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SUBJECT: EA SCOPING REVIEW IN GEOLOGY-GEOPHYSICS

Meetings were conducted at NRC offices in Silver Spring from September 10 to
September 14 between NRC Geology-Geophysics Section staff and their technical
contractors. The meetings were intended to familiarize the contractors with
the DOE Siting Guidelines and the NRC Standard EA Review Plan to assure that
their technical review comments of the Final Draft EAs meet NRC expectations.

This was accomplished by having the contractors submit preliminary technical
comments on EA Draft 4 to evaluate and discuss their significance for site
characterization, their level of detail and their consistency with
the scope and format outlined in the EA Review Plan. In addition, geology
draft STPs were reviewed and discussed to obtain both contractor input and
satisfaction with their technical merit and completeness. The discussions of
the contractor's preliminary comments and the NRC STP issues were summarized into
a comprehensive set of major concerns for each site region. These concerns,
Enclosure 2, were compared to the STP issues to assure that the STPs included
the concerns.

Overall, there was general agreement that, in many cases, such as the
Paradox Basin, the lack of site specific geologic data made it difficult to
evaluate and comment upon EA analyses and conclusions. The participants also
noted that while, in general, the EAs were well written and complete, many of
the conclusions reached in Chapter 6 were either not fully substantiated by
thorough analyses in Chapter 3 or the Chapter 3 analysis should result in
less definitive conclusion.

One of the primary accomplishments of the meetings was that NRC
Geology-Geophysics Section staff and their technical contractors had the
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opportunity to meet as a group and discuss their problems and concerns with
the EAs. The contractors seemed to feel that this meeting provided them with
a better understanding of their responsibility in EA review and gave them a
more complete appreciation for NRC expectations of that review.

The enclosures provide a record of the meetings and will be forwarded to the
respective NRC project leaders. No further action is needed by those project
leaders.

Richard R. Lee
Geology-Geophysics Section
Geotechnical Branch
Division of Waste Management, NMSS

Enclosures:
1. The agenda
2. Major concerns
3. Attendees
4. Contractor comments on EA Draft 4

cc: Contractor participants
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AGENDA
GEOLOGY EA SCOPING REVIEW
SEPTEMBER 10 TO 14
71H FLOOR CONFERENCE ROOM
9:00 M TO 5:00 PM

uistrI DUTi on:
Rright
WRehfeldt
KStablein
SCoplan
RJohnson
JLinehan
JPearring
FRoss
BCooke
WIKelly
LKovach
DGupta
MGordon
JBuckley
DBrooks
4B ackford
JCutler
PJustus
Lee
Rice

JTrapp
JValdes
VLacwtnhvri

Monday, September, 10th
Tuesday, September, 11th
Wednesday, September, 12th
Thursday, September, 13th
Friday, September, 14th

Permian Basin Sites.
Gulf Coast Sites (Domes).
Paradox Basin Sites.
BW7IP.
NNWSI.

ITEMS TO BE COVERED EACH DAY
1) Review of specific draft comments.
2) General geologic discussion on suitability of site for characterization and .
waste disposal with reference to 960 and 1CFR60.
*3) Missing (or not published) documents.

4) STP'S
5) Potential upcoming tasks.

-11

In addition to the above items, on Monday and Tuesday from 9:00am to 9:30??
WMRP will present an overview of the EA review plan. All members of the
Geology/Geophysics section should plan on attending one of these two sessions.

If there are any questions, contact John Trapp, extension 74545.
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MAJOR CONCERNS

PERMIAN BASIN:

1) What is the westward extension of the Meers Fault and its seismic
potential?

2) What is the detailed stratigraphy with emphasis on facies changes,
mineralogy and interbeds in the San Andres Formation?

3) What is the potential for faulting, fracturing and jointing in the
stratigraphic units?

4) What is the potential for and evidence of interior dissolutioning or
subsidence?

5) What is the nature and distribution of lineaments?

6) What is the seismic hazard potential?

GULF COAST:

1) What is the potential for local uplift or subsidence?

2) What are the rates of dissolutioning?

3) What is the stratigraphy and structural features in the area surrounding
the dome, over the dome, within the dome, with emphasis on anomalous
zones, and within the caprock?

4) What is the potential for thermal loading to alter geologic features and
processes?

5) What is the Quaternary history?

6) What is the relation between geomorphic features and dissolutioning or
structural features?

7) What is the natural resource potential?

8) What are the projected effects of future climatic change?
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PARADOX BASIN:

1) What are the tectonic models and how do they account for:

a) the Shay-Bridger Jack-Salt Creek grabens and their associated
sesimicity?

b) the parallel allignment of NE trending faults with the Colorado
Lineament?

c) seismic activity along the Colorado River?

d) the Imperial Fault?

e) the regional stress field?

2) What is the potential for intrastratal folding and fracturing?

3) What is the potential for faulting through the salt section including
those faults which may die out or lose expression in salt?

4) What is the relation between structural features and geomorphic features
including surface springs?

5) What is the seismic hazard potential?

6) What is the Quaternary history?

7) What is the detailed stratigraphy of the Paradox Formation and
immediately surrounding stratigraphic units?

BWIP:

1) The origin and nature of the Yakima Fold Belt

2) Status of knowledge about the integrity of the repository area. The
available geophysical data is inconclusive with respect to intact block
of basalt. The significance of geophysical anomalies is not known.

Also, concern was expressed about lack of data for local intraflow
variations, degree of fracturing, and porosity.
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3) The timing and amounts of deformation possible including fault movements
and variations in possible rates.

4) The high in situ stress-causes and effects on the repository.

5) The relationship of seismicity to structure.

6) The lack of data base synthesis a) adequacy of mapping, b) lack of
projection of borehole data on structural cross sections and c)
inadequate detail on cross sections - sections not balanced. The point
was made that the EA would benefit from using more map and cross section
figures.

7) The presence of methane and hydrocarbon natural resources.

NNWSI:

1) Potential caldera complex under Crater Flat not indicated on maps.

2) Age dating of faults not completely satisfactory.

3) Potential presence of ring fractures associated with calderas not given
appropriate attention.

4) It is not clear whether or not the site falls within the Southern Nevada
east-west seismic zone.

5) Over-emphasis of dip slip component of faulting, not enough attention
paid to the potentially large strike slip component on the same faults.

6) Generally high in situ stress.

7) Age and activity of faults in the region is questionable.

8) Data used in the seismicity section is generally dated.

9) Possibility of a hydrologic barricade due to faulting not considered
(note BWIP). This could lead to abrupt changes in the level of
groundwater table.

10) Effects of caliche on erosion, surface water flow, and other factors not
adequately considered.
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11) Micro-relief in flats not adequately considered. This largely controls
sheet flooding patterns.

12) Fracture spacing in core holes not treated adequately.
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ATTENDEES

MONDAY, SEPTEMBER 10, 1984

PERMIAN BASIN

John Trapp

Jonathan Cutler

Andy Obrochta

Dick Berry

Richard Lee

Robert L. Johnson

K. Westbrook

Fred Ross

Larry McKague

John Imse

Vincent Murphy

Benjamin Rice

Mike Blackford

Philip Justus

Pam Barnard

NRC

NRC

Corps of Engineers

Self

NRC

NRC

NRC

NRC

LLNL

Weston Geophysical

Weston Geophysical

NRC

NRC

NRC

NRC

(301) 427-4545

427-4762

745-6170

(203) 323-5211

427-4526

427-4785

427-4532

427-4539

(415) 422-6494

(617) 366-9191

(617) 366-9191

427-4646

427-4597

427-4684

427-4540
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GEOLOGY OF DOMES

SEPTEMBER 11, 1984

John S. Trapp

Jerome R. Pearring

Banad N. Jagannath

Pam Barnard

John Imse

Charles (Rus) Purcell

George M. Ruede

Barbara A. Cooke

Richard Lee

William Ford

H. Lawrence McKague

Philip Justus

NRC

NRC

NRC

NRC

Weston Geophysical

Consultant

COE

NRC

NRC

NRC

LLNL

NRC

427-4545

427-4648

427-4629

427-4540

(617) 366-9191

(714) 556-2707

(817) 334-3265

427-4498

427-4526

427-4687

(415) 846-9602

427-4684
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SEPTEMBER 12, 1984

PARADOX

John S. Trapp

Fred Ross

Mike Blackford

Larry McKague

John Imse

Charles (Rus) Purcell

Barbara A. Cooke

Scott Grace

Richard Lee

NRC

NRC

NRC

LLNL

Weston Geophysical

Consultant

NRC

NRC

NRC

(415)

(617)

(714)

427-4545

427-4539

427-4597

422-6494

366-9191

556-2707

427-4498

427-4686

427-4526
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SEPTEMBER 13, 1984

BWIP

John Trapp

Larry McKague

Ed Levine

John Imse

Dick Berry

Maxine Dunkelman

Matthew Gordon

Mike Blackford

Kristin Westbrook

Richard Galster

Jon Cutler

NRC

LLNL

Weston Geophysical

Weston Geophysical

NRC Consultant

NRC

NRC

NRC

NRC

Corps of Engineers

NRC
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SEPTEMBER 14, 1984

NNWSI

John Imse

Vincent Murphy

Larry McKague

Bob Treat

Russ Purcell

Chad Glen

King Stablein

Jonathan Cutler

John Trapp

Ben Rice

Weston Geophysical

Weston Geophysical

Lawrence Livermore

Corps of Engineers

Consultant

NRC

NRC

NRC

NRC

NRC
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PRELIMINARY COMMENTS

CONTENTS

PERMIAN:

Richard Berry
Weston Geophysical
Weston Geophysical
COE
LLNL

Trip report
Deaf Smith
Swisher
Palo Duro
No comments

p.1
p.2
p.3
p.4

GULF COAST:

COE
Weston Geophysical
Weston Geophysical
Weston Geophysical
Rus Purcell
LLNL

Domes
Vacherie dome
Richton dome
Cypress Creek dome
No comments
No comments

p.5
p.6
p.7
p.8

PARADOX:

Weston Geophysical
LLNL
Rus Purcell

Paradox Basin
Paradox Basin
No comments

p.9
p.10

BWIP:
Weston Geophysical
LLNL
Dick Berry
COE

BWIP
BWIP
No comments
No comments

p.11
p.12

NNWSI:

Weston Geophysical
LLNL
COE
Rus Purcell

NNWSI
NNWSI
No comments
No comments
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p.14
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Dr. John Trapp
Geology-Geophysics Section
Division of Waste Management, NMSS
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear John,

WM Rcord File
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WM Project L ..
Docket No. . .
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. _

4-1

Enclosed please find preliminary selected comments regarding
sections 3 and 6 of a preliminary draft of the Swisher EA, and a brief
trip report regarding the meetings of September 10 and 13.

It is important to note that because of very limited available
time, my review comments are very preliminary and are based solely on
a first reading, without benefit of any references. Hence, substantial
modification is anticipated prior to a final submittal.

As evident from the meeting on September 13, all items of my
preliminary comments regarding the BWIP site have been recognized
before, and in large part involve published evidence with which I am
unfamiliar. Consequently, I am withholding those comments until I
am more familiar with the available data.

Very sincerely,

Richard H. Berry



TO: Dr. John Trapp
Geology - Geophysics

FROM: R.H. Berry

SUBJECT: Trip Report for attendance at NRC meetings of September 10 and 13,
regarding EAs of the Swisher and BWIP sites.

DATE: September 16, 1984

The following paragraphs outline my participation in two NRC meetings

conducted at your Silver Spring offices on September 10 and September 13, 1984.

My attendance was upon your written request of August 31, 1984, under authorization

of contract #AT-(49-24)-1597. My one-week preparation for the two meetings

included a review of the NRC Standard Review Plan (June 22, 1984), the general

DOE guidelines of May 14, 1984, a preliminary draft of Sections 3 and 6 of the

Swisher EA, and Sections 2 through 6 of the BWIP EA.

The September 10 meeting involved the Swisher Site and included preliminary

remarks by NRC staff regarding the Review Process and organization. The meeting

of September 13 involved the BWIP EA. Both meetings were spent largely in

presentation of preliminary draft comments by participants of the respective

review teams, review of the NRC Site Technical Position (STP) and general

technical discussions. In both cases, the last function of the agenda involved

a summary of those technical items which presently appear most critical to the

NRC licensing process.

Enclosed with this trip report are my comments regarding the Swisher site,

written in the format of Table 7 of the Standard Review Plan, which generally

reflects my verbal comments at the meeting. My verbal comments regarding the

BWIP site were mostly redundant in terms of the comments of others, and have not

been subsequently prepared in writing.



SUBJECT: Preliminary Selected Comments regarding the Swisher EA

PREPARED BY: Richard Ii. Berry

DATE: September 15, 1984

Comment 6-1

Section 6.3.1 Geohydrology, Favorable Condition

Page 6-124, Paragraph 1

Inadequate Consideration of Available Data

This paragraph claims a favorable condition largely on the basis of estimated

vertical permeabilities of the evaporite sequence comprising the aquatard,

hydrologic unit HSU B. However, it appears that the derivation of those estimates

(section 3.3.2.1.2) may fail to adequately account for jointing within the

aquatard, noted elsewhere in the EA (e.g. page 6-143), paragraph I and page 6-178,

paragraph 5). Because jointing commonly is capable of producing permeabilities

that are several orders of magnitude greater than those of the parent rock, it is

posssible that their effects could play an important role in terms of all guide-

lines involving hydrologic travel times.

Consequently, it appears that a discussion is necessary to explain how

jointing is accounted for in assessing the effective permeability of hydrologic

unit HSU B. It also appears necessary to discuss the significance, if any, of the

heavy water flows which are typically encountered within strata of the same

evaporite sequence in southeastern New Mexico, as particularly exemplified by

problems associated with shaft construction for the potash industry.



Comment 6-2

Section 6.3.1.6 Dissolution, Disqualifying Conditions

Page 6-174, Paragraph 4

(Interior Dissolution) Available Alternative Interpretations

The subject statement contends that interior dissolution will not create a

hydrologic connection between the repository and surrounding geohydrologic units

within 10,000 years. One of the stated bases for that judgement is that the

deepest known evidence for such dissolution is about 1000 feet above the proposed

repository. Although the depth of such evidence is unreported in the EA, it would

appear to correspond to a depth of about 1700 feet in the vicinity of the repository,

and include almost two thirds of the total repository cover. On the basis of

reported evidence, it is uncertain as to how or when such dissolution occurred, or

why such dissolution would not be anticipated to presently exist at still greater

depths, including that of the proposed repository.

In light of other possible evidences of interior dissolution (comment 6-3),

there does not appear to be any compelling reason to discount the likelihoddth£.

such interior dissolution is associated with steeply inclined solution channels

developed along joints and fracture zones, as commonly associated with deep

dissolution elsewhere. Were this condition to extend to repository depths, it

would appear to represent a disqualifying condition.

Therefore, it appears essential that all existing information which is either

indicative or suggestive of interior dissolution (see comment 6-3), be comprehen-

sively assessed to establish its nature and origin, in order to evaluate the

likelihood of present or future dissolution in or near the repository and its

effects on rates and migration paths of groundwater.



Comment 6-3

Section 6.3.1.6 Dissolution, Disqualifying Conditions

Page 6-174, Paragraph 4. (Interior Dissolution)

Inadequate consideration of available data and available alternative interpretations

The subject statement contends that interior dissolution will not create

a hydrologic connection between the repository and surrounding geohydrologic units

within 10,000 years. One of the stated bases for that judgement is that existing

interior dissolution is minor (page 6-174, paragraph 2). However, no evidence

is presented to support such a condition. Instead, the data presented could be

interpreted to suggest the opposite. These include recognition of deep interior

dissolution at multiple locations (page 3-43, paragraph 1) and several possible

surface manifestations on the High Plains, such as effects on Quaternary drainage

development (page 3-41, paragraph 5, page 6-172, paragraph 3), subsidence as a

possible cause for creation of Pleisticene lakes (page-6-182, paragraph 4), and

the pronounced but unexplained circularity of topographic features (figure 3-46,

page 8-103).

When coupled with depth uncertainties (comment 6-2), such evidence could

be interpreted to pose a serious question regarding present or future isolation of

the repository. Consequently, it appears essential that the various aspects noted

above be thoroughly described and explained in terms of the nature and the extent

of existing interior dissolution, including an assessment of their origins and

potential future behavior.



Comment 6-4

Section 6.3.1.6 Dissolution, Disqualifying Conditions

Page 6-174, Paragraph 4 (Interior Dissolution)

Available alternative interpretations

The subject statement contends that interior dissolution will not create

a hydrologic connection between the repository and surrounding geohydrologic units

within 10,000 years. One of the stated bases for that judgement is that the rates

of interior dissolution are prohibitively slow. However, the application of such

rates assumes that interior dissolution has yet to extend deeper than the uppermost

salt, which presently remains to be established (comment 6-2). In addition, the

rates themselves as derived on page 3-43, paragraph 2), appear to assume a lateral

uniformity of dissolution which may not necessarily apply. Just as likely, present

and past dissolution could be locally concentrated along bedding planes and steeply

-dipping joints and fracture surfaces, as typified by deep dissolution elsewhere.

Furthermore, numerous world-wide evidence indicates that in such circumstances,

dissolution can be particularly rapid given a regime.

Consequently, the application of rates which assume lateral uniformity first

require the establishment of the nature of past and future interior dissolution,

involving a comprehensive assessment of existing data indicative or suggestive of

existing interior dissolution Ccomment 6-3).



Comment 6-5

Section 6.4.2 Long Term Post Closure Performance Assessments

Page 6-301, last paragraph

Inadequate consideration of available data, available alternative interpretation

The subject paragraph states that the analysis of peripheral salt dissolution

described in section 6.3.1.6 is based "on the highest estimated local, short term

rates. These are considered to exceed maximum plausible long term rates because

they exceed escarpment retreat (an apparently related process) by approximately

five times."

The statement involves two uncertainties. The first involves the "highest

estimated local short term rates." As described in section 3.2.3.3, these rates are

based on stream solutes. Hence, they are current, rather than Quatenary rates, and

presumably relate largely to present climactic conditions. However, as noted at the

bottom of page 6-155, higher rates would be expected during wetter climates (including

Quaternary and future pluvial timesl. In addition, it seems plausible that rates of

peripheral dissolution would continuously increase as internal dissolution progres-

sively developed.

Furthermore, as mentioned on page 3-40, paragraph 3, rates from stream solutes

vary by "four orders of magnitude," expressing an extreme level of uncertainty

associated with an unknown complex of controlling factors. Consequently, the rates

applied in section 6.4.2 appear equally uncertain, especially when projected to

different climates of the future.

The second uncertainty of the subject statement involves the "apparent"

relations between peripheral dissolution and escarpment retreat. The EA fails to

disclose the nature of that relationship, and the EA treatment of the relationship



Comment 6-5 (continued)

suggests that it is expressed with comparable uncertainty in the references. As

such, it appears that the relationship, as it stands, is inadequate to suggest

that the rates are conservative.

Given the uncertainties 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 Quaternary retreat of the solution fronts.
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PALO DURO BASIN, DEAF SMITH COUNTY, TEXAS

CHAPTER 3

Chapter 3 contains a fairly good and extensive review of existing geological

information. The report indicates and clearly shows that there is no original

mapping and particularly no site mapping in the area. The data are collected

from many authors who have worked in and around the surrounding area and much of

the more detailed information that is site specific is extrapolated from the

work of these numerous authors. There is reference in the report to some new

data secured from wildcat petroleum exploration wells in the area, several test

wells that were drilled for the OCRWM Program, and from some seismic reflection

surveys in the near vicinity of the site.

The stratigraphy is relatively detailed, very well done. based on numerous

authors, and based on a considerable amount of historical data. The repository

host rock, which is a bedded salt within the lower San Andreas formation, is

described as being approximately 60 meters in thickness near the Deaf Smith site

based on stratigraphic information in areas adjacent to the site. It is assumed

that this thickness is calculated, estimated, or extrapolated from stratigraphic

information near the site. Although the formation doesn't vary abrubtly in

thickness, this part of the chapter would be better understood if a more

detailed description of how the estimate of the host salt sequence thickness

was determined in the report and not just shown on Figures 3-19 and 3-19.

The larger part of this chapter is that part covering structure and tectonics,

however, there is considerably more detail particularly in the near vicinity of

the site area that could be added from the various authors reports that are

cited in this part of the chapter.

Salt dissolution has caused some faulting and subsidence. This phenomena may be

of particular interest in the site evaluation process could be more extensively

covered even though this particular section refers back to an earlier section

which describes the salt dissolution process and the areas in which it occurs in

the near vicinity of the site.

0809R TSK 003 *16* Ac7 GSPEU~L



The chapter describes rock characteristics and the geomechanical properties of

the rocks relatively well. It has a good section on lithostratigraphic

characterization, including some stratigraphic cross-sections and some

petro-physical parameters contained in a set up of tables. There is

considerable detail in both describing the units and physical properties of the

units in the near surface areas, particularly those immediately overlying the

host rock at the site.

The geochemistry section describes the geochemical properties of the host rock

fairly briefly, describes the brines in the area, and briefly touches on the

limited mineral resources of the area including the hydrocarbon resources

located in the near vicinity of the site. The recent petroleum activities in

the near vicinity of the site indicates to the reviewer that there may be some.

petroleum or exploration company proprietary data available to the DOE that

could add to the data base for the geological, hydrological, and resource

evaluations of the site and near site vicinity.

CHAPTER 6

This chapter is fairly extensive and does quite an adequate job of calculating

and estimating the rates of advancement of the dissolution fronts in the region

surrounding the site. It also covers the tectonics of the area and indicates

that this is a tectonically quiet and stable area and the supporting information

is contained in the data and in the tabular material. One limitation of this

section of the chapter is the data base covering the historical seismic activity

which is sparse or negligible. The author points out appropriately that it is

very difficult to make an extrapolation over the next 10.000 years for the

seismic activity in the area for the future based on historical seismic

information which is lacking. The mineral resource potential discussion

indicates that there are no known metallic, non-metallic or hydrocarbon

resources of economic value within the near vicinity and particularly within the

site area. The chapter does not contain a discussion o salt dissolution

related to the temperature of the fluids, which may be important in selecting

this site for a waste disposal repository.

0809R TSK 003 *17T WESTON GOPHYSICAL



CHAPTER 5

Section 5.2 covers the expected effects on the physical environment, and very

briefly describes the geologic conditions of the site by referring you back to

Chapter 3 where there is an extensive review of the geology of the site. The

impact on surface waters and projections of the impact on the groundwater in the

area are discussed. Calculations are made for the consumption of the water

usage in the construction and operation of the site. The report covers the

impact on groundwater extensively but does not contain an in depth discussion on

the impact on geological and soil conditions.

CHAPTER 4

This chapter goes into considerable detail on a proposed, fairly extensive

drilling program for improving the data base in the area particularly in the

vertical extent. The author recommends geophysical well logging and also

recommends a fairly extensive program of hydrologic testing. The report then

describes the effort required for site restoration after construction. This

review suggests that more detail should be given on selecting the specific

geophysical tasks to be performed. This is important since seismic surveys

would have a greater impact on the physical environment than electrical

resistivity, magnetometer or gravity surveys or for that matter geological

mapping activities. It would also be useful to point out the advantages and

disadvantages of the various geophysical techniques recommended for providing

meaningful data. This review strongly recommends consideration of the new

techniques now available in three dimensional vertical seismic profiling since

several wells will be drilled at the site. Vertical seismic profiling would

provide the DOE with considerable subsurface information in the vicinity of the

drillholes.

0809R TSK 003 *18T WESTON GEOPHYSICAL



PALO DURO BASIN, SWISHER COUNTY, TEXAS /101 //' Z 

OVERVIEW

The broad scale, regional geologic setting of the Swisher County site is

presented and seems to be fairly well understood. However, there are no site

specific data available at this time. Any geologic, hydrogeologic or

environmental conclusions can only be assumed because all conditions are

extrapolated into the site. Until data are acquired on site and immediately

surrounding the site, few definitive conclusions can be reached concerning

structure within and adjacent to the site, actual thickness of repository

horizon at the site, groundwater flow characteristics at the site, in situ

stress regime at the site, and how all of these may interact or be affected by

excavation of the repository and by thermal expansion of the horizon after,

emplacement of the waste.

CHAPTER 3

As stated in the overview, little is known directly about the geology at the

site itself. Regional stratigraphic data are extrapolated through the site, yet

the structure contour and isopach maps also show stratigraphic anomalies based

on single or few points in a small area. This could be the case here. To be

fair, DOE does admit that because of the distribution of data points, structures

in the site area, similar to known structures elsewhere could be undetected with

the present data base. An additional point regarding the structure contour maps

is that structure (faults] should be shown on the maps to illustrate how the

faults are indicated in the contours.

The lack of site data also impacts any evaluation of hydrogeology, repository

horizon integrity, effects of thermal expansion, and dissolution of the host or

adjacent intervals. Even though in situ stress data have been determined based

on hydrofracturing tests, these results are anomalous in the region and

therefore cannot be termed definitive until the anomalous character is evaluated.
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CHAPTER 6

Because most of the conclusions are based on extrapolated regional data, not

site specific data, conclusions are interpretive and, at best, expected

conclusions. Many of requriements cannot be definitively answered with the

present level of knowledge.

CHAPTER 5

Stated affects on the environment, geology and hydrology can only be expected at

this point. Insufficient data are available at the site to completely evaluate

potential effects of repository siting at this location.

CHAPTER 4

Site characterization activities planned for the Swisher County site are

relatively extensive. Detailed information need in the site area should be

acquired with this program. In-hole seismic [VSP, cross-hole, uphole/downholej

may be appropriate in the EDBH for detailed evaluation of structure and

engineering properties of the host rock. The plan states that regional seismic

data will be acquired, but line locations are not noted. These lines should be

located to assess regional structure which may impact the site, for example the

NW-SE trending faults west of the site. Gravity data acquisition is mentioned

in general terms only. Gravity data may help in regional evaluation of basement

structures and how they may impact the overlying sedimentary rocks.

UMBRELLA SITE TECHNICAL POSITION rUSTP1 - SALT SITES [O6/26/841

The salt site USTP appears to be sufficiently thorough for the Swisher Site,

despite the fact that the USTP is not site specific. Some of the regional

issues raised by the USTP have been addressed in the Swisher County draft EA,

but because site specific data are not available, many issues in the USTP are

only addressed by extrapolation of regional data into the site area.
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DRAFT COMMENTS OF STATUTORY ENVIRONMENTAL ASSESSMENT
PALO DURO BASIN, TEXAS WM DOCKET CONTROL

CENTER
Prepared by: Andy Obrochta, Geologist

Tulsa District, Corps of Engineers 84 SEP -5 P2:56

The fourth draft of the environmental assessments for the Deaf Smith and Swisher
sites have been reviewed. They are very thorough and well prepared. Because
of the similarity of the two documents, they are discussed together in these
comments unless otherwise noted. Reasons for comments are as follows:

1. The interpretation disagrees with published literature.
2. The data allows for a different interpretation.
3. Not enough information was presented to allow the reader to determine

how the conclusions were reached.
4. A different interpretation of how the guidelines can be met is possible.
5. The environmental effects have been mistated.
6. The tasks outlined in chapter 4 will not provide the required data.

Comment 1: Availability fo groundwater supplies.
References: 3.3.3, 5.2.2.2, 6.3.3.3.2
Reasons: 2,3,4

Water needs are estimated at 93 million gallons for construction, 3 1/2-
billion gallons for repository operation, and an unknown amount for decommissioning.
Section 3.3.3 concludes that "projected water requirements in the 10 county
area are estimated to exceed available water supplies from 1990 through the year
2020." Section 6.3.3.3.2 states that the favorable condition, "availability of
water required for repository construction, operation, and closure" is present
"with some uncertainty." It does not appear that this condition is met at all.
If groundwater resources are available in the Dockum which are potentially ex-
tractable, additional studies should be made to assess this potential. Also, it
would be very helpful if the studies already presented on the Deaf Smith and the
Swisher sites could be expressed in terms of declining water table with and
without water usage from the site. Potentiometric maps showing the cone of
depression from the site would be very useful. Also the extent of restricted
farming from the site is important because non-irrigated cropland does not
use groundwater. Section 5.2.2.2 states that "if water is insufficient to
fulfill repository requirements, alternative sources would have to be sought."
However, no alternative source scenarios are presented in either EA. If ground-
water sources are depleted, water will need to be trucked or piped to the site
from elsewhere.

Comment 2: Lack of site specific information.
References: 3.2.3.2, 3.2.3.3, 3.3.2.1.1
Reason: 3

The nearest test holes to the site are located at least 3 1/2 miles away and
the geology is extrapolated to the site. The same E-W and N-S geologic sections
are used for both sites and they ignore the DOE test wells and do not cross
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either site. Thus the actual stratigraphic thicknesses are assumed. Any
paleodissolution at the site is also unknown. Although HSU B is known as
"regional aquitard," without site specific information, any permeable
zones which would be-a potential radionuclide flow path will not be discovered
until site characterization. Permeabilities from this zone are taken from
nearby drill tem tests, the Salado salt, near Los Medanos, New Mexico, and
Freeze and Cherry's testbook on groundwater (1979).

Comment 3: Flooding potential.
Reference: 3.3.1.3
Reason: 3

Figure 3-46 of the Deaf Smith report shows the aerial limits of the probable
maximum flood. The flood flows from the unnamed tributary are speculative
without a guaging history. Although site flooding appears to be remote
a better evaluation could be made if the PMF elevation at the site was given
along with the location and elevation of the structures, shaft entrances, and
salt piles. - :' -,

Comment 4: Sinkholes. - ; <.:
Reference: 3.2.3.3
Reason: 2 *

The reports state that sinkholes near the dissolution front are formed by
solutioning of salt. While this is likely to be true in part, anhyd itell -
gypsum is near surface and is also subject to solutioning. This reviewer has
documented many examples of caverns and collapse due to removal of gypsum.
This discussion should use the term "evaporate" in place of "salt."

