compared to the seismic

cycle (or recurrence interval for earthquakes). As seismic risk analyses are

partially based on reported strain rates, average strain rates through longer

periods need to be delineated, considering seismic cycles and addition to

average rates the displacement of large earthquakes accompanied by surface

rupture.



-7-

2-9

Section 2.1.2 - Tectonics Page 2-18, paragraph 4

This section states that instrumental earthquake data for eastern Washington

indicate minor stress release as micro-earthquakes. The conclusion that this

indicates a low average stress release (page 2-15, paragraph 4) is partially

based on this observation. The instrumental record for microearthquakes is

only about 15 years old for the Pasco Basin, which is too little time

(probably by at least two orders of magnitude) to realistically determine

average strain rates ( ). In situ stress measurements indicate

stress buildup to a considerable level (Kim and Haimson, 1982), and disking of

basalt ces also indicates the presence of considerable unreleased horizontal

stress (draft SCA of March 1983, figure A-12). This buildup of stress

indicates microearthquakes are not relieving stress accumulation. while

probably thus there is the potential for a moderate to large earthquake to do

so. To properly perform a seismic risk analysis for RRL, the method of stress

release (i.e. faulting, folding, plastic deformation, etc.) needs to be

determined for the Yakima Fold Belt.

2-10
Section 2.1.2 - Tectonics Page 2-18, paragraph 4
The statement indicates that the detected microearthquakes in the Pasco Basin
area do not correlate with known or inferred faults, which is used to
substantiate (by lack of seismogenic faults?) that the area has a low average
strain rate (page 2-15, paragraph 4). In areas where continental lithosphere
is undergoing active compression, microearthquake activity (and even small to
moderate size earthquakes) need not be associated with the primary fault.
This can be seen in epicenter maps and hypocenter figures for many thrust
earthquakes, including the 11/23/77 San Juan; Argentina, event (Volponi et
al., 1978), the 9/16/78 Tabas, Iran, event (Mohajer-Ashjan and Nowroozi, 1979;
Berberian, 1982) and the 10/10/80 El Asnam, Algeria, event (Philip and
Meghraoui, 1983; King and Yielding, 1984). The apparent scatter of
microearthquakes cannot be used to infer absence of seismogenic structures nor
can it be used as a basis to determine that the average strain rate is low.
Other lines of evidence are needed to substantiate the conclusion that is made
on page 2-15, paragraph 4.
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CHAPTER 3

General Comments

No general comments at this time

3-1

Section 6.3.1.7.3-Tectonics, Favorable Condition, page 6-222, paragraph 1

Insufficient information is presented.

Data for deriving probability calculations for basaltic eruptions at the site

are not given. Therefore, the reader is not able to determine how the

conclusions were reached. Numbers, and in particular probability

calculations, are meaningless when given without the data used to derive

them. The discussion of the probability of revewed volcanism is inadequate in

the E.A., especially when considering the very close proximity of the

Quaternary basalts to the candidate area. A more in-depth discussion is

needed.

3-2

Section 6.3.1.7.3 - Tectonics, Favorable Conditions, Page 6-223, Paragraph 1 -

Same as comment 3-7, on usage of "no unequivocal".

3-3

Section 3.2.2.2 Wanapum Basalt, page 3-28, paragraph 3

In this section the Wanapum Basalt is described as being thickest in the

central area of Cold Creek syncline and thinning over Rattlesnake Mountain and

the Untanum Ridge-Gable Mountain structures. Isopach maps for this basalt and

its members of the Pasco Basin area are in Reidel and others (1980) . These

maps indicate the thickest section lies below Rattlesnake Mountain, the

southeastern Rattlesnake Hills adjacent to Rattlesnake Mountain, the buried

southeast extension of the Yakima Ridge structure and in the Snively Basin

area. The basalt thins through, not over, the Gable Mountain structure and

the Cold Creek Syncline (including the Reference Repository Location, RRL).
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As tectonic and structural interpretations, such as age, amount and timing of

folding and related faulting, are partly based on descriptions of basalt

thicknesses, repository safety and design is affected. Accurate isopach maps

with tabulated supporting data need to be compiled for brehole, geophysical

and geological data. These maps should also reflect problems of thickness

determination where thrust faulting associated with Yakima fold structures

have created repetitive sequences of basalts, as describes in Price (1982),

Reidel and others (1984) and Reidel (in preparation).
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3-4

Section 3.2.2.2.1 Frenchman Springs Member, page 3-33, paragraph 2

The Frenchman Springs member of the Wanapum basalt is described (Reidel and

others, 1980) as being thickest on the east side of Cold Creek syncline and

thinning abruptly on the Rattlesnake Mountain structure. Figure 7 of Reidel

and others (1980) indicates the thickest section of this member is in the

Rattlesnake Mountain area and the member thins to the north and east.

The same concerns and needs as outlined for Section 3.2.2.2 (comment 3-1)

apply to this section.

3-5

Section 3.2.2.2.2 Roza Member, page 3-33, paragraph 4

The Rosa member of the Wanapum Basalt is described as being thickest in the

central part of Cold Creek syncline and just north of Gable Mountain, and

thinning over the Untanum Ridge-Gable Mountain structure. Figure 8 of Reidel

and others (1980) indicates the unit is thickest in eastern Cold Creek

syncline, and under and north of the area of Gable Mountain. No thinning is

apparent across Gable Mountain. The unit thins in all directions from this

area, including across the RRL.

The same concerns and needs as outlined for section 3.2.2.2 (comment 3-1)

apply to this section.

3-6

Section 3.2.2.2.3 Priest Rapids Member, page 3-35, paragraphs 4 and 5

The Rosalia flow of the Priest Rapids member is described as being thickest in

the Wahluke and Cold Creek synclines and thinning across Rattlesnake Mountain

and the Untanum Ridge-Gable Mountain structure based on Reidel and others
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(1980). Figure 9 of Reidel and others (1980) depicts isopach lines for this

flow in 50 foot intervals from 0 to 100 feet. Within the 100 foot isopach are

the eastern portions of Untanum Ridge and the eastern portion of Gable

Mountain. The 50 foot isopach passes through the RRL. The western parts of

Cold Creek syncline have a thickness of this flow of between 50 and 100 feet

while the eastern portions have less than 50 feet. Rattlesnake Mountain lies

over a thickness range of 50 to somewhat less than 100 feet. Thus, in the

Hanford Reservation, the flow is thinnest in Cold Creek syncline, thickening

slightly over (or through) Rattlesnake Mountain, and thickening through Gable

Mountain.

The same concerns and needs as outlined for section 3.2.2.2 (comment 3-1)

apply to this section.

3-7

Section 3.2.2.3.1 Umatilla Member, page 3-37, paragraph 2

The Uatilla Member is described as being much thinner on Yakima Ridge and

Rattlesnake Mountain than in Cold Creek syncline and this unit apparently

thins across the subsurface extension of Gable Butte, based on the data of

Reidel and others (1980). Figure 13 of Reidel and others (1980) indicates a

northward deflection of the 200 foot isopach under Gable Butte, indicating

slight thickening, not thinning. The thickest section (over 300 feet) is in

the area of the Snively Basin and the western part of Rattlesnake Mountain.

The 250 foot isopach follows the buried portion of the Yakima Ridge, south of

the RRL. The 200 foot isopach passes through both the RRL and Gable Butte.

The same concerns and needs as outlined for section 3.2.2.2 (comment 3-1)

apply to this section.

3-8

Section 3.2.2.3.2 Esquatzel Member, page 3-37 and 38 paragraphs 1, 4, and 5

The Esquatzel member is described as being approximately 70 meters (225 feet)

thick in the RRL. Thicknesses reported in RHO-BW-SR-83-1 2QP and
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RHO-BW-SR-1 3QP for six boreholes within the RRL show a range of thicknesses

for this member of from 100 to 119 feet. Figure 17 of Reidel and others

(1980) indicates thicknesses of about 150 feet in RRL.

Structure, tectonic, and hydrologic models are affected by reported flow

thicknesses in the RRL region. Error in reported thicknesses could affect

interpretations of age, timing and amount of folding and faulting and ground

water travel times and paths. In addition, facility design and construction

methods are affected. Borehole data from Cold Creek syncline and the

surrounding area need to be compiled into a single report and incorporated

With measured stratigraphic thicknesses in outcrop to decrease the possibility

of error in thickness interpretations.

3-9

Section 3.2.2.3.3 Pomona Member, page 3-38, paragraphs 4 and 5

The Pomona Member of the Saddle Mountains Basalt is described as being

thickest in the southeast portion of Cold Creek syncline and in Wahluke

syncline, just north of Gable Mountain. The description indicates it thins

over the structures bounding and within the Pasco Basin. Figure 19 of Reidel

and others (1980) depicts the thickness and distribution of this member.

These data indicate the Pomona is thickest on the southeast end of Rattlesnake

Mountain. The area within the 200 foot isopach (the greatest thickness)

extends nearly to the river in the Yakima River Gap and into the Sively

Basin. It does not extend into Cold Creek syncline. There is no apparent

thinning over or through Gable Mountain. This structure and most of RRL have

thicknesses of less than 150 feet. From these data, the unit does not thin

over any structures in the Pasco Basin except the Saddle Mountains.

The same concerns and needs as outlined for Section 3.2.2.2 (comment 3-1)

apply to this section.
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Section 3.2.2.5 Ringold Formation, page 3-43, paragraph 3

Data allows other interpretations. This section states that the top of the

Ringold Formation is heavily dissected and Figure 3-22 shows a stream incised

in Cold Creek syncline. Figure 3-22 shows contours of the top of the Ringold

Formation overlain on a topographic map of RRL. Present day incision, shown

by topographic lines, is on streams of a few tens of feet deep and a few

hundreds of feet wide. The contours of the top of the Ringold Formation

indicate the interpreted incised stream is about 100 feet deep and about 3

miles wide, with only gentle changes in topography, i.e. it had no steep

banks. Alternate interpretations are possible, including one which allows for

little incision in a horizontal upper surface of the Ringold Formation, the

present surface configuration resulting from tectonic folding. This

interpretation is based on the statements in section 2.1.2 that present

deformation is occurring on the structures now in existence, i.e. the Cold

Creek syncline is being deformed. Synclinal deformation can explain the

contour pattern on Figure 3-22 for the top of the Ringold Formation. The

upper Ringold unit is described as being heavily dissected on its upper

surface as indicated by contour mapping of the top of the unit (fig. 3-11).

The unit is also described as possibly being previously higher in the Cold

Creek syncline area as it is 450 feet higher in White Bluffs, just east of the

RRL (also see page 6-119 P 2). The interpretation that erosion has created

these differences in elevation could be replaced by other interpretations.

One is that a fault or fold exists between White Bluffs and the RRL with about

450 feet of vertical-displacement. Another is that the Ringold formation has

large variations in thickness in RRL, interpreted from contours of the top of

tne unit (fig. 3-11). This does not account for the thickness, only the shape

of the top of the unit, whether this shape results from erosion or tectonism.
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The interpretation of faulting and tectonism in or near the RRL affects the

seismic risk analyses for suitability of the site and affects the safety of

RRL during pre- and post-closure stages. The correct interpretation can be

discerned by isopach map construction of the upper Ringold unit from borehole

data and examination for Late Pliocene-Quaternary age faulting between RRL and

White Bluffs.

3-11

Section 3.2.3 Structure and Tectonics, page 3-45, paragraph 1

In this section, the Yakima folds are described as concentric. Concentric

folds are symmetrical and the thicknesses of units are not changed by the

folding. Fold descriptions in Price (1982), Reidel and others (1984) and

Reidel (in prep.) indicate that for all folds studied, including Rattlesnake

Mountain, Yakima Ridge, Untanum Ridge (and Gable Mountains), and Saddle

Mountains, thicknesses have been distorted by folding and/or faulting.

If the folds are concentric, this affects the interpretation of whether or not

the folds are rooted structures. This interpretation affects the basic

structural model from which tectonism is described and hydrologic models are
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based. Thus all facets of repository safety, design, and construction

procedures are affected. A model of the geometry for a "typical" Yakima fold

needs to be developed which includes faulting, folding, and limb deformation.

The folds which affect interpretations of tectonics at RRL should be compared

to this "typical fold". In addition, the term second-order folds is never

defined. It is not clear if this refers to parasitic folds or to a different

stage or generation of folds.

3-12

Section 3.2.3 - Structure and Tectonics, Page 3-45, Paragraph 4

This section states that the RRL is located on the eastern boundary of the

Yakima Fold Belt structural subprovince of the Columbia Plateau and refers

readers to figure 2-7. Figure 2-7 shows that the RRL is located over 25 miles

(40 km) inside the boundary depicted for the Yakima Fold Belt subprovince.

The interpretation that RRL is on the eastern boundary of the sub-province
infers that folding is minimal at RRL whereas the actual location of RRL, 25

miles (40 km) within the fold belt,indicates that overthrust folding is the

dominant tectonic style. The interpretation of what structural style of

deformation affects RRL affects construction and engineering considerations as

well as site suitability and seismic risk of RRL. The E.A. needs to clearly

define the seismotectonic regime which affects RRL.

3-13

Figure 3-23 Generalized geologic structure map of central Columbia Plateau,

page 3-46

Figure 5-23, a generalized geologic structure map of the central Columbia

Plateau, shows three types of faults in the legend. One of these does not

appear on the map. In addition, there is no indication in the legend

indicating the types of faults indicated by the various symbols. Several

structures discussed in the text are described as faulted (for example see

sections 3.2.3.2, paragraph 2 and 5 and 3.2.3.4, paragraph 3). The omission

of faults from this figure gives the reader the false impression that there

are very few faults in the site region, which is not the case. What figure

3-12 represents is a generalized fold map of the site region. The figure

should either be captioned as such or faults, which are part of the geologic

structure of the site region. should be included.
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The axes of the Hog Ranch Anticline and the Saddle Mountains anticlines

intersect at the southeastern corner of the Kittitas basin. Are there fold

interference patterns there? Were the folding episodes can temporaneous or

were there two phases of folding? A similar question could be asked about the

Swale Creek-Glade Creek syniline and the Horse Heaven Hills anticline, which

intersect at a high angle.

3-14

Section 3.2.3.2 Untanum Ridge-Gable Mountain Structure, page 3-49, paragraph 2

"The length of the faults one controlled by second-order folds...." Does this

imply a genetic link? What is the evidence for this?

3-15

Section 3.2.3.3 Cold Creek Syncline, page 3-49, paragraph 1

In this section, a key aspect of site-identification work is described as the

delineation of relatively intact volumes of basalt in the Cold Creek syncline

area, which are bounded by known or inferred geologic structures. The

definition of volume is not given and the reader must make assumptions about

the presence of faults, folds, fractures, or other structures which could

affect repository performance. Within some of these defined volume occur the

seismicity that is depicted on Figure 3-25. This leads to concern about the

definition and concept of a "relatively stable" block of basalt.

