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TECHNICAL ASSESSMENT N-QA-008 
REVIEW TEAM SELECTION RECORD 7/88

Technical Assessment Review Subject , ? ,4t5v.tuJ 1/Ac6.J '•oll- f4 , T 

.. 4C1hI, f4-4c ObfCLJ ~~i /1 p
FUNCTION 

Secretary ' 

A , 

!dcf 

se.• ;Ar.lcs 

&e5 ll,pA,,os t 

I t, 

f-A,.l9S7 b 1"

REPRESENTATIVE

T. 4C,- O-KI/( 14,11,1 4

bqi~o/ 

"1,; . J F F 

S.  

Basd o reiewofthequaifiaton ocuenttio, hes reresnttivs cverthefuctins or hi

Based on review of the qualification documentation, these representatives cover the functions for this 

Review and are acceptable as team members to accomplish the scope and purpose of this review.  

Signed d_______
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I Qualification Documentation



C.2 Employer Certification of TAR Team Member Qualifications



Attachment 4

May 19, 1989 

Dr. Richard C. Lee, Chairman 
Technical Assessment Review Team 
Science Applications International Corporation 
101 Convention Center Drive, Suite 407 
Las Vegas, NV 89109 

Dear Dr. Lee: 

By this letter, (employer's name) certifies that (team member's name) meets 
the minimum education and experience criteria, as described in Attachment 4a, for participation as a (technical discipline or disciplines) in the Technical 
Assessment Review: Geologic and Geophysical Evidence Pertaining to Structural 
Geology of the Exploratory Shaft Facility Location, being conducted by the 
Yucca Mountain Project Cf'Fi:.  

(Employer's name) acknowledges its responsibiliLy to: (1) obtain and retain documentation verifying the education, experience, and independence of the review team member; (2) make this documentation available for surveillance and audit by the U.S. Nuclear Regulatory Commission or the U.S. Department of Energy; and (3) notify the Yucca Mountain Project Office prior to destruction 
of this verification documentation.

Name and title 

Date



ScienceApp1#cations International Corporation M89-TEI-JMD-64 
WRS 1.2.6.1.1 
QA

INTEROFFICE MEMO 

DATE: May 23, 1989 

TO: Review Record Memorandum 
Technical Assessment Review: Geologic and Geophysical Evidence 

Pertaining to Structural Geology of the Exploratory Shaft 
Facility Location 

FROM: William V. Macnab '" 

SUBJECT: Qualifications of SAIC members of Technical Assessment Review Team 

Science Applications International Corporation (SAIC) certifies that the SAIC personnel listed below meet the minimum education and experience criteria for 
the indicated technical disciplines, as described in Attachment 1, for 
participation in the T-chnical Assessment Peview: Geologic and Geophysical 
Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility 
Location, being conduct,.J by the Yucf7; Mcouni.ain Project Office.

Team Member Technical Discipline

Richard C. Lee 
J. Marshall Davenport 
Ernest L. Hardin 
Terry A. Grant 
Forrest D. Peters 
David Cummings

Geophysicist 
Geologist 
Geophysicist 
Geologist 
Geophysicist 
Geophysicist

Name & Title / 

Date V 

WVM:JMD:bji 

101 Convention Center Dr.. Ste. 407. Las Vegas, NV 89109 (702)295-1204 
Other SAIC Offices Aiououerque. Ann Arbor Arhngton. Atlanta. Boston. Chicago. Huntsville. La Jolla. Los Angeles. McLean. Orlando. Santa Barbara. Sunnyvale. and rucson.



Attachment 1

Categories of Technical Assessment Review (TAR) team member technical disciplines, and criteria for qualification in each category:

Category

Performance Assessment/ 
Evaluation Specialist 

Geologist, or 
Geophysicist

Minimum Criteria for Qualification 

Advanced degree in a technical field (i.e., 
mathematics, science, or engineering and 3 years experience applicable to reviewing evaluations 
of: seismic hazards to the ESF/impact on Title II design).  