Comment 5: Test shaft drilling.
Reference: 4.1.2.2
Reason: 6

A 26.5 foot diameter auger hole 100 feet deep is to be drilled through the
Ogallala in a mud-filled hole or dug with a clam shell without mud (presumably
advancing casing with depth but not so stated). Hopefully, data for this
section was furnished by those familiar with large diameter shafts in the
unconsolidated sediments of the Ogallala formation. The drilling contractor
should be prepared tse ground stabilization methods (grouting, freezing,
etc.) if necessary to complete the initial augering phase.

Minor nts:

Figure 3-62, Swisher: 2 1/2 minute quads should be 7 1/2 minute quads.

Figure 3-18, 3-19, Deaf Smith and numerous figures in both reports: Poor
quality copies and reductions vary from difficult to read to illegible. Emphasis
should be given in final report to bold lines and larger print.
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DOMAL SALT REPOSITORIES

GENERAL COMMENTS

The work of the Department of Energy, reviewed here, appears to

be of high quality, needing little change. Subjective grounds for comment

were found in only a few places. Most changes needed for subsequent

drafts are editorial in nature. These are comprised of such things as

references to other chapters identified in the numbering of the same draft,

rather than in the numbering of previous drafts, references involving

other documents placed in the reference list at the end of the chapter

containing the reference with the source document properly cited, typo-

graphical errors, including proper placement of decimal points in values,

and figures and tables referred to being present and properly numbered.

Only a few of these are noted in the following specific comments.



RICHTON DOME

CHAPTER-3

Pg 3-30, 3d para from top of page: and

Pg 3-32, 1st para at top of page: The inference here is that movement

along the faults has been progressive through geologic time. It might be

pertinent to mention that some of the apparent decrease in stratigraphic

displacement upward through the stratigraphic sequence may be due to

fault refraction. By this is meant that faults in much of the Cretaceous

sequence, particularly the lower Cretaceous carbonate section, typically

have dips of approximately 70°, but the dip of the same faults in the

overlying,softer, usually argillaceous and arenaceous strata, may be as

gentle as 45°. The effect of such a change is a 25 percent decrease of

the vertical component of fault movement, assuming the same amount of

fault movement throughout. This commenter has experienced this effect

in both an east Texas oil field and at a damsite in central Texas. The

dip of gravity fault considered here is significantly related to shear

strength of the materials involved.

Pg 3-34, 3d para from the top: Recommend removing "(2) the possible - -

production" from the last sentence. Hydrocarbon production, (and water

production as well)have been documented to result in settlement (con-

solidation),but have not been documented to cause significant seismic

shocks (earthquakes) even where faults were present. The reason is

that insufficient energy is available to be liberated during adjustments
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in the stress pattern during and following production. In contrast,

significant seismic events have been triggered by injecting fluids

into stressed fault planes and by the hydraulic effect of very large

lakes over stressed faults. The effect is strictly as a trigger,

because insufficient energy is added to the system to cause a significant

seismic event.

Pg 3-38, sentence at top of the page, first and third sentences of

para at mid-page: Also page 39:

Pg 3-39, last sentence on page: This comment concerns improper use of

the term'tim syncline,"where used as equated with the term withdrawal

basin as in"withdrawal basins or rim synclines," or to indicate that the

rim syncline is at one side of a salt dome. A rim syncline is a specific

form of a withdrawal basin implying concentricity with its associated salt

dome. This meaning is indicated in the Dictionary of Geological Terms,

the Glossary of Geology, and Appendix B of the Fourth Draft for Richton

and other Domes - EA documents, NRC. Terms such as "around the periphery"

"as a border around" and "peripheralsink" are used in the definitions

of rim syncline, all suggesting concentricity. The term rim syncline

in parenthesis at the bottom pf page 3-39 should be eliminated as the text

seems to read as a discussion of salt pillows, not salt domes.

Pg 3-40, 1st para at top of pg. 2d para in mid-page: Use of the term rim

syncline in the first complete sentence on page 3-40 appears to be correct

as it is used for domal salt. The term rim synclines used in the first

sentence of the second para should be changed to withdrawal basin as it

relates to an area "adjacent to Richton Dome."
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Pg 3-57 (3.2.6.3) 2d pralast sentence: States that natural radiation

levels in ground water and surface water have not been determined. Sug-

gest that following this sentence the promise to determine these levels

should be made. Such determination would have the practical importance

of establizhing pre-repository base-line values.

Pg 3-133, 3.4.7: Again a promise to take the measurements should be made

for the same reason as the previous comment (on pg 3-57).

END COMMENTS, CHAPTER-3

Missing pages not reviewed - Richton Dome 3-19, 3-22.

CHAPTER-6

Pg 6-89, 3d para from top of page, 2d sentence: Reference to Walker,

1974 is not present in the reference section at the end of Chapter 6.

Pg 6-91, Table 6-13, DOE Findings, 1st para: The phrase"-that ground-

water level times of at least 1.63 million years--" does not convey

meaning. Suggest substituting the word "travel" for the word "level."

Guideline (b) Favorable Conditions, (1): This statement seems to

confuse "prewaste-emplacement," which by Appendix B means the site

before excavation, with "disturbed zone" which seems to mean after

excavation of the waste repository. Perhaps substituting "future

disturbed zone" might be an improvement. DOE Finding, 3d and last

para: The statement that ground water movement through the salt

stock during the next 100,000 years is 15 meters should be ammended to

indicate that this movement refers to movement through the salt peripheral

to the repository (on one side of the dome) as is done on page 6-95,
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DOE Finding, 3d and last para: The value for dissolution of salt

stock should be 3.9 centimeters per 1000 years, not 0.39 centimeters

as shown. This change would bring this value into agreement with

those to be found on pages 6-92, 6-97, and 6-144.

Pg 6-93, (7) at bottom of page, DOE Finding: 24,500 TDS is not a

fully saturated brine as indicated. This is approximately the TDS

of normal sea water. Recommend removing the parenthetical descriptive

"fully saturated brine" or substituting the correct values.

Pg 6-94, (d) Disqualifying Condition, DOE Finding: Suggest indicating

that the 1.63 million years refers to the salt stock peripheral (one

side only) to the repository, not to the whole diameter of the dome.

Pg 6-111, (c) Potentially Adverse Conditions, (3), DOE Finding:

This finding states that minor methane in inclusions indicates

a chemically oxidizing environment. This is incorrect and disagrees

with DOE Finding (a) Qualifying Condition, on page 6-109.

Pg 6-126, 3d para from top of page, last sentence: Reference to Deer,

et al, 1966 not found in bibliography at end of Chapter 6.

Pg 6-157, 2d para from top of page, last sentence: Recommend eliminating

"(1) possible influence of active hydrocarbon production' The removal

of hydrocarbon, or water, might produce settlement, but not significant

seismic events as discussed earlier in Richton comments.

Pg 6-291, Item 4: Reference here to Reynolds and Gloyna 1968 should

be changed to Gloyna and Reynolds to agree with bibliography at end

of Chapter 6. Reference to Lai, 1971 at chapter end not adequate - no

publication citation. Reference to Sutherland and Cave, 1978, no publication

citation. No reference for Isherwood, 1981 at chapter end.
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Item 5: Reference to Nair and Singh, 1974 at chapter end without

publication citation.

Pg 6-298, 6.4.2.4.2, 1st para on page: Reference to Crank, 1956 not

in bibliography at chapter end.

Pg 6-299, 2d sentence from top of page: Reference to Robertson, 1974

not found in bibliography at end of chapter. Third sentence from top

of page: Suggest eliminating word "empirically" as unnecessary and

inappropriate. Random House dictionary indicates "empirical" to mean

depending upon experience, without using science or theory - -.

END COMMENTS, CHAPTER-6

Missing pages not reviewed - Richton Dome, 6-181, 6-296

CHAPTER-5

Pg 5-27, 5.1.3.1.4: Description of shaft excavation and lining method

does not agree with that of Chapter 4, which concentrates on drilled

and cased shafts (conventional blasting here).

Pg 5-41, next to last para at bottom of page: The referenced section

"3.2.5.5 should be changed to 3.2.5.6. Same para: Though some residual

upward forces tending forward further dome growth may be present

(post diapiric), additional confidence that no more upward salt

movement is likely can be gained from the presence of the cap rock.

During the diapiric growth stage, before cap rock formed, the domal

salt moved upward as a series of "shoots" or upward protuberances of

salt, which as their number increased, the "shoots" merged and con-

solidated the position of salt uplift (from the works of W. R. Muehlberger

and oral communication). The "shoots" shouldered aside the sediments
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as they penetrated them, rather than lifting them en masse. Since

cap rock has developed, producing a blunt top to the domal salt,

considerable shearing resistance can be expected to any potential

upward movement of domal salt. In addition, potential upward movement

of salt would be opposed by the load of overlying sedimentary materials,

which without the cap rock would have been shouldered aside by rising

salt "shoots" rather than lifted.

Pg 5-49, 5.2.2.2, first sentence: Change "Vacherie Dome" to"Richton

Dome."

END COMMENTS, CHAPTER-5

CHAPTER-4

Pg 4-23, 4.1.1.1.15 Recommend that all sulfur exploration wells which

penetrated domal salt be re-entered, cleaned out and re-plugged, particularly

through the salt and cap rock sections. Suggest that "surface conditions"

of these wells is not too important.

END COMMENTS, CEAPTER-4
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VACHERIE DOME

CHAPTER-3

Pg 3-26, first para at top of page: Reference to Halbouty, 1979

not present in bibliography at end of chapter.

Pg 3-28, 3d para from top of page: Reference to Kupfer, 1980 not

in bibliography of Chapter 3.

Pg 3-29, 3.2.5.1, 2d para: A portion of the upward diminishment

of fault displacement is likely due to refraction of fault planes,

meaning decrease of dip upward through the generally softer beds.

The effect of diminishing fault dip from 70' to 45', for example,

is a reduction of the vertical component of fault displacement of 25

percent though the displacement in the fault plane remains the same. A more

lengthy description is in comments on Chapter 3 of Draft 4, Richton Dome.

The commenter knows of instances of fault refractions from personal

experience in east and central Texas.

Pg 3-32, Figure 3-13: This figure shows the Balcones Fault System to

be basinward of the Mexia-Talco Fault System. This is incorrect! Re-

identify Texas faults * this Figure.

Pg 3-35, last para at bottom of page: Object to the erroneous use

of the term rim synclines: Areas "adjacent (meaning offset from) to

the stock" are not rim synclines. Proper use of the term requires the

concepts of concentricity and peripheral location. Using the term rim

synclines as done here is highly unusual and suggests a series of

concentric structural depressions like ripples, which is probably not in-

tended. More extended discussion is made in comments in Chapter 3, Richton

Dome.
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Pg 3-49, 2d para, dealing with lithostatic values: Mathematics seem

slightly in error, based on information presented. Suggest re-check.

Pg 3-55, first para: Reference to Halbouty, 1979 not in bibliography

of Chapter 3.

Pg 3-88, first para at top of page: Reference to Slaughter, et al,

1983 not in chapter bibliography.

END COMMENTS, CAPTER-3

Missing pages not reviewed - Vacherie Dome, 3-4, 3-14, 3-20, 3-22,

3-24, 3-40, 3-54, 3-80, 3-134, and 3-148.

CHAPTER-6

Pg 6-98, (a) Qualifying Condition, DOE Finding: This para should be

made to indicate that the travel time for ground water of 1.63 million

years refers to travel time through the salt pillar peripheral to the

repository (on one side). (b) Favorable Conditions, (2), DOE finding:

Insert word "peripheral" before word "salt."

Pg 6-110, first para at top of page: Again suggest indicating 1.63

million years for fluid movement to be through host rock peripheral

(on one side) to the repository. As stated, this is not clear to the

reader.

Pg 6-112, 2d para, line 5: Typo. "Hydraulic conductivity - - esti-

mated to range from 3 X 10-13 to 3 X 10-13 meter per day - -" (dupli-

cation) to be corrected.

Pg 6-143, 2d para, last sentence: Correct decimal point in one value

of stream erosion rate (from Maxwell, 1971), 0.07 meter and 2.3 feet are

not the same value.

9



Pg 6-143, 3d para from top of page, Analysis: and pg 6-144, (a)

Qualifying Conditions, DOE Finding, 2d item: The concept of a rate

of entrenchment being different from a regional denudation rate is some-

what confusing, and if used, suggests the difference in these values

indicates a future change of relief in the area (steeper slopes, etc).

Presumably, as the two values are added here, the meaning is

erosion greater than just regionally.

Pg 6-153, (a), DOE Finding, 2d item: Typo: "Dissolution - - -

at a slow rate (1 to 5 years) - -. " Change "years" to centimeters

and add "per 1,000 years."

Pg 6-181a, Table 6-23a, under Assessment Results, Technical Guidelines

(Geohydrology 6.3.1.1): Text talks of "Richton Dome" at least four

times. Change to "Vacherie Dome."

END COMMENTS, CAPTER-6

Missing pages not reviewed - Vacherie Dome, 6-229, 6-272, 6-340.

CHAPTER-5

No comment.

CHAPTER-4

Pg 4-21, 4.1.1.1.9 Dome Area Stratigraphic Boreholes: Recommend re-

quiring backfilling these borings with grout through dome cap rock.

This is not provided for under 4.1.1.

END COMMENT, CHAPTER-4

Missing pages not reviewed - Vacherie Dome: 4-20, 4-25 through 4-42.
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CYPRESS CREEK DOME

CHAPTER-3

Pg 3-35, first para at top of page after (2): Hydrocarbon production

may produce settlement (subsidence), but it is not known to produce

significant earthquakes because not enough energy is available from

settlement. Earthquakes can be triggered by injecting fluids into fault

planes along which there are accumulated stresses, but the fluid

injection does not supply the earthquake energy in and of itself.

Recommend eliminating all of (2).

Pg 3-38, 3d para at bottom of page, next to last sentence: The term

"rim syncline" as used here is incorrect. The text describes "closed

structural depressions similar to those found near other domes." Such

depressions are asymetric to the dome concerned rather than concentric

with it.. As such,they do not fit the definition of a rim syncline.

Recommend eliminating the term "rim syncline" used here.

Pg 3-39, 3.2.5.6, last para (bottom pf page): The term "rim syncline"

as used here is satisfactory as it is singular (there is generally only

one rim syncline around any dome).

END COMMENTS, CAPTER-3

Missing pages not reviewed - Cypress Creek Dome, 3-16, 3-18, 3-20,

3-22, 3-25, 3-34, 3-54, 3-56, 3-78, 3-84, 3-86, 3-96, and 3-160.

CHAPTER-6

Pg 6-101, 2d para from top of page: Typo in first sentence: The rate

of "4.5 feet" for 1.5 meters should be corrected to "4.9 feet," which
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would agree with the same value in the following sentence.

Fourth para, first sentence: Reference to Figure 3.3.-9 should be

corrected to Figure 3-29.

Pg 6-116,(c),(3), DOE Finding:. Typo: Change wording "oxidizing" to

"reducing." Word "oxidizing" contradicts immediately preceding finding

and other parts of the text.

Pg 6-138, 6.3.1.4.4, line following para (1): Typo: Change "within the

saturated zone" to "within the unsaturated zone."

Pg 6-141, para on Analysis, 3d sentence from bottom: Typo: Change

"0.1 meter over the dome over a period of 10,000 years" to "1,000 years."

Does the fact that the entrenchment rate here exceeds the regional de-

nudation rate and the two added together mean that this area is being

eroded faster than is the region generally, or does it mean that greater

future topographic relief is being predicted here? It is odd that the

entrenchment rate exceeds the denudation rate and that the two rates

must be added together at all three dome sites considered in draft 4.

Pg 6-150,(b), DOE Finding: The range of dissolution values cited (11 to

192 meters/36 to 634 feet) seems to fly in the face of the statement

that "favorable condition is anticipated." It is also not specified

whether this was dissolution peripheral to the dome or on top of it.

If there is to be 634 feet of the approximately 800 feet of peripheral

salt outside the repository on each side of the dome, it is certainly

more than the "no evidence that the host rock within the site was subject

to significant dissolution during the"quaternary period" called for in

the guideline. Suggest that this finding be re-written in the vein of the
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second DOE Finding under (c) on page 6-151.

Pg 6-177, Table 6-3-9,(a) beneath Table: This reference states that

locations of wells (oil and gas) are shown on Figure 3.2-12, which was not

found in draft 4. Recommend eliminating this reference.

Pg 6-218, last sentence and Pg 6-219, first sentence: Hydrocarbon pro-

duction (and water production also) do not cause or trigger significant

earthquakes (see discussion of this under comments on Chapter 6 of

Richton and Vacherie Domes). Suggest eliminating "(1) possible influence

of hydrocarbon production and (2)."

Pg 6-304, first para at top of page: There should be a residual porosity

in the backfill salt originating in the approximate 20 percent of initial

backfill voids. These voids will be filled with air, the volume of which

will decrease with creep closure. This should be added to the text.

Pg 6-333, first para at top of the page, 2d sentence: The subject of possible

steam generation from brine in the first 100 years after closure is likely

to have occurred to any reader of these documents, consequently, more confidence

might be created by discussing this subject more fully than the curt dis-

missal saying that "clearly - - - does not warrant consideration - - -.1

Steam generation does not require presence of a borehole penetrating the

repository, though such a hole and/or a leak in the shaft seals bringing

additional brine would certainly make a volumetric difference. Lack of

penetrating waste package corrosion is a better defense here against

nuclide migration. Presumably, steam would most likely be generated

from brine migration toward the heat source (assuming the brine boiling

temperature is not too elevated from lithostatic pressure). Steam

might move through the residual porosity of the backfill salt until it
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condensed at a distance from the heat source (during the first 100 years

after closure while sufficient heat and backfill prorosity remains).

END COMMENTS, CHAPTER-6

CHAPTER-5

No comment.

CHAPTER-4

Pg 4-20, first para 4.1.1.1.9: Reference is made to a map of boring

locations identified as Figure 4.1.1-7. This reference should be

renumbered Figure 4-7. Some small economy might be obtained if some of

the over-dome stratigraphic core holes could also be used for shallow

aquifer testing.

Pg 4-20, final para at bottom of page: Recommend antenna design (possibly

towers) be of such character as to feed minimum wind noise into the

ground at seismograph locations. The deeply buried seismometer lo-

cation option would be preferred for isolation from surface noise.

Pg 4-38, last two sentences and Pg 4-39, first sentence beneath Table 4-8:

It is difficult to understand from this description why a large diameter

hole considered here would remain open when cut by a clam shell, but not

with an auger. It is recognized that a large diameter auger hole, drilled

into water-saturated sediments, might create a suction beneath it on

withdrawal, risking hole collapse, but such an auger would create more

suction using drill mud in the hole because of mud viscosity. The sub-

ject of drilling a hole for shaft surface casing needs more design work

than exhibited here.

END COMMENTS, CHAPTER-4
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RICHTON 3-30

'Murray, 1961, p. 182). As a result, the smallest displacements are at :e

surface, where the observed offsets rarely exceed 60 meters (200 feet)

(Murray, 1961, p. 186). Movement along these faults was nearly continuous

throughout the Mesozoic and at least through the late Tertiary (Murray, 96.,

p. 182). In western and central Mississippi these faults are mostly subsur-

face; however, in eastern Mississippi and western Alabama they are recognized

at the surface where they displace strata of the Claiborne, Jackson, and

Vicksburg groups. Movement on some of these faults has occurred sufficiently

late for some of the grabens to be distinct topographic lows (Murray, 1961,

p. 186).

The Mobile Graben, a structurally complex, north-south-trending zone of

normal faults is located near the eastern edge of the Mississippi Salt Basin

(Figure 3-13). It is at least 40 kilometers (25 miles) east of Richton Dome.

The eastern limit of the Mobile Graben is the Jackson Fault (Moore, 1971,

p. 24) (Figure 3-13). The western limit of the Mobile Graben has been

inferred from petroleum well data, but it has not been identified in drill

holes (Moore, 1971, pp. 24, 26). Displacement on the northern portion of the

Jackson Fault is 1,640 meters (5,000 feet) on the Upper Cretaceous Selma

Formation and 410 meters (1,350 feet) at the surface (Moore, 1971, p. 24).

The east-west-trending Maxie-Pistol Ridge Fault is on the northern side

of the Wiggins Anticline. The fault has been identified on the basis of data

from petroleum wells and can be traced for a distance of 23 kilometers

(14 miles). Its closest approach to Richton Dome is 43 kilometers (27 miles)

(LETCo, 1982b, ONWI-120, p. 12-110). The fault has displacement of 76 meters

(250 feet) on top of the Lower Cretaceous units. Displacement on the fault

decreases stratigraphically upward such that there is an observed offset of

30 meters (100 feet) or less in the Miocene Catahoula Formation (Tatum Lime-

stone) (Eargle, 1968, pp. 391-401). The Maxie-Pistol Ridge Fault has not been

recognized in younger strata or at the surface (LETCo, 1982b, ONWI-120,

p. 12-110).

The F-9 faults (Figure 3-14) are a north-south-trending fault system

subparallel to the Wausau Salt Anticline. These faults'are identifiable in
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seismic reflection profiles and on structural contour maps rocuced from ell

data (Earth Technology, 1984, Figure 4). The system is composed of two paral-

lel faults that form a graben and is-the result of salt anticline development.

The westernmost fault (F-9A) is approximately 8 kilometers (5 miles) east of

Richton Dome (LETCo, 1982b, ONWI-120, p. 12-123). The maximum length of tnis

system is 35 kilometers (22 miles), with a maximum displacement of 240 meters

(800 feet) in the Upper Cretaceous Tuscaloosa Formation (LETCo, 1982b,

ONWI-120, p. 12-123). The faults' lengths and displacements decrease strati-

graphically upward, and the F-9 faults are not recognized in sediments younger

than the Wilcox Formation (early Eocene) (Ertec, 19.84, Figure 4).

The F-7 fault is parallel to the north-northwest trend of Richton Dome,

intersects its northern edge (Figure 3-14), and may be the result of salt dome

development during the early Tertiary and Late Cretaceous. It has been inter-

preted from structural contour maps based on well data and has been observed

in seismic reflection profiles (Earth Technology, 1984, Figure 4). The fault

is 16 kilometers (10 miles) long and has a maximum displacement down to the

northeast of 230 meters (750 feet) at the top of the Upper Cretaceous Tusca-

loosa Formation. Fault length and displacement decrease stratigraphically

upward such that displacement is only 60 meters (200 feet) and length is only

10 kilometers (6 miles) on the Paleocene Porters Creek Formation. Displace-

ment of post-Paleocene sediments has not been recognized in seismic reflection

or well data analyses (LETCo, 1982b, ONWI-120, p. 12-121; Earth Technology

1984, Figure 4).

Based on data from a series of shallow borings, two faults were identi-

fied in the Hattiesburg Formation at Richton Dome (Figure 3-15) during area

characterization. The origin of these faults is unclear, but may be related

to either upward movement of the dome or lowering of the caprock by dissolu-

tion (LETCo, 1982b, ONWI-120, p. 13-150). The eastern fault appears to have

an offset of approximately 20 meters (70 feet) and the western fault has an

offset of 6 meters (20 feet) (LETCo, 1982bw, ONWI-120, pp. 13-151 and 13-155).

Based on available data, these faults are not known to extend to the surface.

The nature and origin of these faults will be investigated further during site

characterization (ONWI, 1981, ONWI-293, pp. 2-12 and 2-13).
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3.2.5.2 Seismicity

A seismicity evaluation by LETCo (1982b, ONWI-120, pp. 12-132 througi

12-140) indicates that the Mississippi Salt Basin is located in a region of
low seismicity. Historically, Richton Dome has not experienced earthquake

shaking above Modified Mercalli Intensity (MMI) VI.

Figure 3-16 shows the approximate epicenter locations of historic earth-

quakes within a radius of 500 kilometers (300 miles) of Richton Dome. The

locations are based on felt reports and sparse instrumental coverage. The

nearest earthquakes have been a 1975 shock, MMI IV, approximately 75 kilo-

meters (45 miles) south-southwest of the site, and a 1978 shock, MMI V,

approximately 75 kilometers (45 miles) north-northeast of the site. Neither

earthquake occurred within the tectonic setting within which Richton Dome is

located. The maximum historical shaking experienced at the site is estimated

to have been MMI V to VI, and resulted from the 1811-1812 New Madrid, MS,

earthquakes (Nuttli, 1973, p. 230).

Several faults are present in the region around the site (see Section

3.2.5.1). Available data indicate these faults have not been active in the

Quaternary, although conclusive evidence to prove lack of movement has not

been developed for some faults such as the Phillips, F-7, and F-9 (Ertec,

1983a, ONWI-484, p. 44). No seismically active tectonic structures within

the geologic setting are indicated by the historical earthquake data (LETCo,

1982b, ONWI-120, p. 12-132). No historical earthquake has had associated sur-

face fault rupture. The nearest possible correlation between seismicity and

tectonic elements is the general spatial correspondence between earthquakes n

Clarke County, Mississippi, and at Melvin, Alabama, and the Pickens-Gilbertown

Fault System. However, the significance of this possible correlation is spec-

ulative because of (1) inexact epicenter locations, and (2) the possible

influence of active hydrocarbon production (LETCo, 1982b, NWI-120,

p. 12-136).

Nuttli and Herrman (1978, p. 14) estimated the maximum earthquake that

might occur at random locations in the region (i.e., from undetected
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withdrawal basins or rim synclin, and Iccal upwarping cf sediments r te

flanks of the dome (Figure 3-14).

Two salt anticlines (Wausau and Ovett) are located within 6 kilometers

(10 miles) of Richton Dome (see Figure 3-14). A third salt anticline may

exist along the trend defined by Glazier Dome, Richton Dome, and Tiger Field

(Figure 3-14). If present, this third structure would be at least 19 kilo-

meters (12 miles) long and would trend north-northwest. The Glazier Dome salt

stock rises above the Louann Salt to an elevation of -2,348 meters (-7,770

feet) MSL (Anderson et al, 1973, p. 12); salt is believed to form the core of

the structure at Tiger Field (LETCo, 1982b, ONWI-120, p. 12-149).

As the salt migrated into Richton Dome, a large area on the north-

northeast side of the dome was evacuated of salt, and the overlying sediments

were depressed to form a salt withdrawal basin, or rim syncline (LETCo. 1982b,

ONWI-120, pp. 13-146). Closure is a measure of structural relief on a basin.

The Richton salt withdrawal basin, or rim syncline, reportedly has 90 meters

(300 feet) of closure (on top of the Upper Cretaceous Lower Tuscaloosa Forma-

tion) centered at a point 6 kilometers (4 miles) north of Richton Dome, where

the depression abuts the F-7 fault (LETCo, 1982b, ONWI-120, pp. 12-53). In

stratigraphically higher units such as the Paleocene-Eocene Wilcox and the

Oligocene Vicksburg Group, the syncline is located northeast of the dome with

a closure of 30 to 60 meters (100 to 200 feet) (LETCo, 1982b, ONWI-120,

pp. 12-55 through 12-71).

Most domes in the Mississippi Salt Basin probably have rim synclines or h_e_
salt withdrawal basins near them, but these features are generally not large

enough to have names. Perry Basin is considered to be partly a salt with-

drawal subbasin of the Mississippi Salt Basin, but is also a depression that

*is evident in the basement rocks. Perry Basin is located between Richton Dome

to the north and Wiggins Anticline to the south, and surrounds Cypress Creek

Dome (Figure 3.2-11). This structural depression has a diameter of approxi-

mately 39 kilometers (24 miles) (LETCo, 1982b, ONWI-120, p. 12-87). Seismic

reflection surveys and well data indicate that the sedimentary strata in the

basin are warped downward with decreasing structural relief on progressively
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ycunger sediment's. This gradual upward shallowing trend s pparent on tAe

Upper Cretaceous Lower Tuscaloosa Formation, with 914 meters (3.000 feet) of

closure, through the Oligocene Vicksburg Group, with 152 meters (500 feet) of

closure (LETCo, 1982b, ONWI-120, pp. 12-88).

Jurassic, Cretaceous, and Tertiary sediments are tilted and locally

warped on the flanks of Richton Dome as a result of diapirism. Seismic data

indicate that Lower Cretaceous strata are upturned as much as 213 meters

(700 feet) on the western side of the dome (LETCo, 1982b, ONWI-120,

p. 13-146). Structural relief decreases to approximately 60 meters (200 feet)

on upper Tertiary strata. LETCo (1982b, ONWI-120, pp. 13-151 through 13-155)

has indicated little or no upwarping of post-Miocene strata. On the eastern

side of the dome, seismic data indicate that pre-Miocene strata dip gently

away from the dome within approximately 1.6 kilometers (1 mile) of the domal

flank.

3.2.5.6 Salt Dome Development and Geometry

Salt domes in the Gulf Coast Region are vertically oriented features

within an otherwise flat-lying and slightly deformed sedimentary sequence.

Salt's low density and its inherent tendency to deform plastically at slightly

elevated temperatures and pressures (the result of sediment loading) are the

underlying mechanisms for salt dome development. It is generally recognized

that salt domes in the Mississippi Salt Basin are derived from the originally

flat-lying Louann Salt, which is now located beneath 4,900 to 9,100 meters

(16,000 to 30,000 feet) of sediment (LETCo, 1982b, ONWI-120, p. 12-23).

Salt domes develop through a characteristic sequence of stages as the

original salt bed deforms by horizontal and vertical flow of salt (Trusheim,

1960, pp. 1,519-1,540). Initial salt movement is a slow, horizontal flow

toward locally thickened zones within the bedded slat. With time, the thick-

ened zones bulge upward, forming salt pillows which are commonly elongate.

The flow of salt into the pillow evacuates salt from one area, forcing it into

the rising pillow. Sinking occurs at an increased rate over the evacuated

area (rim syncline), causing thickening of the contemporaneously deposited
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sediments. The record of domal growth is preserved in the differential ck-

nesses of contemporaneous sediments: thin or absent over the dome (but this

record is commonly removed by later erosion) and thick in the rim sncline.