If these blocks are to be used for determining the stability of Cold Creek

syncline as it affects repository performance, better definition of all

geologic sructures which are present, and explanation of anomolous

seismicity, need be presented.
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3-16

Section 3.2.3.4 Yakima Ridge Structure, page 3-34, paragraph 2 and 3

Description of the Yakima Ridge Structure mentions several structural
features such as the Cairn Hope Peak Monocline and Silver Dollar Fault,
but there is no reference to a figure in the EA which shows the
relationship of these features to the proposed repository.

3-17

Section 3.2.3.8 Structural Analysis, page 3-52, paragraph 1

In this section, it is stated that the Yakima folds show little
deformation other than tectonic jointing in the anticlinal crests. Price
(1982), Reidel and others (1984) and Reidel (in preparation) all indicate
there are large horizontal components of displacement on faults in the
anticlines -- as much as 3 kilometers in the Saddle Mountains. The net
fault slip is much greater than the uplift of anticlines and needs to be
considered in the analysis. This in turn affects seismic hazard and risk
studies for the site region, and modeling for geological, geophysical,
and geodetic studies for RRL.

Faults associated with the Yakima folds of the site region need to be
delineated and characterized for their effect on various models. For
example, if the rate which has been calculated from fold growth rate is
compared to the strain rate observed in level lines in the site region,
they are compatible. However, if faulting is considered, the rate of
horizontal displacement of faults need be added to the rate calculated
from fold growth. This would not then be compatible with geodetic data.
However, if it is postulated that an earthquake is going to occur with
surface displacement, and that displacement is incorporated with level
line data, the data bases may again be compatible. Under this
interpretation, the safety and stability of RRL would be in question.

The widely disseminate discrete shear zones on the genile lines of gentle
lines of the anticlines receive little attention. Their orientation and
nature, i.e., normal or reverse are not described thus their role can not
be assessed.

3-18

Section 3.2.3.8 Structural Analysis, page 3-52, paragraph 2

In this section, growth rates are calculated based on deformation rates
of basalts and present structural elevations of basalts and other units
in the Saddle Mountains and Rattlesnake Mountain. These calculations do
not include deformation (i.e. shortening) from moderate to low angle
faults. Such faults are described in Rattlesnake Mountain by Reidel and
others (1984), in Yakima and Untanum Ridges by Price (1982), and in the
Saddle Mountain structure by Reidel (in prep.). In the Saddle Mountain
structure alone there is over 2,500 meters (in places up to 3,000 meters)
of displacement on these faults. The horizontal component of
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displacement must be accounted for in the calculations of shortening in
the Pasco Basin. For the Saddle Mountains, this component of the fault
displacement may be several times the vertical displacement of basalts by
the folding/faulting process.
Of concern is the fact that deformation rates within the Pasco Basin have
been used to determine the seismic hazard at the site. It is necessary
to incorporate faulting data into any calculation of deformation rates in
the site region. For many of these faults (every anticline is faulted in
the Price, 1982, and Reidel and others, 1984, models), displacement
parameters will have to be determined.

The initiation of deformation could have been later than Grande Ronde
time, this depending upon the interpretation of small structures, such as
the Smyrna anticline, and their effects on the basalt flows (Reidel, in
prep., also comment 3-1). The initiation of deformation is a critical
point in discussions of the rate of deformation.

3-19
Section 3.2.3.8 Structural Analysis, page 3-53, paragraph 1

The term "vertical component of strain" and "uplift" are used
interchangably here. If the folding is conencentric, there can be no
vertical component of strain. One dimensional strain implies a change in
length of some unit of dimension and applies over a particular zone or
reference length.

3-20

Section 3.2.3.8 Structural Analysis, p. 3-53, aragraph 2
It is indicated in this paragraph that measurements of in situ stress by
hydraulic fracturing indicated a mean principal compression with an
approximately north south orientation. Hydraulic fracturing normally
only provides the orientation of the minimum in situ stress. In the
reference repository that is nearly vertical. Thus it would be difficult
to determine the orientation of the mean compressive stress by hydraulic
fracturing alone, other than it would be nearly vertical. There is no
discussion of the N-S anticlines such as the Table Moutain, Hog Ranch, or
Jackass Mountain anticline, and how they fit in with regional N-A
compression. In this section, growth rates are calculated based on
deformation rates of basalts and present structural elevations of basalts
and other units in the Saddle Mountains and Rattlesnake Mountain, and
vertical strain is equated to deformation. These calculations do not
include deformation (i.e. shortening) from moderate to low angle faults.
Such faults are described in Rattlesnake Mountain by Reidel and others
(1984), in Yakima and Umtanum Ridges by Price (1982), and in the Saddle
Mountain structure by Reidel (in prep.). In the Saddle Mountain
structure alone there is over 2,500 meters (in places up to 3,000 meters)
of displacement on these faults. The horizontal component of
displacement must be accounted for in the calculations of shortening in
the Pasco Basin. For the Saddle Mountains, this component of the fault
displacement may be several times the vertical displacement of basalts by
the folding/faulting process. In addition these growth rates are
calculated on the assumption that the present folds were formed at the
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inception of deformation and the folding pattern has not changed. Data
in Reidel and others (1980) and Swanson (2967) indicate this is not the
case. Of concern is the fact that deformation rates within the Pasco
Basin have been used for seismic risk assessment at the site. It is
necessary to incorporate faulting data into any calculation of
deformation rates in the site region. For many of these faults (every
anticline is faulted in the models of Price, 1982, and Reidel and others,
1984), displacement parameters will have to be determined, and
incorporated into deformation rates.

3-21

Section 3.2.3.8 Structural Analysis, page 3-53, paragraph 2
The change of attitude of old axes on the West side of the Pasco Basin
is in-line with the Rattlesnake-Wallula alignment- this suggests the
possibility of some sort of left lateral movement.

3-22

Section 3.3.2.1.1 Flow Interiors, page 3-85, paragraph 3

How can the statement be made that ...vertical hydrautic conductivity of
underformed flow interiors will likely be similar to the horizontal
conductivity values currently reported?" when one test has shown it to
be 10 times greater (Paragraph 2) and two theoretical estimates show it
to be 2 times to 3.5 times greater? Data and estimates do not agree with
assumptions.

CHAPTER 4

General Comments

Descriptions of planned studies are too general to determine if they will
be adequate to describe and model the seismo-tectonic features of the
proposed repository site and surrounding area.

Specific Comments

No specific comments at this time.

CHAPTER 5

General Comments

No general comments at this time.
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CHAPTER 6

Specific Comments

6-1

Section 6.2.1.6.11 Disqualifying condition, page 6-21, paragraph 1,
subheading (1)

This subheading states that a disqualifying condition exists if
repository
construction, operation, closure, or decommissioning would result in an

unacceptable adverse impact on the health or welfare of the public or the

quality of the environment, if such impact cannot be mitigated by reasonable

measures, taking into account technical, social, economic, and environmental

factors. One of the results from delineation of faulting associated with

folding in the Yakima folds may be that the buried part of the eastern segment

of the Yakima Ridge is faulted. The model of Reidel (in prep., see Figure a,

b, and c) indicates that faulting would exist on this fold. As faulting is

not now considered as a feature of this fold (see fig. 3-8 of this EA), this

interpretation could have effects on this disqualifying condition. This

effect would result from the possible geometry of a fault in the buried Yakima

Ridge immediately south of the RRL possibly intersecting the repository at

depth. As activity along moderate to low angle faults is not incorporated

into deformation rates they will need to be revised. It is necessary to

determine the validity of the Reidel (in preparation) model for faulting on

low amplitude folds such as this structure, delineate any faulting affecting

the structure, and determine if present activity is possible.

6-2

Section 6.3.1.1.4 Favorable condition, page 6-66, paragraph 2

In this section, it is stated that the time period addressed extends from

approximately 1.6 million years before the present to 100,000 years into the

future. During this time, the geologic processes that may have temporary to

permanent impact on the groundwater flow system are outlined in Table 6-2

(page 6-47 of the EA). Not listed under the glaciation section of this table

is ice dam flooding from ice blockage of the Columbia River. Section 3.2.2.7,
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paragraph 1 of the EA states that the ice dam floods which deposited the

Hanford formation occurred several times, and most resulting deposits are late

Pleistocene. This data indicates the possibility of future occurrences of

this phenomena, with a probability that this could occur in the next 100,000

years. Data of Schackleton and Updike (1972) indicate climatic changes are

cyclical and occur on about an 80,000 year return period. Data is quoted in

section 6.3.1.4.3 of the EA for glacial return within 10,000 years. For these

reasons this phenomena needs to be addressed to insure compliance with this

decision on conditions being favorable.

6-3

Section 6.3.1.4.3 Favorable condition, pages 6-115-116, paragraphs 2 through 5

The same concern and needs exist for this section, based on the same possible

conditions, as for section 6.3.1.1.4 (comment 6-2).

6-4

Section 6.3.1.7.3 Favorable condition, page 6-114, paragraph 4

Under this favorable condition is a discussion of the deformation rates in the

Pasco Basin, including estimates based on fold growth rates and that geodesy.

The same needs and concerns exist that are listed under section 3.2.3.8 of

this review (comment 3-14).

6-5

Section 6.3.1.7.3 - Favorable condition,Page 6-128, Paragraph 1

Under this favorable condition is a discussion of the deformation rates in the

Pasco Basin, including estimates based on fold growth rates. This discussion

does not accommodate faulting. The deformation is based on the growth of

anticlines (including Rattlesnake Mountain) for 15 million years. There is
data in Section 3.2.2 and subsections which indicate this is not true. The

same needs and concerns exist for this section as are listed under section

3.2.3.8 of this review.
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6 -6

Section 6.3.1.7.3 - Favorable condition, page 6-128, Paragraph 1

This section cites the seismic exposure analysis for the WNP-2 nuclear plant.

New studies may lead to new data and interpretations that drastically affect

the design earthquakes for a given facility. Past decisions for nuclear power

generators may be different than those made in the future for high level waste

repositories. New studies, such as those of Reidel and others (1984) and

Reidel (1984) indicate that faulting is more prevalent in the site region than

was thought at the time of licensing for the other nuclear facilities and that

the focal mechanism of earthquakes may be different than the assumed

strike-slip or oblique-slip mechanism used in earlier studies. Seismic and

tectonic models may change with new data for the site region and as

state-of-the-art theory and methods of seismic hazard evaluations are

refined. A new seismic exposure analysis is needed for the RRL which

accommodates all new data acquired for the seismotectonic regime of the Yakima

Fold Belt.

6-7

Section 6.3.1.7.3, Favorable condition, page 6-128, paragraph 3

The text refers to the results of a Delphi analysis which tested the judgment

of experts on the question of hether the present pattern and style of

deformation that exists in the Pasco Basin will continue. The data base for

their judgments was derived from deformation based on fold growth, excluding

effects of fault displacement. It is possible that the conclusion from this

analysis could be altered by consideration of faulting. This need be assessed

and possibly other Delphi types of analyses need be accomplished.

6-8

Section 6.3.1.7.4 Potentially adverse condition, page 6-129, paragraph 3

In this section, a thrust fault located in the Gable Mountain structure has

been interpreted as a tear fault. Tear faults are, by definition, vertical

(or nearly so) faults which, in the upper plates of thrusts have lateral-
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displacements to accommodate differential movement between sections of the

upper plate. It is of concern tat: (1) thrust faults are interpreted as tear

faults; and (2) that tear faults might exist, as this implies a thrust which

has had sufficient displacement to result in identifiable tear faults in its

upper plate. This fault, if interpreted as a tear fault, may affect

deformation, and seismic hazard and risk studies for RRL. Faulting will need

to be delineated and characterized for fault mechanism, age, displacement, and

present activity to resolve this roblem.

The geologic data for the Rattlesnake-Wallula alignment suggests that at least

part of the faulting along this structure is active (U. S. RC in NUREG-0309,

and Slemmons, in Appendix G of NUREG-0309). Possible seismic cycles of

regions of low to moderate tectonic activity may show long intervals of low

seismicity, or aseismic character (Ryall and VanWormer, 1980, in Seismol.

Soc. America, Bull, v. 70, n. 5, p. 1573-1581). These results and that for

the Wasatch fault zone and parts f the San Andreas fault (Schwartz and

Coppersmith, 1984, Jour. Geophys. Res., v. 89, n. B7, p. 5681-5698) suggest

that seismological recordings are not always representative and may lead to

overly conservative results.

If some of the offset resulted form the loading and unloading due to

catastrophic flooding what would e the seismic expression? There is no

discussion of such effects in Chapter 3 or the approriate section of Chapter

6. The effects of a report of such a catastrophic flooding event, resulting

in new fault systems and the effect on ground water flow are not discussed in

either Chapter 3 or 6.

6-9

Section 6.3.1.7.5 Potentially averse condition, page 6-130, paragraph 1

In this section, magnitude and distance are used as the controlling factors

for seismic design acceptability of RRL. Not considered in the seismic design

for the site are the small earthquakes that occur in the RRL at very shallow

depths. These events could be cmoressional in nature (i.e. thrust faults).

McGarr (1984) indicates that thrust earthquakes have accelerations in excess
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of 1.9 gravity, regardless of magnitude, with magnitude controlling the volume

having the 1.9+ g acceleration. Thus an event at 1.2 miles depth, which has

occurred historically, could produce large accelerations at repository level

at RRL.

This could affect the assessment of this potentially adverse condition for

RRL. It will be necessary to determine the source or source area for these

historical events and determine their mechanism, geometry with respect to the

repository, and motion parameters at the repository level.

6-11

Section 6.3.1.7.5 - Potentially adverse condition, page 6-131, Paragraph 4 -

In this section, magnitude and distance are used as the controlling factors

for seismic design acceptability of RRL. Not considered in the seismic design

for the site are the small earthquakes that occur in the RRL at very shallow

depths. These events could be compressional in nature (e.g. thrust faults).

McGarr (1984) indicates that thrust earthquakes have accelerations of about

1.9 g, regardless of magnitude, with magnitude controlling the volume

subjected to 1.9 g acceleration. Thus an event at 1.2 miles depth, which has

occurred historically, could produce large accelerations at repository level

at RRL. This could affect the assessment of this potentially adverse

condition for RRL. It will be necessary to determine the source or source

area for these historical events and determine their mechanism, geometry with

respect to the repository, and motion parameters at the repository level.