Each of these categories requires seven years experience in the particular technical area (i.e., geology or geophysics) applicable to the scope and purpose of this TAR; or an advanced degree in the partic-e.az tzILnical aiea and 2 years applicable 
exporica-e



Attachzment 3

INSTRUCTIONS FCR COMPLETION 

SPECIAL --RANING ASSIGO'MET 

1. The manager making the assignment cmp.letes the top portion of the 
Spec-.ai Training Assignment form.  

2. M•nager then determines the required level of training, either indoctrination or proficiency, and ccmpietes sections I and/or II.  
3. When assigning proficiency training, the manager will designate the type 
of training recommended using the following symbols: 

R - Reading Assignment with evaluation (test) 

W - workshop with demonstration of proficiency 

"Classroom training with evaluation (test) or demonstration of 
proficiency 

4. Ma•nager gives the form to the assigned individual for completion of 
training.  

3. Manager also makes a copy of the STA, macks '"7017v" It the tCr, :c the f rm, and forwards it to the Training Center for tracking of completion.  

6. :ndividual completes Indoctrination Reading Assignments as required and 
initials and dates in Section I when com.lete.  

7. :ndividual attends/completes required Proficiency Training, enters date compieted, and has instructor verify with initials in Section II.  

8. :%fter all required training is c:mpiete, the individual returns the form to the manager. The manager reviews the form for completion, signs and dates 
the form.  

9. The manager forwards the completed STA to the Training Center for updating the individual's training transcript and filing in the individual 
training file.



Department of Energy 
Nevada Operations Office 

P 0. Box 98518 
Las Vegas, NV 89193-8518 

JUN 0 9 1989

WBS #1.2.5 "QA: N/A"

Dr. Richard C. Lee, Chairman Technical Assessment Review Team Science Applications International Corporation The Valley Bank Center, Suite 407 101 Convention Center Drive Las Vegas, NV 89109 
CERTIFICATION FOR DAVID C. DOBSON TO SUPPORT TECHNICAL ASSESSMENT REVIEW (TAR) Reference: Letter, Blanchard to Distribution, dtd. 5/25/89 
By this letter, the U.S. Department of Energy (DOE) certifies that 
David Dobson meets the minimum education and experience criteria, as described 
in Attachment 4a, for participation as a geologist in the Technical Assessment 
Review: Geologic and Geophysical Evidence Pertaining to Structural Geology of ule ixplotaLury Snaft Facility Location, being conduzted by tne Yucca Mountain Prc-J.-f- Off ce (Piroject Office).  

DOE acknowledges its responsibility to: (1) obtain and retain documentation 
verifying the education, experience, and independence of the review team 
member; (2) make this documentation available for surveillance and audit by 
the U.S. Nuclear Regulatory Commission or the DOE; and (3) notify the Project Office prior to destruction of this verification documentation.  

Maxwell B. Blanchard, Director Regulatory and Site Evaluation Division 
YMP:MBB...4273 

Yucca Mountain Project Office



S~955 L'ENFANT PLAZA, S.W.  

8TH FLOOR 

WASHINGTON, 
D.C. 20024 

PHONE: (202) 646-6600 

May 24, 1989 

Dr. Richard C. Lee, Chairman 
Technical Assessment Review Team 
Science Applications International 

Corporation 
101 Convention Center Drive, Suite 407 
Las Vegas, NV 89109 

Dear Dr. Lee: 

By this letter, Roy F. Weston, Inc. certifies that David F. Fenster meets the 
minimum education and eXDerience criteria, as described in Attachment 4a, for 
partizipation as a Geologist in the Technical Assessment Review: Geologic and 
veophysical hvitziuc: Eertainn L-: Structural Geology of the Exploratory Shaft 
Facility Location, being conducted by the Yucca Mountain Project Office 

Roy F. Weston, Inc. acknowledges its responsibility to: (1) obtain and retain 
documentation verifying the education, experience, and independence of the 
review team member; (2) make this documentation available for surveillance and 
audit by the U.S. Nuclear Regulatory Commission or the U.S. Department of 
Energy; and (3) notify the Yucca Mountain Project Office prior to destruction 
of this verification documentation.