Continued lateral flow under an increasing temperature and pressure regime

induced by sedimentation and contemporaneous basin subsidence further enlarges

the salt pillow until the buoyant force is sufficient to cause vertical domal

growth and piercement through overlying sediments (diapirism). Diapirism con-

tinues with further deposition until the forces causing vertical flow (sedi-

mentation and subsidence) cease. Salt flow may continue (postdiapiric growth)

at lower rates until equilibrium is reached.

Sediments deposited in rim synclines adjacent to Richton Dome indicate

diapirism occurred from the Late Cretaceous to the early Oiligocene. The

greatest amount of salt movement occurred during the early Tertiary (Ertec,

1983a, ONWI-484, p. 50). Possible faults inferred in the Hattiesburg Forma-

tion (LETCO, 1982b, ONWI-120, pp. 13-149) indicate that some vertical movement

may have continued until the Miocene. Because the forces that cause vertical

flow of salt (sedimentation and subsidence) have ceased in the Mississippi

Salt Basin, Richton Dome is inferred to be in a postdiapiric stage of dome

evolution. A study of growth rates for salt domes in the East Texas Salt

Basin identified postdiapiric domal growth rates of 10 to 60 millimeters per

1,000 years (0.4 to 2.4 inches per 1,000 years) (Seni and Jackson, 1983,

p. 1,245).

Richton Dome is the largest known piercement salt structure in the

Mississippi Salt Basin (Karges, 1975, p. 175). Gravity data indicate that it

is elliptical in shape and that the dome axis trends northwest, parallel to an

underlying salt ridge (LETCo, 1982b, ONWI-120, p. 13-97) (Figure 3-17). At

approximately 600 meters (2,000 feet) depth, the salt stock is approximately

7 kilometers (4.5 miles) long and 3 kilometers (2 miles) wide at its longest

and widest points (Earth Technology, 1984, Figure 5). The areal extent of

salt at about the proposed repository level of -560 meters (-1,845 feet) mean

sea level (MSL) is 2,550 hectares (6,300 acres), based on the -2,000 MSL

contour (Figure 3-17).

I
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3.2.5.3 Natural Radiation

The content of uranium and thorium, their disintegration products, and

the radioactive isotope of potassium (potassium-40) determine the natural

radioactivity of rock. Generally,the presence of radioactive elements in tne

Gulf Coastal sediments is a result of deposition of sediments eroded from

surrounding igneous rocks that contain these radioactive elements.

Levels of background radiation in Mississippi hive been measured by the

Oak Ridge National Laboratory (Myrick et al, 1981). Samples were taken near

Richton Dome near the town of Forest and approximately 19 kilometers

(12 miles) west of the Mississippi-Alabama border on Interstate 20. Radio-

nuclide concentrations of radium-226, thorium-232, and uranium-238 in the

surface soil average 1.18 + 0.06 picocuries per gram, 1.26 + 0.22 picocuries

per gram, and 1.25 picocuries per gram, respectively (Myrick et al, 1981,

p. 48). The average external gamma exposure rate at 1 meter (3 feet) above

the ground at the same sampling sites is 6.5 microroentgens/hour (Myrick et

al, 1981, p. 48). Natural radiation levels in ground water and surface water

have not been determined.

3.2.7 Geochemistry

The geochemical setting of Richton Dome consists of the dome (caprock

and salt stock), the sediments adjacent to the dome, and the chemistry of the

fluids within each of these. This section describes the geochemical condi-

tions at the site by first examining the geochemistry of the sediments sur-

rounding the dome, and of the caprock and salt stock. Then the aqueous

geochemistry of the sediments and the dome are presented.

The geohydrologic units referred to in this discussion (Table 3-7) are

groupings of geologic formations (see Section 3.2.3) with similar hydrologic

properties. The rationale behind these groupings is described in Section

3.3.2. The geochemical characteristics of these units are inferred from

generalized lithologic descriptions because no detailed data on the mineralogy

of sediments near the dome are available. Similarly, only limited
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ocssible. Surficial cultural resources are most likely to be fLund alcrg
stream margins and on undisturbed floodplains.

Archeological remains from the dome area may date from as early as the

Paleo-Indian Era, although the discovery of such early cultural resources is

unlikely. If they exist, these remains would probably be found in eroded

upland settings. Surface and subsurface remains of both the Archaic and Post-

Archaic Eras may be found in eroded uplands, floodplains, and colluvial and

alluvial deposits. Because of prior land disturbances, however,.surface or

near-surface remains at the repository site are likely to have been damaged or

displaced.

Historic remains associated with previous occupation or land use that

meet the criteria of eligibility for the National Register are most likely to

be structural components of buildings and subsurface features, such as

cisterns. These could be found as buried deposits or definable structural

components such as building foundations. It is anticipated, however, that if

significant historic resources are located in the project area, these will be

standing structures reflecting vernacular house, barn, and outbuilding styles.

Whether any historic resources currently exist in the project area is unknown.

Recent land disturbance within the repository area may have damaged or

displaced such resources.

3.4.7 Radiological Background

No background radiation measurements have been taken at the Richton Dome

area. However, data on estimated annual dose equivalent from natural and

human-introduced background radiation have been collected for the Gulf region

and are discussed in the following paragraphs.

Natural background radiation has three components: terrestrial radiation

(external) resulting from the presence of naturally occurring radionuclides in

the soil and earth; cosmic radiation (external) from extraterrestrial sources;

and naturally occurring radionuclides (internal), deposited in the body.
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Pressures of the surrounding rock are relieved. Thus, unrepresentatively ch

permeability estimates may be measured from such core samples (Barr, 1977,

p. 88; Tien et al, 1983, p. 209).

Because of the extremely small amount of ground-water flow in salt, it is

difficult to identify the dominant mechanism for ground-water movement through

the salt strata. Radionuclides can mirate by means of diffusion or as a

result of Darcian ground-water flow. Analyses of diffusion as a mechanism for

radionuclide migration in salt indicate significantly greater travel times

than those calculated for Darcian flow. Therefore, in order to establish some

estimate of a bound on the flow through salt, a Darcy flow model has been

assumed. These analyses are discussed in more detail in Section 6.4.2.4

(Ground-Water Movement in the Host Rock). Initial analysis of diffusion as an

alternative mechanism for radionuclide migration in salt indicates

significantly greater travel times than those calculated by the Darcian method

(Section 6.4.2.5).

Some uncertainty exists with regard to the nature of the salt stock-

sediment interface and the direction and rate of fluid movement near this

interface. Upward flow along the flanks of salt stocks has been suggested to

explain the geochemical nature of some caprocks (Walker, 1974, p. 194). Site

characterization activities will better define the nature of this interface.

Because no data exist at this time to suggest upward flow along the interface

at Richton Dome, assumed travel paths outside the salt stock are based on the

regional modeling results [see Sections 3.3.2.1 and 6.3.1.1.3 (Analysis of

Favorable Conditions)).

UncertaiRties exist with regard to the choice of specific parameter

values, such as vertical and horizontal hydraulic conductivities, for geo-

hydrologic units surrounding Richton Dome. In order to develop conceptual

models, it is assumed that hydraulic properties of the geohydrologic units can

be averaged over a regional scale; Section 6.4.2.5 further discusses these

uncertainties and presents the selected parameter values used for modeling.
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Table 6-13. Favorable and Potentially Adverse Gechydrelogy
Conditions For Guideline 960.4-2-1

Guidel ine DOE Finding

(a) Qualifying Condition

The present and expected geohydrologic
setting of a site shall be compatible with
waste containment and isolation. The geo-
hydrologic setting, considering the charac-
teristics of and the processes operating
within the geologic setting, shall permit
comliance with (1) the requirements speci-
fied in Section 960.4.1 for radionuclide
releases to the accessible environment and
(2) the requirements specified in 10 CFR
60.113 for radionuclide releases from the
engineered barrier system using reasonably
available technology. .

Qualifying condition is found.
o Geohydrologic setting has

been shown to favor reposi-
tory performance in that
ground-water-level times of
at least 1.63 million years
greatly exceed the 10,000
years guideline specification.

o Projected hydrologic process
will not affect the ability
to contain waste.

o Ground water with more than
10,000 ppm total dissolved
solids was found along a likely
travel path.

(b) Favorable Conditions

(1) Site conditions such that the
Drewaste-emplacement ground-water travel
time along any pat of likely radionuclide
travel from the disturbe d=e to the
accessible environment would be more than
10,000 years.

(2) The nature and rates of hydrologic
processes operating within the geologic
setting during the Quaternary Period would,
if continued into the future, not affect or
would favorably affect the availability of
the geologic repository to isolate the waste
during the next 100,000 years.

Favorable condition is found.
o Pre-waste-emplacement ground-

water travel time through the
host rock is estimated at -

1.63 million years.

Favorable condition is found.
o Quaternary hydrologic

processes projected 100,000
years will not adverse affect
site's ability to isolate
waste ground-water.

o Travel time thorugh the salt
stock is 1.63 million years.

o Ground-water movement through
salt stock during the next
100,000 years is 15 meters.

o Dissolution of the salt stock
*is estimated to range from 0.39
to 13 centimeters per 1,000
years.

4-
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Table 6-13. Favorable and Potentially Adverse Geohydrology
Conditions For Guideline 960.4-2-1
(Continued)

Guideline DOE Finding

(b) Favorable Conditions (Continued)

(iii) A low hydraulic gradient in
and between the host rock and the
immediately surrounding geohydrologic
units.

(6) For disposal in the unsaturated
zone, at least one of the following pre-
waste-emplacement conditions exists:

Favorable condition is not
found.
o Limited data exist at this

this time to determine
whether condition can be
found.

Favorable condition is found.
Richton Dome does not lie in
the unsaturated zone.

(i) A low and nearly constant degree
of saturation in the host rock and in
the immediately surrounding geohydro-
logic units.

(ii) A water table sufficiently below
the underground facility such that the
capillary fringe does not encounter
the host rock.

(iii) A geohydrologic unit above the
host rock that would divert the down-
ward infiltration of water beyond the
limits of the emplaced waste.

(iv) A host rock that provides for
free drainage.

(v) A climatic regime in which the
average annual historical precipitation
is a small fraction of the average
annual potential evapotranspsiration.

(7) Ground water with 10,000 parts per
million or more of total dissolved solids
along any path of likely radionuclide
travel from the disturbed zone to the
accessible environment.

Favorable condition is found.
o TOS concentrations range from

24,500 (fully saturated
brine) to 30,000 milligrams.
per liter along probable flow
paths.

'Ix

I
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Table 6-13. Favorable and Potentially Adverse Geohycrolcay
Conditions F:r Guideline 960.4-2-1
(Continued)

Guideline DOE Finding

(c) Potentially Adverse Conditions

(1) Expected changes in geohydrologic
conditions such as changes in the hydraulic
gradient, the hydrualic conductivity, the
effective porosity, and the ground-water
flux thorugh the host rock and the
surrounding geohydrologic units sufficient
to significantly increase the transport of
radionuclides to the accessible environ-
ment as compared with pre-waste-emplacement
conditions.

Potentially adverse condition is
not found.
o Although changes to the gec-

hydrologic conditions will
occur, they are not expected
to significantly increase the
transport of radionuclides to
the accessible environment.

(2) The presence of ground-water
sources, suitable for crop irrigation or
human consumption without treatment, along
ground-water flow paths from the host rock
to the accessible environment.

(3) The presence in the geologic
setting of stratigraphic or structural
features such as dikes, sills, faults,
shear zones folds, dissolution effects,
or brine pockets, if their presence could
significantly contribute to the difficulty
of characterizing or modeling the geohydro-
logic system.

Potentially adverse condition is
not found.
o TDS concentrations range from

24,500 milligrams per liter
to 30,000 milligrams per
liter along ground-water flow
paths.

Potentially adverse condition is
not found.
o Limited folding and faulting

occur within the Richton Dome
area.

o Regional ground-water system
can be modeled in a rela-
tively straightforward
manner.

(d) Disqualifying Condition

A site shall be disqualified if the
expected pre-waste-emplacement ground-water
travel time along any path of likely radio-
nuclide travel from the disturbed zone to
the accessible environment is less than
1,000 years, unless the characteristics
and conditions of the geologic setting,
such at the capacity for radionuclide
retardation and the ground-water flux, would
limit potential radionuclide releases to the
accessible environment to the extent that
the requirements specified in Section 960.4-1
could be; met.

Disqualifying condition is not
found.
o Travel time of 1.63 million

years within the salt stock
has been estimated for
Richton Dome.

Z)
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Table 6-14. Favorable and Potentially Adverse Geochemistry
Conditions for Guideline 960.4-2-2
(Continued)

Guideline DOE Finding

(5) Any combination of geochemical
and physical retardation processes that
would decrease the projected peak cumu-
lative releases of radionuclides to the
accessible environment by a factor of 10

as compared to those projected on the
basis of ground-water travel time with-
out such retardation.

Favorable condition is-not
found.

o Insufficient data and
and evaluations are
available.

o Retardation is expected,
but is not quantified.

(c) Potentially Adverse Conditions

(1) Ground-water conditions in the
host rock that could affect the solubility
or the chemical reactivity of the engineered
barrier system to the extent that expected
repository performance could be compromised.

(2) Geochemical processes or conditions
that could reduce the sorption of radio-
nuclides or degrade the rock strength.

Potentially adverse condition
not expected.

o In contact with limited
and unlimited quantities of
brine, waste package life-
time is 300 to 6,000 years
and greater than 10,000
years, respectively.

Potentially adverse condition
not found.

o Host salt has minimal
sorption capacity.

o Surrounding sediments
provide sorptive capability.

o Gamma irradiation and brine
effects on rock strength
will be limited to the
disturbed zone.

(3) Pre-waste-emplacement ground-
water conditions in the host rock that
are chemically oxidizing.

Potentially adverse condition
not expected.

o Minor methane in fluid
inclusions within domes
indicates a chemically
oxidtzing environment.
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(2) Potential for such ;,henomena as thermally 4nduced

fractures, the hydration r dehydration of mineral compo-

nents, brine migration, :r other physical, chemica or

radiation-related phenomena that could be expected to

affect waste containment or isolation.

This potentially adverse condition is not found. The potential exists

for thermally induced fractures in the immediate proximity of canisters

(Fossum, 1983). However, the ductility (plasticity) of rock salt will tend to

limit the extent of fractures to the disturbed zone of the repository.

Halite, anhydrite, dolomite, and pyrite are the mineral phases that have

been identified in the host rock (halite predominates, and dolomite and pyrite

occur in trace quantities) (Section 3.2.3.2). Of these, only anhydrite offers

the potential for being transformed to a hydrated phase. However, this trans-

formation can not and does not occur in the domal salt because any water in

the salt will be saturated with respect to sodium chloride, and anhydrite will

not hydrate to gypsum except at lower salinities than those that occur in

domal salt (Deer et al, 1966).

Brine migration effects will depend on the amount of brine present in the

salt at the proposed repository elevation. Generally, domal salt tends to be

very dry (Bradshaw, 1968; Lorenz, 1981) outside the anomalous zones, minimiz-

ing potential for brine migration. Possible radiation damage in salt reposi-

tories has been assessed previously as being confined to a narrow annulus of

the waste canister and, therefore, is essentially insignificant for structural

stability considerations (Bradshaw, 1968). A detailed description of the

extent of damage and the dimensions of the disturbed zone is provided in

Section 6.4.2.3.

(3) A combination of geologic structure, geochemical and

thermal properties, and hydrologic conditions in the host

rock and surrounding units such that the heat generated by

the waste could significantly decrease the isolation pro-

vided by the host rock as compared with pre-waste-

emplacement conditions.
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(3) Indications, based on correlations of earthquakes with ect:nic

processes and features, that either the frequency of occurrence or

the magnitude of earthquakes within the geologic setting may

increase.

This potentially adverse condition is not found. No seismically active

tectonic structures within the geologic setting are indicated by the historic

earthquake data (Section 3.2.5.2). None of the historical earthquakes were

known to e associated with surface fault rupture.. The nearest possible cor-

relation of seismicity and tectonic elements is the general spatial corre-

spondence of earthquakes in Clarke County, Mississippi, and at Melvin,

Alabama, with the Pickens-Gilbertown Fault System (that bounds the Mississippi

Salt Basin on the north). However, the significance of this possible correla-

tion is speculative because of (1) the possible influence of active hydrocar-

bon production, and (2) inexact epicentral locations..

(4) More-frequent occurrences of earthquakes or earth-

quakes of higher magnitude than are representative of the

region in which the geologic setting is located.

This potentially adverse condition is not found. Richton Dome is in an

area of extremely low earthquake frequency (Section 3.2.5.2). No earthquake

epicenters have been reported near Richton Dome (Figure 3.2-13). Neither of

the nearest earthquakes, in 1975 about 75 kilometers (45 miles) south-

southwest of the site, and in 1978 about 75 kilometers (45 miles) north-

northeast of the site, occurred within the tectonic setting (the Mississippi

Salt Basin) in which Richton Dome is located. Based on the dis-tribution of

earthquake epicenters in the region, i.e., within a 480-kilometer (300-mile)

radius, it appears that the site's geologic setting is characterized by less-

frequent, lower-magnitude events than are representative of the region in

which it is situated (Figure 3-16).

(5) Potential for natural phenomena such as landslides, subsidence,

or volcanic activity of such magnitudes that they could create

large-scale surface-water impoundments that could change the

regional ground-water flow system.
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the rock up to 2.1 meters and evidence of compaction of excava:':n-

damaged rock in a surface "skin" of about 1.2 meters thick.

3. In situ permeability tests have been conducted in Grand Saline and

Weeks Island Mines (Aufricht and Howard, 1961; Acres, 1977 and

1979). In these tests, with packers set at varying depths, permea-

bilities decreased significantly with depth from the mined opening:

at 0.6 to 1.5 meters, permeabilities averaged about 0.3 milli-

darcies, with measurements as high as 6 millidarcies; at 4.5 to

9 meters permeabilities ranged from 1.5 down to 0.001 millidarcies.

These results are consistent with the slabbing observations and

suggest a disturbed zone extending no more than a few meters

(typically 1 to 2 meters).

4. The interpretation of these observations is aided by laboratory

tests which show that salt permeability depends on confining stress.

Results from several sources (Reynolds and Gloyna 1960; Lai, 1971;

Sutherland and Cave, 1978) show permeability reduces by 5 to 6

orders of magnitude as confining stress increases from zero to 70

MPA (0,000 psi). Results of such laboratory work were compiled by

Isherwood (1981).

5. Nair and Singh (1974) discuss a creep rupture failure mechanism

through which macroscopic fractures might be generated at a salt

shaft or tunnel opening. Such ruptures might occur in a shallow

zone (1 to 2 meters) around an opening, but propagation of the

failed zone could be prevented by increased confining pressures at

greater depth into the pillars (Kelsall et al, 1982, p. 88).

Chemical Effects on Transport. The introduction of oxygen, exhaust

gases, microbiologic organisms, organics, etc. onto mine surfaces during

construction or operation may result in changes that will enhance or retard

the mobility of radionuclides. Also of interest are the potential impacts of

the introduction or removal of moisture from the mine by the ventilation

system. A small ground-water flux in the salt at a very low velocity is

projected under limiting assumptions (Sections 6.4.2.4 and 3.3.2.1).
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Sparta unit in the simulation. To mdel the possible flow through he sa't.

as hydraulic gradient was estimated across the salt based on regional and

local hydrologic models. For a hydraulic conductivity of 10-6 foot er cay

and an assumed porosity of 0.006 the components of ground-water velocity

through Richton Dome were calculated to be 1.3 x 10-3 meter per year

(4.3 x 10-3 foot per year) downward and 1.5 x 10-4 meter per year (5 x 04

foot per year) southeastward.

Regulatory performance standards that require ground-water flow travel

times to the accessible environment to be more than 1,000 years (10 CFR

60.113) and state a favorable condition of more than 10,000 years (10 CFR

960.4.2.1) is considered achievable based on the above ground-water velocities

predicted from modeling. The predicted ground-water travel distance derived

from the modeled velocities is on the order of 1.5 meters (5 feet) for 10,000

years or only 0.15 meter (0.5 foot) for 1,000 years. With a 240-meter (800-

foot) buffer between the disturbed zone and the dome flank, it is expected to

take ground water-about 1.6 million years to reach the dome flank via this

movement mechanism. Within the range of hydraulic conductivities that are of

interest, the ground-water velocity is directly proportional to the salt

hydraulic conductivity. Thus, even if the highest measured conductivity of

3 x 10-5 foot per day were used, the travel distance is only on the order of

50 meters for 10,000 years.

6.4.2.4.2 Diffusional Radionuclide Transport. This section deals with

the movement of radionuclides by diffusion-like processes in the salt host

rock. This movement can occur if a package has failed and radioactivity has

leached into the brine surrounding the package. When the brine concentration

decreases with distance from the waste package, the brine concentration

gradient can drive brine containing radioactivity into the surrounding salt.

To describe the mobility'of particles, atoms, molecules, etc. by random

molecular motion, Fick's equation (Crank, 1956, p. 2) for diffusion has

classically been used. Implicitly, these calculations ignore advective

transport due to a hydraulic gradient. As discussed in Section 6.4.2.4.1, the

host rock has essentially zero hydraulic conductivity and attempts to use a

Darcian flow model give distances traveled of less than 1.5 meters (5 feet)

for 10,000 years.
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Calculations for pure diffusion can use diffusion coefficients calculated

from a theoretical basis. However, in other applications, Robertson (1974'

showed that diffusion can successfully model "dispersion" of radioactivity in

ground-water systems with empirical diffusion coefficients. Thus, in this

analysis we use the diffusion theory to empirically.determine "diffusion"

coefficients based on the water content of field samples of salt that were

obtained at various distances from a water-bearing sediment inclusion in salt.

These coefficients should apply with the reasonable assumption that dissolved

radionuclides move with the water molecules making up the brine solvent.

Consequently, the diffusion analyses used these empirical "diffusion" coeffi-

cients to estimate the movement of radionuclides in a nuclear waste repository

in salt. The analyses assumed an infinite plane source as shown in

Figure 6.4-17 to represent the nuclear waste repository.

Section 6.4.2.1.3 shows that waste packages are not expected to fail for

over 10,000 years. However, in order to show what could happen if there were

a package failure and release, it was necessary to assume several noncredible

conditions.

Tables 6.4-19 and 6.4-20 and Figure 6.4-18 show that the 10,000-year

integrated curie release will likely satisfy 40 CFR Part 191 (EPA, 1982) for

CHLW and SFPWR waste forms for all radionuclides, at any distance beyond

1 meter from the waste package, and at any time. In addition, Figure 6.4-19

shows penetration distances of less than 20 meters from the repository horizon

after a million years for the most soluble radionuclides, iodine-129 and

cesium-135. This result applies to either SFPWR or CHLW since the analyses

assume identical inventories of iodine-129 and cesium-135 for each waste type.

This section discusses the analytical approach, data base and uncertainty, and

the results of the diffusion analyses in the following paragraphs.

I
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5.1.3.1.4 Shafts and Facilities Development. All of the repository

shafts will be excavated using conventional blasting methods, including any -- I

modifications to the exploratory shaft to allow its use as a repository shaft.

Potential high ground-water inflows and unstable ground in the sediments above

the salt will require pretreatment by freezing to allow shaft sinking through

these sediments. Limited portions of the caprock and the salt-caprock

interface may also require pretreatment by freezing or grouting.

Shaft linings will consist of concrete from the ground surface to 30

meters (100 feet) into the salt dome, a total depth of approximately 263

meters (790 feet). The linings will be cast in place behind the excavation as

sinking progresses. The shafts will be unlined below the bottom of the

concrete liners. Water seals will be placed where required to forestall

interconnection between aquifers and to block ground water in the caprock from

passing downward along the shaft lining.

The scheduled sequence of shaft development will begin with the service

shaft and ventilation supply shaft, allowing initial subsurface development to

begin. The remaining three shafts will be completed concurrent with the

initial subsurface development.

Individual shaft outfitting will follow the shaft excavation and lining

activities. Shaft outfitting will encompass the installation of the hoisting

systems, utility conduit runs (e.g., electrical, communication, etc.),

instrumentation, and all other equipment necessary for the shaft systems to

operate properly. The parallel effort at the surface will be the construction

of the surface support facilities such as the shaft headframes, intake air

filter buildings, exhaust air filter buildings, and related surface

construction.

5.1.3.1.5 Underground Development. The current repository feasibility

study proposes that subsurface excavation will be performed mechanically. The

excavated salt will be hauled by shuttle car from the excavation face to a

feeder and breaker. The feeder and breaker will then crush over-sized rock

and feed a conveyor belt which will transport the salt to surge bins located
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As addressed in Chapter 3, the probability of seismic activity (Section

3.2.5.2), igneous activity (Section 3.2.5.3), and regional uplift or

subsidence (Section 3.2.5.4) is low. Because repository development is not

expected to reactivate or trigger these geologic phenomena, no adverse impacts

are expected. Further evaluation of regional and local seismicity, suspected

local faults, and regional structure will be conducted during the site

characterization phase as described in Section 4.1.1.2. Repository buildings

which will contain radioactive materials are designated Category I structures

and thus will be designed-to operate during and following the design basis

earthquake, yet to be established (Section 5.1. ).

Potential for impacts on salt dissolution have been evaluated. As

discussed in Section 3.2.5.6, the presence of caprock over the dome may

indicate natural salt dissolution by ground water. Using conservative

estimates of caprock thickness and the time required for its formation, the

salt may be dissolving at a maximum rate of 0.162 millimeter/year (0.063

inch/year) which converts to 1.62 meters (5.3 feet) in 10,000 years. Using

the appropriate ground-water seals discussed in Section 5.2.2, development,

operation, and decommissioning of the repository will not affect this rate of

salt dissolution or create possible pathways of ground-water infiltration.

Repository development is not expected to reactivate growth of the salt

dome, and no impacts on repository development are anticipated from this

phenomenon. As discussed in Section 3.2.5.Ai salt dome growth occurs over a

period of millions of years and continues until the geologic forces causing

the growth cease. Salt dome growth in the Glf Coast interior essentially

ceased several million years ago (Section 3.2.5).

5.2.1.1 Soils

Impacts on-soils will result primarily from site construction and to a

lesser extent from site operation. Site decommissioning and closure primarily

involve site dismantling and restoration activities which will mitigate long-

term potential adverse effects on the soil.
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e Control of releases of salt particulates through repository air

shafts by installation of filters

* Design of retention ponds and the salt pile storage area to hold

storm runoff up to a 100-year, 24-hour storm event

* Periodic offsite disposal of accumulated wastewater

* Control of salt contamination resulting from spills of salt at

transfer points and enroute to disposal sites through

implementation of appropriate safeguards.

5.2.2.1.2 Operation. Impacts to surface water resources will be

confined to the types of water quality degradation described in the previous

section. However, soil erosion and resulting turbidity in surface waters will

be minimal since the previously exposed soils will have been revegetated or

artifically surfaced. The most severe potential impact is contamination by

salt during operational handling, storage, transport, and disposal of salt

offsite. These impacts will be evaluated when a specific salt disposal plan

is developed.

5.2.2.1.3 Decommissionina and Closure. Surface-water quality effects

during this phase will be similar to, but less severe than, those occurring

during construction. Some increases in sedimentation, turbidity, and nutrient

concentration can be expected. Limited salt contamination could occur when

stored salt is transported to the underground repository for backfilling and

for offsite disposal. However, these effects will be local and temporary.

5.2.2.2 Ground Water

The existing geohydrologic conditions in the Vacherie Dome vicinity are

detailed in Section 3.3. Potential effects on ground-water flow and ground-

water quality include
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4.1.1.1.13 Regional Structure. A north-south-trending fault zone (the

Phillips Fault System) is located approximately 8 kilometers (5 miles) east of

Richton dome (Oxley et al, 1968, p. 40) (Figure 4-8). New seismic reflection

surveys, each approximately 13 kilometers (8 miles) long, trending approxi-

mately perpendicular to the structure, would be performed. As many as

5 lines, a total of 64 line-kilometers (40 line-miles) of seismic work may be

required. Seismic lines will require a path approximately 3 meters (10 feet)

wide to be cleared of trees and shrubs to accommodate equipment. Additional

roads or trails will be constructed only when it is impractical to transport

the necessary equipment (i.e., recording phones and drilling equipment) by

foot.

4.1.1.1.14 Hole-to-Surface Resistivity Survey. The USGS may perform a

hole-to-surface resistivity survey in the engineering design borehole that

will require a truck-mounted winch and power source (generator) at the bore-

hole. Measurements will be made within a grid about the borehole, approxi-

mately 1.6 kilometer by 1.6 kilometer (1 mile by 1 mile) with lines 75 to 150

meters (250 to 500 feet) apart utilizing the lines cleared for the 3-D seismic

survey, discussed above. The data crew will walk the lines inserting two cop-

per electrodes into the ground every 30 to 61 meters (100 to 200 feet), taking

a reading, then removing the stakes and proceeding to the next station.

4.1.1.1.15 Sulfur Exploration Wells. Thirty-two sulfur exploration

wells, ranging in depth from 180 to 570 meters (594 to 1,881 feet) were dril-

led into the caprock and the uppermost portion of the salt stock at Richton

Dome during the early 1940s (Figure 4-9). Of the 32 sulfur exploration wells

drilled into the caprock, at least 8 penetrated salt. All were backfilled or

plugged by unrecorded methods. This activity will first attempt to locate,

ascertain the current conditions, and assess the general surface conditions of

the sulfur exploration wells, and, if found to be in poor condition, one or

more boreholes may be reentered, and geophysical measurements will be taken.
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:ompcsed primarily of anhydrite, but also contains ypsum and calcite which

are generally in zones. Sulfur may be present in very minor amounts, but has

not been identified to date. The anhydr-te is probably an acc:mulation of

relative'y insoluole materials trat result when the salt stccK sL; 6. ect2 _

ground-water dissolution (albouty, 1979, p. 45) but may alsc be precip6tatec

from ground water in sediments adjacent to the dome (Walker, 1974, p. 169)

(Section 3.2.7.2).