6-12

Section 6.3.1.7.6 Potentially adverse condition, page 6-131, paragraphs 2 and

3, page 6-132, paragraph 3

This section states that "There is no indication from tectonic investigations,

or historical earthquake records, to suggest that the frequency or magnitude

of earthquakes within the Columbia Plateau would increase. It does not appear

that this potentially adverse contradiction exists within the geologic setting
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of the reference repository." This statement does not discuss:

(1) the possibility that there may be active faults adjoining Yakima Fold

Belt Province (Campbell and Bentley, 1981);

(2) the applicability or nonapplicability of the possibility that the

seismological and geological methods may yield different results on

earthquake frequency. (For example the evaluations of Schwartz and

Coppersmith in 1984 suggest that the historical seismological record may

underestimate earthquake frequency and potential for large earthquakes;

and

(3)the scatter of earthquake epicenters could indicate the prevalence of low

angle or detachment faults. Three dimensional computer models of hypocentral

data may assist in resolving this issue. This will allow for interpretation

of hypocentral locations from any angle of look direction using any azimuth.

These models need be completed to determine if this potentially adverse

condition exists.

6-13

Section 6.3.1.7.10 - Disqualifying Condition

Page 6-136, Paragraph 2 - See comment for Section 6.3.1.7.5, page 6-131,

paragraph 1.

6-14

Section 6.3.1.7.10 - Disqualifying condition - Page 6-136, Paragraph 3.

This section states that the RRL was located away from known or suspected

faulting. Faulting has been reported along exposedportions of the Yakima

Ridge. The faults are low to moderate angle and dip to the south. If the

buried Yakima Ridge immediately south of the RRL is faulted, this fault plane

could intersect the RRL. The contemporaneous development of faulting with

folding is accepted (see Section 3.2.3, page 3-45, paragraph 4 of E.A.). The
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uncertainty associated with deformation rates and style (Section 6.3.1.7.3,

page 6-127, paragraph 3) indicates this faulting should be inferred to be

present and needs evaluation.

6-15

Section 6.3.1.7.11 - Conclusion on Qualifying Condition, page 6-136, Paragraph

5-

The text states that "the preferred interpretation is that deformation is

following a pattern established at least 15 million years ago in the Miocene

in which structures have been developing nearly north-south, nearly horizontal

at long-term, low-average rates of strain". 1) This "preferred"

interpretation is evidently that of the applicant. Data of Reidel and others

(1980) indicate Rattlesnake Mountain used to be a syncline in Grande Ronde

time, and Swanson (1967) reports similar structure in Bethel Ridge. Other

interpretations may be "preferred" by other investigators. 2) The long-term,

low-average rates of strain may be much larger than those calculated from

vertical growth of folds, when possible low-angle thrusting and ecollement

within or directly under the basalt are considered. Interpretations (models)

of deformation rate and style in the Yakima Fold Belt need to be compatible

with all geologic, geophysical and seismic data.

6-16

Section 6.3.1.7.11 - Conclusion on Qualifying Condition, Page 6-136, Paragraph

5-

The E.A. text states "Seven surveys, of a trilateration array across the

Hanford Site since 1972, suggest compression at very low rates compatible with

geologically determined rates of deformation, ... ". 1) Geological rates of

deformation are based on fold vertical growth rate and do not include faulting

of mapped or inferred east-west trending low- to moderate-angle faults (e.g.,

north flank of Gable Mountain, north flank of the eastern portion of the

Yakima Ridge, etc.). Thus these rates, as determined by Caggiano and Duncan

(1983), may be in error by a large amount.

2) The trilateration survey rates are based on short term measurements. The

addition of several meters of movement to the measured values, in the event of

a large fault displacement, would considerably raise the deformation rate
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values. Fault scarps on Toppenish Ridge (Campbell and Bentley, 1981) indicate

surface deformation of this magnitude is possible in the Yakima Fold Belt.

Geologically determined deformation rates need to be accurately determined,

and the amount of stress buildup needs to be determined. Present in situ

stress measurements indicate considerable stress has accumulated in the RRL

area, but it is necessary to determine how long this accumulation takes, how

it will be released, and how this will affect repository performance.

6 -17

Section 6.3.3.4.3. Favorable condition, page 6-210, paragraph 4

This section states that other nuclear facilites nearby are operating, and

that these were designed for low magnitude earthquakes on nearby seismogenic

structures. See comment for Section 6.3.1.7.3.

6-18

Section 6.3.3.3.4 Favorable condition, page 6-205 paragraph 2

The same concerns for this section exist that were outlined in comments on

section 6.3.1.1.4 (comment 6-2).

6-19

Section 6.3.3.4.3 Favorable condition, page 6-210 and 6-211, paragraphs 2 to 5

This section states that other nuclear facilities nearby are operating, and

that these were designed for low magnitude earthquakes on nearby seismogenic

structures. New studies may lead to new data and interpretations that have

drastically affected the design earthquakes for a given facility. Past

decisions for nuclear power generators may be different than those made in the

future for high level waste repositories. New studies, such as those of

Reidel and others (1984) and Reidel (in prep.) indicate that faulting is more

prevalent in the site region than was thought at the time of licensing for the

other nuclear facilities and that the focal mechanism of earthquakes may be

different than the assumed strike-slip or oblique-slip mechanism. Seismic and

tectonic models may change with new data for the site region and as

state-of-the-art theory and methods of seismic hazard evaluations are refined.
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6-20

Section 6.3.3.4.4 - Potentially adverse conditionPage 6-211, Paragraph 3 -

The text states that Faults that may have been active during the Quaternary

Period exist in the Columbia Plateau". This is an understatement or

misrepresentation of the evidence that indicates there are faults which have

been active in the Holocene in the Yakima Fold Belt subprovince of the

Columbia Plateau. There is a need for clear, accurate statements to properly

assess seismic hazard at the RRL.

6-21

Section 6.3.3.4.5 - Potentially Adverse Condition, page 6- 212 , Paragraph -3

This section states that the potentially adverse condition of high

accelerations at the RRL is not present because of the low to moderate

seismicity of the Columbia Plateau. Campbell and Bentley (1981) have mapped a

Holocene age zone of scarps 32 km in length. Using the relationships of

Slemmons and others (1982) for rupture length vs. magnitude, the causitive

event was about Magnitude 7.2. McGarr (1984) suggests that an event this size

would have a considerable volume on both sides of the fault plane which would

experience accelerations in excess of one gravity. It is necessary to

determine if 1) the data of Campbell and Bentley (1981) is correct, 2) the

calculations of McGarr (1984) are reasonable, 3) if this could occur near the

site (e.g. on Rattlesnake Mountain, the Horse Heaven Hills structure, or the

Saddle Mountains), and 4) if these values are within reasonable design limits.

6-22

Section 6.3.3.4.6 Potentially adverse condition, page 6-157, paragraph 1

The assessment of potential earthquakes again make assumptions which maybe

faulty. See comments 3-7, 3-8, 3-19, 6-9 and 6-12.

References

To be completed later
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MAJOR COMMENT #l DEA: BIP

Subject: Structure and Tectonics

Comment: Section 4.1 Site Characterization activities, page 4-2 and 4-3, begins
with the Waste Policy ct definition of site characterization. The last part of
Item B, states those items to be included in site characterization but excludes
preliminary borings and geophysical testing needed to assess whether site

characterization should be undertaken". It would appear that the geophysical
testing recently conducted and currently in progress by Rockwell is pre-site
characterization and therefore being conducted in order to make the assessment
whether site characterization should in fact be undertaken. The determination
to proceed with site characterization is based on the information presented in
the environmental assessment. It would thus appear that the reviewers of the
DEA would need the results of the preliminary geophysical testing in order to
assess whether site characterization should be undertaken. Since there is not
one piece of geophysical information included in this DEA. it is recommended
that the results and interpretations of the geophysical surveys as presented in
other Rockwell publications [see Comment 3-4] be appropriately included in
Sections 3.2.3. 6.3.1.7 and 6.3.3.4 of the DEA in order to allow the decision
makers to deal with "a full deck" in their decision making process.



DETAILED COMMENT #2-1 DEA: BWIP

Section: 2.1.1.3 Seismicity. p. 2-15. para. 2

Comment: The statement that "deep seismicity generally takes place in a
seemingly random pattern, associated neither with known geologic structure or
areas of shallow seismicity" is a premature conclusion. Seismic refraction
studies and other geologic information indicate a thickness of approximately 4
to 5 kilometers of basalt underlain by sedimentary material to a depth of
approximately 8 to 10 kilometers where a higher velocity upper crustal layer has
been detected. The spatial and temporal distributions of earthquakes are
critical to the determination of the tectonic model of the Pasco Basin area.
that is whether the structures are rooted or whether a decollement surface is
present at some depth, perhaps even as shallow as the repository location.
Deeper structures which have yet to be determined by surface geophysical
methods, in part due to the complexities of the near-surface 4 to 5 kilometer
thickness of basalt, may be revealed by some earthquake alignment. It is
suggested that a better representation of the regional seismic activity in the
Pasco Basin area would be to plot all instrumental earthquakes greater than 8 or
10 kilometers in depth as done by Caggiano, 1983, ST-19. Figure 2-9 rather than
plot only the earthquakes greater than magntiude 3 for such a short time period
of 14 to 15 years. A better statement would be that the association of
seismicity with geologic structures is an ongoing study.

DETAILED COMMENT #2-2 DEA: BWIP

Section: 2.1.1.2 Tectonics, p. 2-15, 2-16

Coment: Low average rates of deformation based on calculations and limited
observations, may prove to be sufficient for long term tectonic modeling.
However, an average rate implies that there are periods of low deformation and
periods where there are high rates of eformation such as an episodic faulting.
This section should be revised to show consideration of localized peaks in the
deformation rates and the amount of movement to be anticipated along existing
faults during periods of accelerated deformation.

DETAILED COMMENT #3-1 DEA: BWIP

Section: 3.2.2 Stratigraphy, p. 3-10 [highlighted items]

Comment: The geophysical data base used for developing stratigraphy " is listed
as highlighted items. There is no presentation anywhere in the DEA, even in
summary form, of the results of the geophysical surveys and how they are input
to stratigraphy. Geophysics is commonly used to distinguish structure or the
continuity of stratigraphy rather than stratigraphy in the classic sense as
described in Section 3.2.2. The DEA should be modified, most appropriately in
the section on Cold Creek Syncline structure, to describe, even in summary form,
the results of the geophysical surveys and how they were input into selection of
the reference repository location.



DETAILED COMMENT #3-2 DEA: BWIP

Section: 3.2.2.1.3. Cohasset Flow. p. 3-24, para. 2

Comment: If the colonnade-entablature tiers are not readily correlated from
borehole to borehole in the reference repository location", then the flow may
have more heterogeneities than are indicated in this section. The consistency
in position of the intermediate vesicular zone in terms of elevation is more of
assumption since it is based on only a few boreholes. It is possible that other
vesicular zones may be present at other elevations within the Cohasset flow in
the area of the RRL. The geophysical logs of 5 boreholes as reported in
SD-BWI-DP-035, revision B-0. September 7. 1983. show changes in characteristics
from logs for RRL-6 and RRL-14 which are very similar, to the log for borehole
DC-4. Changes in geophysical log characteristics are indicative of lateral
changes within the basalt flows. This paragraph should be modified to more
appropriately address the uncertainties of the internal stratigraphy within the
Cohasset flow.

DETAILED COMMENT #3-3 DEA: BWIP

Section: 3.2.3 Structure and Tectonics. p. 3-45 through 3-53

Comment: It is recommended that a more detailed map of the structural geologic
features of the Pasco Basin be included in the EA. Many locations and geologic
features including the width of RAW are referenced in this section, however, the
locations are not shown on any figure.

DETAILED COMMENT #3-4 DEA: BWIP

Section 3.2.3.3.Cold Creek Syncline p. 3-49 - 3-50

Comment: The statement that the central and eastern portions of the Cold Creek
Syncline which included the reference repository location appears to be free of
potentially adverse structures" is misleading and ignores the implications of
the geophysical data presented in ST-14. ST-19 and SD-BWI-TI-177 among other
publications. Numerous geophysical anomalies, some with possible fault
interpretations, have been identified in these documents. In fact Figure 8-8 of
ST-14 divides the RL area into five section of "large intact volumes of
bedrock" and then further divides the RRL itself based on known and inferred
structures. Many of the individual MT, magnetic or seismic reflection anomalies
coincide with each other. In fact, MT anomaly 9A [ST-19, Figure 4-9] coincides
with multiple Wenner deconvolution solutions Figures B-11 and B-12 of Appendix

to ST-141 with a series of low magnitude, 1971 earthquakes with focal depths
in the range of 6.5 to 7.9 kilometers. In view of the concern for repository
integrity as well as for solution to the tectonic model question of thin skinned
versus rooted structures, it is imperative that this section be modified. At
minimum, a summary of the geophysical data should be present so that the reader
of the DEA will get a proper perspective of the complexity of the tectonic
assessment necessary in the site characterization phase.



DETAILED COMMENT #3-4 Continued DEA: BWIP

Section 3.3.2.1.3, Bedrock Structures, p. 3-89 last paragraph contains more
qualified statements concerning the structure of the Cold Creek syncline than
are presented in this section 3.2.3.1.3]. Statements in 3.3.2.1.3 such as
"because the trough at the Cold Creek syncline is a broad open structure. it is
interpreted to contain fewer bedrock structures relative to anticlinal areas"
and inferred or known bedrock structures in the Cold Creek yncline have been
reported Myers. 1981] and are under investigation" are clearer representations
of the actual level of knowledge than the statement in the first paragraph of
page 3-50 that "the central and eastern portions of the Cold Creek Syncline.
which includes the RRL, appear to be free of potentially adverse structures".

DETAILED COMMENT #3-5 DEA: BWIP

Section: 3.2.3 Structure and Tectonics. p. 3-53

Comment: Section 3.2.3 of the DEA should be modified to include a summary of
RRL tectonic and geologic characterization activities currently in progress.
This summary should be modeled after and even be more detailed than the summary
of geohydrologic characterization activities currently underway presented in
Section 3.3.2.2. lternative Ground-water Flow Concepts. p. 3-93, last paragraph.

DETAILED COMMENT #3-6 DEA: BWIP

Section: 3.2.4 Seismicity of the RRL, p. 3-54. para. 2 sentence 1.

Comment: This statement applies only to the shallow focus [less than 4
kilometer focal depth] earthquakes. Figure 3.3-25 and other figures by Caggiano
clearly show that the deeper seismic activity greater than a depth of 8 or 10
kilometers] is similar within and outside the RRL.

DETAILED COMMENT 3-7 DEA: BWIP

Section: 3.2.4 Seismicity of the RRL. p. 3-54. para. 3

Comment: The tectonic implication of a series of earthquakes extending between
a 3 kilometer focal depth within the basalt sequence to a 10 kilometer focal
depth at the top of the upper crustal layer should be addressed within this DEA.