Date / /

Civilian Radioactive Waste Management Division (CRWM) - Technical Support Team 
WESTON in association with: Engineering and Economics Research, Inc. * Jacobs Engineering Group, Inc. 9 ICF Incorporated 

Williams Brothers Engineering Co. @ Rogers and Associates Engineering * United Engineers and Constructors, Inc.



Parsons 
Brnckerhoff 
Quade & 
Douglas, Inc

Engineers 
Architects 
Planners

303 Second Street 
Suite 700 North 
San Francisco. CA 94107-1317 
415-243-4600

Fax: 415-243-9501

July 7, 1989 

Dr. Richard C. Lee, Chairman 
Technical Assessment Review Team 
Science Applications International Corporation 
101 Convention Center Drive, Suite 407 
Las Vegas, NV 89109 

Dear Dr. Lee: 

By this letter, Parsons Brinckerhoff Quade & Douglas, Inc. certifies that Mr. Maurice 
Grieves meets the minimum education and experience criteria, as described in Attachment 
4a, for participation as a mining engineer in the Technical Assessment Review: Geologic 
and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft 
Facility Location, being conducted by the Yucca Mountain Project Off!-e.  

P1-sop) B:inzkerhoff Quade & Douglas, Inc. acknow'zdges its responsiLilit. to: (i) ob1tain 
and retain documentation verifying the education, experience, and independence of the 
review team member; (2) make this documentation available for surveillance and audit 
by the U.S. Nuclear Regulatory Commission or the U.S. Department of Energy; and (3) 
notify the Yucca Mountain Project office prior to destruction of this verification 
documentation.

"'ichard F. Hafig " 
Sr. Vice President 

Date

A Century of 
1-nglneering Excellence

i • • •'"••":: •:100



Sandia National Laboratories 
Albuquerque, New Mexico 87185 

May 23, 1989 

Dr. Richard C. Lee, Chairman 
Technical Assessment Review Team 
Science Applications International Corporation 
101 Convention Center Drive, Suite 407 
Las Vegas, NV 89109 

Dear Dr. Lee: 

By this letter, the Nuclear Waste Repository Department of Sandia National 
Laboratories certifies that Thomas E. Hinkebein meets the minimum education 
and experience criteria, as described in Attachment 4a, for participation 
as a Performance Assessment/Evaluation Specialist in the Technical 
Assessment Review: Geologic and Geophysical Evidence Pertaining to 
Structural Geology of the Exploratory Shaft Facility Location, being 
condueted bv the Yuiccq Mountain Project Office.  

Sandia Naciuaial Laboreturits acknowledges its responsibility to: (1) 
obtain and retain documentation verifying the education, experience, and 
independence of the review team member; (2) make this documentation 
available for surveillance and audit by the U.S. Nuclear Regulatory 
Commission or the U.S. Department of Energy; and (3) notify the Yucca 
Mountain Project Office prior to destruction of this verification 
documentation.  

Sincerely, 

Joe R. Tillerson, Supervisor 
Geotechnical Design Division 6314 

Date



Scence Applications International Cora•tion M89-TEI-JMD-66 
WBS 1.2.6.1.1 
QA

INTEROFFICE MEMO 

DATE: June 1, 1989 

TO: Review Record Memorandum 
Technical Assessment Review: Geologic and Geophysical Evidence 

Pertaining to Structural Geology of the Exploratory Shaft 
Facility Location , j( 

FROM: William V. Macnabb vt1 

SUBJECT: Qualifications of SAIC members of Technical Assessment Review Team 

Science Applications International Corporation (SAIC) certifies that the SAIC 
personnel listed below meet the minimum education and experience criteria for 
the indicated technical disciplines, as described in Attachment 1, for 
_pnrt. cipation in the Technical Assessment Rev' ew*- reoiogr and CzPh•ysicajl 
Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility 
Location, being conducted by the Yucca Mountain Project Office.