On the basis o well and gravity data (LETCo, 1982b, ONWI-119, p. 0-1c)

and high resolution seismic surveys (Ertec, 1983b, Figures -A to -7 . the

Vacherie caprock appears to cover the entire top of the salt stock and is

known to drape the northeast flInk to an eevation of -1,983 meters (-6,500

feet) MSL. Caprcck is present between -92 and -175 meters -302 and -575

feet) MSL at the Vacherie Dome corehole, DE-Smith Nc. 1. Aoproximately 80

meters (257 feet) f caprock ore was recovered and described from the 83-

meter (273-foot) cored interval (98 percent recovery) (Nance et al, 1979, p.

5). Although the caprock is composed of more than 99 percent anhydrite

(Martinez et al, 1978, p. 358), t exhibits three main divisions (Figure 3-

11). The upper 5 meters (21 feet) of the caorock consists of porous carbonate

with open fissures and vugs (Martinez et al, 1978, p. 344). Pyrite exists

only in the upper 2 meters (6 feet) of this section; celestite is abundant in

the lower 2 meters (6 feet) (Martinez et al, 1978, p. 354). The carbonate

section grades into a 1-meter (3-foot) -thick gypsum zone which, in turn,

grades into anhydrite (Martinez et al, 1978, p. 355). The anhydrite zone is a

76-meter (250-foot) section composed of anhydrite crystals and anhydrite

blocks Martinez et al, 1978, p. 358). Te pesence of repeat:-ag a~a e::.c

surfaces transverse to the core s a don.4nanz structural feature in the

anhydrite section'(Martinez et al, 1978, p. 357).

Borehole data (LETCo, 1982b, ONWI-119, pp. 10-14 through 10-15) indicate

that the shallowest salt at Vacherie is at -170 meters (-558 feet) MSL, which

corresponds to a depth of 240 meters (785 feet) below ground surface. Salt

was first encountered at -175 meters (-575 feet) MSL in borehole DOE-Smith

No. 1. Approximately 700 meters (2.300 feet) of salt core was recovered from
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a 770-meter (2,523-foot) cored interval (91 percent recovery) (Nar.ce et aI,

1979, . 5). The caprcck-salt contact was sharp and tightly cemented (Nance

et al, 1979, . 1). The major cnstituents of the salt are nalize (>9^ er-

cent) and anhydrite (<10 percent) (Nance et al, 1979, p. 11). The halite and,

anhydrite occur as steeply dipping, folded, parallel bands oriented at 5 to 20

degrees to the core axis (Martinez et al, 1978, p. 66). Chemical analyses of

the salt stock indicate that halite exists with minor amounts of sulfate, cal-

cium, potassium, strontium, and magnesium (Martinez et al, 1979, p. 279).

Halite generally occurs as equant to subequant crystals ranging in size

frcm 0.5 to 1.5 centimeters (0.2 to 0.6 inch) (Martinez et al, 1978 n. 5!4).

Halite megacrysts (2.5 centimeters [1 inch]) are scattered throughout the core

and are commonly adjacent to, and in contact with, parallel anhydrite bands

(Martinez et al, 1978, pp. 64-65).

Anomalous features have been found in the salt stocks of the Fire Island

salt domes of the Louisiana Gulf Coast. Salt mines in each of these domes

have exhibited inclusion of solids (principally clastic, nonsalt material such

as sand, clay, and carbonate), liquids (brines and petroleum products), and

gases (hydrocarbons, hydrogen sulfide, and carbon dioxide) (Kupfer, 1980, pp.

119-121). Kupfer (1980, pp. 122-134) presents detailed discussions of each of

these anomalous features. Although none of the features have been dentified

at Vacherie Dome, it is possible that they are present in the salt stock.

3.2.4 Paleontology

With the exception of the Claiborne Group, the deposits exposed at the

surface generally have few fossils (LETCo, 1982b, ONWI-119, p. 9-17). In the

subsurface, the Navarro Formation is highly fossiliferous at a depth of

approximately 670 meters (2,200 feet) but does not represent an accessible

paleontologic resource (LETCo, 182b, ONWI-119, p. 10-33).

3.2.5 Structure and Tectonics

The area surrounding Vacherie Dome has been affected by tectonic activity

such as faulting, seismic activity, folding, igneous activity, uD1t.
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subsidence, and salt migration and associated perturbation of the ver'y ,_

sediments.

3.2.5.1 aulting

Faults in the Vacherie Dome geologic setting have been induced

predominantly by one mechanism. These faults are related to the vertical and

horizontal migration of salt, and disrupt sediments overlying the Louann Salt.

One regional fault system, the South Arkansas Fault System, occurs outside the

North Louisiana Salt Basin margin. Intrabasinal faults are present around

salt domes and over the crests cf salt ridges. Faults are of concern as

potential earthquake sources, but are also helpful in deciphering 'he nistory

of salt dome development and basin evolution.

The South Arkansas Fault System is part of a regional Gulfward cncave

system of faulting (Murray, 1961, p. 180). This fault system forms a comDlex

graben, with displacement on individual faults diminishing upward (Murray,

1961, p. 182). Movement along the South Arkansas Fault System was nearly con-

tinuous throughout the late Mesozoic; at the surface the principal faults of

the system disturb beds of the Paleocene Midway and the Eocene Claiborne

groups (Murray, 1961, p. 185).

Faults in the North Louisiana Salt Basin exist primarily over anticlinal

salt structures, and were activated in late Mesozoic and early Tertiary times

during the lateral and vertical flow of salt. Faults of this type are

asscciated with the Lake Bistineau, Sibley, Ada, and Sailes arches surr unding

Vacherie Dome (Figure 3-12). Displacement along the faults over these arches

is normal and dowrithrown away from the anticlinal axes, and ranges between 15

and 60 meters (50 and 195 feet). All faults associated with the anticlinal

structures are confined to pre-Eocene strata, indicating slight salt movement

in the vicinity of Vacherie Dome during the latter part of the Tertiary Period

(LETCo, 1982b, ONWI-119, pp. 9-91 through 9-93).

Data from geophysical surveys (LETCo, 1982b, ONWI-119, p 10-59) and

geologic mapping (Brandwein and White, 1983, ONWI-299, Figure 1),(Figure 3-9,
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The Lake istineau Arch exhibits the greatest structural relief. 460

meters (1,500 feet) between the top of the arch and the lowest point in the

Vacherie sub-basin. Seismic and gra;ity data suggest that the arch is under-

,ain by a salt ridge (LETCo, 19825, CNWI-119, p. -79). Salt mcvements wnhich

caused this structure were most active during the arly Cretaceous, and con-

tinued to arch the overlying strata at a slower rate throughout the Tertiary.

The West ryceland High is a northwest-trending elliptical anticlinal struc-

ture that is underlain by a salt ridge. Structural.relief is 107 meters (350

feet), and sedimentary relationships suggest that major structural development

Sa- ceased by the end of the Late Cretacecus (LETCc. 9S2b, ON.; -' 9,

pp. 9-81, 9-82).

The Ada, Sibley, and Siles arches have had similar evolutionary

histories. They are present in Lower Cretaceous units and display their

greatest structural complexity in the overlying Upper Cretaceous units. The

thickening and thinning trends of sedimentary units over the three arches

indicate that these features are residual highs which resulted from the sub-

sidence of surrounding sediments as the Louann Salt migrated laterally and

then vertically into nearby domes (LETCo, 1982b, ONWI-119, pp. 9-79 through

9-81).

Sediments on the flanks of Vacherie Dome salt stock are tilted and

locally warped as a result of diapirism. Cretaceous and Tertiary formations

dip away from the salt stock for approximately 910 meters (3,000 feet) outward

from the edge of the salt stock. Dips are as great as 30 to 35 degrees on the

Lower Cretaceous strata, but are substantially less on Upper Cretaceous and

Tertiary strata (LETCo, 1982b, ONWI-119, p. 10-36) (Figure 3-10).

Variations in the dips of strata further away from the salt stock formed

as salt migrated into Vacherie Dome. Areas adjacent to the stock were evac-

uated of salt and the overlying sediments sank, forming rim synclines. Rim

Aynclines around Vacherie Dome are most prominent on the southeast and north-

west flanks of the dome. Structural interpretations indicate that these rim

synclines decreased in diameter from the Cretaceous through the Tertiary

(LETCo, 1982b, ONWI7119, p. 10-36).
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Mises-Schleicher strength criterion employed for rock salt. The fitted curve,

or envelope, corresponding to the Mes-Schleicher criterion for Vacherie Dome

sa-t is also included in Figure 3-1.

Site-specific data pertaining to in situ stress conditions are not avail-

able. However, it is estimated that the in situ stress at the repository

level will be approximately lithostatic. This estimate is based on the exist-

ing regional stress data augmented by characteristic salt material properties

and their rheolcgic deformation behavior. Previous in situ stress measure-

menws .. the Gulf Coast region indicate an average ertical stress gradien c.

apr oxmatel y 2.3 x 10-2 megaDascal er meter (one pound per square inch per

-cot) (Hoek and Brown, 1980, pp. 95-101; Lindner and Halpern, 1977, pp. 1-6).

A more detailed and quasi site-specific stress calculation (Tammemagi, 98',H

ONSii-364, p. 20) estimates the stress magnitude at a depth of 90 meters

(2,600 feet) in the Vacherie Dome to be approximately 17 meqapascalt f2,42555 ad

pounds per square inch). Actual stress measurements in salt mines in he Gu'f

Cuast region have deviated from predicted values (Tammemagi, l19l, ONWI-354,

p. 21; Lindner and Halpern, 1977, pp. 1-6). These differences were probably

due to the presence of the mine itself, and should be distinguished from the

natural in situ stress field existing in an undisturbed salt dome.

3.2.6.-2 Thermal Properties

Thermal properties were measured on intact caprock and salt core samples

from borehole DOE-Smith No. 1. The depths sampled ranged from 210 to 990

meters (E! t: 3.245 feet) below the surface (Table 3-6). Standar-.zed test

procedures (see Lagedrost and Capps, 1983, BMI/ONWI-522, pp. 99-177) were

used. Typically, the thermal conductivity of caprock and salt varies non-

linearly with temperature, with caprock units tending to be more sensitive

during an initial cycle of heating. Thermal conductivity data as a function

of temperature are presented in Section 6.4.2.1.1.

LETCo (1983, ONWI-289, p. 39) estimates the ambient temperatures at

depths of 678 meters (2,225 feet) and 830 meters (2,725 feet) for Vacherie to

be 53 C (127 F) and 58 C (136 F), respectively. Based on the fraoturing of

thin slabs of salt used in thermal expansion testing, the thermal
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The anhydrite portion of the crock is generally accepted to have fcrmer

as a less-soluble residue of salt dissolution (residual accumulation). The

anhydrite, dispersed throughout the salt stock, accumulates at the crock-

salt stock interface as the more soluble salt is dissolved in ground water

(Halbouty, 1979, p. 45). An alternative explanation of caprock origin is by

precipitation of anhydrite (precipitation in place). Precipitation would

occur as a result of mixing meteoric water with brines that are assumed to

have moved upward along the dome flanks (Walker, 1974, p. 190). Precipitation

in place explains the geochemical and mineralogic composition of some caprocks

that cannot be readily explained by the residual accumulation mechanism, ut

both mechanisms are likely to contribute to caprock formation (Walker, 74,

p. 169).

Gypsum is the result of primary precipitation, or the hydration of the

anhydrite within the zone of meteoric water. Processes responsible for

calcite formation have not yet been determined at Vacherie. However, Kreitier

and Dutton (1983, p. 42), in studies of East Texas salt domes, suggest that

calcite caprock forms by oxidation of hydrocarbons and concommitant reduction

of anhydrite to form calcite and reduced sulfur species. Calcite in the

caprock at Vacherie Dome takes the form of micritic fragments in a fine-

grained calcite matrix. In the lower calcite section, vuggy limestone with
celestite is observed (Nance et al, 1979, p. 11).

The Vacherie Dome salt stock is derived from the underlying Louann Salt,

a thick sequence of evaporite formed in a large marine basin (Section 3.2.1).

The salt stock contains approximately 90 percent halite, with approximately 10

percent anhydrite -dispersed in bands in veins or as single crystals (Nance et

al, 1979, p. 11). This internal composition is typical of salt domes in the

Gulf Coast region.

3.2.7.3 Geochemistry of Ground Water in Sediments
Adjacent to the Dome

Hydrochemical conditions in the Quaternary sediments vary between the

upland terrace deposits or the Red River alluvial deposits. Calcium and
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The Austin aquifer unit is cnf";ed by the verlying Midway-Navarrc-

Taylor unit (Figure 3-24). It includes the Tokio Formation, which is c:m-

posed of sands with silt and interbedded shales, and the Brownstone _
.which is calcerous clay with sand (Hosman, 1978, p. 10). Porcsity values

obtained from laboratory analyses of sidewall cores for this unit range from

0.14 to 033 (Slaughter et al, 1983, ONWI-356, pp. 32, 38-39). Measurements

of the stcrativity of this unit are not available.

The Eagle Ford-Woodbine confining unit is the lowest geohycrc g-c a:

icentified for this discussion (Figure 3-24). it is compcse o sa e a:
sandstone (Figure 3-21) (Hosman, i978, Dp. 18). Athough. hydraulic

conductivity measurements are ot available, the unit is cnsicerec relative y

impervious based on the lithologic character of the material w trnn the ., :.

INTERA's (1983, pp. 42, 57) estimates of hydraulic conductivity and further

hydrologic information on this unit are shown in Figure 3-21.

3.3.2.1.2 Ground-Water Flow. The regional ground-water flow regime in

the vicinity of Vacherie Dome is discussed in terms of the geohydrologic units

presented in Figure 3-21. Recharge occurs through the infiltration of

precipitation at outcrop areas. In addition, some leakage of ground water

occurs through the cnfining units. In the recharge areas, the water table

commonly reflects the shape of land surface. s the grouna water percolates

deeper ic the geohydrologic system, it is eventually incorporated into the

regional flow pattern and is influenced less by local, near-surface effects

(INTERA, 1983, pp. 27, 3).

Geologic formations in the region generally dip to the south and east as

a result of postdepositional subsidence in the Gulf Basin. Ground-water flow

in the identified geohydrologic units is affected by ground-water withdrawal

or local variations caused by recharge and discharge to streams (Figure 3-24).

Flow in the unconfined ground-water flow system is controlled by surface

topography (INTERA, 1983, p. 27). Data on ground-water levels and flow in

these geohydrologic units is from reports by INTERA (1983), LETCo (1982), and

Ryals (1980a).
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Table 6-14. Favorable ad Potentially Adverse Conditions
for Geohydrology Guideline 10 CFR 960.4-2-1

Guideline DOE Finding

(a) Qualifying Condition.

The present and expected geohydrologic
setting of a site shall be compatible
with waste containment and isolation.
The geohydrologic setting, considering
the characteristics of and the processes
operating within the geologic setting,
shall permit compliance with (1) the
requirements specified in Section
960.4.1 for radionuclide releases to the
accessible environment and (2) the
requirements specified in 10 CFR 60.113
for radionuclide releases from the
engineered barrier system using reason-
ably available technology.

Qualifying condition is
found.

a

* The geohydrologic setting
has been shown to favor
repository performance in
that ground-water travel
times of at least 1.63
million years greatly
exceed 10,000 years.

* Projected hydrologic pro-
cesses will not affect the
ability to contain waste.

* Host rock has low
hydrauic conductivities.

* Ground water with more
than 10,000 ppm total
dissolved solids was found
along a likely travel path.

(b) Favorable Conditions.

(1) Site conditions such that the
pre-waste-emplacement ground-water -
travel time along any path of likely
radionuclide travel from the disturbed
zone to the accessible environment would
be more than 10,000 years.

(2) The nature and rates of hydrologic
processes operating within the geologic
setting during the Quaternary Period
would, if continued into the future,
not affect or would favorably affect
the ability of the geologic repository
to isolate the waste during the next
100,000 years.

Favorable condition is found.

* Pre-waste-emplacement
ground-water travel time
through the host rock is
estimated at 1.63 million
years.

Favorable condition is found.

* Quaternary hydrologic pro-
cesses projected 100,000
years will not adversely
affect the site's ability
to isolate waste. -

* Travel time through the pIrtrat
salt stock is 1.63 million
years.

* Dissolution of 7 to 12
meters is projected over
100,000 years.
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closure of fractures (Section 6.4.2..3). Given the estimated precivsure travel

time of approximately 1.63 million years for fluid movement through the host

rock, it is extremely unlikely that thermally induced changes in flow rates

would affect travel times enough to be significant. Based on this rationale,

a potentially adverse condition is not found.

(2) The presence of ground-water sources, suitable for crop

irrigation or human consumption without treatment, along

ground-water flow paths from the host rock to the accessible

environment.

This potentially adverse condition is not found. If flow paths for

radionuclides include zones of water suitable for irrigation and human con-

sumption without additional purification, the suitability of the site is

adversely affected.

Analysis indicates that radionuclides will be contained within the salt

stock for at least 1.63 million years (Section 6.4.2.4). Salt domes are not a

source of water for any purpose. The shortest distance from the proposed

disturbed zone to the edge of the dome suggests that the most likely flow path

away from the dome to the accessible environment will be in the Austin unit.

Salinity in this unit ranges from 44,550 to 125,570 milligrams per liter, far

in excess of the salinity considered acceptable for human consumption or crop

irrigation without treatment.

(3) The presence in the geologic setting of stratigraphic

or structural features--such as dikes, sills, faults, shear

zones, folds, dissolution effects, or brine pockets--if

their presence could significantly contribute to the diffi-

culty of characterizing or modeling the geohydrologic

system.

This potentially adverse condition is found. This condition states that

the more geologically complex a site is, the more difficult it is to develop.

conceptualizations and models of ground-water flow. This difficulty may
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at the Vacherie Dome site could be a4Fected by dissolution of, and ground-

water travel time through, the salt stock. However, evaluations with respect

to these processes conclude that hydrologic conditions when projected into the

future will not adversely affect the proposed site's ability to contain and

isolate waste during the next 10,000 years.

Hydrologic properties in the Vacherie Dome site region such as hydraulic

conductivity have been reported to range from 1 x 10-6 to 0.4 meter per day

(3.3 x 10-6 to 1.32 feet per day) for the surrounding geologic media.

Hydraulic conductivity of the host rock has been estimated to range from

3 x 10-13 to 3 x 10-13 meter per day (1 x 10-12 to 1 x 10-6 foot per day).

These conductivity values are sufficiently low to inhibit the movement of

radionuclides from the repository to the accessible environment. Total

dissolved solids (TDS) concentrations along probable radionuclide flow paths

have been reported to range from 44,550 to 125,570 milligrams per liter. Such

TDS concentrations are well in excess of levels considered suitable for

irrigation and human consumption.

6.3.1.2 Geochemistry, Guideline 10 CFR 960.4-2-2

This Technical Guideline addresses the present and expected geochemical

characteristics of the proposed site, and provides the basis for demonstrating

compatibility with waste containment and isolation as specified in the NRC

performance objectives and the EPA technical criteria (40 CFR Part 191).

Geochemical suitability is expressed in terms of longevity of the engineered

barrier system and controls on releases of radionuclides to the accessible

environment.

6.3.1.2.1 Qualifying Condition.

The present and expected geochemical characteristics of a

site shall be compatible with waste containment and iso-

lation. Considering the likely chemical interactions among

radionuclides, the host rock, and the ground water, the

characteristics and processes operating within the geologic
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* Erosional processes (Section 3.2.2.2)

* Uplift and subsidence (Section 3.2.5.4).

Assumptions and Data Uncertainty. The estimated rate of stream entrench-

ment (Section 3.2.2.2) is based on the thickness of alluvium in the stream

channels and the elevation of terraces flanking the streams.

There is some uncertainty in connection with the estimates of stream

entrenchment. This estimate is based on thickness of the alluvium in the

stream channels and the elevation of terraces flanking the streams over

Vacherie Dome. The absolute ages of these terraces have not been determined,

but have been estimated by correlation to other terraces in northern Louisiana

whose absolute ages have been determined (Section 3.2.2.2). Sources of uncer-

tainty include the assumption that thickness of alluvium is equivalent to

depth of entrenchment, and the estimate of terrace age by correlation to other

terraces rather than by actual measurement. The estimated rate of stream

entrenchment near Vacherie Dome has been compared to erosion rates reported in

the Gulf region, and there is reasonable agreement. Thus, the uncertainty

associated with the estimate is considered small. This rate is similar to the

rates of 0.07 meter per 1,000 years (2.3 feet per 1,000 years) reported for

Alabama (Maxwell, 1971, p. 91), and 0.1 meter per 1,000 years (0.3 foot per

1,000 years) reported for Mississippi (Ertec, 1983, ONWI-484, p. 28).

Analysis. Analyses needed to evaluate whether the site meets this

guideline include projecting Quaternary erosion rates and patterns over the

period of repository performance and calculating the overburden remaining

after the erosional processes have acted on the site. The estimated rate of

entrenchment (0.2 meter per 1,000 years 0.7 foot per 1,000 years]) added to a

regional denudation rate of 3 to 5 centimeters per 1,000 years (1 to 2 inches

per 1,000 years) would result in net erosion of 3 meters (8 feet) over the

dome in 10,000 years. This estimate assumes stream entrenchment directly over

the dome concurrent with regional denudation. This is conservative because

these processes are not necessarily additive.

Results of the evaluation are'summarized in Table 6-19.
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Table 6-19. Favorable and Potentially Adverse Conditions
for Erosion Guideline 10 CFR 960.4-2-5

Guideline DOE Finding

(a) Qualifying Conditions.

The site shall allow the underground
facility to be placed at a depth such
that erosional processes acting upon the
surface will not be likely to lead to
radionuclide releases greater than those
allowable under the requirements speci-
fied in Section 960.4.1.

In projecting the likelihood of
potentially disruptive erosional
processes, the DOE will consider the
climatic, tectonic, and geomorphic
evidence of.rates and patterns of erosion
in the geologic setting during the
Quaternary Period.

Qualifying condition is
found.

* Upper level of waste
emplacement will be at a
depth of 678 meters
(2,225 feet).

a Quaternary erosion rate
(stream entrenchment and
regional denuciation) is
estimated to be 0.3 meters
(0.8 foot) per 1,000 vears. -

* Overburden remaining after
one million years is in
excess of 200 meters (mini-
mum emplacement depth).

* Nature and rates of
erosional processes will
not be likely to lead to
radionuclide releases
greater than those
allowable.

(b) Favorable Conditions.

(1) Site conditions that permit the
emplacement of waste at a depth of at
least 300 meters below the directly
overlying ground surface.

Favorable condition is
found.

a The upper level of waste
emplacement will be at a
depth of 678 meters
(2,225 feet) below the
overlying ground surface.
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Table 6-20. Favorable and-Potentially Adverse Conditions
for Dissolution Guideline 10 CFR 960.4-2-6

Guideline DOE Finding

(a) Qualifying Condition.

The site shall be located such that any
subsurface rock dissolution will not be
likely to lead to radionuclide releases
greater than those allowable under the
requirements specified in Section
960.4-1.

In projecting the likelihood within the
geologic setting at a site, the DOE will
consider the evidence of dissolution
within that setting during the Quaternary
Period, including the locations and
characteristics of dissolution fronts or
other dissolution features, if identified.

Qualifying condition
found.

is

* Dissolution of the salt
dome has occurred during
the Quaternary as evidenced
by the presence of a
caprock and a topographic
depression over the dome.

* Dissolution is occurring at
a slow rate (1 to 5 years).
his rate would account

dissolution of 0.1 to 0.5
meters of salt in 10,000
years. Relative to 800-
foot perimeter pillar
planned for the repository,
this amount of dissolution
is not considered
significant.

e These dissolution rates
would not lead to radio-
nuclide release greater
than those allowable under
the requirements specified
in Section 960.4-1.

(b) Favorable Condition.

No evidence that the host rock within
the site was subject to significant
dissolution during the Quaternary Period.

Favorable condition is
anticipated.

* Dissolution that has
occurred during the

* Quaternary Period is
estimated to have ranged
from 6 to 80 meters.



Table 6-23a. VACHERIE DOME POST-CLOSURE SYSTEM PERFORMANCE

System Guidetlne. 960.4-ilei Associated Technical
Weste Containment and Isolation Guidelines Assessment Results DOE Finding

Qualifying Condition:

System Guideline 960.4-11al delnes the requirements for
post-closure repository performance as follows:

"The geologic repository shalt consist of a system of multiple
barriers that will physically separate the radioactive waste
from the accessible environment alter closure in accordance
with the requirements set forth In 10 CFR Part 60 and
40 CFR Part 191 (see Appendix A ol this part).

The requirements embodied In this guideline pertinent to the
evaluation of barrier performance and overall repository per-
lormance are summarized as follows:

* Waste Package:

"Containment of HLW within the waste packages will be sub-
stantially complete for a period to be determined by the
Commission ... provided that such period shall be not less
than 300 years nor more than 1000 years after permanent
closure of the geologic repository."

* Engineered Barrier System:

960.4-2-1
960.4-2-2
9604.2-3
960.4-2-4
960 .4-2-
960.4-2-6
960.4-21
960.4-2-8

Geohydmology
Geochemistry
Rock Characteristics
Climatic Changes
Erosion
Dissolution
Tectonics
Human Intrusion

System Guideline:

Preliminary assessments of the likely effectiveness of each barrier
and the overall repository system In meeting guideline rquire-
ments are presented In Section 6.4. Radionuclide release limits
specified In regulations 40 CFR 191 Iproposed EPA. 1982) and
10 CFR 60.113 NRC. 19821 were used or comparison ol
results. Assessments Included those for conditions expected at
the site and a variety of postulated conditions to test limits of
likely barrier and repository performance. These conditions
included those predicted under low-probability human Inter-
ference scenarios developed In accordance with EPA guidelines
lEPA. 1984. Appendix B). The range of conditions anatyzed
and the performance estimated for each barrier and the reposi-
tory system a summarized in Table 632-2. Results Indicate
that regulatory requirements with respect to berriet and teposi-
tory release limits can be met at the Vacherie site.

Preliminary assessments of likely
post-closure performance support
a finding that the site is suitable
for site characterization.

Technical Guideline:
Condition Summary

Not
Found FoundGeohydrology

ISection 6.3.1.1)

"The release rate of any radionuclide Irom the engineered
barrier system following the containment period shall not
exceed one pert In 100.000 per year of the Inventory of that
radionuclide calculated to be present at 1000 years following
permanent closure..

a Geologic Setting:

"The geologic repository shall he located so that pre-waste-
emplacement ground-water travel time along the fastest path
ol likely rdionuclide travel from the disturbed zone to the
accessible environment shall be at least 1000 years or such
other travel time as may be approved or specified by the
Commission."

* Repository System Multiple Barler)

EPA regulation 40 CFR 191 proposed) specifies containment
requirements (Section 191.131 lor multiple barrier geologic
repository In terms of release limits as a function of time and
probability. These are summarized in Table 6.3.21-I. which
is adapted from EPA. 1982.

Technical Guidelines:

The Qualifying Condition Is found for the Richton Dome site.
The site is located such that the present and expected geohydro-
logic setting of the Richton Dome site to be compatible with
waste containment and isolation considerIng the processes and
characteristics operating within the geohydrologlc seting.
Potential releasis of radioactive materials are evaluated directly
by performance assessments In Section 6.4.2.

Analysis In Section 6.4.2 has determined that the Richton site
can be expected to comply with the requirements specified in
Section 960.4.1 and 10 CFR 60.113. The ground-water travel
time to the accessible environment has been estimated to be at
least 1.63 million years. This travel time estimate greatly
exceeds 10.000 years. Hydrologic conditions present within the
geologic media at the Richton Dome site could be affected by
dissolution of and ground-water travel time through the salt
stock. However. evaluations with respect to these processes con-
clude that prolected hydrologic conditions will not adversely
affect the proposed site's ability to contain and isolate waste
during the next 10,000 years.

Qualifying
Condition

Favorable
Condition

Potentially
Adverse
Condition

Disqualifying
Condition

-0

! >

Yes

5 2

0 3

0 1 -
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4.1.1.1.7 Gravity Surveys. New gravity surveys will be onducted to

better define the configuration of the dme. Gravity stations will be spaced

at 20-meter (65-foot) intervals a cng existing roads and trails within a

3-kilometer (2-mile) radius of the dome (Figure 4-5). Measurements will ce

made using a portable gravimeter and will not require site preparation. Some

brush cutting may be required to provide lines-of-sight for surveying station

elevations.

4.1.1.1.8 Flank StraticraDhic Boreholes. A series of si boreholes are

proposed to study the stratigraphic and geologic characteristics of rock

formations adjacent to the salt stock. The boreholes will be approximately

1,000 meters (3,300 feet) deep. Each flank stratigraphic borehole will be

cored or sampled and geophysically logged to the tctal depth f the hole.

Single well aquifer testing (e.g., slug withdrawal or drill-stem test. may be

performed. The proposed locations of these boreholes are shown in Figure 4-6.

Final locations will be determined during the preparation of the SCP. Sites

will require some clearing of land and drill pad development. The proposed

site preparation, drilling, testing, and site restoration phases of this

activity will be performed as described in Section 4.1.1.

4.1.1.1.9 Dome Area Stratigraphic Boreholes. A set of boreholes.is

proposed to evaluate the stratigraphy and structure over the dome and to

examine the caprock-salt interface. An initial set of four borings are

proposed at the representative locations shown in Figure 4-6. The completion

depth of each hole will be depend on its location over the dome but is

expected range from 150 to 400 meters (495 to 1,320 feet). Each hole will be

cored and a complete suite of geophysical logs will be run, and hydrologic

tests may be performed in selected holes. The proposed site preparation,

drilling, testing, and reclamation phases of this activity will be as outlined

in Section 4.1.1.