DETAILED COMMENT #3-8 DEA: BWIP

Section: 3.2.4 Seismicity of the RRL. p. 3-54, para. 4

Comment: A definitive trend of earthquake epicenters such as the northeast to
southwest trend of activity 10 to 15 kilometers north of the RRL should be
correlated with other geophysical trends and assessed within this DA.



DETAILED COMMENT #3-9 DEA: BIP

section: 3.2.4 Seismicity of the RRL, p. 3-54. para. 6

Comment: The significance of earthquakes occurring near the base or beneath the
Columbia River basalt should be assessed in the Structural Analysis Section
[Section 3.2.3.81 in terms of tectonic model and correlation with other
geophysical anomalies.

DETAILED COMMENT #6-1 DEA: BWIP

Section: 6.3.1.7 Tectonics, . 6-127 second billet above 6.3.1.7.3

Comment: This item states that "interpretation of geophysical anomalies in the
area of the reference repository location are ongoing". The DEA should be
ammended to state what anomalies are being investigated, where are they located.
what might they be, and what is their potential significance to the RRL. Until
these interpretations are complete, the statement at the bottom of page 6-129
[Section 6-3-1.7.4 that no faults have been identified in the reference
repository location" is unsubstantiated and needs to be withdrawn or modified in
the proper context of the geophysical data.

The first sentence, first full paragraph, page 6-127, states that "the
interpretations of the tectonic stability within the geologic setting of the
reference repository location are preliminary ...." and that "interpretation of
geophysical anomalies in and near the area of the reference repository location
are ongoing". If so then the statement at the bottom of page 6-129 is invalid
and needs to be modified, perhaps to the form that appears in the first
paragraph on page 6-210 that tectonically active faults do not appear to be
present in the reference repository location based on existing data and
interpretations". This statement is also inconsistent with statements in
Section 6.3.3.4 Tectonics, subsection 6.3.3.4.2. Evaluation Process, page 6.209.
last paragraph.

DETAILED COMMENT 16-2 DEA: BWIP

Section: 6.3.1.7.3 Favorable Conditions. p. 6-128, para.

Comment: See Comment #2-2 relative to rates of deformation. Since this is a
post closure condition, the possibility of fault movement within the RRL must be
addressed, particularly in view of the possibility of increased groundwater flow
along faults and through fault breccias.

DETAILED COMMENT #6-3 DEA: BWIP

Section: 6.3.1.7.4 Potentially Adverse Condition, p. 6-129 last line

Comment: As noted above and in earlier comments, the statement that "no faults
have been identified in the reference repository location" is misleading and not

fair summary of all available geologic and geophysical information. This
statement needs considerable qualification.



DETAILED COMMENT #6-4 DEA: BWIP

Section: 6.3.1.7.9 Potentially Adverse Condition, p. 6-135, para. 2

Comment: The requirement calls for an evaluation of the potential for tectonic
deformation-such as uplift, subsidance, folding, or faulting". The response
addresses only the low rate of deformation. If the deformation is episodic and
fault movement could occur during one of the episodes of relatively high
deformation, then it is possible that increased groundwater flow could occur n
zones of tectonic breccia. It is likely that future deformations will occur
along existing faults. Therefore, the location of these faults or structures
needs to be considered i.e. the locations and interpretations of geophysical
anomalies. This section needs to be revised in view of some of the possible
scenarios, although the end result that the available evidence does not support
a finding that this potentially adverse condition is present may not change. -

EDITORIAL COMMENTS:

Section: 2.1.1, p. 2.1, para. 2

The reference for Mitchell and Bergstrom 1983 is not included in the reference
list.

Section: 3.2.2.5, p. 3-43 para. 2 line 3

Figure 3-19 is incorrect, it is undoubtedly Figure 3-21.



NPSEN-FM

SUBJECT: Basalt Waste Isolation Project (WIP) Hanford, Washington, Review
of Draft Environmental Assessment (EA)

THRU: Commander, North Pacific Division

TO: Director
Division of Waste Management
US Nuclear Regulatory Commission
Washington, DC 20555

1. Reference Interagency Agreement (IA) NRC-02-81-036 dated 7 June 1981 and

Subtask Orde r No. 14.1 dated 5 October 1984 which tasked the Corps of

Engineers to review the draft EA. The tasking letter ordered the review

basically of chapters 3, 4 5 and 6; however, we also found it necessary to

review the executive summary and chapters and 2 for full understanding of

the draft EA. Thus, comments on these are also included. We were not tasked

to review, and have not reviewed, chapter 7 (Site Comparison). Some general

comments and major items regarding the document are found in succeeding

paragraphs. Specific comments may be found in enclosures and 2 which

represent comments by our Geology Section and Environmental Resources Section,

respectively.

2. The organization of the document appears very complex, leading to

considerable unnecessary repetition and length. Subjects such as

geohydrology, tectonics, etc. are considered and discussed in each chapter in

repetitive fashion. Much of the geological/hydrological data which should be



presented in:chapter 3 is detailed in chapter 6 which by title should be

simply a discussion of the suitability of the site for characterization.

Conceptual repository design would be more logical as a separate chapter from

a discussion of environmental effects. Lastly, as most of the site screening

was conducted prior to publication of the DOE siting guidelines, it would seem

much of section 2.3 should be included in chapter 6 where conditions imposed

by the guidelines are discussed in detail.

3. It would be appropriate to discuss the disposal of waste rock from

repository excavation more thoroughly. Appropriate swell factors should be

applied to the excavated material, locations of disposal or stockpile areas

identified, and portions of the excavated material to be used during closure

backfilling identified. This latter is only done by inference.

4. The frequent use of the double negative in conclusionary statements tends

to confuse issues and is poor form in any document. We suggest an effort be

made to eliminate these types of phrases in favor of simple, declarative,

positive statements as to what the evidence does or does not support.

5. With respect to the specific review tasks, we conclude the following:

a. The geologic description in chapter 3 is not complete and frequently

depends on chapter 6 for embellishment. Because it is not complete, and in

some cases perhaps analysis has not been accomplished, conclusion statements

may be premature.



b. The eologic, geohydrologic, tectonic, and seismicity data presented

does not disqualify this site when measured against the established siting

criteria. However, we do not necessarily concur in all, and take exception to

many, of the conclusions drawn from these data. A great deal of work remains

to be done in each of the geotechnical areas to generate a sufficient data

base to fully evaluate/all outstanding issues.

c. Certain potential environmental effects have not been clearly

presented. In many places in chapter 5 statements indicated that

environmental impacts will be relatively insignificant. Rather than make such

statements, we suggest the document summarize the facts and allow the reader

to decide if the project will have significant or insignificant impacts.

d. The site characterization tasks outlined in chapter 4, other than

plans for the exploratory shaft (ES), are not sufficiently presented to judge

whether the present data gaps will be filled during site characteriazation.

We anticipate such details to be discussed by the Site Characterization Plan.

We appreciate the opportunity to have reviewed this document and trust our

comments will assist the commission in their evaluation of the draft EA.



COMMENTS BY GEOLOGY SECTION

1. Chapter 1, Process for Selecting Nuclear Waste Repository Sites.

a. General. No indication given to consideration or question of granite

as a host rock for geologic repository, yet substantial masses of granite are

present in many areas throughout the country.

b. General. The delineation of general geohydrologic regions may have

been inappropriate for site screening as it lumps a great deal of variable

bedrock geology exhibiting highly variable geohydrologic properties into a

single region. This is especially true for the Western Mountain Ranges. The

discussion is not clear on how the information was applied to site screening.

2. Chapter 2, Decision Process by Which Site Proposed for Nomination was

Identified.

a. Summary, Page 2-ii. Discussion of how geohydrologic data were used to

identify potentially acceptable sites is lacking.

b. Summary, Page 2-i. A more complete statement on seismicity from the

historical perspective is warranted in the summary. A more, complete statement

of tectonics in terms of right and left lateral motion and tear motion should

be included in the summary.

c. Paragraph 2.1.1, Page 2-5. Implied fracture density may be misleading

due to vertical core borings in an environment of dominant vertical jointing,



especially in colonade segments of flows. Such a point should always be made

when dependence is made on core boring data.

d. Paragraph 2.1.1.1, Pages 2-5 and 2-8. Treatment of the three major

formations is inconsistent in terms of time of implacement, distribution,

thickness of units, etc.

e. Page 2-9. The basin character and distribution of the supra-basalt

sediments should be discussed to set the stage for Pliocene-Pleistocene uplift

or lack thereof.

f. Paragraph 2.1.1.3, Pages 2-12 and 2-15. Some discussion of earthquake

swarm activity within and close to Hanford appears warranted, together with

temporal and spatial changes in swarm activity.

g. Paragraph 2.12, Pages 2-15 and 2-18. Average strain rates can be

misleading because they do not consider the potential episodic character of

strain accumulation and stress relief. The points used to demonstrate the

implied concept of long-term low strain rate are not sufficiently distributed

to conclusively support the concept. The statement that "younger" sediments

are generally underformed has little meaning when one considers that

Quarternary deformation is observed on several structures when efforts are



made to find it. The trilateration surveys have not really been in effect

long enough to yield conclusive data. The tectonics section is incomplete

without a discussion of regional tectonics and the relationship of the Pasco

Basin to the regional model.

h. Page 2-18. While the trilateration net suggests a rather low level of

deformation (about the limit of instrumental detection) for a relatively short

period of time, its use in determining the overall strain rate is questionable

due to the potential for episodic deformation.

i. Page 2-18. The relationship between known faults and seismicity is

nowhere shown in the document; therefore, the statement that stress is not

relieved as earthquakes along faults loses its impact, Actually, there are

some data which tend to imply the contrary.

j. Paragraph 2.1.4.2, Pages 2-36 and 2-37. Reference to rather rapid

rise of piezometric 'surface in "shallow," confined aquifers is an important

item which could be a result of vertical transmissivity question.

k. Paragraph 2.3.1.2, Pages; 2-65 and 2-66 (Table 2-6). The synopsis

frequently is expressed in the negative tenor with respect to evidence

presented, i.e., "The evidence does not support . e l. It would seem more

logical to word in the tenor of what the evidence does support. In certain

cases, sufficient evidence may not have been gathered to support elimination

of disqualifying conditions. Certainly the synopsis should be qualified

somewhat by the status of the evidence. This is especially true when the

ground water movement is in such a preliminary state of understanding (page

3-ii).



3. Chapter 3 (The Site).

a. Summary, Page 3-i. The statement that the candidate horizons are

continuous throughout the Pasco Basin is somewhat misleading. The evidence

indicates that the stratigraphic flow units selected are continuous, but

primary structural variations within flows may limit continuity from an

engineering and hydrogeologic standpoint.

b. Paragraph 3.2.1, Page 3-5. The land form map makes no differentation

between the generally lower lying area west of the Columbia River underlain by

catastrophic flood deposits with the area east of the river consisting of

largely eolian deposits on top of Ringold sediments, yeilding an entirely

different set of land forms above and behind the White Bluffs.

c. Paragraph 3.2.2, Page 3-9 (Figure 3-6). The Frenchman Springs member

is well divided into separate flows; Sentinal Cap, Sand Holow, and Ginkgo,

well established in the literature. It would have been appropriate to carry

these divisions in the stratigraphic column. Furthermore, the detail of

magnetic stratigraphy should be reiterated to make the figure as meaningful as

possible. Specifically, where in the Grande Ronde sequence do the magnetic

reversals take place? This is the figure in which such data should be shown.



d. Paragraph 3.2.2.1.2, Page 3-20. The minimum thickness of the McCoy

Canyon flow (112 feet) in the RRL is less than the minimum (130 feet)

indicated in the executive summary.

e. Paragraph 3.2.3 (and Subparagraphs), Pages 3-45 to 3-53. The

treatment of structure and tectonics varies from too general to very detailed

and some of its significance is lost by the lack of appropriate

illustrations. Some of the detail is so great that it cannot be followed on

the figure furnished (3-23); some of the lesser structures mentioned in the

text are not shown. Several of the structures are discussed in great detail

yet the discussion is minimized for the Rattlesnake-Wallula alinement (RAW),

which may be the most important structure relating to repository siting.

f. Paragraph 3.2.3.8, Pages 3-52 and 3-53. The contention of low-average

uplift rates beginning during the Miocene and continuing to the present is

misleading and not supported by data. The episodic nature of uplift should be

considered from the standpoint of basalt, Ellensburg, and Ringold stratigraphy

and paleosedimentation.

g. Pagragraph 3.2.4. The discussion of site seismicity appears

inadequate when compared with other geologic subjects and certainly got

adequate for the EA. It appears to be a brief commentary on the monitoring

since 1969 without regional context or structural correlation. Furthermore,

no analytical results of the seismicity monitoring are presented relating to

cause and effect of swarm activity.

h. Paragraph 3.3.1, General. Discussion and detail of ground water

demand and projected future ground water demand is lacking. Future demand



could influence migration of radionuclides to the accessible environment.

i. Paragraph 3.3.1.3.3, Page 3-65 and Figures 3-30 Through 3-32. The

most recent data prepared by the Corps of Engineers and the Bureau of

Reclamation regarding dam failure flooding and probable maximum floods (PMF)

should be used in place of the 1951 data.

j. Paragraph 3.3.2, Pages 3-80 and 3-81. It would be helpful to present

a series of piezometric maps illustrating the discussion on these pages

together with sampling points and actual data. There is little actual data on

ground water head and flow presented as compared say with hydrochemical data.

While the conceptual discussion generally appears logical, a stronger case

needs to be made using actual data. If the data weakens the conceptual case,

it should still be presented.

k. Paragraph 3.3.2.1.3. Pages 3-89 and 3-90. The characterization of the

Cold Creek Syncline as a broad, open structure believed to contain fever

(second or third order) structures appears somewhat in conflict with the

gently dipping anticlines and synclines within the RRL wich contain small

zones of tectonic breccia. The detail furnished does not document these

features and with only five borings shown within the RRL to repository depth,

it is difficult to understand how the concept of gently dipping anticlines and

synclines is derived.



4. Chapter 4, Expected Effects of Site Characterization Activities.

a. Paragraph 4.1, General. The site characterization activities

proposed, with the exception of the proposed exploratory shaft, are very

general in nature. While all these activities appear justifiable during site

characterization, it is not possible to determine if they will fill all of the

present information gaps. It is important that the various bits of data

obtained are synthesized as they are obtained, and with all previous data,

used to guide additional investigations. A great deal of effort has been

expended in developing a test plan for an exploratory shift. We believe that

critical information regarding repository gelogic conditions should be

obtained from a properly planned and carried out program of small diameter

borings prior to drilling an exploratory shaft. Such a plan would logically

be part of this EA. Likewise, the areal hydrological characterization plan

involving borehole testing might be expected to be discussed in the EA.