Team Member

Jonathan D. Istok

Technical Discipline 

Geotechnical Engineer

£- 12 1' /bt�-f�..AI/ �
Name & Title 

Date" / 

WVM: JMD:bji 

101 Convention Center Dr.. Ste. 407, Las Vegas. NV89109(702) 295-1204 
Other SAIC Offices Aibuquerque. Ann Arbor. Arlngton. Atlanta. Boston. Chicago. Huntsville. La Jolla. Los Angeles. McLean. Orlando. Santa Barbara. Sunnyvale. and rucson

I 

Li�77t�4
• /



IDepartment of Energy 
Washington, DC 20585 

Dr. Richard C. Lee, Chairman 
Technical Assessment Review Team 
Science Applications International Corporation 
101 Convention Center Drive, suite 407 
Las Vegas, NV 89109 

Dear Dr. Lee: 

By this letter, U.S. Department of Energy certifies that Jeff Kimball 
the minimum education and experience criteria, as described in 
Attachment 4a, for participation as a Geophysicist/Geologist in the 
Technical Assessment Review: Geologic and Geophysical Evidence 
Pertaining to Structural Geology of the Exploratory Shaft Facility 
Location, being conducted by the Yucca Mountain Project Office.  

U.S. Department of Energy acknowledges its responsibility to: (1) 
obtain and retain documentation verifying the education, experience, 
and independence of the review team member; (2) make this d4c-umertation available for surveillance an•! uuit by Lhe u.S. Nuclear 
Reaulatory Commission or the U.S. Department ' yfmEI• : arid (3) notify 
the Yucca Mountain Project Office prior to destruction of this 
verification documentation.  

_ot"f-nhan_ . m oi b e 

/..Rnrnurnii rhipf 
Name and title 

(VI~ L7r
Date



• United States Department of the Interior AuNEW 
"GEOLOGICAL SURVEY 

"BOX 25046 M.S. 425 
DENVER FEDERAL CENTER WBS#: 1.2.9.7 
DENVER, COLORADO 80225 QA: QA .N ,• tv, • ro:J u n e 2 8 , 1 9 8 9 

IN REPLY REFER TO:Jue 2 ,18 

Dr. Richard C. Lee, Chairman 
Technical Assessment Review Team 
Science Application International Corporation 
101 Convention Center Drive, Suite 407 
Las Vegas, NV 89109 

Dear Dr. Lee: 

By this letter, the undersigned state that according to the Office of Personnel Management guidelines and the Yucca Mountain Project - U.S. Geological Survey requirements, Douglas P. Klein meets the minimum education and experience criteria, as described in Attachment 4a, for participation as a Geologist in the Technical 
Assessment Review: Geologic and Geophysical Evidence Pertaining 
to Structural Geology of the Exploratory Shaft Facility Location, 
being conducted by the Yucca Mountain Project Office.  

The YMP-USGS " '.,,--. aOfflicer and Quality Assurance Manager acknowiledgc- -he4- responsibility t-o (1) obtain and retain documented evidence of the education, experience, and independence 
of the review team member; (2) make this documentation available for surveillance and audit by the U.S. Nuclear Regulatory 
Commission or the U.S. Department of Energy; and (3) notify the Yucca Mountain Project Office prior to destruction of this 
verification documentation.  

YMP-USGS Technical Project Officer 

Date 

f6)YMP-USGS Quality Ass ltance Manager 

Date 

cc: R. B. Raup, USGS, Denver, CO 
D. P. Klein, USGS, Denver, CO 
QA File 3.3.07 
Local Records Center

#210-A



Department of Energy 
Washington, DC 20585 

Dr. Richard C. Lee, Chairman 
Technical Assessment Review Team 
Science Applications International Corporation 
101 Convention Center Drive, suite 407 
Las Vegas, NV 89109 

Dear Dr. Lee: 

By this letter, U.S. Department of Energy certifies that Mohammad S.  Mozumder the minimum education and experience criteria, as described in Attachment 4a, for participation as a Geophysicist/Geologist in the Technical Assessment Review: Geologic and Geophysical Evidence 
Pertaining to Structural Geology of the Exploratory Shaft Facility 
Location, being conducted by the Yucca Mountain Project Office.  