4.1.1.1.10 Subsurface Saline Anomaly. This activity will investigate

the origin of the anomalously high salinity reported in the Wilcox Group at

the southeastern end of Vacherie Dome (BGI, 1983, ONWI-293, pp. 2-96 through
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tectonic structures within the geologic setting are indicated by the his-

torical earth quake data (LETCo, 1982b, ONWI-120, p. 12-132). None of the

historical earth quakes have had associated surface ault ruoture. The

nearest possible correlation between seismicity and tectonic elements is

the general spatial correspondence between earthquakes in Clarke County,

Mississippi, and at Melvin, Alabama, and the Pickens-Gilbertown Fault System.

However, the signi ficance of this possible correlation is speculative because

of (1) inexact epicentral locations, and (2) the.possible influence of active

nydrocaroon roduction (LETCo, 1962b, pNWI-iO. a. 2-136).

No faults in the ecicgic sett.ng of te Mississiopi Salt Basin nave een

Recognized as having Quaternary movement, although conclusive evicence o

:rcve lack of movement as not been eve'ooed for scme aults such as :e

Thillips, -9A, and F-96 (Ertec, 1983a, OhWI-484, p. 44). The Maxie-Pistoi

Ridge Fault (Section 3.2.5.1) bounds the ississippi Salt Basin to the south.

Displacement along this fault has not been recognized in Miocene or younger

sediments (Ertec, i983a, NWi-484, p. 38).

Nuttli ahd Herrman (1978, p. 4, 7) estimate the maximum earthauake

that might occur at random locations in the region (i.e., from undetected sub-
surface faults) as Richter magnitude 5.3. Near the epicenter, shocks of this

magnitude could produce MMi I and perhaps vI, and accelerdtions on the crder

of 14 percent of gravity.

3.2.5.3 Igneous Activity

There is no evidence of igneous or volcanic activity within the past

100 million years in the immediate vicinity of Cypress Creek Dome. The near-

est known igneous body, Jackson Dome, is located 180 kilometers (112 miles)

north west of Cypress Creek Dome (Figure 3-3) and appears to be of Cretaceous

age (Bornhauser, 1958, p. 345). There is no evidence of recent (10,000 years)

volcanic activity located within 800 kilometers (500 miles) of Cypress Creek

Dome (U.S.Geological Survey, 1962).

I



CYPRESS CREEK 3-38

characterized by a thick downwarped sequence of Upper Cretaceous and Tertiary

sediments. Seismic reflection surveys and well data indicate that there is

Decreasing structural relief on progressively younger sediments. thiis gradual

shallowing trend upward is apparent on the Lower Tuscaloosa Formaticn, ith

914 meters (3,000 feet) of closure, up through the Vicksburg Formation, with

152 meters (500 feet) of closure (LETCo, 1982b, ONWI-120, p. 12-88). Closure

is a measure of structural relief on a basin.

The presence of Cypress Creek Docme n :.e ncrthern flank of Perry Basn

suggest that the basin might be a sait-withdrawal basin r rim snc!-e

(LETCo, 1982a, ONWI-117, Do. 2-27 through 2-35) (Section 3.2.5.6). o.ever.

4n comparison with rim synclines recoanized at other salt domes. te ?erry

Basin is very arge and implies withdrawal of salt mary times greater tan e

volume present in the existing Cypress Creek Dome. Thus, if the basin -s m

syncline, large volumes of salt were withdrawn from the Louann Salt uring the

diapiric stage (Section 3.2.5.6) of dme development. Other mechanisms, sLch

as comoaction of sediments, may nave contributed to the formation o tnis

basin, but the origin of the basin is not fully understood (LETCo, 1382a,

ONWI-117, p. 2-33).

The Cypress Creek salt stock has fully pierced Jurassic, Cretaceous, and

early Tertiary strat_, ana nas partly penetrated Miocene oeds. On te flanks

of Cypress Creek Dome, these sediments are tilted and locally warped upward as

a result of diapirism. The attitude of strata adjacent to the dome has been

interpreted by LETCo (1982b, ONWI-120 pp. 13-52, 13-53) on the basis of three

high-resolution seismic reflection lines. These lines indicate that beas are

upturned approximately 61 to 152 meters (200 to 500 feet) within 610 meters

(2,000 feet) of the northern and northwestern dome flank, and beds on the

southern dome flank appear to dip gently away from the dome to the south

toward the axis of Perry-Basin between approximately 60 and 90 meters per

kilometer (200 and 300 feet per mile). In the vicinity of Cypress Creek Dome,

there are no small, localized, closed structural depressions (rim synclines) _

similar to-those found near other domes. However, as described above, the

Perry Basin may be a salt-withdrawal feature related to Cypress CreeK Dome nd

tnus, it may be thd largest rim syncline identified in the Mississippi Salt



CYPRESS CREEK 3-39

Basin, although similar large synclines exist in other basins in the Gulf

Coast area.

3.2-. 5.6 Salt Dome Development and Geometry

Salt domes in the Gulf Coast Region are vertically-oriented features
within an otherwise flat-lying and slightly-deformed sedimentary sequence.

Salt's low density and its inherent tendency o deform plastically at slightly
elevated temperatures and pressures (tre result of simentary caainoq, are

the underlying mechanisms for salt dome evelopment. it is generally eccg-

nized that Gulf Coast salt domes in the Mississioi Salt Basin are derived

from the originally flat-lying Louann Salt, the ositlon of hich is now

located beneath 4,600 to 10,500 meters (5.000 to 34.500 feet) of segment

(LETCo, 1982b, ONWI-120, p. 12-23). Thus, since ecosition of the Louann
Salt, the domes have moved upward relative to their source bed as sediments

accumulated in the basin.

Salt domes develoo through a characteristic sequence of stages as the

original salt bed deforms by horizontal and vertical flow of salt Trusheim,

1960, pp. 1,519-1,539). Initial salt movement is a slow, horizontal flow

toward locally-thickened zones within the bedded salt. With time, the thick-

ened zones bulge upward, forming salt pillows which r- .,;mmonly elongate.

The flow of salt into the pillow evacuates salt from one area, forcing it into

the rising pillow. Sinking occurs at an increased rate over the evacuated
area rim syncline), causing thickening of the contemporaneously depos-ted

sediments. The record of domal growth is preserved in the differential tick-
ness of contemporaneous sediments: thin or absent over the dome (but this

record is commonly removed by later erosion) and thick in the rim syncline.

Continued lateral flow under an increasing temperature and pressure regime
induced by sedimentation and contemporaneous basin subsidence further enlarges

the salt pillow until the buoyant force is sufficient to cause vertical domal

growth and piercement through overlying sediments (diapirism). Diapirism

continues contemporaneously with further deposition until the forces causing
vertical flow (sedimentation and subsidence) cease. Salt flow may continue a
much slower rates (postdiapiric growth) until equilibrium is reacned.
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water movement from the edge of the disturbed zone to the accessible environ-

ment is considered in terms of travel time through the salt host rock, and

travel time from the edge of the salt stock to the maximum extent of the

controlled area or 10 kilometers (6.2 miles) from the disturbed zone.

Based on Darcian calculations described in Section 6.4.2.4.1, the

estimated distance traveled in the salt stock in 10,000 years is 1.5 meters

(4.5 feet). This rate of 1.5 meters (4.9 feet) per 10,000 years yields a -

travel time of 1.63 million years to travel through the erimeter pillar.

Therefcre. if the edce of the dcme is assumed to e the ccessible e;w nr-

ment, a travel time of 1.63 million years has been calculated. This exceeds

the guideline specification of 10,000 years.

Travel time from the edoe of the salt stock to the maximum permissible

extent of the controlled area can be estimated based on the following

rationale. The location of the repository is approximately coincident with

the Upper and Lower Claiborne units, based on repository depths of 665 meters

(2,105 feet)-'and 808 meters (2,605 feet) (see Section 3.3.2.1). in the

unlikely event that radionuclides should migrate from the salt stock, they

would probably enter either the Upper Claiborne unit or Lower Claiborne unit

based on an assumed horizontal travel path from the repository to the edge of

the salt stock.

Generalized directions of ground-water flow near the dome are shown in

_ Figur-ei -9. Ground-water flow through the Upper Claiborne unit is presented

below. Darcy velocities were calculated based on a vertical hydraulic

gradient of 2.8 x 10-5 (upward), a horizontal hydraulic gradient of 1.0 x 10-3

(Table 3.3-3), a vertical hydraulic conductivity of 1.5 x 10-3 meter per day

(4.9 x 10-3 foot per day), and a horizontal hydraulic conductivity of

0.15 meter per day (0.49 foot per day) (Ertec, 1983a, ONWI-484). The

calculated Darcy velocities are 1.5 x 10-5 meter per year (5.0 x 10-5 foot per

year) and 0.0555 meter per year (0.18 foot er year) in the upward and

horizontal directions, respectively. Using effective porosities of 0.1 and

0.3, the ground-water travel time through the Upper Claiborne unit, from.the

edge of the dome to the maximum extent of the accessible environment, ranges
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Table 6.3.1.2-1.
(Continued)

Guideline DOE Finding

(c) Potentially Adverse Conditions

(1) Ground-water conditions in the
host rock that could affect the
solubility or the chemical
reactivity of the engineered
barrier system to the extent that
expected repository performance
could be cmprcmised.

(2) Geochemical processes or con-
ditions that could reduce the
sorption of radionuclides or
degrade the rock strength.

(3) Pre-waste-emplacement ground--
water conditions in the host rock
that are-chemically oxidizing.

Potentially adverse condition
not expected.

* In contact with limited and'
unlimited quantities of
brine, waste package lifetime
is 300 to 6,000 years and
greater than 10,000 years,
respectively.

Potentially adverse condition
not.found.

* Host salt has minimal
sorption capacity

* Surrounding sediments
provide sorptive capability.

* Gamma irradiation and brine
effects on rock strength will
be limited to the disturbed
zone

Potential-y adverse condition
not expected.

* Minor methane in fluid
inclusions within domes
indicates a chemically
oxidizinjenvironment.
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incision would have had little effect on the surface hydrologic system

(Section 3.2.2.2).

6.3.1.4.4 Analysis of Potentially Adverse Conditions.

(1) Evidence that the water table could rise sufficiently over the

next 10,000 years to saturate the underground facility in a

previously unsaturated host rock.

This conaition is not found because repository empiacement il nr be

within the saturated zone.

(2) Evidence that climatic changes over the next 10,000 years could

cause perturbations in the hydraulic gradient, the hydraulic

conductivity, the effective porosity, or the.ground-water flux

through the host rock and the surrounding geohydrologic units,

sufficient to significantly increase the transport of radionuclides

to the accessible environment.

This condition is not found. The results of climatic changes at Cypress

Creek Dome that could potentially affect the ground-water system are perturba-

tions in recharge and the regional hydraulic gradient. However, the magnitude

of these perturbations is such that the effects on radionuclide transport are

insignificant. The paleoclimatic record, discussed in Section 3.2.2.3,

suggests that slight increases in ground-water recharce will occur during

periods of both global warmth and glacial periods. Such changes will be

insufficient to significantly ncrease the ground-water flux (Section

6.3.1.1).

The regional hydraulic gradients may be increased in the near-surface

aquifer by a decline in sea level during a period of global cooling. The

total effect of such a change is not expected to be large because the maximum,

reasonably anticipated decline in sea level is only 130 meters. Analysis

presented in Section 6.4.2.4 indicates that gradient changes in the near

surface aquifer would be small. Such changes are expected to have little or
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X Erosional processes (Sections 3.2.2.2)

Q Uplift and subsidence (Section 3.2.5.4)

Assumptions and Data Uncertainty. Modern rates of uplift have been

calculated by Holdahl and Morrison (1974, p. 381), based on geodetic observa-

tions made over 70 years. These observations indicate an uplift rate of 2 to

4 millimeters per year (0.1 to 0.2 inch per year) in the Cypress Creek Dome

area (Holdahl and Morrison, 1974, p. 381). Because the rate of uplift can

have a direct effect on the rate of erosion, these geodetically measured rates

represent an uncertainty in this evaluazicn.

This uncertainty is partially accounted for by the available geologic

evidence which indicates a much lower average rate of uplift through tne

Quaternary Period (Section 3.2.5.4). The geologic setting has not changed

significantly since the onset of the current regime which is marked by the end

of the deposition of the Citronelle Formation (the beginning of the Quater-

nary) (Section 3.2.1). Therefore, the geodetically measured rates are high

compared to the Quaternary uplift rate (Section 3.2.5.4). The cause of the-

high rates is unclear and will be studied during site characterization

(Section 3.2.5.4).

Analysis. ..;iyses needed to evaluate wnether te site meets this

guideline include projecting Quaternary erosion rates and patterns over the

period of repository performance and calculating the overburden remaining

after the erosional processes have acted cn the site. The result of these

analyses indicate that the rate of entrenchment estimated to be 7 centimeters

per 1,000 years (3 inches per 1000 years), added to a regional denudation

rate of 3 to 5 centimeters per 1,000 years (1 to 2 inches per 1,000 years)

would result in net erosion of 0.1 meter (0.3 foot) over the dome over a -

period of 10.000 years. This estimate assumes stream entrenchment irectly -

over the dome is concurrent with regional denudation. This is conservative

because these processes may not be additive.

Results of these analyses are presented in Table 6.3-5.
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Table 6.3-6. Favorable and Potentially Adverse Conditions
for Dissolution Guideline 10 CFR 960.4-2-6

Guideline DOE Finding

(a) Qualifyinc Condition

The site shall be located such that
any subsurface rock dissolution will
not be likely to lead to radionuclide
releases greater than those allowable
inder he requiremens- specified in
Section 960.4-1.

In projecting the likelihood of disso-
lution within the geologic setting at a
site, the DOE will consider the evidence
of dissolution lution within that setting
during the Quaternary Period, including
the locations and characteristics of
dissolution fronts or other dissolution
features, if identified.

Qualifying condition is found.

a Dissolution of the salt
dome has occurred during
the Quaternary as evidenced
by the presence of a cap-
rock and a topographic
depression over the dome.

o Dissolution is occurring at
a slow rate (0.7 to 12 cen-
timeters (0;3 to 4.8 inches.
per 1,000 years) which

.which would account for
0.07 to 1.2 meters (2.8
inches to 4 feet) of salt
in 10,000 years. Relative
to the 240-meter 800-foot
perimeter pillar planned
for the repository, this
amount of dissolution is
not considered significant.

* These dissolution rates
would not lead to radio-
nuclide release greater
-than.those allowable under
the requirements specified
in Section 960.4-1.

(b) Favorable Condition

No evidence that the host rock within
the site was subject to significant
dissolution during the Quaternary
Period.

Favorable condition is 2 _c-
anticipated.

* Dissolution that has oc-
curred during the Quater-
nary Period is estimated to
have ranged from 11-to 192
meters (36 to 634 feet). 

* The geologic and hydrologic
setting over and near the
dome has not been notably
disrupted by Quaternary
dissolution.

t
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Table 6.3-9. Total Depth, Thickness of Salt Penetrated, and
Hydrocarbon Poduction for Driliholes at
Cypress Creek Dome

Thickness of
Total DeDth Salt Penetrated Hydrocarbon

Well Name(a) Meters Feet Meters Feet Production

Shell Oil 689 2,262 265 870 None
41 JS.A

Shell Oil 4,912 16,116 846 2,775 13,563 BBL Oil
#1 USA 8-11 7,014 MCF Gas

Shell Oil 4,267 14,000 764 2,508 Brine Disposal
41 USA 8-6 Well

Shell Oil 4,968 16,300 617 * 2,026 None
#1 USA 10-5

Shell Oil 4,029 16,500 2,167 7,110 3,299 BBL 011
#1 USA 7-6 2,165 MCF Gas

Shell Oil 4,236 13,900 2,236 7,335 i3,162 BL Oil
#1 USA 8-14 7,004 MCF Gal

DOE/USA 576 1,889 159 523 None
MCCG-1

(a) Locations of wells are shown on Figure 3.2-12.

NOTE: BL = Barrels
MCF = Thousand Cubic Feet

Source: Simcox & Wampler, ONWI-280, p. 32, Mississippi Oil & Gas Production
Annual.Report, 1982, p..28, 29.
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6.3.3.4.4 Analysis of Potentially Adverse Condition.

(1) Evidence of active faulting within the geologic setting.

This potentially adverse condition is not found. There is no evidence-of

Quaternary-age faults in the geologic setting.

(2) Historical earthquakes or past man-induced seismicity that if

either were to recur, could produce ground motion at the site

in excess of reasonable design limits.

The potentially adverse condition is not found. Historical earthquake

shaking at the site has not exceeded MMI VI. Many facilities and structures

(including nuclear facilities) are designed to accommodate this and greater

levels of shaking. This intensity of seismic shaking is well below the level

that could cause significant damage to underground-structures. A study of

earthquake damage to underground structures that evaluated 107 cases in eight

countries determined that significant damage occurred only at surface accel-

erations greater than 0.5 g. Only minor damage was observed in some cases at

surface accelerations of 0.2 g to 0.5 g (McClure, 1981, pp. 79-80). The

anticipated surface accelerations of 0.14 g, therefore, are not expected to

affect subsurface operations and waste containment and isolation.

(3) Evidence, based on correlations of earthquakes with tectonic

processes and features (e.g., faults) within the geologic set-

ting, that the magnitude of earthquakes at the site during re-

pository construction, operation, and closure may be larger

than predicted from historical seismicity.

This potentially adverse condition is not found. Within the site geo-

logic setting historical earthquakes have not, with certainty, been correlated

with faults. The nearest possible correlation of seismicity and tectonic ele-

ments is in the general spatial correspondence of earthquakes in Clark County,

Mississippi, and at Melvin, Alabama, with Pickens-Gilbertown Fault System.

However, the importance is speculative because of (1) the possible influence
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of hydrocarbon production and (2) inexact epicentral locations. No earth- -

quakes have caused surface fault rupture.

6.3.3.4.5 Conclusion. The qualifying condition is found for Cypress

Creek Dome. Active tectonic processes will not lead to disruption of the -

repository function. This finding is based on the absence of Quaternary fault

displacements and volcanism and the infrequent nature and low magnitude of

historical seismicity. No tectonic processes are anticipated that would lead

to unallowable preclosure releases of radionuclides.

6.3.4 Preclosure Svstem Guideline 960.5-i(fa(31

This preclosure system guideline regarding "Ease and Cost f Ccnstruc-

tion, Operation, and Closure" involves the evaluation of the demonstrated

technical feasibility and reasonable costs associated with the cnstructicn,

operation, and closure of a nuclear waste repository relative to other siting

options. Conditions within the site geologic setting must be such that the

technical aspects of repository construction, operation, and closure can De

achieved with reasonably available technology. Further, the cost implications

of potentially adverse conditions of the site relative to other comparable

siting options is a factor to be considered in the evaluation process.

6.3.4.1- Guideline Requirements

Preclosure System Guideline 960.5-1(a)(3) defines these specific require-

ments for preclcstur: as follows:

"The technical aspects of repository construction, operation, and

closure shall be demonstrated to be feasible on the basis of reason-

ably available technology, and the associated costs shall be demon-

strated to be reasonable relative to other available and comparable

siting options."

The system guideline elements identified as pertinent to the evaluation

of this preclosure system guideline are:
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strength after a few days. These data indicate that once room surfaces

contact the backfill material, temperature and pressure will act to reduce the

porosity and permeability of the in situ salt rather than generate or

propagate cracks.

Based on the limited testing of fracture healing mentioned above, it can

be reasonably concluded that any fractures or joints in the salt adjacent to a

bulkhead placed in an opening in salt should be significantly healed, if not

totally healed, within a period of tens of years following bulkhead

construction.

In summary, the thermal-mechanical effects on the hydrologic properties

of the rock in the vicinity of the repository openings tend to reduce with

time, the potential for flow through any disturbed zone.

Thermal-Hydrologic Effects. A main factor that can affect the extent of

the disturbed zone is the distance over which the heat generated by the waste

affects the mvement of ground water from the repository through salt. There

are two distinct phenomena discussed under this topic: the effect of heat on

ground-water flow through changes in viscosity and density, and the potential

for brine inclusion migration due to a thermal gradient.

Preliminary calculations using finite element modeling have been

accomplished to quantify the effect of heat on ground-water flow through salt.

In these preliminary calculations the Palo Duro Basin was selected as an

example potential repository site.. Since domal salt tends to be purer and

have even lower bulk permeability than bedded salt, and since the horizontal

hydraulic gradient of Interest n the case of domes is less than the vertical

hydrologic gradients of interest for bedded sites, the results for the Palo

Ouro Basin should predict higher water velocities through the salt than would

be expected for Cypress Creek Domes.

It was assumed that a porous media (Darcy) flow model could be used to

appropriately evaluate the rate of ground-water movement through salt. Under

these assumptions, the pre-waste-emplacement interstitial ground-water
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Section 6.4.2.1.1). Furthermore, 10 CFR 60.2 (1983) states that a scenario

will be credible to warrant consideration only if it is assumed that "relevant

records are preserved, and remain accessible, for several hundred years after

permanent closure". Clearly, a pressure release scenario involving steam

generation does not warrant consideration because knowledge of the repository

and its related restraints and restrictions will likely prevent a borehole

intrusion until such a time that temperatures are no longer capable of

generating steam.

Third, the waste package will last at least 300 years and will probably

last for more than 10,000 years (see Section 6.4.2.1.3); thus, any brine

accumulated before that time will not contain radionuclides. In addition, the

solid waste form will restrict release somewhat even if the waste package

fails. Finally, any intrusion after 100 years will likely nave no brine to

contact, as all accumulated brine will likely haye been consumed in reaction

with the metal waste package overpack (see Section 6.4.2.1.3).

Fourth, the dispersed layout of the waste packages should prevent inter-

connection between small pockets of brine. Also, the low permeability of the

consolidated crushed salt should impede the flow of any flow into an open

borehole.

In summary, the following variation of the single borehole scenario is

not considered credible: quick intrusion of water into the repository,

followed by pressurization due to creep closure of crushed salt backfill

followed by penetration by a borehole, and leading to a pressurized release

through a borehole.

Multiple Borehole Penetrations. Even though a pressurized release from a

borehole is not considered credible, borehole scenarios require analysis,

because they are considered to be the most probable type of inadvertent human

intrusion. The following discussion pertains to the third case, a number of

boreholes penetrating the repository horizon. The EPA, in recognizing the

uncertainty involved with these analyses has provided limiting assumptions in

draft form (EPA, 1984). "Appendix B -Assumptions Regarding Inadvertent Human
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4.1.1.1.9 Dome Area Stratigraphic Boreholes. A set of boreholes will be

drilled to evaluate the overdome stratigraphy and structures and to examine

the caprock-salt interface. An initial set of four borings are proposed at

the approximate locations shown in Figure 4.1.1-7. The completion depth of

each hole will depend on its location over the dome, but is expected to range

from 150 to 400 meters (495 to 1,310 feet). Each hole will be cored and a

complete'suite of geophysical logs will be run. Hydrolic tests are described

in Section 4.1.1.1 and may be performed in selected holes. The proposed site

preparation, drilling, testing, and reclamation phases of this activity will

be as outlined in Section 4.1.1.

4.1.1.1.10 Subsurface Saline Anomalies. This activity will investigate

the origin of suspected subsurface saline anomalies.- These ground-water

saline anomalies in Upper Miocene deposits north-northeast and south-southeast

of Cypress Creek Dome were identified from literature studies and analyses of

water samples collected'from domestic wells and drill sites MCCG-2 and MCCH-3

(see Section 3.2.5.7). The origin and extent of the anomalies will be inves-

tigated in this activity. This investigation includes periodic ground-water

sampling for chemical analyses, water-level monitoring of existing and pro-

posed new wells to be dedicated to this purpose.

4.1.1.1.11 Recional Seismicitv. A seismic network will be installed to

monitor any microearthquake activity in the vicinity of Cypress Creek ome and

in the broader region around the dome. The network will have approximately 25

seismograph stations. Data from the network will be analyzed to determine the

locations and characteristics of any microearthquakes obser!ed. The micro-

earthquakes will be evaluated to assess their possible relations to faults and

to help characterize the current tectonic environment around the dome.

Each seismograph station will consist of a small (1 square meter

(10 square feet!) concrete pad supporting a shelter for battery-powered elec-

tronic instruments, a seismometer placed in the ground, and an antenna 6 to

9 meters (20 to 30 feet) high for a low-powered directional radio transmitter.-,

The seismometer will be-either buried 0.3 or 0.6 meter (1 or 2 feet) in the

soil or placed at the bttom of a small-diameter borehole approximately

30 meters (100 feet) deep.
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overflow area will be provided to accommodate a storm event with a recurrence

interval of 500 years. The retention pond and storage area will be lined to

prevent seepage.

Water in the overflow area will be disposed of by underground injection,

or will be discharged off site in compliance with applicable regulations.

Temporary sediment detention basins will be situated around the perimeter

of the site at low points in the topography. Rainfall runoff from areas of

Mhe site, :'ter than the mined material srage areas that drain into he

retention pond, will gravity drain to these basins to reduce soil loss.

During retention, sediments that may have eroded from the site will settle

cut. The basins will be sized to provide a one-hour retention for a

13-centimeter (5-inch) rainfall in a 24-hour period to reduce soil loss.

An overflow containment area will be provided to contain a storm of a

25-year, 24-hour recurrence.

Table 4-6 presents a listing of the equipment required. Table 4-7

presents the resources consumed for the site preparation stage. The average

daily traffic would increase (from preproject levels) by approximately 90 cars

per day. Truck traffic would increase by 20 trucks per month. The estimated

vehicular traffic during the ESF construction and testing period is given in

Table 4-8.

4.1.2.2.2 Shaft Drilling. The initial activity will be construction of

a concrete pad for the auger and drill rig. Concurrently, shaft collar sec-

tions would be assembled at the casing laydown area. The shaft will be col-

lared by augering a hole approximately 6.7 meters (22 feet) in diameter to an

approximate depth of 30 meters (100 feet) for assembly of downhole tools. The

large-hole-drilling method of shaft construction dictates a circular cross-

sectional shape. A circular shape is also preferred because it will be the

most stable configuration for an underground opening. To provide wall support

until a conductor casing is installed, about 1,270,000 liters (8,000 barrels)

of drilling mud will be used during augering. The mud used in the auger

drilling will be left for further use or eventual disposal. Depending on the
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Table 4-8. Estimated Vehicular Traffic During ESF Construction
and Testing - Cypress Creek Dome

Daily One-Way Monthly One-Way
Phase Automobile Trips Truck Trips

Site preparation 90 20
Shaft drilling 190 490
Shaft outfitting 190 60
Initial underground excavation 170 10
Expanded underground excavation 170 i0
Site suitability testing 170 10
At-depth testing 100 10
Final disposition 60 150

site-specific subsurface conditions, this initial hole also culd be excavated

using a clamshell in this case, no mud would be required.

Figure 4-12 depicts a typical drilling operation. A drill rig will

be set up on a concrete pad. The rig is used to assemble the 5.64-meter

(18.5-foot) diameter bit and the remaining bottom hole assembly (BHA), which

contains the cutter heads. The swivel, mud hose, and mud line will be con-

nected to the drill string. Power for the drilling generator will be provided

by its own generator. The air compressors and piping will be set up to inject

air into the drill string. Four primary air compressors and two boosters will

be set up adjacent to the drill rig and connected to it by piping. These will

be powered by their own diesel engines.

The drilling mud is used to remove drill cuttings from the hole, provide

some cooling of the bit, stabilize the hole during drilling, and control fluid

losses. The mud mixing equipment will be set up and the 0.9-meter (36-inch)

mud circulation pipe will run approximately 1.8 meters (6 feet) deep from the

mud pit to the hole. The mud left in the hole from augering may require

treatment for continued use or be disposed of. The type of mud used for

drilling to a depth of approximately 450 meters (1.470 feet) (above the salt)
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VACHERIE DOME SITE. WEBSTER & BIENVILLE PARISHES, LOUISIANA

CHAPTER 3

Surface geologic mapping, and the geophysical data have provided information

regarding a shape and structure for both the dome and the mantling sediments. A

considerable number of wells have been drilled on the flanks of the dome and in

the surrounding area which give good stratigraphic control. There also is

considerable amount of faulting associated with the rising of the salt of the

dome. This is described in relatively good detail. There is a moderate amount

of historical seismic data and both observational data and some instrumental

data, and is presented for the site and the region surrounding the site. The

chapter describes very well the igneous activity in the near vicinity [closest

being 50 mtiles away in the Monroe uplift] and the history of uplift and

subsequent subsidence is described briefly but adequately and the data from the

geological and geophysical work on folding is presented. There is a fairly good

discussion of salt dissolution in the chapter, and a fair amount of data on salt

dissolution. There is data presented in tabular and descriptive form within the

text for the chemical analysis of groundwater and numerous water wells in the

area. Rock characteristics including geomechanical properties are covered in

the chapter and are presented in tabular form, the physical properties of both

the overburden of the surrounding strata and salt the geomechanical properties

are presented in tabular form and relatively extensive data is provided.

There is a brief discussion of thermal properties and natural radiation and a

more extensive discussion of geochemistry. There is a fair amount of data on

this as there is an active federal and state geohydrologic program in this area

of Louisiana. There is a very brief discussion of geochemistry of the cap rock

and salt body, a description of the mineral resources including the non-metallic

mineral resources and the fairly extensive hydrocarbon resources that surround

the Vacherie Dome area.
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There is a fairly good discussion of the present hydrologic conditions in the

Vacherie Dome area and this report adequately covers the surface water and the

groundwater flow systems, and the chemistry of groundwater. There is a large

amount of data that is available, and the author has presented these data in

descriptive form within the text and in numerous tables and maps. There is

discussion of ground water hydrology in which the author talks about and

outlines the various aquifers and water bearing strata in the area and the

physical properties in this water bearing strata and the current and potential

uses of this water bearing strata. There is a fair amount of data presented on

groundwater and groundwater potential in the area of the dome and the

groundwater flow in and around the Vacherie Dome area. They review the

discussion of a computer based hydrologic model for the area which simulates the

groundwater flow in the dome area. There is a considerable amount of

information known and presented in this report.