Without reviewing a relatively detailed discussion of plans it is difficult to

evaluate the effects of characterization on the environment. We expect such

details to be part of the forthcoming Site Characterization Plan.

b. Paragraph 4.2, General. Exploratory shaft construction will have the

greatest impact on both future surface and subsurface facilities. The

placement of mud pits and cutting pits required by the construction method

should be done with care so that future foundation conditions for future

surface facilities are not impacted.

5. Chapter 6, Suitability of Reference Repository Location for Site

Characterization and Development.



a. Paragraph 6.3.1.1.2, Pages 6-62 and 6-63 and Paragraph 6.3.1.1.7, Page

6-75. Basis for establishment of the accessible environment at 10 km from the

RRL is not clearly established earlier.

b. Pages 6-63, 6-64, and 6-65. We consider the use of stochastic

analysis for geohydraulic models and the present "questimates" of rate and

direction of ground water flow unacceptable. There is no substitute for

adequate data as input to geohydraulic analysis. The admitted uncertainities

in present data are so great and the position of the accessible environment so

nebulous as to render meaningless an accurate evaluation of ground water

traveltime. Therefore, the statement indicatiing traveltime to the accessible

environment is expected to be greater than 10,000 years has no apparent

factual basis. No amount of stochastic analysis can improve this. The

"favorable" condition may, therefore, not exist.

c. Paragraph 6.3.1.1.6, Page 6-70. Considering the uncertainities in the

data presented, the statement that sbconditions 2 and 3 under this paragraph

are supportable as favorable conditions may be premature. Hydraulic gradients

within the host rock and surrounding zones of higher transmissivity are not

presented in any appropriate form (such as a contoured format) in the document.



d. Paragraph 6.3.1.1.8, Page 6-76. The climatically induced changes to

the geohydrologic system in terms of surface and shallow ground water could be

significantly altered by any major ice advance in the next 100,000 years. The

climatic changes required to produce an ice advance and the resulting

downstream aggradation historically produced by ice wasting could

significantly alter surface and near surface conditions. We note, however,

that changes in the hydrological system at depth would not be significantly

altered.

e. Paragraph 6.3.1.1.8, Pages 6-76 and 6-77. Changes in geohydrologic

conditions due to thermal loading occurring over several hundred meters from

the waste package will extend outside the limits of the host flow. The nature

of such changes should be discussed.

f. Paragraph 6.3.1.1.11 (and Subparagraphs), Pages 6-79 to 6-83. The

uncertainities of the geohydrologic data expressed neither support or

deny a traveltime to the accessible environment in excess of 1,000 years.

g. Paragraph 6.3.1.1.12, Pages 6-85 and 6-86. Stating important

conclusions (regarding geohydrology as a qualifying condition) in a double

negative form tends to cloud the real issue. The uncertainities listed

following theconclusions tend to downgrade the conclusions themselves;

specifically in terms of ground water traveltime and local geologic

discontinuties.

h. Paragraph 6.3.1.5.6, Page 6-122. The location does exhibit extensive

erosion of the upper Ringold within the Pasco Basin during the Quarternary.

While the influence on the closed repository is probably not significant, the



fact of the erosion should be documented.

i. Paragraph 6.3.1.7.3 Page 6-127. The conclusion expressed in the

second paragraph does not follow from the previous paragraph.

Page 6-128. As already noted, long-term average deformation rates may

be misleading.

Page 6-128. The pattern of deformation in the Pasco Basin appears

fairly well established.. The rate is open to question because of the

potential for episodic deformation.

Paragraph 6.3.1.7.4, Page 6-129. The 14-year detailed seismic

monitoring period is insufficient to make a call on active/inactive faulting.

The monitoring program does show continued stress release within the Pasco

Basin on surrounding structures. The temporal and spatial relationships of

continuing stress buildup cannot be determined but must be assumed. The

statement that deformation appears concentrated on the steeper limits of the

anticlinal folds with little deformation occurring in the synclinal trough may

be correct but could be misleading. The geologic structure in the synclinal

troughs are nowhere as well exposed as in the ridges.



k. Paragraphs 6.3.1.7.6, 6.3.1.7.7, and 6.3.1.7.9, Pages 6-131 to 6-136.

Analysis of the past, present, and future of the seismotectonics of the region

needs to go beyond that presented. Because of the relatively brief period of

historic and instrumental record investigators must consider the geologic

record together with the record of seismicity. There is enough evidence to

indicate continued stress buildup in the region, possibly from the somewhat

unique plate boundary activity along the west coast of orth America. The

manner, rate, and pattern of stress translation inland continues to be a

matter for investigation. There is a tendency in the EA to consider the

present low level of contemporary seismicity and deformation as a long-term

thing. This may not be the case and evidence to show this when evidence for

episodic deformation (and therefore episodic seismicity) in the geologic

record should be considered. Many details of Pacific Northwest tectonics

point to episodic deformation throughout the Cenozoic. There further is a

tendency to view the apparently diffuse seismicity as unrelated to geologic

structures whereas earthquakes "a priori" must occur along structures whether

they be faults, folds, joints, etc. We believe the seismotectonics require a

broader yet more detailed perspective in order to make positive conclusions

relating to the two potentially adverse conditions.

1. Paragraph 6.3.1.7.10, Pages 6-135 to 6-137. The nature of the bedrock

structure within the Cold Creek syncline in the RRL does not seem to be well

established and is not presented in this document. We are aware of some

geophysical data in the RRL which may be interpreted as structural

discontinuities but to our knowledge a structural synthesis based on adequate

data has not been completed. Thus, little evidence is available to support

the finding stated under the disqualifying condition.



m. Paragraph 6.3.1.8.3, Page 6-139. The present apparent lack of success

in discovery of commercial hydrocarbons in the area around the periphery of

the Pasco Basin does not preclude further drilling activity in and around the

basin except as may be restricted with the boundaries of the Hanford

Reservation. Future exploration may well penetrate horizons capable of

transmitting radionuclides thereby exposing them to the accessible

environment. It would perhaps be prudent, after appropriate geohydrological

models have been successfully demonstrated, to consider establishment of a

secondary area where drilling to depths below certain stratigraphic horizons

is prohibited. A similar consideration might be examined for development of

ground water resources. Similar comments may be made for the discussion under

paragraph 6.3.1.8.11.

n. Paragraph 6.3.3.2.3, Pages 6-155 to 6-158. The statistical approach

to flow thickness and to dense interior thickness of flows has some pitfalls

without adequate confirmatory borings. The data shown on table 6-11 (page

6-156) is in conflict with thickness shown on the isopach maps in chapter 3

(at least for the Cohassett). Likewise, the text on page 157 may be in error

with respect to available flow (dense interior) thickness. Moreover, it is

not clear whether which zone (or whether both zones) in the Cohassett are

being considered. If the vesicular zone in the middle of the Cohassett is to

be included as part of the dense interior it should be so stated.



o. Paragraph 6.3.3.2.6.1, Page 6-176. We suggest the discussion

regarding fluid losses may be in error. We believe that substantial fluid

losses have occurred in the RRL at flow contacts well below the top of the

Grande Ronde Basalt.

p. Paragraph 6.3.3.2.6.1. The long dissertation regarding shaft

construction under the heading of rock characteristics seems inappropriate.

Likewise, the following paragraphs 6.3.3.3 (Hydrology) and 6.3.3.4 (Tectonics)

appear out of place and unnecessarily repetetive, having been covered

elsewhere under the same chapter.-



COMMENTS BY ENVIRONMENTAL RESOURCES SECTION

1. General Comments on Chapter 5 (Regional and Local Effects of Locating a

Repository at the Site.

a. Better definition of amount and disposal of excavated rock is

required, including quantities necessary for backfill. It seems likely that

the waste rock would have to be disposed of or stockpiled on a considerable

area of land, creating significant environmental and esthic impacts. This

serious oversight should be corrected in the final EA.

b. In several places throughout chapter 5, there are implications that

the environmental impacts stemming from this project would be relatively

minor. For instance, the last paragraph on page 5-1 states, "In a

construction operation of this size, some environmental impacts are inevitable

and overall, the expected environmental effects of locating a repository on

the anford Site are not considered to be significant." We believe that many

reviewers will feel that this project would have significant environmental

impacts and we recommend that you delete the above statements and other

similar statements.

c. Chapter 5, which is a combination of the project description and

project impacts section, was difficult to review by itself. We found it

essential to review chapter 3, the description of the existing environment, to

be able to adequately comment on chapter 5. At the end of our review we have

included a few observations on chapter 3.



d. This EA appears to be a rather preliminary, interim document which

discusses recent project changes and information yet to be developed. As

such, it was at times difficult to follow. The final version of the EA, which

merely concentrates on the final facility design, should be easier to review.

Also, it should be noted that some of the project details which have not been

finalized may have a significant environmental impact, e.g;, pipeline and

powerline routes and amount of water taken from the Columbia River.

Although every section of chapter 5 was reviewed to some extent, our

was concentrated in the following areas:

5.2.1.3.1, Ecosystems Impacts

5.2.1.3.2, Air Quality Impacts

5.2.1.3.3, Noise Impacts

5.2.1.3.4, Aesthetic Impacts

5.2.1.3.5, Archaeological, Cultural, and Historical Resource Impacts

5.2.2, Expected Effects of Transportation

5.2.3.4, Social Conditions



2. Specific-Comments on Chapter 5.

a. Page 5-1, Last Paragraph. As we mentioned in comment b of our general

comments, please delete the first and last sentences in this paragraph. Also,

the "remoteness" of the area would not be a mitigating factor for wildlife

impacts; the area is not a "nonfragile" physical environment" (see comment on

page 5-41 concerning the cheatgrass problem) and we have found no supporting

evidence in this report why the Swainson's hawk should be singled out as a

species which may be impacted.

b. Page 5-5, Item No. 3. Where is the discussion of how large the rock

spoil pile would be?

c. Page 5-18, First Paragraph, Last Sentence. Length of the double

security fence should be stated.

d. Page 5-18, Fourth Paragraph. When the amount of water needed for the

facility operation is known, it should be included within the project

description. If the amount of water is significant, then water rights and

impacts ot the Columbia River may become important issues.

f. Page 5-38, Last Paragraph. Similar to our first comment, delete the

first sentence. Other impacts not mentioned in this paragraph would include

impacts associated with the waste rockpiles, the security fencing, and water

withdrawal from the Columbia River (if that proves to be a significant

amount). Also, refer to comment 1 concerning use of the words "remote" and

"nonfragile."



g. Page-5-39, Table 5-10. Under "Ecosystems: Terrestrial" state that

the major effect would be loss of vegetation and wildlife habitat in the

central process area and area of waste rockpiles. State the impact to the two

protected bird species; do not just make an observation. Under "Ecosystems:

Aquatic" present the probable impact to the Columbia River. Under

"Aesthetics" present the impact from the waste rockpiles. Under

"Transportation" present the impact from a potential transportation accident.

h. Page 5-41, ear Top of Page. We find it difficult to believe that

impacts associated with the construction of the repository would be no greater

than those associated with other major projects on the Hanford Site. Wouldn't

the extensive excavation and creation of large waste piles associated with

this project make it rather unique at the Hanford Site?

i. Page 5-41, Next to Last Paragraph. The other major impacts which need

to be discussed are the impacts from the waste rockpiles and the miles of

fence that would disrupt animal movements.

j. Page 5-42, Table 5-11. State what the impact would be if the

helicopter flights did not follow the predetermined routes. If transmission

lines are placed closer than 6 feet apart, then bird electrocution will

probably occur. Under right-of-ways management, state that native grasses



would be planted to reduce the "cheatgrass" impact. Also, please include

impacts from the waste rockpiles, the central process area (including the

parking lot, helicopter landing pad, and mine water percolation pond), and the

fence.

k. Page 43, Paragraphs 2 and 3. A statement should be made concerning

the impacts to threatened or endangered species, e.g., no impacts, or possible

impacts, only to the ferruginous hawk, Swainson's hawk, and long-billed

curlew. As it stands now, these two paragraphs are all just observations.

Also, there is an emphasis here on federally recognized threatened and

endangered species, candidate species, and Washington Department of Game

sensitive species. This is certainly an important consideration deserving

attention within the EA. However, we do not find a discussion of likely

impacts to nonthreatened and nonendangered vegetation and wildlife species.

How will the clearing of 200 acres of land impact the mule deer, badgers,

coyotes, mice, and songbirds? How will the construction of the fence affect

animal movements or the availability of wide ranging animals such as coyotes,

feral horses, and deer to obtain food at the potential repository site? What

will the impact be from the development of hundreds (or thousands) of acres of

waste rockpiles?

1. Page 5-43, Fourth Paragraph. This would be an appropriate paragraph

to explain how much water would be taken from the Columbia River and why this

would or would not impact fish and fishing.

m. Pages 5-43 and 5-44, Air Quality and Noise Impacts. If the probable

length of the construction period could be given, then that would put these

temporary impacts into perspective.



n. Pages 5-45, First Paragraph. Discuss the esthetic impact of the rock

waste piles.

o. Page 5-45, Second Paragraph. We suggest that you change this section

to read "Based upon two studies, we conclude that facility construction will

have no effect upon significant cultural resources."

p. Page 5-53. Somewhere on this page a description should be given of

what could happen under a "worst case" highway or rail accident and a

"reasonable case" highway or rail accident. The description should include

what would be done to decontaminant the radioactive material and what group

would do the decontaminating. Also, it seems to us that because the Hanford

Site is in the northwest corner of the United States, that would increase

travel distances, travel costs, and the possibility of highway and rail

accidents. In that respect, it would seem that the Hanford Site (compared to

a site in the central United States) would be a poor choice for a national

repository. This concern should be addressed in the final EA.

q. Page 5-65, Third Paragraph. This paragraph should be strengthened.

Regardless of where in the United States this facility would be located, this

project would have a great potential for significant, diverse controversy n a



local, statewide, and regional level. Many citizens, not just Indian tribes,

will undoubtedly ask the question, why is my particular area being singled out

as the nations repository for nuclear wastes? This EA, and eventually the

EIS, should address this social problem head on and give it the attention it

deserves.

3. Comment on Chapter 3. (NOTE: To adequately comment on the impacts

section, we had to first review chapter 3 which described the environmental

setting, although we were not tasked to comment on chapter 3 from an

environmental viewpoint.)

a. Page 3-96, First Paragraph Under 3.4.2. The major vegetation type at

the Hanford Site should be referred to as the Artemisia tridentata/Agropyron

spicatum habitat type (or the big sagebrush/bluebunch wheatgrass type) not the

sagebrush/cheatgrass habitat type if the document is to retain the Daubenmire

classification. Cheatgrass is of course very common at the Hanford Site but

it only exists there due to the artificial effects of over grazing and the

elimination of the native grasses. This should be explained in this

paragraph. Also, a habitat which consists mainly of sagebrush and cheatgrass

is not particularly attractive to wildlife as the text implies.

b. Page 3-100, Paragraph 3.4.2.3, Birds. This section discusses the

birds which use the entire Hanford Site. Unlike the mammals section, there is

no specific discussion of birds which use the potential repository site.