Were the reviewer to recommend anything additional it would be of considerable

interest to have a little bit more explanation of the geological and geophysical

data that were used and techniques used in the modeling of the salt dome, which

was done by a combination of seismic, drillhole, gravity and geological control

data from wells.

CHAPTER 6

The particular part of Chapter 6 that we have focused on is the suitability of

the Vacherie Dome site for site characterization. In this chapter the author

has covered the geohydrologic setting and the groundwater travel times which

have been calculated for the host rock, that is, the salt within the dome. The

author has done extensive, well documented analysis of the favorable and

unfavorable conditions in the site. The author is very open in describing data

uncertainties, and assumptions made during the analysis of the data.

This chapter reviews the rock characteristics in the area; including both the

caprock and the salt stock within the dome. These data are in descriptive form

and tabular form; well covered and well discussed. The question of concern is

over the hydrocarbon potential in the area, and the fact that there may be some

economic hydrocarbon resources in the area.
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Chapter 6 adequately covers the suitability of the site against the DOE

guidelines; it is extensively documented, explained and referenced to other

chapters within this report.

CHAPTER 5

In this section the author discussed the potential effects of the repository

development on geologic conditions and on the hydrologic conditions and on other

systems and conditions within the area. Part of the chapter discusses the

effects on the thermal expansion of the salt after placing the heat producing

radioactive waste into the repository, calculates this expansion, and also

discusses the salt dissolution within the host rock. The primary impact noted

would be economic because it would require exclusion in the repository site area-

as a potential mineral or hydrocarbon resource. However, the author points out

that this particular site, relative to the surrounding areas, has a very low

resource potential for minerals and hydrocarbon. It discusses the impact of the

surface and groundwater resources from the development of this repository and

that the repository could have some impact on surface and groundwater quality.

CHAPTER 4

This chapter does a fairly good job of discussing a geotechnical

characterization program proposed for the area. It is located in .the middle of

a very active hydrocarbon area; therefore this review again suggests that some

of the geological and geophysical data that is now contained in proprietary

files in the petroleum exploration companies who have been active in the area,

may be made available to the DOE for the specific site; it would provide a more

extensive data base.
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RICHTON DOME. PERRY COUNTY, MISSISSIPPI

OVERVIEW

The geologic setting of the Richton Dome appears to be fairly well understood.

although there are important features requiring further analysis. Internal

structure of the dome is not well known and this results in several items of

concern. Faults in the area, F-9 and F-7 faults, require further analysis and

should be evaluated during characterization activities. In addition,

potentially young faults are identified and their ages should be verified. The

DOE has also identified the evaluation of apparently anomalous rates of uplift,

determined geodetically, as a characterization task. The source of saline

anomalies near the site is also targeted for characterization activities.

Internal structure, flow characteristics through the dome, in situ stress, and

response to thermal expansion are all topics which require further assessment.

CHAPTER 3

The regional and site geological/geophysical studies to date have resulted in an

understanding of the geologic setting of the Richton Dome, but the studies have

also discovered features and indicated topics which need further evaluation.

Potentially young faults have been mapped over the dome. Extent, mechanism and

age of latest movement need to be determined for these faults. Additional

faults within the site area, F-9 and F-7 faults, should be confirmed and

attributes determined. The Philips fault is postulated near the site area with

uncertain extent, this fault should be addressed during the regional site

characterization studies. In situ stress data are necessary to evaluate how the

dome will respond to excavation and thermal expansion, particularly how the

physical changes in the dome may be affected by the presence of faulting.

The hydrogeologic setting is known only in a regional sense; the monitoring

during site characterization is necessary to determine actual flow

characteristics in and around the dome. Saline anomalies are present and
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require complete evaluation. Because flow from the aquifer adjacent to the

repository horizon does leak upward, the anomalies in the upper freshwater

aquifer may be due to leakage from the aquifer adjacent to the repository

horizon.

CHAPTER 6

Because the state of knowledge about actual conditions in the dome is

incomplete, most of the conclusions regarding integrity and environmental

effects are more appropriately stated with expected results. Flow to the

accessible environment, for example, is dependent upon only theoretical

considerations. If actual flow is drastically different then many of the

subsequent conclusions are in doubt. The same holds true for environmental

effect on groundwater and effects on geology. Until the level of knowledge is

raised, most conclusions can only be based on extrapolated data.

CHAPTER 

As noted for Chapter 6, there are uncertainties regarding fluid flow and the

effects of siting a repository at Richton Dome. In addition, there may be some

effect on the upper freshwater aquifer. Richton Dome has affected geomorphology

over the dome as evidenced by the radial drainage pattern, and leakage of brine

into the upper aquifer is documented. Differential thermal expansion of the

dome may affect surface topography and surface hydrology as well as opening

fractures in the aquitard beneath the upper freshwater aquifer allowing greater

brine contamination. Therefore, even if the derived rates of flow to the

accessible environment are proven, which they may be, and no radio nuclides

reach the accessible environment, brine contamination of the regional freshwater

source may result.

CHAPTER 4

Site characterization activities planned for the Richton Dome appear to be

suitably extensive to address many of the open-ended issues. Although a

detailed plan is not included, presumably the regional seismic coverage will be

designed to evaluate the F-9, F-7, and Philips faults. It might be appropriate
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to acquire some the the gravity data in the site area along the 3-D seismic

grid. This grid will be surveyed and cleared anyway and acquiring the gravity

data over the same lines as the seismic will enable a closer correlation between

techniques and assure a higher confidence level in the results. In addition.

in-hole seismic data VSP, crosshole, downhole/uphole] could be acquired in the

EDBH to provide greater detail on internal structure and engineering properties

of the dome.

UMBRELLA SITE TECHNICAL PLAN - [STP1 - SALT SITES ro6/26/841

Although not site specific, the USTP does address, generally, the areas of

concern at Richton Dome. Most of the itemized concerns in the USTP are

addressed in the draft EA or included in the comments above.
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CYPRESS CREEK DOME. PERRY COUNTY, MISSISSIPPI

OVERVIEW

The structural setting and character of the cypress Creek Dome appear to be

fairly well understood. There are, however, several aspects of the site which

warrant further analysis. Postulated faulting near the site, F-9 and F-7

faults, will persumably be addressed during the regional programs for site

characterization. The DOE has identified the evaluation of apparently the

anomalous rates of uplift, determined geodetically. as an appropriate task; as

well as the need to determine the source of saline anomalies near the site.

Internal structure, flow characteristics through the dome, in situ stress and

response to thermal expansion are all topics which require further assessment.

CHAPTER 3

The regional and site geological/geophysical strudies to date have resulted in

an understanding of the geologic setting of the Cypress Creek Dome, but the

studies have also discussed features and indicated topics which need further

evaluation. Faults within the site area, F-9 and F-7 faults, should be

confirmed and attributes determined. The Philips fault is postulated near the

site area with uncertain extent, this fault should be addressed during the

regional site characterization studies. In situ stress data are necessary to

evaluate how the dome will respond the excavation and thermal expansion,

particularly how the physical changes in the dome may be affected by the

presence of faulting.

The hydrogeologic setting is known only in a regional sense; the monitoring

during site characterization is necessary to determine actual flow

characteristics in and around the dome. Saline anomalies are present and

require complete evaluation. Because flow from the aquifer adjacent to the

repository horizon does leak upward, the anomalies in the upper freshwater

aquifer may be due to leakage from the aquifer adjacent to the repository

horizon.
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CHAPTER 6

Because the state of knowledge about actual conditions in the dome is

incomplete, most of the conclusions regarding integrity and environmental

effects are more appropriately stated with expected results. Flow to the

accessible environment, for example, is dependent upon only theoretical

considerations. If actual flow is drastically different then many of the

subsequent conclusions are in doubt. The same holds true for environmental

effect on groundwater and effects on geology. Until the level of knowledge is

raised, most conclusions can only be based on extrapolated data.

CHAPTER 5

As noted for Chapter 6 there are uncertainties regarding fluid flow and the

effects of siting a repository at Cypress Creek Dome. In addition, there may be

some effect on the upper freshwater aquifer. Differential thermal expansion of

the dome may affect fractures in the aquitard beneath the upper freshwater

aquifer allowing greater brine contamination. Therefore, even if the derived

rates of flow to the accessible environment are proven, which they may be, and

no radius nuclides reach the accessible environment, brine contamination of the

regional freshwater source may result.

CHAPTER 4

Site characterization activities planned for the Cypress Creek Dome appear to be

suitably extensive to address many of the open-ended issues. Although a

detailed plan is not included, presumably the regional seismic coverage will be

designed to evaluate the F-9, F-7, and Philips faults. It might be appropriate

to acquire some the the gravity data in the site area along the 3-D seismic

grid. This grid will be surveyed and cleared anyway and acquiring the gravity

data over the same lines as the seismic will enable a closer correlation between

techniques and assure a higher confidence level in the results. In addition,

in-hole seismic data VSP, crosshole, downhole/uphole] could be acquired in the

EDBH to provide greater detail on internal structure and engineering properties

of the dome.

0809R TSK 003 *7E WESTON GEOPHYSICAL



UMBRELLA SITE TECHNICAL POSITION - STPI - SALT SITE [6/26/841

Although not site specific, the Umbrella Site Technical Position USTP] does

address the areas of concern at the Cypress Creek site. Most of the itemized

concerns are addressed in the draft EA, while the concerns noted above and by

DOE for site characterization are also covered by the salt site USTP.
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DAVIS CANYON AND LAVENDER CANYON, PARADOX BASIN SITE, SAN JUAN COUNTY, UTAH

The two sites in the Paradox Basin are located in adjacent canyons and are only

a matter of 2 to 3 miles apart. In addition, the environmental assessments for

the two sites are essentially identical. Therefore, this review treats the two

sites as basically the same. Where necessary, appropriate distinctions between

the two sites are noted.

OVERVIEW

The regional geologic setting for these two sites is relatively well known.

There is even a seismic reflection line traversing part of the Davis Canyon

site. However, features interpreted from this seismic reflection coverage and.

the limited amount of site specific data available leave many issues open.

Detailed structure, hydrogeology integrity, in situ stress, and response to

excavation and to thermal expansion are all topics which require assessment.

CHAPTER 3

Regional data acquired around the Paradox Basin candidate area present a clear

picture of the regional setting for these sites. The extensive testing and

analyses from the Gibson Dome will provide data near the sites. Yet, there are

issues raised by these data sets and the seismic reflection coverage in the site

areas which may significantly impact the repository horizon. Some of the

important issues include the presence of faults in the lower Paradox Formation,

intrastratal folding which may affect the repository horizon, preliminary nature

of hydrostratigraphic interpretation, and potential hydraulic connection between

the upper and lower hydrostratigraphic units. Because of these questions there

is truly an incomplete picture of the host sites and integrity evaluations are

only extrapolated.

Actual rate of flow within and adjacent to the repository level hydrogeologic

setting, detailed structure, in situ stress, and response to excavation and

thermal expansion, which are interrelated, are not at this time clearly known.

All of these topics significantly affect the integrity of the host rock and

control what the effects of siting a repository will be.
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CHAPTER 6

In most cases, the conclusions stated in response to technical guidelines

regarding environmental, geologic and hydrologic attributes of the site can best

be stated as expected or anticipated. The uncertainty regarding detailed

structure, hydrogeology. and stress, as well as how these may affect or be

affected by a repository preclude unequivocal conclusions.

CHAPTER 5

The effects of locating a repository at this site are still uncertain with

regard to the physical environment. These issues would require the acquisition

of data as described for site characterization to fully respond. Chapter 3.

discusses oil and gas potential for the area as moderate to low, yet this

chapter states that there is not potential.

CHAPTER 4

Site characterization activities appear sufficient to address the many open

issues related to these sites. In hole seismic techniques may be an appropriate

addition for evaluating detailed structure and engineering properties related to

the host horizon.

UMBRELLA SITE TEHCNICAL POSITION - STP1 - DATED 6/26/84

The STP for salt sites does sufficiently address issues necessary for further

evaluating these sites. The itemized concerns are addressed, although possibly

completely, by the EA and preceeding review comments are covered generically by

the STP.
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urn | | Lawrence Livermore National Laboratory

30 August 1984

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

SUBJECT: Transmittal of EA Review on Davis Canyon and Lavender
Canyon, Paradox Baxin sites.

Reference: NRC FIN A0294

Dear Mr. Blackford:

The purpose of this letter is to transmit the subject EA review.

Our review and evaluation of this EA was requested in your communication
dated July 1984. We have successfully accomplished our review on this
EA.

If you have any questions, please let us know.

Sincerely yours,

Dae H. Chung
Leader
NRC Nuclear Waste Management Project

DHC/ldb

Attachment: As stated.

xc: P. S. Justus, WMGT
B. J. Rice, WMGT
J. S. Trapp, WMGT 
K. B. Westbrook, WMGT
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Tnis report is a preliminary review of the preliminary statutory

Environmental Assessments (EA) of the Davis Canyon and Lavendar Canyon Sites,

Paradox Basin, San Juan County, Utah.

Tne 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. Comments on each chapter are divided into those

which are applicable to both sites or EAs and those which are site or EA

specific. All comments references are made with regard to the Davis Canyon

EA, unless an (L) follows the section reference, in which case it refers to

the Lavender Canyon EA. For an example see question 3-3.

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.
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3-1 Section 3.2.1 Regional Data
Page 3-7, paragraph 2, Figure 3-4,
Tncorrect data.

The sentence describes local deformation by monoclinal drape folds

that overlie steeply dipping faults in the basement and refers to Figure 3-4.

Figure 3-4 shows the development of the salt anticline not of the monoclinal

folds. In addition the positions of both sites relative to the correct

structures should be shown and discussed in the adjacent text. Also, the

subject figure is nearly illegible and is of such a small scale as to be

unusable. A legible and adequately sized drawing is needed along with

explanatory text. This information is required in order that the position of

the potential repository site with respect to regional structures (including

structures at depth) may be envisioned so that sufficient information will be

presented to allow the reader to determine how the conclusions were reached.

3-2 Section 3.2.3.3 Thickness, Lateral Extent, and Character of the host rock,
Page 3-35, paragraph 4.
Conflicting information provided.

Text indicates the carnallite zone extends from 975 meters (3200 feet)

to 995 meters (3265 feet). On figure 3-17 the interval from 3130 feet to 3270 °

feet is described as a zone containing dissolution features indicative of

'highly solubility grains (potash)". There would appear to be a discrepancy

between the text and the figure.

3-3 Section 3.2.3.1 (L)* Regional Stratigraphic History of the Paradox Basin
Page 3-27, paragraph 2
Not enough information.

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.

*Indicate Lavender Canyon EA.
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3-4 3.2.3.2 (L) Site - Specific Stratigraphy
Page 3-29-30 (Figure 3-10, no paragrapn no.)
Category c.*

Figure 3-10 is a generalized geologic map for the Lavender Canyon site

and vicinity. Lettering on the figure is very small and no terrain features , 

are included so the relationships of the various formations shown to the

topography cannot be envisioned. A suitably scaled, detailed and legible

geology map is needed so that the reader can independently review the data and

determine how the conclusions in the EA were reached.

3-5 Section 3.2.3.2 (L) Site-Specific Stratigraphy
Page 3-31-32 (Figure 3-11, no paragraph no.)
Category c.

The comment made for Figure 3-10 above applies to Figure 3-11.

3-6 Section 3.2.3.2 (L) Site-Specific Stratigraphy
Pages -36 and 3-37 (subparagraphs 3.2.3.2.9 through 3.2.3.2.13)
Category c.

Approximate thickness beneath the Lavender Canyon site are given for C0

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. Also see 3-32.

3-7 Section 3.2.3.2 (L) Site-Specific Stratigraphy
Pages 3-39 and 3.40 (Figures 3-14, no paragraph no.)
Category c.

The comment made for Figure 3-10 above applies to Figure 3-14. F D

3-8 Section 3.2.3.2 (L) Site-Specific Stratigraphy
Pages 3-41 and 3-42 (Figure 3-15, no paragraph no.)
Category c.

Tne comment made for Figure 3-10 above applies to Figure 3-15. 3

*Refers to categories listed on page of letter from Blackford to Chung,

July 1984.
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* 3-9 Section 3.2.3.2 (L) Site-Specific Stratigraphy
Pages 3-43 and 3-44 (Figure 3-16, no paragraph no.)
Category c.

The comment made for Figure 3-10 above applies to Figure 3-16.

3-10 Section 3.2.5.1 Faulting
Page 3-44, paragraph 4
Not enougn information provided.

D'

This and following paragraphs contain descriptive material about the

Shay raben. However, microseismicity potentially associated with the Graben

(UNWI 491, Fig. 2-17) was not mentioned nor were four more recent earthquakes fA
east of those described in NWI 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 Z /_

structure near both the Davis Canyon and the Lavender Canyon sites. Its /V/
origin and current relationship to regional tectonics needs to be known in

order to access its affects on both Geologic Repository Operation Areas (GROA).

3-11 Section 3.2.5.1 Faulting
Page 3-42, paragraph 2
Data allows a different interpretation.

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) evaporate

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.

�-
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Evaluation of settings leading to significant dissolution and collapse is

crucial to determination of any potential disruption to the repository.

. Understanding of te 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.

3-12 Section 3.2.5.1 Faulting
Page 3-44, paragraph 5
Data allows a different interpretation

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 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 4
mechanisms. This latter possibility considers the likelihood that faulting A |

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.

3-13 Section 3.2.5.1 Faulting
Page 3-44, paragraph 6
Insufficient information is presented

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 th_

latter having right-laterQ1. IH 0 11 5 ne case, it should be stated and not

_~~~~
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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 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.

3-14 Section 3.2.5.1 Faulting
Page -44, paragraph 6
Interpretation disagrees with other information. Ad l

A Laramioe age is implied for the graben systems and should be

stated. Late Cenozoic movement is also described (Sec. 3.2.5.1 paragraph 8),

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, previous comment.

3-15 Section 3.2.5.1 Faulting
Page 3-44, paragraph 7
Insufficient information is presented.

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.

_ -r, F. .
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3-16 Section 3.2.5.1 Faulting
Page 3-41 to 3-47
Insufficient information presented.

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 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

tne Imperial fault must still be assessed in terms of potential for seismic

activity and adverse effects at the site.

3-17 Section 3.2.5.1 Faulting
Page 3-46, paragraph 9
Data allows a different interpretation.

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.

3-18 Section 3.2.5.1 Faulting
Page 3-46, aragraph 10
Interpretation disagrees with other published literature.

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 and an /

average width of the lineament zone is given as 160 im in this paragraph.

Brill and Nuttli (1983) indicate the possibility of seismic activity within

-__
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this zone where stress conditions are favorable. Ascribing seismicity to this

feature suggests tnat favorable stress conditions exists. Features within this

zone and parallel to it include the Lockhart fault and a mapped subsurface 1 XA t/O
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.

3-19 Section 3.2..5.1 Faulting
Pages 3-41 to 3-47
Insufficient information is presented.

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 witnin the Colorado Plateau and could have

implications of other, similarly oriented systems (i.e. the Paradox Fola and

Fault belt), it requires evaluation. Cater (1970) and Kirkham ana 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.

3-2O Section 3.2.5.1 (L) Faulting
Page 3-53, paragraph 1
Categories a and c.

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 3-20 extends

beyond the areas of thinning of salt cycles 6 and 9 shown in Figures 3-15 and
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3-16 respectively. 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.

3-21 Section 3.2.7.2 Hydrochemistry
Page 3-64, paragraph 2
Alternate interpretation of data.

This paragraph offers an interpretation of the trend in the chemistry

of the groundwater in the upper hydrostratigraphic unit. however the final

sentence indicates there are alternate interpretations discussed in McCulley

et al. (1984). 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.

3-22 Section 3.2.5.2 (L) Seismicity
Page 3-64, paragraph 3
Category c.

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.
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3-23. Section 3.2.5.2 (L) Seismicity
Page 3-64, paragraph 3
Category c.

Data concerning magnitudes and sense of motion for earthquakes

detected in the Shay Graben area and in the areas south and southwest of the

Lavender Canyon site need to be presented so that the reader can determine how

the conclusions presented in the EA were reached.

3-24 Section 3.2.5.2 (L) Seismicity
Page 3-65 (Figure 3-24, no paragraph no.)
Category c.

Known areal faults such as the Lisbon Valley fault and faults in the

Shay Graben and related structures south and southwest of the Lavender Canyon

site need to be added to Figure 3-24. 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. The same statement is made with regards to Figure

3-22 of Davis Canyon EA.

10 &K

3-25 Section 3.2.5.3 (L) Igneous Activity
Page 3-66, paragraph 1
Category c.

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 / A"
so that the reader can determine how this conclusion was reached.

3-26 Section 3.2.5.4 (L) Uplift, Subsidence and Folding
Page 3-69
Category b.

In view of the general aridity of the Paradox Basin during the

Holocene, the lack of significant stream incision does not constitute l
definitive data in support of the conclusion that limited vertical crustal

movement has occurred during this time.

--
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3-27 Section 3.2.5.6 (L) issolution
Page 3-71, paragraph 2
Categories a and c.

Data suggesting that the Shay Graben is a possible dissolution feature

is not presented in the EA. Seismic activity shown in Figure 3-24 and evident

offsets of the Leadville limestone, a formation present beneath the Paradox

salt sequence, along the boundary faults of the Shay Graben (Figure 3-33)

supports the belief that the Shay Graben is of tectonic origin. Thus this

paragraph disagrees with other published informati 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 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?

It is presumed that the reference to the Davis Canyon site in this

paragraph is in error.

3-28 Section 3.2.8.2.2 Potash
Page 3-77, paragraph 2
Data allows a different interpretation.

Although Figure 3-25 is poorly reproduced it appears that the boundary

for both the potentially economic potash deposits and the zero potash deposit li S

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.

3-29 Section 3.2.7.2 (L) Hydrochemistry
Page 3-92, paragraph 3
Category c.

This paragraph is ambiguous as to whether the observed chemical

separation in water quality is distributed vertically or laterally. If lateral

separation is indicated, structural controls may be present. Not enough

information is presented to allow the reader to determine how the conclusions

were reached or their significance.

.- .~ - - -~ L4& *~I 
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3-30 Section 3.2.9 (L) Soils
Page 3-lZ9, paragraph 2
Category c.

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.

Site Specific Comments

Davis Canyon

3-31 Section 3.2.2.2. Erosion Process
Page 3-14, paragraphs I and 2
Not enough information.

/-7

This discussion on the erosion process is incomplete in

no discussion of mass wasting process and slope stability which

and affect the site operation. Figure 5-2 shows the operations

against and beneath the mesa edge and thus it may be subject to

slides as a result of normal mechanical weathering processes or

that there is

could occur at it,

area to be

rock falls or

earthquakes.

3-32 Sections 3.2.3.2.6 to 3.2.3.2.12
Pages 31 to 33.
Conflicting Data

Adding up the estimated thicknesses of formations in the Davis Canyon

Geologic Repository Operations Area does not give results consistent with the

estimated tops of formations given in the text. Four different depths to the

top of the Pinkerton Trail formation can be determined as indicated on the

following table.

_Z, ~~~
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Estimatea
Strati graphic
Thickness (m)

Estimated
Strati graphic
Top (m)
(from text)

Calculated
Stratigraphic

top (m)
(from thickness

and or top)Formation

Moenkopi Fm

Organ Rock Fm

Cedar Mesa SS

9 Ground surface

49 9

198 55 49 + 9 = 58

Elephant Canyon Fm 152 238 55 + 198 = 253

58 + 198 = 256

Honaker Trail Fm 335 390 253 + 152 = 405

256 + 152 = 408

238 + 152 = 390

Paradox Fm 792 741 405 + 335 = 740

408 + 335 = 743

390 + 335 = 725

Pinkerton Trail Fm 61 1509 740 + 792 = 1532

743 + 792 = 1535

725 + 792 = 1517

741 + 792 = 1553

While estimates to the top of the Pinkerton Trail formation vary from 1 m to
44 m (1509 vs 1553 m), this is not a reflection of uncertainties related to
the estimated thickness and or tops, but is due to internal errors or
inconsistencies in the estimation procedures.

- - . -. � 11 -, I ..-
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3-33 Section 3.2.3.2.19 Ignacio Formation
Page 3-35, paragraph 1
Editorial comment.

Paragraph is out of place.

3-29 Section 3.2.5.1 Faulting
Page 3-42, paragraph 1
Incomplete data.

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 A

fault is related, if at all, to the northeast striking subsurface fault shown /(A

crossing north of the Davis Canyon site in Figure 3-20.

3-35 Section 3.2.5.6 Dissolution
Page 3-56, paragraph I
Conflicting ata.

Last sentence on page 3-56 states that relatively little dissolution

is expected because the salt is overlain and underlain by relatively impervious

carbonate strata. However, on p. 3-57 paragraph 2, the carbonate rocks are

characterized as water-bearing.

. . . .s . _ X S
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Specific Side Comments

Lavender Canyon

3-36 Section 3.2.5.1 (L) Faulting
Page 3-53, paragraphs 2,3,4
Categories a and c.

Figure 3-20 shows the Sweet Alice Graben as part of the series of

graben structures passing south of the Lavender Canyon site. Figure 3-25

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 Lavender 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.

3-37 3.2.6.1 (L) Geomechanical Properties
Pages 3-73 through 3-87
Category c.

These pages are missing from the text. This information is needed so

that the reader can determine if the conclusions presented in paragraph 3,

page 3-72, are supported by the available data.

3-38 Section 3.2.9 (L) Soils
Page 3-127 (Figure 3-35, no paragraph no.)
Category c.

Figure 3-35 is missing from the text. This information is needed to

allow the reader to determine how the conclusions in this section of the EA

were reached.

-�
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3-39 Section 3.2.9 (L) Soils
Page 3-129 paragraph 3
Category a an c.

Tnis paragraph conflicts with paragraph 1, page 3-129 wherein soils in I

the Lavender Canyon area are described as sparsely vegetated and formed on / t

wind-blown deposits. The basis for the erosion rates presented needs to be

provided so that the reader can determine how the conclusions presented were

reached.

3-40 Section 3.2.8 (L) Mineral Resources
Pages 3-9b and 3-96 (Figure 3-28, no paragraph no.)
Category c.

Symbols on Figure 3-28 showing various resource locations are often

illegible and very difficult to locate. The comment concerning Figure 3-10

also applies to Figure 3-28.

/A/ P

3-41 Section 3.2.8 (L) Mineral Resources
Pages 3-99 ana 3-100 (Figure 3-30, no paragraph no.)
Category c.

The area of the Lavender Canyon Operations Area needs to be added to

Figure 3-30 so that the reader can envision the area to be affected by land

withdrawal and determine how the conclusions in the EA text were reached.

I/ V

3-42 Section 3.2.8.2.1 (L) Uranium/Vanadium
Pages 3-111 through 3-122
Category c.

Tnese pages are missing from the text. This information is needed so

that the reader can determine if the conclusions presented in paragraph 2,

page 3-108, are supported by the available data.

3-43 Section 3.2.8.2. (L) Potash
Page 3-124, paragraph 3
Category c.

Text is missing in this paragraph. This information is necessary so

that the reader can determine how pertinent conclusions in the EA were reached.

-&_. � � --- � � , -
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3-44 Section 3.3.1.4 (L) Flooding
Pages 3-139 through 3-141
Category c.

Tables 3-7 through 3-9 on these pages are missing from the text. This

information is needed to allow the reader to determine how the conclusions in

the EA were reached.

3-45 Section 3.3.1.3 (L) Flooding
Page 3-12
Category c.

The implications of referenced Figure 3-38 are not discussed in the

text. Figure 3-38 shows that nearly 1/3 of the Lavender Canyon site is within

the 100 year flood-plain including much of the relatively level portion of the

area. Potential erosion and effects upon potential repository development /)/

need to be discussed either here or in Chapter 5.

Chapter 4

General Comments

Plans in several areas appear to be inadequate to acquire the infor-

mation 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 4-26
Incomplete information.

The trench and seismic survey will provide information on the Shay

Graben system. However, there appears to be little effort planned to investi-

gate the other graben structures. There are many questions, especially with

regard to their tectonic and seismic characteristics, which neea to be answered.

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.

1 . . ~ - . .- ..-h--''''
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4-2 Section 4.1.1.2.1. Seismic Lines
Pages 4-17 to 4-29
Tasks outlined probably will not provide the required data.

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 iagram indicating locations of the seismic lines relative to geologic

structures and the GROAs would greatly facilitate evaluation of this section.

4-3 Section 4.2.2.3. Geologic Mapping
Page 4-32, paraghraph 3
Tasks outlinea probably will not provide the required data.

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.

4-4 Summary Chapter 4
Subpart l.(a), page 4-V, paragraph 1. (L)
Category c.

The figure number is missing. This information is needed to allow the

reader to determine how the conclusions in the EA were reached and whether the

summary list in this paragraph is correct.

4-5 Summary Chapter 4
Subpart 2, page 4-vii, paragraph 6. (L)
Category c

Considerable data has been omitted from this paragraph. This

information is needed to allow the reader to determine how the conclusions in

the EA were reached.

t~~ --
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4-6 Section 4.1.1. (L) Field Studies
Page 4-7 (Figure 4-1, no paragraph no.)
Category c.

The scheduling for the geologic mapping phase of site characterization

is not given. This is an important element of any characterization study and

should occur early in the program. This information is needed to allow the

reader to envision the proposed scope of studies and determine how the

conclusions in the EA were reached.

4-7 Section 4.1.1.1 (L) Geologic and Hydrologic Studies
Page 4-8, paragraph 1, page 4-100, paragraph 3, and Page 4-V, Subpart 1. (a).
Category a, c, e, f

Data in these paragraphs concerning number of boreholes and sites

required conflict.

Page 4-8 "47 deep boreholes at 27 locations."
Page 4-100 "76 boreholes at 26 sites" (in excess of 100 m and
therefore "deep" in engineering geologic terms)
Page 4-v Major boreholes (deep), 57 (21 sites)"

A 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 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.

No figures are included that show the planned locations of the Site

Characterization Borehole (EDBH) as of the Upper Hydrostratigraphic Unit Test

Wells. Text references are to Figures 4-3 and 4-4 but these holes are not

shown on those figures. This information is needed to allow the reader to

envision the exploratory program and determine how pertinent conclusions in

the EA were reached.
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4-8 Section 4.1.1.1.1 (L) Engineering Design Borehole
Page 4-12, Location and Access paragraph
Category c and e.

Data is missing from this paragraph. This information is necessary to

allow the reader to determine how the conclusions in the EA were reached.

4-9 Section 4.1.1.1.2 (L) Stratigraphic Confirmation Boreholes
Page 4-16, paragraph 3
Category c, e and f.

The text states that the locations of four stratigraphic confirmation

boreholes (SC-1,2,3,4) are shown on Figure 4-4. No SC-series holes appear on

Figure 4-4. This information is needed to allow the reader to envision the

site exploratory program in order to determine adequacy, cumulative

environmental effects, and determine how the conclusions in the EA were

reached.

4-10 Section 4.1.1.1.2 (L) Stratigraphic Confirmation Boreholes
Page 4-17 (Figure 4-4, no paragraph no.)
Category c, e and f.

As noted above data is missing from this figure. Also, a separate

figure limited to the Lavender Canyon site and immediate vicinity (scale

l"24,000 of larger) would be appropriate in order to show the EDBH ana other

planned on-site drilling. This would allow the reader to easily envision the

exploratory program for the site itself in order to determine adequacy,

cumulative environmental effects, and determine how the conclusions in the EA

were reached.

* .. ; _ -
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4-11 Section 4.1.1.1.2 (L) Stratigraphic Confirmation Boreholes

Page 4-18 (Figure 4-4, no paragraph no.)

Category c and f.

Are boreholes LB-1 and LB-2 the Lockhart Basin borings referred to on

page 4-16? If so this should be made clear in the text. This information is

needed to allow the reader to envision the scope of the exploration program in

order to determine its adequacy and how the conclusions in the EA were reached.

4-12 Section 4.1.1.1.4 (L) Upper Hydrostratigraphic Unit Test Wells
Page 4-20, paragraph 5, page 4-21, paragraph 1
Category c, e, and f.

Locations of these well groupings cannot be identified on any figure

in the EA. They are not shown on referenced Figure 4-4. It is unclear from

the text how tests will be performed, for instance will the same zone be

tested at different locations; will different zones be tested; why is there

only one hole at site 6? What will be the fate of the abandoned wells? This

information is neeaed to allow the reader to determine how the conclusions in

the EA were reached, what the environmental impacts may be and whether the

planned program will provide the required data.

4-13 Section 4.1.1.1.5 (L) Lower Hydrostratigraphic Unit Test Wells
Page 4-21, paragraph 3
Category c and e.

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.
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4-14 Section 4.1.1.1.6 (L) Foundation Borings
Page 4-23, paragraph 4, page 4-24, paragraph 1
Category c, e, and f.

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

tunnels beneath Canyonlands and Needles overlooks (see Chapter 5) need special

attention since the feasibility of tunneling in these areas must be carefully

determined because of safety issues 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.

4-15 Section 4.1.1.1.7 (L) Hydrologic and Geologic Boreholes and Champlin Borehole
Page 4-24, paragraph 2
Category f.

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

suspected 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.

4-16 Section 4.1.1.1.7 (L) Hydrologic and Geologic Boreholes and Champlin Borehole
Page 4-25, paragraph 2
Category c, e and f.

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.
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4-17 Section 4.1.1.1.7 (L) Hydrologic and Geologic Boreholes and Champlin Borehole
Page 4-25, paragraph 5
Category c ana f.

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.

4-18 Section 4.1.1.1.8 (L) Trench at Shay Graben
Page 4-28, paragraph 1
Category f.

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.

4-19 Section 4.1.1.1.8 (L) Trench at Shay Graben
Page 4-28, following paragraph 2
Category f.

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. A section

outlining and describing this work needs to be inserted in the EA.

4-20 Section 4.1.1.2.1 (L) Seismic Lines
Page 4-29, paragraph 5
Category f.

This paragraph 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.
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4-21 Section 4.1.1.2.3 (L) Seismic Network
Page 4-31 (Figure 4-5, no paragraph no.)
Category c and f.

The location of the Lavender Canyon site should be shown on the

drawing to allow the reader to determine how pertinent conclusions in the EA

were reached. As a preliminary assessment, the network shown does not appear

to include enough stations south of Lavender Canyon to provide adequate

regional monitoring.

4-Z2 Section 4.1.1.3 (L) Geologic Mapping
Page 4-33, paragraph 1, following paragraph 4.
Category f.

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

on the page.

4-23 Section 4.1.2 (L) Exploratory Shaft
Page 4-35, paragraph 2
Category e and f.

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?

An_
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4-24 Section 4.1.2 (L) Exploratory Shaft
Page 4-36 (Figure 4-6, no paragraph no.)
Category c and e.

This figure is omitted. Without it insufficient information exists to

allow the reader to determine how pertinent conclusions in the EA were reached

and what environmental impacts, if any, may exist.

4-25 Section 4.1.2.2.2 (L) Shaft Drilling
Page 4-5U, paragraph 5
Category c and e.

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.

4-26 Section 4.1.2.2.3 (L) Initial Underground Excavation
Page 4-55, paragraph 3
Category c.

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.
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4-27 Section 4.1.2.3 (L) Testing
Page 4-56, paragraph 2
Category f.

An eight month testing

short produce adequate data on

effects and movement of brines

rates?

period is envisioned. How will a period this

long-term geomechanical effects, radiation

in the salt given the very low anticipated flow

4-28 Section 4.1.2.3.2 (L) At-Deptn Testing
Page 4-56, paragraph 5
Category t.

Tests using spent fuel or radiation sources simulating such fuel and

other radioactive materials planned to be placed in the repository need to be

included. Also test package prototypes (or proposed packages) need to be

tested under actual repository conditions.

4-29 Section 4.1.2.4.4 (L) Storage Area and Mud Pit Reclamation
Page 4-62, paragraph 3
Category c.

Data is missing in this paragraph. This information is needed to

allow the reader to determine how the pertinent conclusions in EA were reached.

4-30 Section 4.2.1.1.1 (L) Geologic Field Studies
Page 4-82, paragraph 5
Category c and e.

Data is missing in this paragraph and it is therefore not possible to

determine if the conclusions reached are supported by the actual data.
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4-31 Section 4.2.1.1.2 (L) Exploratory Shaft
Page 4-84, paragraph 4
Category e.

It is noted that revegetation of the exploratory shaft site may

require several ecades. Presumably this situation would apply to major

exploratory hole locations and trench sites as well. The cumulative erosion

risk could be significant, but is not discussed in the EA.

4-32 Section 4.2.1.2.1 (L) Terrestrial Biota
Page 4-87, paragraph 3
Category c and e.

The statement is made that crusting is known to reduce emission levels

from salt storage piles to negligible levels. The source of this data is not

given. This comment applies to several other locations in the EA as well.

The source of the data is needed so that the reader can determine how this

conclusion was reached.

4-33 Section 4.2.1.5 (L) Effects on Soils, Geology and Paleontology
Page 4-102, paragraphs 2, 3, 4, page 4-104, paragraph 1
Category c and e.

Data is missing from paragraphs 2 and 4 on page 4-102 and from the

paragraph on page 4-104. Paragraph 3 on page 4-102 states that the effects of

accelerated wind erosion during construction have not been evaluated. Not

enough information is given therefore to allow the reader to determine likely

impacts and how the conclusions presented in the EA were reached.
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4-34 Section 4.2.1.8.2 (L) Deep Hydronests
Page 4-115, paragraph 4
Category c.

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. An acceptable professional term should be

substituted so that readers can determine what is being discussed and how

pertinent conclusions in the EA were reached.

4-35 Section 4.2.1.9 (L) Effects on Radiological Levels
Page 4-117, paragraph 3
Category c, e and f.

Since no radioactive wastes or waste simulators are planned to be used

during testing, radiological impacts will not be evaluated. This data is

needed to determine such effects if any on repository stability.

Site Specific Comments

Davis Canyon

4-36 Section 4.1.1.1.2 Stratigraphic Conformation Boreholes
Page 4-16,19, paragraphs 4 through 7
Missing Data

Sites of SC-1 to SC-4 are not shown on Figure 4-4.

--
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Chapter 5

General Comments

b-1 Section 5.1.1.1 (L) Waste Handling and Packaging Facility
Page 5-9 (igure 5-2, no paragraph no.)
Category c an e.

The figure is at too small a scale to be legible. Pertinent natural

features including steep slope areas, talus accumulations and the 100 year

flood plain 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 5.1.3.1.1 (L) Construction Schedule and Personnel
Page 5-18, paragraph 4
Category c and e.

According to Chapter 4 a backfilled exploratory shaft and system of

partly backfilled test adits will exist at the site wnen 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 (L) Onsite Development
Fage 5-25, paragraph 6
Category c and e.

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.
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5-4 Section 5.1.3.2 (L) Repository Operation Activities
Pages 5-33, paragraph 2 and 5-34, paragraph 2.
Category a and e.

These two paragraphs disagree on future salt disposal. On page 5-33

disposal at the Bonneville salt flats is mentioned. On page 5-34 disposal

through SPk facilities is described. Elsewhere in the EA the SPR option is

generally cited. Alternative means of salt disposal need to be evaluated

thoroughly in parallel and advantages/disadvantages of each examined.

Potential impacts of excess salt generated by the repository then need to be

evaluated using the preferred method of disposal.

5-5 Section 5.1.3.4.3 (L) Active Monitoring
Page 5-45, paragraph 2
Category c, e and f.

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 monitoring system will be in place and operating during construction

and operational phases.

5-6 Section 5.2.1 (L) Geologic Conditions
Page 5-46, paragraphs 2, 3, 4, page 5-47, paragraphs 1, 2
Category b, c, and e.

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.

. _, *
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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.

5-7 Section 5.2.1 (L) Geologic Conditions
Page 5-47, paragraph 4
Category c and e.

The Salt Creek and Bridger Jack Grabens are similar to the Shay Graben

and are located closer to the Lavender Canyon site than any of the other

features described. Investigations of these structures are required before

potential impacts can be-assessed and the adequacy of conclusions reached can

be determined.

5-8 Section 5.2.1.1.2 (L) Decommissioning and Closure
Page 5-52, paragraph 3
Category c and e.

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.

5-9 Section 5.2.2.1 (L) Surface Water
Page 5-55, paragraph 1
Category c and e.

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 IUU year flood plain superimposed is needed so that the reader can

evaluate effects ana determine how conclusions in the EA were reached.
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5-10 Section 5.3.2.2 (L) Railroads
Page 5-108, following paragraph 4
Category c and e.

Text is missing following paragraph 4. Key geotechnical issues

include the anticipated stability of proposed tunnels beneath Canyonlands and

Needles overlooks, stability of slopes elsewhere along the alignment 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.

5-11 Section 5.5 (L) Summary
Page 5-139 through 5-141, Subpart. 2.
Category c.

These paragraphs refer to the Davis Canyon site. They are presumed to

have been inserted in error.

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 6.3.1.6.2 Evaluation (Dissolution)
Page 6-159, paragraph 3 and page 6-160 paragraph 2
Unavailable reference.

A report on four seismic reflection lines is referenced by Kitcho,

1984. This report is currently unavailable. Thus we are unable to review

seismic data with regards to salt dissolution along Shay/Bridger Jack/Salt

Creek Graben systems and within site. Seismic surveys appear to be only

subsurface data available at or near Davis Canyon GROA. This data should be

made available.
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6-2 Section 6.3.1.6.2 Evaluation (Dissolution)
Page 6-159, paragraph 4
Unavailable data.

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 G-1 are not identified. The types of geophysical

logs run in the holes are not identified, nor is there a reference to the data.

6-3 Section 6.3.1.7.2 Evaluation Process
Page 6-158, paragraph 7
Information presented in Chapter 3 will allow a different
interpretation.

The EA states ... a conservative estimate for a peak horizontal

acceleration for design purposes would be 0.25 g." No basis for this figure

is given, leaving it unclear as to where this value was derived. 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 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 Colorado Plateau than in most of the Cordillera, possibly

resulting in stronger ground motions at farther distances from the source.
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6-4 Section 6.3.1.7.3. Analysis of Favorable Conditions
Page -161, paragraph 8, eismicity
Information resented in Cap. 3 will allow a different interpretation.

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

shoula 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 neeas and concerns exist as outlined in comments on Sec.

6.3.1.7.2.

6-5 Section 6.3.1.7.4. Analysis of Potentially Adverse Conditions
Page 6--61, paragraph 4, Faulting
Information presented in Chap. 3 will allow a different interpretation.

That Shay Graben "could be a source of small nearby earthquakes that

would not threaten repository performance' 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-b Section 6.3.1.7.4. Analysis of Potentially Adverse Conditions
Page 6-162, subheading (3)
Information presented in Chap. 3 allows a different interpretation.

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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6-7 Section 6.3.1.7..4 Analysis of Potentially Adverse Conditions
Page 6-169, paragraph 2
Inconsistent data.

In this paragraph the distance to the nearest Quaternary volcanism is

138 kilometers. In Section 3.2.5.3. on page 3-52, paragraph 4, this distance

is given as 127 kilometer. This will affect a future readers confidence in

the EA.

6-8 Section 6.3.3.4.2. Evaluation Process
Page 6-2011, paragraph 7
Information presented in Chap. 3 will allow a different interpretation.

The same comments, needs, and concerns exist as outlined in comments

on Sec. 6.3.Z.7.2.

6-9 Section 6.3.3.4.3. Analysis of Favorable Conditions
Page 6-2u3, paragraph 3
Interpretation disagrees with other published literature.

A distance to Shay graben is given as approximately 16 km. Maps such

as Huntoon, Billingsley, and Breed (1982) indicate a distance that is somewhat

less than this. The distances to possible sources of seismicity are crucial

to determination of seismic hazard potential. An exact distance to the

closest point of the fault should be given.

6-10 Section 6.3.3.4.3. Analysis of Favorable Condition
Page -203, paragraph 3
Insufficient information is presented.

The length of Shay graben is given as 40 km. However, this fault

appears to be part of a much longer fault system. It can not 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. An assessment of the

entire fault system is required.

I -i g .- . - - . *.& , . - . Is -
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6-11 Section 6.3.3.4.4. Analysis of Potentially Adverse Condition
Page 6-204, paragraph 6, subheading (3)
Information presented in Chap. 3 allows a different interpretation.

The same comments, concerns, and needs exist as outlined in comments

on Sec. 6.3.1.7.4, Subheading (3).

6-8 Section 6.3.1.7.4. Analysis of Potentially Adverse Conditions
Page o-169, paragraph b
Uata allows a different interpretation.

based on the historical seismic record and current microearthquake

monitoring the largest earthquake predicted for the Paraaox Basin is M1 4 to

5. However, based on length of the Shay Graben faults an earthquake of M1 7

(LLNL - raft 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.

Site Specific Comments

Lavenaer Canyon

All site references in Chapter 6 are to Davis Canyon or to Davis or

Lavender Canyons. No specific references to Lavender Canyon were noted. This

chapter needs to be revised so that a Statutory Environmental Assessment will

exist for Lavender Canyon.

_ --. _ . _ _



- 37 -

References

Anderson, LW. and Miller, D.G., 1979, Quaternary fault map of Utah;
FUGRu, INC., Consulting Engineers and Geologists, Long Beach, CA.

Brill, K.G. and Nuttli, O.W., 1983, Seismicity of the Colorado lineament;
Geology, v. 11, #1, pp. 20-24.

Cater, F.W., Jr., 1970, Geology of the salt anticline region in southwestern
Colorado; U.S. Geol. Survey Prof. Paper 637.

Huntoon, P.W., Billingsley, G.H., Jr., and Breed, W.J., 1982, Geologic map of
Canyonlands National Park and vicinity, Utah; The Canyonlands Natural
History Association, Moab, UT.

Kirkham, R.M., and Rogers, W.P., 1981, Earthquake potential in Colorado, a
preliminary evaluation; Colorado Geological Survey Bull. 43.

Seed, H.B., and Idriss, I.M., 1982, Ground Motions and Soil Liquefaction During
Earthquakes; Earthquake Engineering Research Institute, Berkeley, CA.

1-- ,- l.. I.-b -. 64lili .. 116fii



//

BASALT WASTE ISOLATION PROJECT BWIP], WASHINGTON /°//2 / f

OVERVIEW

Overall, the DEA is a reasonable summary presentation of the geological,

geophysical and seismological data collected and utilized by DOE and their

subcontractors in its repository siting studies to date. Very little of the

basic geological. geophysical and seismological data is included within the EA.

accordingly extensive reviews of data, including data quality and data

interpretation, will be necessary to verify the summary statements and

conclusions presented in the EA. It is anticipated that much of this

information will be presented in the various investigation plans described in

Chapter 4.

The draft Umbrella Site Technical Position STP] has also been reviewed in

conjunction with the DEA. The Site Technical Postion STP] is a very complete

list of issues which must be addressed in order to satisfy the DOE's siting

guidelines, in 'order to demonstrate suitability of the site as required by

Chapter 6 of the EA. Chapter 6 of the DEA has clearly defined a number of

guidelines for which insufficient data currently exist to permit the DOE to

reach any conclusion in terms of suitability or non-suitability. The STP has

clearly identified the data needs which would allow the DOE to complete their

site assessment in terms of the DOE siting guidelines.

The following are comments on the specific chapters of the EA and on those

items or categories of items in the STP thought to be most important in

demonstrating that the BWIP site is a suitable repository location.
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CHAPTER 3

This chapter includes a relatively thorough presentation of the physiography and

geomorphology of the Hanford Site region and the stratigraphic column as known

for the Hanford Reservation. The tectonic setting of the repository location in

the Cold Creek Syncline, is appropriately presented. The reference repository

location in the western Cold Creek syncline area is "tentatively interpreted to

consist of large. relatively intact volumes of bedrock whose boundaries are

defined by major or intermediate structures". The structural integrity of any

repository location is a question which must be answered as quickly as possible

especially in an area where tectonic deformation may be continuing. The DEA

cites the use of geophysical surveys and surface and subsurface mapping to reach

the tentative interpretation. The integrity of the repository location and the-

data utilized to reach any conclusion drawn by DOE must be thoroughly

scrutinized by the NRC and its reviewers.

The structural analysis presented in Section 3.2.3.8 does not present a tectonic

model to explain the observed structures and to predict future deformations.

All of the structural features observed in the Hanford Reservation area must be

explained in terms of the tectonic model so that deformation rates, stress and

future seismicity in the vicinity of the reference repository location can be

predicted for the proposed life of the facility.

The internal structure o the basalt unit selected for the location of the

repository must be adequately known to predict groundwater movement within the

basalt. Variations in the dense entabulature and colonade portions of the

individual flow basalts must be known before the final repository location is

selected. Assumptions used in the assessment of the potential groundwater

pathways to date appear adequate. A significant portion of the additional

information required to adequately predict groundwater movement may only result

from direct observation and testing via the test shaft. The Cold Creek

hydrologic barrier' is a bedrock structural discontinuity that apparently

represents an impediment to groundwater flow. This feature must be investigated

thoroughly since structural features that impede groundwater flow are typically

very recent geologic features.
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CHAPTER 6

This chapter evaluates the suitability of the site against the DOE siting

guidelines, some of which require site characterization detailed siting

studies] and other which do not require site characterization. This chapter

clearly and appropriately presents the Information available, describes the

favorable conditions, identifies potentially adverse conditions and subsequently

arrives at appropriate conclusions. DOE has been very candid in pointing put

those areas where data is lacking and therefore conclusions are tentative. All

of the geologically related issues fall under the category of evaluation items

which require site characterization Section 6.3.1.1.5 clearly identifies the

uncertainties regarding the geologic studies and describes [on Table 6.2] the

tectonic processes which could affect the hydrologic system of the repository.

location. This chapter also points out the need for identifiing the geologic

features which could potentially affect the groundwater movement in the basalt

rock.

Section 6.3.1.3 on rock characteristics identifies numerous evaluations which

need to be completed before the site can be qualified as a nuclear waste

repository. Included in these items Is a determination of the extent of the

disturbed rock zone and possible stress induced failures or fractures.within the

dense basalt interior. The effect of heat on basalt could be a very significant

item and needs to be thoroughly evaluated.

The current state of knowledge on tectonics as related to the evaluation process

is appropriately presented in Section 6.3.1.7. The need for detailed

interpretation of geophysical anomalies and specific structures is identified as

well as the uncertainties in the rates and patterns of deformation for the Pasco

Basin area. The uncertainty in the tectonic model in terms of the deformational

process and its potential effect on the reference repository location are

described. It is appropriately noted that the design earthquakes and the design

ground motions cannot be determined until other factors involved in the site

characterization are completed such as the tectonic model and the associated

long term deformation rates. In this regard, continued monitoring of the

micro-seismic activity and its possible relationship to structural features in

the Pasco Basin area is warranted.
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The preclosure section on rock characteristics Section 6.3.3.2] clearly

indicates the need for assessment of the stress conditions within the repository

horizon and possible conditions which may be encountered as a result of stress

induced instability and methods to counteract such instability. Other basalt

flow geologic features to be assessed in order to allow for safe construction of

a repository are also identified. The high stress condition indicated by

core-discing needs to be thoroughly evaluated. Micro-seismic monitoring and

acoustic emission monitoring would significantly help in this evaluation as well

as information on the stress levels as obtained during the exploratory shaft

program.

The preclosure section on tectonics clearly defines the need to provide a

tectonic model for the Pasco Basin area so that deformation rates can be

accurately determined. The uncertainties in the current level of knowledge of

the tectonic stability of the region are clearly pointed on Page 6-155, next to

last paragraph. The comment on Page 6-156 concerning nuclear facilities near

the reference repository location is inappropriate since it is the long term

seismicity which needs to be predicted for a repository facility.

CHAPTER 5

Chapter describes the repository facility and the effects of locating and

constructing the facility at the Hanford site. The only potential effect on the

geology of the area would be localized stress relief phenomena possibly

including rock bursts.

CHAPTER 4

This chapter on site characterization activities describes six additional work

plans that are being developed and identifies other plans which will be

described in the next draft of the EA. of particular interest are the Tectonic

Characterization Plan and the Lithologic Characterization Plan which address

some of the key issues, namely the structure and integrity of the repository

horizon as well as the tectonic modeling needed to establish rates of movement

which could have an impact on preclosure and postclosure repository performance.
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The geologic characterization tests in the exploratory shafts are briefly

described. The plans for such activities require a detailed review to insure

that all the geologic aspects of the repository including an assessment of

in situ stress conditions are accounted for.

CHAPTER 2

This chapter deals with the decision process by which the reference repository

location was identified. The geology, seismology and tectonics of the Hanford

site area are presented in a sufficient level of detail to describe the selected

site. However, little technical detail is provided to back up the selection of

the reference repository location as the candidate site. Only the ten ranking

criteria are listed and the method of analysis is presented. Due to the lack of.

detailed information, four basalt flows were appropriately selected for

consideration as the repository horizon.

DRAFT UMBRELLA SITE TECHNICAL POSITION rSTP1 ON GEOLOGY

The STP has clearly identified the informational data needs required to address

the geologic issues for the BWIP site. Of particular nterest are the following

three issues:

5.2 How does the stratigraphic setting effect waste isolation?
5.3 How does the structural tectonic setting effect waste isolation?
5.4 How does seismic activity effect waste isolation?

The information needs to respond to the above three questions are clearly stated

by the NRC, in particular the information required to assess the present

tectonic structural setting and the nature and rates of projected tectonic

processes are particularly complete. If possible these last two items should be

handled on a priority basis since they have the potential along with some of the

stratigraphic information for disqualifying the BWIP site in accordance with DOE

siting guidelines.
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This review was accomplished without access to iortant Rockwell

Hanford Cperations (RH)) 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.

Fbllowing 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 Coments

No general contents at this time
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CHAPTER 3

General Comments

No general comments at this time

Specific Comments

3-1 Section 3.2.2.2 Wanapum Basalt

Page 3-14, Paragraph 3

Interpretation disagrees with published literature

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 Mbuntain, 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).

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 borehole, 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 described in Price (1982), Reidel and others (1984) and

Reidel (in preparation).
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3-2 Section 3.2.2.2.1 Frenchman Springs Member

Page 3-14, Paragraph 4

Interpretation disagrees with published data

The Frenchman Springs member of the Wanapum basalt is described

(Ieidel 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 Feidel 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 apply to

this section.

3-3 Section 3.2.2.2.2 Roza Member

Page 3-19, Paragraph 4

Interpretation disagrees with published literature

The RFsa member of the Wanap=n Basalt is described as being thickest

in the central part of Cold Creek syncline and just north of Gable

Mbuntain, and thinning over the Untanum Ridge-Gable Mbuntain 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 apply to

this section.

3-4 Section 3.2.2.2.3 Priest Rapids Member

Page 3-20, Paragraphs 4 and 5

Interpretation disagrees with published literature

The Rosalia flow of the Priest Rapids member is described as being

thickest in the Whluke and Cold Creek synclines and thinning across

Rattlesnake Mbuntain and the Utanum Ridge-Gable Mbuntain structure

based on Reidel and others (1980). Figure 9 of Reidel and others (1980)
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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 apply to

this section.

3-5 Section 3.2.2.3.1 Umatilla Member

Page 3-21, Paragraph 5

Interpretation disagrees with published literature

The Umatilla 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 eidel 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 Sively 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

3-3) apply to this section.

3-6 Section 3.2.2.3.2 Esquatzel Member

Page 3-22, Paragraphs 1, 4, and 5

Interpretation disagrees with published literature

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
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and 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.

3-7 Section 3.2.2.3.3 Pomona Wamber

Page 3-23, Paragraphs 4 and 5

Interpretation disagrees with published literature

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 Mbuntain. 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 Mbuntain. The area within the 200

foot isopach (the greatest thickness) extends nearly to the river in the

Yakima River Gap and into the &ively 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 apply to

this section.
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3-8 Section 3.2.2.5 Ringold Formation

Page 3-28, Paragraph 7

Data allows other interpretations

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 900 feet higher in White

Bluffs, just east of the RRL. 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 900 feet of vertical displacement.

Another is that the Ringold formation has large variations in thickness

in RRL, interpreted from contours of the top of the 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.

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 R 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.

3-9 Section 3.2.3 Structure and Tectonics

Page 3-30, Paragraphs 1 and 2

Interpretation does not agree with published literature

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. Fbld descriptions in Price (1982), Reidel and

others (1984) and Reidel (in prep.) indicate that for all folds studied,

including Rattlesnake Mountain, Yakima Ridge, Utanum Ridge (and Gable

Mountains), and Saddle Mountains, thicknesses have been distorted by

folding and/or faulting.
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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 based. - hus 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 con-pared to this

"typical fold".

3-10 Figure 3-12. Generalized geologic structure map of central Columbia

Plateau

Page 3-31

Not enough information is presented to allow reader to determine how

conclusions are reached

Figure 3-12, a generalized geologic structure map of the central

Columbia Plateau, shows three types of faults in the legend. bne of

these appears on the map. 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.

3-1 Section 3.2.3.3 Cold Creek Syncline

Page 3-33, Paragraph 1

Not enough information presented to determine how conclusions are reached

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 y known or inferred

geologic structures. The definition of a "relatively intact" block 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 blocks occur the
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seismicity that is depicted on Figure 3-13. 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 structures which are present, and explanation of

anomalous seismicity, need be presented.

3-12 Section 3.2.3.4 Yakima Ridge Structure

Page 3-34, Paragraph 2 and 3

Incomplete information

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.

3-13 Section 3.2.3.8 Structural Analysis

Page 3-36, Paragraph 1

Interpretation does not agree with published data

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 Peidel (in preparation) all

indicate there are large horizontal components of displacement on faults

in the anticlines -- as much as 3 kilometers in the Saddle Muntains.

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
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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 coaztible. Under this

interpretation, the safety and stability of RRL would be in question.

3-14 Section 3.2.3.8 Structural Analysis
Page 3-37, Paragraph 1

Interpretation disagrees with published literature

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. Sch 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 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 Peidel and others, 1984,
models), displacement parameters will have to be determined.

The initiation of deformation could have been later than Grande onde
time, this depending upon the interpretation of small structures, such

as the Syrna anticline, and their effects on the basalt flows (Reidel,

in prep.).
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3-15 Section 3.2.4 Seismicity of the

Page 3-40, Paragraph 1.

Inconplete senterce.-

Reference Repository location
0

Cannot determine significance of sentence.
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CHAPTER 4

General Conrents

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.

Specific Comments

6-1 Section 6.3.1.1.122 Potentially adverse conditions.

Page 6-56

Missing reference

The report by Caggio and Duncan (1983) is not listed in the

references. This is an important reference that is needed in order

to assess impact of natural discontinuities on hydrology.

6-2 Section 6.2.1.6.11 Disqualifying condition

Page 6-21, Paragraph 1, subheading (1)

The information presented in Chapter 3 and published literature allow a

different interpretation

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
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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 1aidel (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 PRL 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 Ieidel (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.