Information on bird usage at the repository site should be presented here.

c. Page 3-103, Second Paragraph. The first sentence states that no

federally recognized threatened or endangered animal species are located



within the repository location. The second sentence states that recently both

the bald eagle (threatened) and peregrine falcon (endangered) have bee sighted

there. Isn't this contradictory?

d. Page 3-118, Second Paragraph. Change "the following four historic

sites" to "the following four natural sites." Also, this section discusses

esthetic resources within 50 mies of the Hanford Site and never once mentions

the potential repository site. It should describe resources at the repository

site.

e. Page 3

archeological

found at the r

-119, First Full Paragraph. The results of the 1981 and 1982

field surveys should be briefly presented. What exactly was

epository site?



RHB-B1

Comment 6-1

Section 6.3.1.1.3 Geohydrology, Favorable Condition

Page 6-124, Para 1 and 2

Alternative Interpretations. Inadequate Consideration of

Available Data

These paragraphs state that a favorable condition

appears to be present because travel times to the accessible

environment are expected to exceed 10,000 years. That

expectation is based on the results of various numerical

models outlined in section 6.3.1.1.3 and elsewhere. However,

none of these models appear to account for the presence of

faults within or near the repository, even though the

potential importance of faulting is noted several times in

the document. The available data strongly suggests that

major faults exist and hence, must be accounted for.

One such fault has been postulated less than a mile

beyond the western boundary of the repository along the

abrupt eastern terminous of Yakima Ridge, as suggested by the

linear topographic escarpment and apparent structural

displacement (p. 3-51, paragraph 1). According to page 3-51,

paragraph 3, the same fault could explain the down-dropped

offset of the Benson Ranch syncline between Yakima Ridge and

Rattlesnake Mountain. The fault also appears to approximate

the Cold Creek hydrologic barrier (figure 3-1). Rattlesnake

Springs exists where the postulated fault intersects a known



east-west fault along the southern flank of Yakima Ridge.

Additional possible evidence for major faulting adjacently

east of the abrupt termination of Yakima Ridge is provided by

a reprocessing of seismic reflection data (?, 1984,

SD-BW-TI-177). As shown, several large, closely spaced

offsets of the top of basalt are shown on the eastern end of

line 8. Because of the lack of any other local control, the

strike of these faults are indefinitive. On the maps of the

report, they are drawn with a northeasterly strike, possibly

to conform with the northeasterly trend of the Nancy

aeromagnetic lineament. However, according to Fcht 1984,

BWE-TI-247, p. 48), the northeasterly projection of that

feature corresponds with seveal hundred feet of continuous,

unfaulted outcrop on Gable Butte. Consequently, the

structural significance of the Nancy lineament is uncertain.

Alternatively, the faults of line can be interpreted to

trend northwesterly, in accordance with the numerous other

local and regional indications of a major northwesterly fault

zone there.

Figure 8-8 of ST-14 shows the postulated fault to be a

major structure, directly aligned with the northeastern face

of Rattlesnake Mountain. Rattlesnake ountain, in turns

represents the northern segment of the 125 mile long

Rattlesnake-Wallula lineament CRAW). This alignment (as

previously noted by Cochran, 1982, RHO-BW-SA-260AP), as well

as the 3 mile proximity, strongly suggests that the two

faults are structurally the same, and that the postulated

2



fault is a northern extension of RAW, and hence, is part of

the 250 mile long Cle-Elum Wallula lineament (CLEW). Such a

relationship is strongly supported by the pronounced

aeromagnetic lineament which includes Rattlesnake Mountain

and extends northwestward at least as far as Priest Rapids

Dam figure 4.2, ST 19-P). Other structural anomalies along

this northwestward projection include the pronounced

structural rise of the crest of Untanum Ridge in the vicinity

of Priest Rapids, (page 11-74, ST-4) where it also changes

trend from west northwest to northwest (Price, 1982,

RHO-BWI-SA-138)g. abrupt thinning of the Untanum flow

adjacently east of Priest Rapids Dam (DOE, Nov. 1982, Site

Characterization Report, Volume 1, page 3.5-20); and the

continuity of contours of the top of basalt between

Rattlesnake Mountain and the eastern terminous of Yakima

Ridge (figure 3-51, DOE, Nov. 1982, Vol. I), interpreted

previously as possible evidence for a northwestward

continuation of the faulting along the northern base of

Rattlesnake Mountain CT-4, page III-125). The collective

evidence, therefore, indicates that the postulated fault

probably exists and is an extension of RAW.

Although the overall tectonic nature of RAW remains

uncertain, much of ts length is typified by major faulting.

Several such faults have been mapped along the northeastern

limb of Rattlesnake Mountain (Fecht, 10/84, BWI-TI-247). In

addition, the southeastern extension of the Rattlesnake

Mountain aearomagnetic lineament probably expresses faulting



along much of the RAW ST-4, p. 111-130). Some exposures

express massive breccia zones up to 1000 feet wide (P. III

132, ST-4).

Although the north face of Rattlesnake Mountain is

generally considered to be the northeastern margin of RAW,

(as well as CLEW)(Barrash and others, 1983, figure 5),

evidence suggests that significant, structurally related

features may extend much farther northeastward. Page 3-47,

paragraph 1, mentions that the North Pasco structure and

portions of the Pasco syncline reflect the Rattlesnake Hills

structures. (See figure 3-23.) Other, much closer features

of the same trend include the pronounced northwest alignment

of aeromagnetic lineaments which pproximate the northeastern

margin of the repository (figure B-11, ST-14) and the

clockwise rotation of structures on Gable Butte and Gable

Mountain. On a broader scale, the trend of RAW appears to be

reflected by the northwestward elongation of both the Pasco

Basin (p. 3-47, para 1) and the Kittitas Basin (figure 3-23),

both of which are aligned adjacently northeast of RAW and its

nothwestern projection. As a result, significant structural

affects of RAW may extend well northeastward of the RAW

itself, and encompass much, if not all, of the repository.

The existence of other major faulting within the

repository is suggested by results of recent work in the

Vantage area (Chamness and Tolan, 1983, BWI-ER-005).

Although the mechanics predict that the Cold Creek syncline



should be "weakly or undeformed" (page ), the Vantage

analog studies of a similar syncline (but with outcrops) show

substantial faulting, with breccia zones tens to hundreds of

feet thick. Although some of those breccias are well

indurated, others are not (Chamness and Tolan, 1983,

BWI-ER-005, page 26). Such faults may explain numerous

aeromagnetic lineaments and top-of-basalt offsets shown by

seismic reflection over the repository.

The collective evidence, then, strongly suggests the

potential for one or more major faults within or closely

adjacent to the repository which could substantially impact

the rates and direction of groundwater flow. Although the

gouge zones of faults commonly act as relatively impervious

barriers to flow, (as apparently is the case with the Cold

Creek Barrier structure, p. 3-79) less clayey, laterally

adjacent zones are commonly especially pervious (as

illustrated by the 1x10 meters/sec. value measured from a

small fault in an onsite drill hole, p. 3-866) As a result,

lateral flow may be restricted across a fault, while being

strongly enhanced along it.

Another factor involves potential groundwater changes

resulting from earthquakes (p. 6-212), the potential for

which is high (Comment 6-2). One particularly severe change

could involve disruption of the impervious clay fillings

which seal the prolific, vertically oriented cooling oints

of the basalt. (See joint spacings on table 6-16, page



6-166.) -

Because of these factors, the existence and nature of

the faults suspected in the repository region must be

thoroughly investigated prior to licensing. Most important

for several reasons is the fault adjacent to Yakima Ridge.

According to page 3-51, it has not been confirmed because of

limited exposures. In addition, geophysics there is

considered to be indefinitive NRC, 1983, NUREG-0960, p. 4-9)

) and borings in its vicinity are largely inapplicable.

According to Moak C198lST-14), only two borings penetrate

basalt in the general vicinity. Neither penetrates below the

Saddle Mountain basalts wherein breakage from recurrent

faulting would proabably be much ore severe than in the

higher units.

Low sun angle photography and trenching of the surficial

sediments could be a first step in assessing the extent and

magnitude of any geologically recent activity. Additional

seismic reflection work could also be very helpful in

defining the orientation of the faults on the western end of

seismic line 8.. In addition, because the original reflection

program was unsuccessfully directed at repository depths (DOE

CR, 11/82 V, p. 3.6-1), better resolution of the top of

basalt may be possible by applying different reflection

survey parameters. Definitive results in terms of hydrologic

parameters, however, appear to require angle holes.



RHB-B2

Comment 6-2

Section 6..3.3.4 Tectonics Favorable Condition (Earthquakes)

Page 6-210. Paragraph 4.

Available Alternative Interpretations. Inadequate

Consideration of Available Data

Paragraph 4 states that a favorable condition appears to

exist because anticipated ground motion is "significantly

less" than that generally allowable for nuclear power plants.

Their basis is the proximity of the repository to licensed

facilities of the WNP-2 plant. As stated, the control event

for that facility is a magnitude 6.5 assigned to the

Rattlesnake-Wallula Lneament (RAW), about 12 miles away.

Given that distance, the corresponding zero period horizontal

ground acceleration is .25g, which is considerably less than

that for some nuclear plants, including those of Diablo

Canyon and San Ofre.

Page 6-212 states that since the repository is closer to

RAW, accelerations may be higher. An estimate for a higher

value s not provided. However, evidence strongly suggests

that, in fact, it would be much higher. First of all as

outlined in Comment 6-1, a northwestern extension of RAW

probably lies less than one mile from the southwestern corner

of the repository. Secondly, the local seismicity of RAW

appears to be amply demonstrated by the cluster of 11 events

which have occurred under Rattlesnake Hills within the last

7



14 years (figure 3.24). As shown by Fecht (October 1984,

BWI-TI-247, fig 5.4), these and other recent instrumental

events produce an apparent vertical alignment which spatially

approximates the RAW and is consistent with a steeply dipping

basement rupture commonly proposed for the deep-seated

expression of RAW. echt further shows several recent

instrumental events along a line northwest of Rattlesnake

Mountain, supporting both the existence and seismicity of the

northwestern extension of RAW. One of these is an M 3-3.5

event at the southwestern corner of the repository (Fecht,

figure 5-1), just where the likely extension of RAW is

believed to pass along the abrupt western terminous of Yakima

Ridge.

Given the apparent proximity of the extension and the

M6.5 control event already assigned to RAW, ground

acceleration at the repository would be at about

That value exceeds the DBE of % of all licensed U.S.

nuclear plants, and is not "significantly less" than those of

Diablo Canyon C.65?g.) or San Ofre g). Consequently, the

favorable condition does not appear to exist. (I didn't know

there were any NRC restrictions on maximum allowable

seismicity as long as design is ample.)



RHB-B3

Comment 6-3

Construction)

Much of the subject section nvolves the potential

impact of faulting and seismicity on repository design.

According to page 2-41, most effects from fault rupture occur

within 8 km. of the fault. The section goes on to say that

underground design for such affects are generally difficult,

so that active faults should be avoided by that amount.

However, Comment 6-1 summarizes substantial evidence to

support the likely existence of a major active fault zone

less than a mile from the suthwestern corner of the

repository. According to the 8 km. criterion, future

movement on that fault could affect about two thirds of the

present repository location.

As outlined in Comment 6-2, current tectonic activity of

the fa zone demonstrated by late Quaternary offset and

recent seismic activity. Given the length of the feature, it

s considered capable of generating a major earthquake,

potentially involving substantial fault rupture and shaking.

Such underground affects would likely include roof falls,

local ground shifts, disturbance of th clay fracture fillings

of the prolific cooling joints (1-40/meter, page 2-5.

paragraph 2; see also joint spacings of table 6-16, page

6-165) and displacement of shears or faults within the



workings. Comment 6-2 also shows that the surface

acceleration could be as high as g. Given the 10,000 to

100,000 yar recurrence interval (page 6-16), such a motion

is highly unlikely within the 50 year operating period of the

repository. However, in light of present activity, a smaller

but very substantial earthquake would appear to be a

reasonable possibility.

Unless future exploration results amply discredit the

postulated fault, it would appear that the necessary design

and construction requirements for both underground and

surface facilities will violate the preclosure qualifying

condition involving reasonable relative costs (p. 6-215).



RHB-B4

Comment 6-4

Section .4.2.3.3 Waste Package Subsystem Performance

Cannister Rupture

On page 6-243 and elsewhere, the assessment of cannister

failure appears to relate strictly to corrosion, without

consideration of potential shearing from tectonic offset of

joints and fractures. As outlined in Comment 6-1, geologic

evidence indicates the existence of a major fault zone

adjacent to the southwest corner of the present repository

location. Comment 6-2 outlines evidence that further

strongly suggests that the zone is tectonically active and

capable of a very large earthquake, which could involve

substantial steeply-dipping fault offsets of the bedrock,

including the repository horizon.

According to page 2-41, most serious effects from fault

rupture occur within km. of the fault, which in this case

would encompass about two thirds of the present repository

location. It would seem that such fault rupture could-

generate discrete offsets of pro-existing fractures,

including large faults anticipated within the repository

(Comment 6-1) the prolific cooling joints with spacings of

1-40 fractures/meter (see joint spacings of table 6-16, page

6-165); variably oriented shear planes, exemplified by those

found in most exploratory borings (Moak, 1981, ST-14,



chapter 6; St-4,.page III-142; and page ); and long, subtle,

subhorizontal tectonic fractures commonly found in tunnels

through the deep flow interiors (page 3-90).

According to page 5-38, the anticipated packing material

consists of 75% crushed basalt and 25%-bentonite clay.

Presumably, the clay will exist largely within the matrices

of the basalt fragments, such that the packing will be

essentially incompressible. If so, the cannisters themselves

are unprotected from shearing caused by discrete offsets of

planes of weakness. Large faults in the repository will be

readily recognizable and avoidable. However, other planes of

weakness are largely unavoidable, and some, in fact, may be

unrecognizable, especially if they are of short extent and

exposed only in the cannister placement holes. Consequently,

the assessment of cannister life appears to be incomplete

without consideration of the existence and potential

rejuvenation of probable major faulting adjacently west of

the repository.



RHB-B5

Comment 6

Section 6.3.1,7 Tectonics - Favorable Condition Regarding

Low Rates of Deformation

Pages 6-127 and 128

A favorable condition is found,. based partly on the low

average rates of deformation. However, those rates are based

largely on the anticlines of Rattlesnake Hills and the Saddle

Mountains. Rates of other anticlines of the area require

further analysis (page 6-137).