6-3 Section 6.3.1.1.4 Favorable condition

Page 6-46, Paragraph 2

Information presented in Chapter 3 will allow a different interpretation

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, 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.
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6-4 Section 6.3.1.4.3 Favorable condition

Page 6-102, Paragraphs 2 through 6

The environmental effects have possibly been misstated

The same concern and needs exist for this section, based on the same

possible conditions, as for section 6.3.1.1.4 (comment 6-3).

6-5 Section 6.3.1.4.3 Favorable condition

Page 6-103, Figure 6-11 -

Unintelligible figure

Figure 6-11 is unreadable and cannot be used to determine how

conclusions were reached.

6-6 Section 6.3.1.7.3 Favorable condition

Page 6-114, Paragraph 4

The information in Chapter-3 allows different interpretations

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).

6-7 Section 6.3.1.7.3, Favorable condition

Page 6-114, Paragraphs 4 and 5

The information in Chapter 3 allows different interpretations

The text refers to the results of a Delphi analysis which tested the

judgment of experts on the question of whether 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.
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6-8 Section 6.3.1.7.4 Potentially adverse condition

Page 6-115, Paragraph 3 *

Interpretation disagrees with published literature

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 displacements to accommodate differential movement
between sections of the upper plate. It is of concern that: (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 problem.

The geologic data for the Rattlesnake-Wallula alignment suggests that
at least part of the faulting along this structure is active (U. S. NC
in NtG-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. ASc. America, Ball, v. 70, n. 5, p.
1573-1581). These results and that for the Wasatch fault zone and parts
of 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.

6-9 Section 6.3.1.7.5 Potentially adverse condition
Page 6-117, Paragraph 1
Information presented in Chapter 3 and published literature allows a

different interpretation

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
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RRL at very shallow depths. These events could be compressional in

nature (i.e. thrust faults). MkGarr (1984) indicates that thrust

earthquakes have accelerations in excess 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

RL.

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.

6-10 Section 6.3.1.7.6 Potentially adverse condition

Page 6-119, Paragraphs 1 and 2

Not enough data presented to allow reader to determine how the

conclusions were reached

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 of the reference

repository." This statement does not discuss:

(1) the possibility that there may be active faults adjoining Yakima

Eold Belt Provinre (Campbell and Bentley, 1981);

(2) the applicability or nnapplicability 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



-17-

(3) the scatter of earthquake epicenters could indicate the prevalence of

low angle or detachment faults. Three dimensidhal 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.

6-11 Section 6.3.3.3.4 Favorable condition

Page 6-152, Paragraphs 1 and 2

Information presented in Chapter 3 allows different interpretation

The same concerns for this section exist that were outlined in

comnents on section 6.3.1.1.4 (comment 6-3)..

6-12 Section 6.3.3.4.3 Favorable condition

Page 6-156 and 6-157, Paragraphs 2 to 5

Interpretation disagrees with published literature

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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6-13 Section 6.3.3.4.6 Potentially adverse condition

Page 6-157. Paragraph 1

Potentially adverse condition

This section is not complete, but discussions of Sections 6.3.1.7.4,

(comment 6-8), 6.3.1.7.5 (conment 6-9), and 6.3.1.7.6 (convent 6-10)

apply to this section.

References

To be completed later
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6-4 Section 6.3.1.4.3 Favorable condition

Page 6-102, Paragraphs 2 through 6

The environmental effects have possibly been misstated

The same concern and needs exist for this section, based on the same

possible conditions, as for section 6.3.1.1.4 (comment 6-3).

6-5 Section 6.3.1.4.3 Favorable condition

Page 6-103, Figure 6-11

Unintelligible figure

Figure 6-11 is unreadable and cannot be used to determine how

conclusions were reached.

6-6 Section 6.3.1.7.3 Favorable condition

Page 6-114, Paragraph 4

The information in Chapter 3 allows different interpretations

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).

6-7 Section 6.3.1.7.3, Favorable condition

Page 6-114, Paragraphs 4 and 5

The information in Chapter 3 allows different interpretations

The text refers to the results of a Delphi analysis which tested the

judgment of experts on the question of whether 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.



-15-

6-8 Section 6.3.1.7.4 Potentially adverse condition

Page 6-115, Paragraph 3

Interpretation disagrees with published literature

In this section, a thrust fault located in the Gable Mountain

structure has been interpreted as a tear fault. ear faults are, y

definition, vertical (or nearly so) faults which, in the upper plates of

thrusts have lateral displacements to accommodate differential movement

between sections of the upper plate. It is of concern that: (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 problem.

The geologic data for the Rattlesnake-Wallula alignment suggests that

at least part of the faulting along this structure is active (U. S. NRC

in NUREG-0309, and SlemDns, in Appendix G of NUREG0309). Possible

seismic cycles of regions of low to mcd - by tectonic activity may show

long intervals of low seismicity, or aseismic character (Ryall and

VanWormer, 1980, in Seismol. Sc. America, Bull, v. 70, n. 5, p.

1573-1581). These results and that for the Wasatch fault zone and parts

of 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.

6-9 Section 6.3.1.7.5 Potentially adverse condition

Page 6-117, Paragraph 1

Information presented in Chapter 3 and published literature allows a

different interpretation

In this section, magnitude and distance are used as the ontrolling

factors for seismic design acceptability of RRL. Not considered in the

seismic design for the site are the small earthquakes that occur in the
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RRL at very shallow depths. These events could be compressional in

nature (i.e. thrust faults). McGarr (1984) indicates that thrust

earthquakes have accelerations in excess 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 respectfito the repository, and motion parameters at the

repository level.

6-10 Section 6.3.1.7.6 Potentially adverse condition

Page 6-119, Paragraphs 1 and 2

Not enough data presented to allow reader to determine how the

conclusions were reached

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 Colurbia Plateau would

increase. It does not appear that this potentially adverse

contradiction exists within the geologic setting of the reference

repository." This statement does not discuss:

(1) the possibility that there may be active faults adjoining Yakima

Fbld 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
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(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.

6-11 Section 6.3.3.3.4 Favorable condition

Page 6-152, Paragraphs 1 and 2

Information presented in Chapter 3 allows different interpretation

The same concerns -for this section exist that were outlined in

comments on section 6.3.1.1.4 (comment 6-3)..

6-12 Section 6.3.3.4.3 Favorable condition

Page 6-156 and 6-157, Paragraphs 2 to 5

Interpretation disagrees with published literature

This section states that other nuclear facilities nearby are

operating, and that these were designed for low magnitude earthquakes on

nearby seisnogenic 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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6-13 Section 6.3.3.4.6 Potentially adverse condition

Page 6-157. Paragraph 1

Potentially adverse condition

This section is not complete, but discussions of Sections 6.3.1.7.4,

(comment 6-8), 6.3.1.7.5 (comment 6-9), and 6.3.1.7.6 (comment 6-10)

apply to this section.

References

To be completed later



NEVADA NUCLEAR WASTE STORAGE INVESTIGATIONS .NWSIJ, YUCCA MOUNTAIN

OVERVIEW

The designated site for the NNWSI is Yucca Mountain, a prominent topographic

feature located on part of the Nevada Test Site [NTS], the Nellis Airforce

Range, and land managed by the Bureau of Land Management.

As the result of a selection process involving several other locales Yucca

Mountain was designated as a suitable locale that would allow emplacement of

waste in a geologic medium above the watertable.

It appears that a large amount of geologic and geophysical investigations and.

survey data have been accomplished throughout the above noted Federal land

areas, including Yucca Mountain and surrounding positions. It also appears that

very little information has been obtained on a site specific basis for the

primary purpose of evaluating Yucca Mountain as a storage site. The EA clearly

references the large amount of scientific information available for the area; an

independent perusal of learned journals separately discloses the existence of

such a voluminous amount of scientific data. Accordingly, the investigators

involved with the matter of Yucca Mountain as a storage site, have chiefly drawn

on the available literature and data, and have initiated only a relatively small

amount of what would be considered site specific programs or surveys with a

primary objective of assessing site suitability for waste storage. Also, the EA

is descriptive in an abbreviated sense in that numerous statements and

references are provided for a reader or reviewer, but substantitive materials

will require considerable acquisition and cross-referencing.

The copy of the EA that is provided for Weston's review is by necessity a

photocopy type of reproduction, and all drawings that were of an original nature

are presented as a copied, reduced, standard page presentation. Accordingly

some details and definition of features of specific concern are often difficult
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to assess. Nevertheless we believe that for the purposes of a draft EA review

we are able to make adequate use of the graphic materials; but for a final EA

review effort. it will be desirable to obtain full size drawings of adequate

quality.

CHAPTER 3

As a result of the extensive site investigation work that has taken place

throughout the Federal land areas in general including Yucca Mountain]. and

extending over decades" as noted in the EA. the general area is recognized as

one of the most intensively studied areas within the continental United States.

However, the site specific studies are acknowledged to be in a preliminary

stage, and only a few pertinent references are dated as recently as 1983

especially with regard to the unsaturated zone of Yucca Mountain. It therefore-

appears that although a regional overview of geology is no doubt correct and

relatively justified, it is doubtful that even the investigators who prepared

the EA would acknowledge that with regard to Yucca Mountain itself the geologic

description is complete.

This latter observation is of particular concern with regard to groundwater and

the overall physical condition of the four horizons that are designated as

"candidates" for the repository.

Since it is noted in the EA that extensive fracturing exists throughout the rock

sequence of Yucca Mountain, and that faulting is relatively extensive throughout

the entire Yucca Mountain area detailed field evaluation efforts are required.

The groundwater regime today and in future years by virtue of fracturing allows

high permeability rates, and faulting allows barrier type conditions for

groundwater flow; these also will require considerable attention in the future

studies and evaluations of this site area as an acceptable repository.

CHAPTER 6

As noted in the initial pages of this extensive chapter 368 pages] only

judgements are made in the chapter as opposed to definite conclusions concerning

compliance with guideline requirements. Accordingly. this review is performed

in the spirit of such a qualification.
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As mentioned previously the geologic setting of Yucca Mountain and vicinity is

rather well known in general terms as well as the position of Yucca Mountain

within a regional setting. Geologic references that are dated as recently as

1983 and 1984 would probably have to be reviewed in detail in order to determine

if specifics concerning Yucca Mountain have been considered in a thorough manner

and to what extent an interpretive procedure [with subjective conclusions?] was

used for understanding the geologic framework of Yucca Mountain in adequate

detail.

It is noted that the amount of physical measurements such as test drilling and

geophysical studies and surveys both on the surface and in drill holes is rather

meager; the area outlined for the repository target is noted as having been

penetrated with a limited number of drillholes which are incorporated into the-

document only by way of reference; they probably have been included in the

geologic modeling and mapping efforts referenced in recent documents 1984].

which also should be made a part of a final document review.

With regard to features that could affect waste isolation, the hydrogeological

characterization and rock properties characterization are of special review

concern. The hydrogeological aspects of Yucca Mountain appear to have been

evaluated and assessed with regard to present conditions and throughout longer

time term periods; however. short term conditions and effects are apparently not

of concern or possibly not of interest to the authors of the EA. Such short

term conditions and effects such as brief periods of extremely anomalous

rainfall ought to be considered; they are significant because of the highly

fractured nature of the rock sequence, and the presence of faulting that may

allow barrier type conditions. The desirability of considering large scale

percolation and permeability measurements would appear useful.

It is evident that the authors have drawn heavily on the decades of scientific

studies that have taken place throughout areas adjacent to Yucca Mountain and

now recognize the need for more intensive studies throughout the Yucca Mountain

itself. Faulting and stress conditions are acknowledged in the EA to occur

within Yucca Mountain, but the apparent intensity of effort to this data does

not appear adequate to fully characterize such features.
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CHAPTER 5

The geologic related environmental effects are of only limited consideration in

the EA. It would be desirable to also have information concerning the possbile

inducement, by excavation, of erosion and or landslides as well as collapse

during underground excavation because of the highly fractured nature of the

geologic materials that occur within Yucca Mountain. Furthermore, if drilling

and blasting is utilized extensively, there appears to be a further possibility

of inducing failure and sliding conditions; these could be usefully assessed in

later EA type documents.

CHAPTER 4

Since it is obvious that in an arid environment virtually all site

characterization activities, such as drilling of exploratory holes and shafts as

well as some of the geophysical survey efforts, will affect environmental

conditions in an obvious and sometimes detrimental manner; the building of roads

and the use of water for drilling may cause erosional features such as gullying.

The general tasks/activities that are outlined in the EA are of a reasonable

nature and will certainly be required for the adequate site characterization.

The specific locations and extent of these activities, however, are not

designated and therefore cannot be assessed as either reasonable or suitable to

fill information gaps. It is doubtful that any of the activities will have an

adverse effect of a geologically related nature except for two possible

exceptions: deep drilling which utilizes high pressures with the cooling medium

and the use of large quantities of high explosives for seismic and similar

related types of vibration related measurements which may induce sliding or

cratering.
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CHAPTER 2

The site screening effort that is discussed considered several sites; the

selected site is Yucca Mountain. It is noted that Yucca Mountain occurs within

the ellis Airforce range, a small part within the TS, and the remainder within

lands managed by the Bureau of Land Management. It is further noted in Section

2 that the site of Yucca Mountain is potentially acceptable as consistent with

siting criteria of NNWTS-33[2], and is not consistent with lOCFR960. Five areas

were considered and three of them were selected for preliminary borings and

geophysical testing, although the specifics of such borings and testing are

disclosed in only the most general terms. Accordingly the selection of Yucca

Mountain as the outcome of a site screening process is difficult to assess and

assure. The methodology of the screening process and the ranking of four rock-

units for the potential repository rock are also included in this section. This

rather limited presentation therefore is sufficient to indicate the particular

selection process, but the specific input data for that process would have to be

obtained from referenced and other documentary presentations.
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LAWRENCE LIVERMORE LABORATORY

A/ '

September 7, 1984

Mr. Michael E. Blackford
Project Manager, MS-623ss
Geotechnical Branch, WMGT
Division of Waste Management
Office of Nuclear Mateqrial Safety &
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Safeguards

SUBJECT: Transmittal of EA Review on the NNWSI Site, Nye County, Nevada

Reference: RC FIN A0294

Dear Mr. Blackford:

The purpose of this letter is to transmit the subject EA review.

Our review and evaluation of this EA was requested in your communication
dated July 1984. We have successfully accomplished our review on this EA.

If you have any questions, please let us know.

Sincerely yours,

Dae H. CUung
Leader
NRC Nuclear Waste Management Project

DHC:HLMcK:be

Attachment: as stated

xc: P. S. Justus, WMGT
B. J. Rice, WGT
J. S. Trapp, WMGT
K. B. Westbrook, WMGT .. Ur

UniversityofCalifornia pO.Box808 Livermore.Calitornia 94550 0 Telephone(415)447-1100 0 Twx 910-386-8339 UCLLL LVMR



This report is a preliminary review of a draft of the statutory
Environmental Assessment for the Nevada Nuclear Waste Storage
Investigations Project (NNWSI).

This review was made without access to some of the references listed in
the text of the EA. Accordingly, it should be considered as preliminary
and the final review may have important changes and additions. The
paragraph number indicated in the comments below refer to paragraph order
on the indicated page.

Sections of the Draft EA for NTS include topics of concern to us. The
rationale is included with possible methods of investigation that could
assist in resolving or mitigating these concerns.



Chapter 2

General Comments

No general comments at this time.

Specific Comments

2-1 Section 2.1 Regional setting of Yucca Mountain
Page 2-5, Paragraph 2
Incorrect data

Oldest volcanic related rocks on NTS are 29 MY old Horse Spring

formation (Barnes et al. 1982).

2-2 Section 2.1' Regional Setting of Yucca Mountain
Page 2-5, Paragraph 2
Incorrect data

Youngest siliceous volcanic rocks on NTS are associated with the

Black Mountain caldera which has a K-Ar age of 6.3 + 0.2 MY (Noble et al.

1983).

2-3 Section 2.1 Regional Setting of Yucca Mountain
Page 2-5, Paragraph 3 -

Missing information

Stewart (1978) is not listed in bibliography. Therefore cannot

check reference in order to determine if conclusion reached is correct.

2-4 Section 2.1 Regional setting of Yucca Mountain
Paae 2-6 and 2-7, Figures 2-3a and 2-3b
Missing and/or conflicting information

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.

2-5 Section 2.1 Regional setting of Yucca Mountain
Page 2-8, paragraph 1
Missina reference

The conclusion that most, if not all, precipitation evaporates

before it is able to seep deeply into the rocks has important

implications for a repository beneath Yucca Mountain, yet there is

neither data nor reference to support this conclusion on page 2-8.
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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 3.1.2.1 Stratigraphy and Volcanic History of Yucca
Mountain Area
Page 3-11, paragraph 1, sentence 3
Incorrect information

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 flow 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 3.1.2.1 Stratigraphy and Volcanic History of Yucca
Mountain Area
Page 3-11, paragraph 2
Incorrect information

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

(Maldonado and Koether (1983, p. 66).
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3-3 Section 3.1.2.1 Stratigraphy and Volcanic History of Yucca
Mountain Area
Pace 3-12, paragraph I
Data allows a different interpretation

The absence of Rainier Mesa tuff on high standing blocks can

occur as the result of geologic process other than non deposition on 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.

3-4 Section 3.1.2.2 Structure
Page 3-16, Paragraph 1
Interpretation disagrees with published literature

The last sentence in this paragraph states that the Death

Valley and Owens Valley shear zones "might still be active". This

disagrees with published literature and the historic record, which

clearly indicate these fault zones to be active. The 1872 Owens Valley

earthquake is a well documented earthquake that was accompanied by

extensive and large surface faulting within tbe-Owens Valley fault zone

(Oakeshott and others, 1972). The Death Valley fault zone has been

described as active and shows Holocene displacements (Butler and others,

1983 and Brogan, 1979, unpublished). There is strong evidence that these

fault zones should be considered to be active.

3-5 Section 3.1.2.2 Structure
Page 3-16 3-18, Paragraph 4
Data allows for a different interpretation

There is no evidence or basis presented for the interpretation

of residual stress being responsible for structural deformation between

the Walker Lane and the Las Vegas shear zone. Residual implies waning

tectonic activity and a low probability for extended continuation of

deformation into the future. Based on the data presented, stress could

be accumulating as a result of a low slip-rate or incipient reactivation

of an older system. The range of possibilities for this activity

contains significantly different implications for interpretation of

future fault behavior. The distinction between residual and low rate
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of tectonic activity is not discussed or resolved. A low deformation

rate model includes a higher potential for earthquakes and for fault

rupturing.

3-6 Section 3.1.2.2 Structure
Page 3-17, Fioure 3-4
Insufficient information is presented

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.

3-7 Section 3.1.2.2 Structure
Page 3-18, paragraph 3
Not enough information presented

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.

3-8 Section 3.1.2.2 Structure
Paae 3-19, Figure 3-5
Information disagrees with other parts of the EA

Figure 3-5 shows disagreement with Figure 3-3. Tram and Older

Tuffs calderas are omitted; Crater Flat is not indicated to be a

caldera; and the eastern edge of Silent Canyon caldera is unspecified.

Interpretation of the Calico Hills area is confusing because it is listed
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under "Calderas" but is called the "Calico Hills Dome". Diagrammatical

representation of caldera/fault relations should be a useful tool in

understanding the regional tectonics. Geologic features such as faults

and calderas must be related and understanding what these relations are

necessary to predict future settings. Figure 3-5 should be updated to

represent present knowledge -f the geologic setting. A larger scale map

would be easier to interpret.

3-9 Section 3.1.2.2. Structure
Page 3-23. Paragraph 3
Data disagrees with other parts of the EA

The discussion of Quaternary fault scarps near the site

indicates a distance range of 10-20 km. Conversion to English units is
given as 5 - 10 miles. Which units were used in measurements? Accurate

conversion of units is needed.

3-10 Section 3.1.1.2.2 Structure
Page 3-23, Paragraph 3
Insufficient information is presented

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 6-225, 6-228, 6-231, and 6-298. On page

6-297, the terminology is changed to say "There is no confirmed evidence

of surface displacements in deposits considered to be younger than

35,000 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
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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).

3-11 Section 3.1.2.3 Seismicity
Paae 3-24, Paraqraph 1
Interpretation disagrees with other published literature

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 "t (SNEWSB). This is schematically
illustated in Figure 3-9 (pages 3-25) 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 and others, 1981, Figure 7 -Seis. 1981) 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).

3-12 Section 3.1.2.3 Seismicity
Page 3-24, Paraoraph 2
Data disagrees with other published literature

The same needs and concerns exist as outlined in comments on

conversion of units in Section 3.1.2.2, pages 3-23 (comment 3-9), this
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time concerning the units of the site to the Bare Mountain fault (i.e.

15 km, or 10 mi).

The same comments, needs, and concerns exist on the usage of

Rogers and others (1977) for the maximum ground acceleration as outlined

in comments for Section 6.3.3.3.4, page 6-296 (comment 6-21).

Chaoter 4

General Comments
None at this time.

Specific Comments

4-1 Section 4.1.1 Field Studies
Paae 4-2 to 4-6
Insufficient information

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 4-29, Paraqraph 2
Tasks outlined probably will not provide the required data

"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 (comment 6-9) 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.
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Chapter 6

General comments

None at this time

Specific comments

6-1 Section 6.2.1.6 Environmental Quality
Page 6-54, paragraph 1
Incomplete sentence
Cannot assess conclusion.

6-2 Section 6.2.1.6 Environmental Quality
Pace 6-54, paragraph 3
Not enough information presented

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, p. 5-14

and 5-15.

6-3 Section 6.3.1.1 Geohydrology
Page 6-97, paragraphs 4, 5
Data unavailable

Reference used in text including Spengler and Chornach (1984),

Lahoud et al. (1984), Craig and Robinson (1984) and Scott and Bonk (1984)

are not available. Without these references not enough information is

presented to allow reader to determine how the conclusions were reached.

6-4 Section 6.3.1.1 Geohydrology
Page 6-98, paragraph 1
Incomplete information

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). Without

considering horizontal displacement, rates of displacement and timing of

last movement displacements could be wrong.
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6-5 Section 6.3.1.1 Geohydrology
Pace 6-105, paragraph and 2
Unavailable information

Paper by Montazer and Wilson (1984) is unavailable. Without

reference not enough information is available to assess conclusions.

6-6 Section 6.3.1.3 Rock Characteristics
Page 6-187, paragraph 2
Incomplete sentence

Last sentence of paragraph is incomplete. Reader cannot

determine conclusion.

6-7 Section 6.3.1.4 Climatic Changes
Pace 6-190
Unavailable references

Reader cannot determine how conclusions were reached without

Spaulding et al. (1984)..

6-8 Section 6.3.1.4 Climatic Changes
Page 6-196, paragraph 3
Missing data

A statement is made that "Some evidence indicates that the

climate in Nevada during each of the alluvials was similar." Neither

evidence or reference is given. Reader cannot determine how conclusion

was reached.

6-9 Section 6.3.1.7 Tectonics
Page 6-223, Paragraph 1
Information in chapters 3 and 6 allow a different interpretation

Three tectonic processes and events are evaluated for adverse

effects on a waste location site: 1) faulting affecting groundwater, 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 (see review, Sec. 6.3.1.7, Page 6-225, comment

6-12). "Faulting affecting groundwater" may have a different emphasis in
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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 at 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);

Healy and others, 1982; this EA, page 3-26, 2nd paragraph). Further,

on page 6-225 (3rd aragraph) of this EA, it states, "In addition,

stress measurements suggst that the rocks may be extensionily stressed

to near the point of failure along certain faults (Healy et al.,

1982).", and, as stated from Carr (1984) on page 6-232 (EA):

"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 3-20 and

3-22 of this EA (figures 3-6 and 3-8, respectively, and are discussed on

pages 3-23 and 3-24). 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 3-13, paragraph 4). 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
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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.

6-10 Section 6.3.1.7 Tectonic
Paoe 6-225, paragraph 1
Data allows a different interpretation
See comment 6-4

6-11 Section 6.3.1.7 Tectonics
Paoe 6-225 Paragraph 3
Insufficient information is presented
The same comments, needs, and concerns exist as outlined in

comments on the usage of "no unequivocal' in Section 3.1.2.2, page 3-23

(comment 3-10).

6-12 Section 6.3.1.7 Tectonics
Page 6-225 Paragraph 4
The interpretation disagrees with other sections of the report

In the fourth paragraph on page 6-225 it is stated, "Therefore,

neither major tectonic activity nor the resumption of large scale

silicic volcanic activity in the area near Yucca Mountain is likely in

the next 10,000 years because these kinds of events have not taken place

for several million years (Carr, 1984)". This statement has three major

conflicts: 1) Tectonic activity has taken place in the Quaternary (page

6-225, 3rd paragraph, "more than one episode of movement during

Quaternary on faults within lOkm of Yucca Mountain"), contrary to the

fore statement which indicates "major" tectonic activity has not

occurred near Yucca Mountain for several million years.; 2) Although

silicic volcanism seems to have ceased for the last several million

years, basaltic volcanism has continued, with the last eruption about

300,000 years ago (page 6-225, 1st paragraph); 3) A statement from page

6-232 also appears to disagree somewhat with the statement in question.
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The statement from page 6-232 is, "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 relative tectonic stability

in the Quaternary period (Carr, 1984).". It is important that a proper,

reasonable, consistent, tectonic characterization of the site be

determined and clearly addressed. To resolve this issue, the statement

in question should be taken out of the EA.

6-13 Section 6.3.1.7 Tectonics
Paoe 6-226 paragraph 1
Alternate interpretations of data are possible

Several points in this paragraph are open to alternate

interpretations.

(1) Most of the fault movement could have taken place after the

eruption of Timber Mountain tuffs. See comment 3-3.

(2) The fact that the basalt lava flows are not faulted is not

surprising given their location in a fault bound graben.

Additional geophysical evidence establishing a fault in the

subsurface beneath the flows would be needed for this statement

to be significant.

(3) That lava flows as old as 3.75 million years are not

extensively buried is not surprising given the general aridity

of the area in the past (section 6.3.1.4).

(4) The conclusion that the west side of Crater Flat only

appears to be "morphologically active, but has actually

undergone only minor tectonic adjustment in the last 10 million

years" is based on the assumption that most of the fault

displacement in the region took place between 12.9 and 11.6

million years ago. Ekren (1968) has presented data the faulting

took place between 11.6 and 7.6 million years ago (comment 3-3)-.

-12-



The effects of these conclusions in the EA is to under assess

the role of faulting in the mre recent history of Yucca Mountain.

Two referenced papers which are important to these discussions

are Swadley et al. (1984) and Carr (1984) both are currently unavailable.

6-14 Section 6.3.1.7 Tectonics
Page 6-227, Paragraph 3
Insufficient information is presented

On page 6-277 it is stated that the probability of surface

faulting in the site area is less than 1 in 35,000 for the next 35,000

years based on an approach that is described as being "too simplistic"

in the same sentence. If this approach is "too simplistic" no usable

conclusions can be made. An approach to surface rupture probability

should be made that is not "too simplistic" (i.e. one which reasonably

determines surface rupture probability at the site).

6-15 Section 6.3.1.7 Tectonics
Page 6-228, Paragraph 3
Insufficient information is presented

The same comments, needs, and concerns exist as outlined in

comments on the usage of "no unequivocal" in Section 3.1.2.2, page 3-23

(comment 3-10).

6-16 Section 6.3.1.7 Tectonics
Page 6-231 Paragraph 1
Insufficient information is presented

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 3.1.2.3,

page 3-24 (comment 3-11).

-13-



6-17 Section 6.3.1.7 Tectonics
Paoe 6-231, paraaraph 1
Not enough information presented to allow reader to determine
how conclusion was reached.

The conclusion is reached that the probability of a magnitude 6

or larger earthquake in the Yucca Mountain area is low. This conclusion

is based on the occurrence of two historic earthquakes. This conclusion

is also based on the work (unavailable) of Swadley et al. (1984) that

states there is no unequivocal evidence of surface faulting in the last

35,000 years. As noted in comment 6-4 horizontal displacement does not

seem to be considered, and may not be recognizable. Also see comments

3-10, 4-2 and 6-22.

The recognization of post 35,000 year horizontal movement on

faults and a longer record of historical earthquakes could change

estimate of probability of future earthquakes.

6-18 Section 6.3.1.7 Tectonics
Paqe 6-231, Paragraph 2
Insufficient information is presented

The same comments, needs, and concerns exist as outlined in

comments on the usage of "no unequivocal" in Section 3.1.2.2, Page 3-23

(comment 3-10).

6-19 Section 6.3.1.7 Tectonics
Page 6-235, Table 6.3.1.7 -2
Interpretation disagrees with other published literature

Table 6.3.1.7 - 2 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 .4m/l000 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 mOOyr may be a good approximation

for the Sierra Nevada (Huber, 1981 estimates an uplift rate of
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0.3m/lOOOyr for the Sierra Nevada at 38 degree north latitude), the

White Mountains have been estimated to have an uplift rate of 0.8

m/100yr (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.

6-20 Section 6.3.1.7 Tectonics
Pace 6-237, Paragraph 2
Insufficient information is presented

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, 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.

6-21 Section 6.3.3.4 Tectonics
Paoe 6-296, Paraqraph 8
Information disagrees with other published literature

Item 2 under the Evaluation on page 6-296 states that "The

predicted maximum ground motion at Yucca Mountain caused by credible

maximum earthquakes ... is 0.4g (Rogers et al., 1977)". This statement

is highly out of date. 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

15km as shown by Carr and Rogers in 1982. The terminology "credible

maximum earthquake" is unusual. Estimations of maximum credible

earthquakes from the length parameter were based on Bonilla and Buchanan

(1970) which has been greatly revised and improved (Slemmons, 1984;
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Bonilla and others, 1984). 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.

6-22 Section 6.3.3.4 Tectonics, Subheading V Potentially Adverse
Conditions
Paae 6-298, Paraqraph 2
Insutticient inTormation is presented to indicate how
conclusions were reached

"Sufficient to indicate that no 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 3.1.2.2, page 3-24

(comment 3-10).
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