The Untanum Ridge-Gable Mountain-Gable Butte Structure,

adjacently north of the present repository site, appears to

deserve particular attention. Deformation of Untanum Ridge

reportedly began within Saddle Mountain time (p. IV-19,

ST-4), much later than that of the Rattlesnake and Saddle

Mountain structures. However, the location of a ocene

channel of the ancestral Columbia River (figure 3-20, page

3-41), seems to indicate that the Untanum Ridge-Gable.

Mountain-Gable Ridge structure did not develop sufficiently

to affect the river until some time later. If so, it would

appear that much of the structural growth of the

UntanumRidge-Gable Mountain-Gable Butte structure is late

Pliocene to recent, comparable to the apparent late Pliocene

to early Pleistocene initiation of Manastash Ridge adjacently



to the north (ST-4, page 11-73).

Regardless of DOE's great uncertainty regarding ongoing

deformation in the area (page 6-127), the Untanum Ridge Gable

Mountain-Gable Butte structure appears to be still actively

growing, as expressed by fault offsets that are younger than

12,000 years (page ), and two recorded tilts of the Rosa

Canal within the last 50 years, reportedly due to anticlinal

growth of the Untanum Ridge (Brown, 1968, BNWC-662, page 40).

Collectively, then, it appears that some anticlines are

substantially younger and more active than others, suggesting

that new additional anticlines will form and grow as regional

deformation continues. Possible candidates for such growth

may include the minor anticlinal waves evident from seismic

reflection data within the repository area ( BW-TI-177).

The magnitude of any such effects on repository isolation

depend heavily on the rate of growth. As a minimum, however,

it would appear reasonable to expect some amount of

disruption of pre-existing joint fillings and indurated fault

breccias, resulting in increased vertical hydraulic

conductivity during the isolation period. Conceivably

substantial rates of growth could result in cannister rupture

by shearing caused by minor offsets of pre-existing planes of

weakness.(Comment 6-4). Consequently, in light of present

geologic information it appears that a basis for finding a

favorable condition regarding the affects of future continued



deformation does not exist.



RHB-B6

Comment 6-6

Section 6.3.4.8 Human Interference (National Resources)

Qualifying COndition

Page 6-137, Paragraph 3

According to the Qualifying Condition page 6-137), the

site shall be located such that, while taking permanent

markers and records into consideration, economically

important resources will not likely give rise to human

interference. As described throughout Section 6.3.1.8,

economic petroleum reserves potentially exist n sediments

beneath the basalts of Pasco Basin. However, DOE feels that

these are unimportant n the immediate vicinity of the

repository because of the absence of anticlinal traps within

the syncline. However, DOE fails to consider structural

traps potentially formed by steeply dippig faults, such as

that which probably exists along the southeastern corner of

the repository Comment -1),, as well as possible others

within the repository itself, Otherpotential traps could

include numerous north northwest trending feeder dikes.

Although such dikes are reportedly found only south and west

of the site p. )where exposures allow their detection,

numerous others, like the Ice Harbor dike near Pasco (USGS,

1979, OF 79-292), probably lie buried beneath the repository

area. In addition, T-19 p. 4-13) reports that

magnetotelluric results ndicate that the basement fails to

reflect the northwest and northeast trends of the basalt



cover. They also indicate great relief on the pre-basalt

surface ST-19, p. 4-14).Consequently, the pre-basaltic

sediments may be very structurally different from the

basalts. Consequently, the lack of surficial anticlines does

not necessarily imply the absence of deeper structural

targets within the Cold Creek Syncline. Although such

structures are hidden from conventional Geophysical methods,

the November, 1984 issue of the AAPG Explorer credits the

current "boom" on the Columbia Plateau to rapid technical

advancements in magnetotelluric methods, capable of detecting

structure beneath the basalts.

The EA also fails to consider the potential for losing

permanent markers, as required by the qualifying statement.

Past and future climates are not mentioned in Chapter 3 and

the brief discussion in Chapter 6 fails to address the

likeliehood of continental glaciation within the next 10,000

years. However, both EAs for the Permian Basin provide

evidence which supports their conclusion that such glaciation

is anticipated (DOE, 1984). Were such glaciation to occurs a

series of catastrophic floods could result, similar to those

which occurred at the site as recently as 3,000 years ago

(page' ). In light of the extreme erosiveness of past

floods, it would seem that any conceivable marker system

would be in great jeopardy.



RHB-B7

Comment 6-7.

Section 6.2.1.8 Human Interference (Natural Resources)

Potential Adverse Condition

Page 6-141.Paragragh 6

In light of Comment 6-6, it would appear that "economic

extraction (of petroleum) is potentially feasible during the

forseeable future." Consequently, it appears that a

potentially adverse condition does exist, contrary to the

findings of DOE (P) 6-142, end of paragraph 3).



RHB-BB

Comment 6-8

Section 6.3.1.1 Post Closure Technical Guidelines

Geohydrology-Favorable Condition

Page 6-70, paragraphs 1 and 2. Inadequate Consideration of
Available Data

The subject paragraphs suggest that a favorable

condition exists partly because of the existence of a

downward or predominantly horizontal hydraulic gradient.

However, page 3-78 mentions artesian wells within Cold Creek

Valley and along the, Colorado River. The discussion also fails

to mention Rattlesnake Springs about a mile south of the

southwest corner of the repository, which presumably is

artesian, and associated with the Cold Creek hydraulic

Barrier there (Comment 6-1). According to page 3-79, such

barriers might identify areas of increased vertical

groundwater leakage between deep and shallow groundwater

systems which may nvolve groundwater mixing page 3-82, page

3-90).

Until such anomalies are adequately explained, at least

this part of the finding for a favorable condition appears to

be unfounded.



RHB-B9

Comment 6-9

Geohydrology

Page 6-132 states that current earthquake swarms

indicate lippage on several different planes. page 6-136

claims that such slippage surfaces will not lead to loss of

waste isolation. However, Price (1982, RHO-BWI-SA-138, p.

71) reports groundwater seepages from slip surfaces in

several localities. Despite greater hydrostatic loads at

repository depths, such seepage should be expected.



RHB-BI0

Comment 6-10

Section 6.3.3 Post Closure Technical Guidelines

Tectonics Qualifying Condition

Page 6-210, Paragraph 1.

Alternative Interpretations

The subject paragraph states that "The adverse tectonic

condition that could preclude development of a repository is

that of an active fault (either seismically active or

creeping)."

As outlined n Comments 6-1 and 6-2, a major seismogenic

fault probably exists within one mile of the repository.

Seismic reflection results suggest that portions of that zone

may exist within the repository. In addition, numerous other

faults are anticipated within the repository. Unless they

are somehow decoupled from the ongoing tectonic deformation

of the Basin, they would be expected to creep. Consequently,

present evidence strongly suggests that development of a

repository at the currently planned location could be



RHB-B11

Comment 6-11

Section Post Closure Technical Guidelines Rock

Characteristics (Thermally Induced Fractures)

Page 6-106. Paragraph 4

The assessment does not appear to consider the prolific

pre-existing oints and fractures of the dense interior.

According to page 2-5, natural fractures range from to

40/meter. Spacings shown on table 6-16 (page 6-165) for the

dense interior of the Cohasset flow range from about .04 to

.1 meters.



RHB-B12

Comment 3-1

Section 3.2.2. Stratigraphy

Page 3-43, Paragraph 3

Alternative Interpretations

DOE explains the synform character of the top of the

Ringold Formation (figure 3-22) as an incised paleostream

channel, overlain by a paleosol developed after incision

(page 3-43, last paragraph). Such incision appears necessary

to explain the steepness of the eastward plunge of the

feature along its eastern portion. However, it would appear

that much of the topography of the surface, including

northwestern portions, could be alternatively interpreted as

synclinal warping, consistent with other information

indicative of Post Ringold deformation. The fairly close

correspondence between the axis of the Cold Creek syncline

and the current course of Cold Creek within the repository

area suggests that such deformation is continuing.



RHB-Bl

Comment 6-1

Section Geohydrology, Favorable Condition

Page 6-124, Para 1 and 2

Alternative Interpretations Inadequate Consideration of

Available Data

These paragraphs state that a favorable condition

appears to be present because travel times to the accessible

environment are expected to exceed l0,000 years. That

expectation is based on the results of various numerical

models outlined in section 6.3.1.1.3 and elsewhere. However,

none of these models appear to account for the presence of

faults within or near the repository, even though the

potential importance of faulting is noted several times in

the document. The available data strongly suggests that

major faults exist and hence, must be accounted for.

One such fault has been postulated less than a mile

beyond the western boundary of the repository along the

abrupt eastern terminous of Yakima Ridge, as suggested by the

linear topographic escarpment and apparent structural

displacement (p. 3-51, paragraph 1). According to page 3-51,

paragraph 3, the same fault could explain the down-dropped

offset of the Benson Ranch syncline between Yakima Ridge and

Rattlesnake Mountain. The fault also appears to approximate

the Cold Creek hydrologic barrier (figure 3-1). Rattlesnake

Springs exists where the postulated fault intersects a known



east-west fault along the southern flank of Yakima Ridge.

Additional possible evidence for major faulting adjacently

east of the abrupt termination of Yakima Ridge is provided by

a reprocessing of seismic reflection data (?, 1984,

SD-BW-TI-177). As shown, several large, closely spaced

offsets of the top of basalt are shown on the eastern end of

line . Because of the lack of any other local control, the

strike of these faults are indefinitive. On the maps of the

report, they are drawn with a northeasterly strike, possibly

to conform with the northeasterly trend of the Nancy

aeromagnetic lineament. However, according to Fecht 1984,

BWE-TI-247, p. 48), the northeasterly projection of that

feature corresponds with seveal hundred feet of continuous,

unfaulted outcrop on able Butte. Consequently, the

structural significance of the Nancy lineament is uncertain.

Alternatively, the faults of line 8 can be interpreted to

trend northwesterly, in accordance with the numerous other

local and regional indications of a major northwesterly fault

zone there.

Figure 8-8 of ST-14 shows the postulated fault to be a

major structure, directly aligned with the northeastern face

of Rattlesnake Mountain. Rattlesnake Mountain, in turn,

represents the northern segment of the 125 mile long

Rattlesnake-Wallula lineament (RAW). This alignment (as

previously noted by Cochran, 1982, RHO-BW-SA-260AP), as well

as the 3 mile proximity, strongly suggests that the two

faults are structurally the same, and that the postulated



fault is-a northern extension of RAW, and hence is part of

the 250 mile long Cle-Elum Wallula lineament (CLEW). Such a

relationship is strongly supported by the pronounced

aeromagnetic lineament which includes Rattlesnake Mountain

and extends northwestward at least as far as Priest Rapids

Dam (figure 4.2, ST 19-P). Other structural anomalies along

this northwestward projection include the pronounced

structural rise of the crest of Untanum Ridge in the vicinity

of Priest Rapids, (page 11-74, ST-4) where it also changes

trend from west northwest to northwest (Price, 1982,

RHO-BWI-SA-138);. abrupt thinning of the Untanum flow

adjacently east of Priest Rapids Dam (DOE, Nov. 1982, Site

Characterization Report, Volume 1, page 3.5-20); and the

continuity of contours of the top of basalt between

Rattlesnake Mountain and the eastern terminous of Yakima

Ridge (figure 3-51, DOE, Nov. 1982, Vol. ), interpreted

previously as possible evidence for a northwestward

continuation of the faulting along the northern base of

Rattlesnake Mountain (T-4, page III-125). The collective

evidence, therefore indicates that the postulated fault

probably exists and is an extension of RAW.

Although the overall tectonic nature of RAW remains

uncertain, much of its length is typified by major faulting.

Several such faults have been mapped along the northeastern

limb of Rattlesnake Mountain (Fecht, 10/84, BWI-TI-247). In

addition, the southeastern extension of the Rattlesnake

Mountain aearomagnetic lineament probably expresses faulting



along much of the RAW (ST-4, p. III-130). Some exposures

express massive breccia zones up to 1000 feet wide (P. III

132, ST-4).

Although the north face of Rattlesnake Mountain is

generally considered to be the northeastern margin of RAW,

(as well as CLEW)(Barrash and others, 1983, figure 5),

evidence suggests that significant, structurally related

features may extend much farther northeastward. Page 3-47,

paragraph 1, mentions that the North Pasco structure and

portions of the Pasco syncline reflect the Rattlesnake Hills

structures. (See figure 3-23.) Other, much closer features

of the same trend include the pronounced northwest alignment

of aeromagnetic lineaments which approximate the northeastern

margin of the repository (figure -11, ST-14) and the

clockwise rotation of structures on Gable Butte and Gable

Mountain. On a broader scale, the trend of RAW appears to be

reflected by the northwestward elongation of both the Pasco

Basin (p. 3-47, para 1) and the Kittitas Basin (figure 3-23),

both of which are aligned adjacently northeast of RAW and its

nothwestern projection. As a result, significant structural

affects of RAW may extend well northeastward of the RAW

itself, and encompass much, if not all, of the repository.

The existence of other major faulting within the

repository is suggested by results of recent work in the

Vantage area (Chamness and Tolan, 1983, BWI-ER-005).

Although the mechanics predict that the Cold Creek syncline



should be "weakly or undeformed" (page ), the Vantage

analog studies of a similar syncline (but with outcrops) show

substantial faulting, with breccia zones tens to hundreds of

feet thick. Although some of those breccias are well

indurated, others are not (Chamness and Tolan, 1983,

BWI-ER-005, page 26). Such faults may explain numerous

aeromagnetic lineaments and top-of-basalt offsets shown by

seismic reflection over the repository.

The collective evidence, then, strongly suggests the

potential for one or more major faults within or closely

adjacent to the repository which could substantially impact

the rates and direction of groundwater flow. Although the

gouge zones of faults commonly act as relatively impervious

barriers to flow, (as apparently is the case with the Cold

Creek Barrier structure, p. 3-79) less clayey, laterally

adjacent zones are commonly especially pervious (as

illustrated by the 1x10- meters/sec. value measured from a

small fault in an onsite drill hole, p. 3-86), As a result,

lateral flow may be restricted across a fault, while being

strongly enhanced along it.

Another factor involves potential groundwater changes

resulting from earthquakes (p. 6-212), the potential for

which is high (Comment 6-2). One particularly severe change

could involve disruption of the impervious clay fillings

which seal the prolific, vertically oriented cooling joints

of the basalt. (See joint spacings on table 6-16, page



6-166.) -

Because of these factors, the existence and nature of

the faults suspected in the repository region must be

thoroughly investigated prior to licensing. Most important

for several reasons is the fault adjacent to Yakima Ridge.

According to page 3-51, it has not been confirmed because of

limited exposures. In addition, geophysics there is

considered to be indefinitive (NRC, 1983, NUREG-0960, p. 4-9)

) and borings in its vicinity are largely inapplicable.

According to Moak (1981,ST-14), only two borings penetrate

basalt in the general vicinity. Neither penetrates below the

Saddle Mountain basalts wherein breakage from recurrent

faulting would proabably be much more severe than in the

higher units.

Low sun angle photography and trenching of the surficial

sediments could be a first step in assessing the extent and

magnitude of any geologically recent activity. Additional

seismic reflection work could also be very helpful in

defining the orientation of the faults on the western end of

seismic line . In addition, because the original reflection

program was unsuccessfully directed at repository depths (DOE

SCR, 11/62, V.I, p. 3.6-1), better resolution of the top of

basalt may be possible by applying different reflection

survey parameters. Definitive results in terms of hydrologic

parameters, however, appear to require angle holes.



RHB-B2

Comment 6-2

Section 6.3.3.4 Tectonics avorable Condition (Earthquakes)

Page 6-210, Paragraph 4.

Available Alternative Interpretations, Inadequate

Consideration of Available Data

Paragraph 4 states that a favorable condition appears to

exist because anticipated ground motion is "significantly

less" than that generally allowable for nuclear power plants.

Their basis is the proximity of the repository to licensed

facilities of the WNP-2 plant. As stated, the control event

for that facility is a magnitude 6.5 assigned to the

Rattlesnake-Wallula Lineament (RAW), about 12 miles away.

Given that distance, the corresponding zero period horizontal

ground acceleration is .25g, which is considerably less than

that for some nuclear plants, including those of Diablo

Canyon and San Ofre.

Page 6-212 states that since the repository is closer to

RAW, accelerations may be higher. An estimate for a higher

value is not provided. However, evidence strongly suggests

that, in fact, it would be much higher. First of all, as

outlined in Comment 6-1, a northwestern extension of RAW

probably lies less than one mile from the southwestern corner

of the repository. Secondly, the local seismicity of RAW

appears to be amply demonstrated by the cluster of 11 events

which have occurred under Rattlesnake Hills within the last



14 years (figure 3.24). As shown by Fecht (October 1984,

BWI-TI-247, fig. 5.4), these and other recent instrumental

events produce an apparent vertical alignment which spatially

approximates the RAW and is consistent with a steeply dipping

basement rupture commonly proposed for the deep-seated

expression of RAW. Fecht further shows several recent

instrumental events along a line northwest of Rattlesnake

Mountain, supporting both the existence and seismicity of the

northwestern extension of RAW. One of these is an M 3-3.5

event at the southwestern corner of the repository (Fecht,

figure 5-1), just where the likely extension of RAW is

believed to pass along the abrupt western terminous of Yakima

Ridge.

Given the apparent proximity of the extension and the

M6.5 control event already assigned to RAW, ground

acceleration at the repository would be at about g.

That value exceeds the DBE of % of all licensed U.S.

nuclear plants, and is not "significantly less" than those of

Diablo Canyon .65?g.) or San Ofre ( g). Consequently, the

favorable condition does not appear to exist. (I didn't know

there were any NRC restrictions on maximum allowable

seismicity as long as design is ample.)



RHB-B3

Comment 6-3

Section 6.3.3.4 Tectonics, (in regard to Design and

Construction)

Much of the subject section involves the potential

impact of faulting and seismicity on repository design.

According to page 2-41, most effects from fault rupture occur

within 8 km. of the fault. The section goes on to say that

underground design for such affects are generally difficult,

so that active faults should be avoided by that amount.

However, Comment 6-1 summarizes substantial evidence to

support the likely existence of a major active fault zone

less than a mile from the southwestern corner of the

repository. According to the 8 km. criterion, future

movement on that fault could affect about two thirds of

present repository location.

As outlined in Comment 6-2, current tectonic activity of

the faut zone demonstrated by late Quaternary offset and

recent seismic activity. Given the length of the feature, it

is considered capable of generating a major earthquake,

potentially involving substantial fault rupture and shaking.

Such underground affects would likely include roof falls,

local ground shifts, disturbance of th clay fracture fillings

of the prolific cooling joints (1-40/meter, page 2-5

paragraph 2 see also joint spacings of table 6-16, page

6-165) and displacement of shears or faults within the



workings. Comment 6-2 also shows that the surface

acceleration could be as high as g. Given the 10,000 to

100,000 yar recurrence interval (page 6-16), such a motion

is highly unlikely within the 50 year operating period of the

repository. However, in light of present activity, a smaller

but very substantial earthquake would appear to be a

reasonable possibility.

Unless future exploration results amply discredit the

postulated fault, it would appear that the necessary design

and construction requirements for both underground and

surface facilities will violate the preclosure qualifying

condition involving reasonable relative costs (p. 6-215).



RHB-B4

Comment 6-4

Section 6.4.2.3.3 Waste Package Subsystem Performance -

Cannister Rupture

On page 6-243 and elsewhere, the assessment of cannister

failure appears to relate strictly to corrosion, without

consideration of potential shearing from tectonic offset of

joints and fractures. As outlined in Comment 6-1, geologic

evidence indicates the existence of a major fault zone

adjacent to the southwest corner of the present repository

location. Comment 6-2 outlines evidence that further

strongly suggests that the zone is tectonically active and

capable of a very large earthquake, which could involve

substantial steeply-dipping fault offsets of the bedrock,

including the repository horizon.

According to page 2-41, most serious effects from fault

rupture occur within km. of the fault, which in this case

would encompass about two thirds of the present repository

location. It would seem that such fault rupture could

generate discrete offsets of pre-existing fractures,

including large faults anticipated within the repository

(Comment 6-1); the prolific cooling joints with spacings of

1-40 fractures/meter (see joint spacings of table 6-16, page

6-165); variably oriented shear planes, exemplified by those

found in most exploratory borings Moak, 1981, ST-14,



chapter 6; St-4,.page 111-142; and page ); and long, subtle,

subhorizontal tectonic fractures commonly found in tunnels

through the deep flow interiors (page 3-90).

According to page 5-38, the anticipated packing material

consists of 75% crushed basalt and 25% bentonite clay.

Presumably, the clay will exist largely within the matrices

of the basalt fragments, such that the packing will be

essentially incompressible. If so, the cannisters themselves

are unprotected from shearing caused by discrete offsets of

planes of weakness. Large faults in the repository will be

readily recognizable and avoidable. However, other planes of

weakness are largely unavoidable, and some, in fact, may be

unrecognizable, especially if they are of hort extent and

exposed only in the cannister placement holes. Consequently,

the assessment of cannister life appears to be incomplete

without consideration of the existence and potential

rejuvenation of probable major faulting adjacently west of

the repository.



RHB-B

Comment 6-5

Section 6.3.1.7 Tectonics - Favorable Condition Regarding

Low Rates of Deformation

Pages 6-127 and 128

A favorable condition is found, based partly on the low

average rates of deformation. However, those rates are based

largely on the anticlines of Rattlesnake Hills and the Saddle

Mountains. Rates of other anticlines of the area require

further analysis (page 6-137).

The Untanum Ridge-Gable Mountain-Gable Butte Structure,

adjacently north of the present repository site, appears to

deserve particular attention. Deformation of Untanum Ridge

reportedly began within Saddle Mountain time (p. IV-19,

ST-4), much later than that of the Rattlesnake and Saddle

Mountain structures. However, the location of a ocene

channel of the ancestral Columbia River (figure 3-20, page

3-41), seems to indicate that the Untanum Ridge-Gable

Mountain-Gable Ridge structure did not develop sufficiently

to affect the river until some time later. If so, it would

appear that much of the structural growth of the

UntanumRidge-Gable Mountain-Gable Butte structure is late

Pliocene to recent, comparable to the apparent late Pliocene

to early Pleistocene initiation of Manastash Ridge adjacently



to the north (ST-4, page 11-73).

Regardless of DOE's great uncertainty regarding ongoing

deformation in the area (page 6-127), the Untanum Ridge Gable

Mountain-Gable Butte structure appears to be still actively

growing, as expressed by fault offsets that are younger than

12,000 years (page ), and two recorded tilts of the Rosa

Canal within the last 50 years, reportedly due to anticlinal

growth of the Untanum Ridge (Brown, 1968, BNWC-662, page 40).

Collectively, then, it appears that some anticlines are

substantially younger and more active than others, suggesting

that new additional anticlines will form and grow as regional

deformation continues. Possible candidates for such growth

may include the minor anticlinal waves evident from seismic

reflection data within the repository area (S -BW-TI-177).

The magnitude of any such effects on repository isolation

depend heavily on the rate of growth. As a minimum, however,

it would appear reasonable to expect some amount of

disruption of pre-existing joint fillings and indurated fault

breccias, resulting in increased vertical hydraulic

conductivity during the isolation period. Conceivably,

substantial rates of growth could result in cannister rupture

by shearing caused by minor offsets of pre-existing/planes of

weakness Comment 6-4). Consequently, in light of present

geologic information, it appears that a basis for finding a

favorable condition regarding the affects of future continued



deformation does not exist.



RHB-B6

Comment 6-6

Section 6.3.1.8 Human Interference (National Resources)

Qualifying Condition

page 6-137, Paragraph 3

According to the Qualifying Condition (page 6-137), the

site shall be located such that, while taking permanent

markers and records into consideration, economically

important resources will not likely give rise to human

interference. As described throughout Section 6.3.1.8,

economic petroleum reserves potentially exist in sediments

beneath the basalts of Pasco Basin. However, DOE feels that

these are unimportant in the immediate vicinity of the

repository because of the absence of anticlinal traps within

the syncline. However, DOE fails to consider structural

traps potentially formed by steeply dippig faults, such as

that which probably exists along the southeastern corner of

the repository (Comment -1), as well as possible others

within the repository itself. Other potential traps could

include numerous north northwest trending feeder dikes.

Although such dikes are reportedly found only south-and west

of the site (p. ) where exposures allow their detection,

numerous others, like the Ice Harbor dike near Pasco (USGS,

1979, OF 79-292), probably lie buried beneath the repository

area. In addition, ST-19 (p. 4-13) reports that

magnetotelluric results indicate that the basement fails to

reflect the northwest and northeast trends of the basalt



cover. They also indicate great relief on the pre-basalt

surface ST-19, p. 4-14).Consequently, the pre-basaltic

sediments may be very structurally different from the

basalts. Consequently, the lack of surficial anticlines does

not necessarily imply the absence of deeper structural

targets within the Cold Creek Syncline. Although such

structures are hidden from conventional geophysical methods,

the November, 1984 issue of the AAPG Explorer credits the

current ."boom" on the Columbia Plateau to rapid technical

advancements in magnetotelluric methods, capable of detecting

structure beneath the basalts.

The EA also fails to consider the potential for losing

permanent markers, as required by the qualifying statement.

Past and future climates are not mentioned in Chapter 3 and

the brief discussion in Chapter 6 fails to address the

likeliehood of continental glaciation within the next 10,000

years. However, both EAs for the Permian Basin provide

evidence which supports their conclusion that such glaciation

is anticipated (DOE, 1984). Were such glaciation to occur, a

series of catastrophic floods could result, similar to those

which occurred at the site as recently as 13,000 years ago

(page ). In light of the extreme erosiveness of past

floods, it would seem that any conceivable marker system

would be in great jeopardy.



RHB-B7

Comment 6-7

Section 6.3.1.8 Human Interference (Natural Resources)

Potential Adverse Condition

Page 6-141, Paragraph 6

In light of Comment 6-6, it would appear that "economic

extraction (of petroleum) is potentially feasible during the

forseeable future." Consequently, it appears that a

potentially adverse condition does exist, contrary to the

findings of DOE (P] 6-142, end of paragraph 3).



RHB-BB

Comment 6-8

Section 6.3.1.1 Post Closure Technical Guidelines.

Geohydrology-Favorable Condition

Page 6-70. Paragraphs 1 and 2. Inadequate Consideration of

Available Data

The subject paragraphs suggest that a favorable

condition exists partly because of the existence of a

downward or predominantly horizontal hydraulic gradient.

However, page 3-78 mentions artesian wells within Cold Creek

Valley and along the Colorado River.The discussion also fails

to mention Rattlesnake Springs about a mile south of the

southwest corner of the repository, which presumably is

artesian, and associated with the Cold Creek hydraulic

Barrier there (Comment 6-1). According to page 3-79, such

barriers might identify areas of increased vertical

groundwater leakage between deep and shallow groundwater

systems which may involve groundwater mixing page 3-82, page

Until such anomalies are adequately explained at least

this part of the finding for a favorable condition appears to

be unfounded.



RHB-B9

Comment 6-9

Geohydrology

Page 6-132 states that current earthquake swarms

indicate slippage on several different planes. page 6-136

claims that such slippage surfaces will not lead to loss of

waste isolation. However, Price (1982, RHO-BWI-SA-138 p.

71) reports groundwater seepages from slip surfaces in

several localities. Despite greater hydrostatic loads at

repository depths, such seepage should be expected.



RHB-B10

Comment 6-10

Section 6.3.3 Post Closure Technical Guidelines

Tectonics Qualifying Condition

Page 6-210, Paragraph 1

Alternative Interpretations

The subject paragraph states that "The adverse tectonic

condition that could preclude development of a repository is

that of an active fault (either seismically active or

creeping)."

As outlined in Comments 6-1 and 6-2, a major seismogenic

fault probably exists within one mile of the repository.

Seismic reflection results suggest that portions of that zone

may exist within the repository. In addition, numerous other

faults are anticipated within the repository. Unless they

are somehow decoupled from the ongoing tectonic deformation

of the Basin, they would be expected to creep. Consequently,

present evidence strongly suggests that development of a

repository at the currently planned location could be

precluded.



RHB-Bl1

Comment 6-11

Section 6.3.1,3.6 Post Closure Technical Guidelines Rock

Characteristics(Thermally Induced Fractures)

Page 6-106. Paragraph 4

The assessment does not appear to consider the prolific

pre-existing joints and fractures of the dense interior.

According to page 2-5, natural fractures range from to

40/meter. Spacings shown on table 6-16 (page 6-165) for the

dense interior of the Cohasset flow range from about .04 to

.1 meters.



RHB-12

Comment 3-1

Section 3.2.2 Stratigraphy

Page 3-43, Paragraph 3

Alternative Interpretations

DOE explains the synform character of the top of the

Ringold Formation (figure 3-22) as an incised paleostream

channel, overlain by a paleosol developed after incision

(page 3-43, last paragraph). Such incision appears necessary

to explain the steepness of the eastward plunge of the

feature along its eastern portion. However, it would appear

that much of the topography of the surface, including

northwestern portions, could be alternatively interpreted as

synclinal warping, consistent with other information

indicative of Post Ringold deformation. The fairly close

correspondence between the axis of the Cold Creek syncline

and the current course of Cold Creek within the repository

area suggests that such deformation is continuing.