U.S. Department of Energy acknowledges its responsibility to: (1) obtain and retain documentation verifying the education, experience, 
and independence of the review team member; (2) make this 
dcnientation available for surveillance and audit Dy the U.S. Nuclear Regulatory Commission or the U.S. Dpparti.int Jf Energyi a,,z- ( n) n.tify the Yucca Mountain Project Office prior to destruction of this 
verification documentation.

S an Brocoum. Chief Name and title 

HDate



Science ApPlications International Corporation 

July 24, 1989 

Dr. Richard C. Lee, Chairman 
Technical Assessment Review Team 
Science Applications International Corporation 
101 Convention Center Drive, Suite 407 
Las Vegas, NV 89109 

Dear Dr. Lee: 

By this letter, Science Applications International Corporation certifies that 
Michael W. Parsons meets the minimum education and experience criteria, as 
described in attachment 4a, for participation as a Geologist in the Technical 
Assessment Review: Geologic and Geophysical Evidence Pertaining to Structural 
Geology of the Exploratory Shaft Facility Location, being conducted by the 
Yucca Mountain Project Office.  

Science Applications Ir.t!rnational Corporatinn acknowledges its responsibility 
to: (1) obtain and retain documentation verifyIng the education, experience, 
and independence ot the rtvico team m(.bor, (2) make this documentation 
available for surveillance and audit by the U.S. Nuclear Regulatory Conmission 
or the U.S. Department of Energy; and (3) notify the Yucca Mountain Project 
Office Prior to destruction of this verification documentation.  

William V. MacNabb 
Deputy Project Manager 

July 24, 1989 

101 Convention Center Dr.. Ste. 407, Las Vegas, NV89109(702) 295-1204 
Other SAIC Offices AI•buouerque. Ann Arbor. Arlington. Atlanta. Boston. Chicago. Huntsville. La Jolta. Los Angeles. McLean. Orlando. Santa Barbara. Sunnyvale. and Tucson.



TAKE U 

United States Department of the Interior A 
GEOLOGICAL SURVEY 

BOX 25046 M.S. 425 -9 
DENVER FEDERAL CENTER WBS#: 1."2.9 
DENVER, COLORADO 80225 QA: QA 

IN REPLY REFER TO: June 28, 1989 

Dr. Richard C. Lee, Chairman 
Technical Assessment Review Team 
Science Application International Corporation 
101 Convention Center Drive, Suite 407 
Las Vegas, NV 89109 

Dear Dr. Lee: 

By this letter, the undersigned state that according to the Office of Personnel Management guidelines and the Yucca Mountain 
Project - U.S. Geological Survey requirements, Gerald L. Shideler 
meets the minimum education and experience criteria, as described 
in Attachment 4a, for participation as a Geologist in the Technical 
Assessment Review: Geologic and Geophysical Evidence Pertaining 
to Structural Geology of the Exploratory Shaft Facility Location, 
being conducted by the Yucca Mountain Project Office.  

Thp. YvM-P-USGS Technical Project Officer and QalaiiLy &ssurance Manager acknowledge their responsibility to: (2) obtaLin. • rptain 
aocumented evidence of the education, experience, and independence 
of the review team member; (2) make this documentation available 
for surveillance and audit by the U.S. Nuclear Regulatory 
Commission or the U.S. Department of Energy; and (3) notify the Yucca Mountain Project Office prior to destruction of this 
verification documentation.  

YMP-USG9 Technical Project Officer 

Date 

Quality Ass ance Manager 

Date 

cc: R. B. Raup, USGS, Denver, CO 
G. L. Shideler, USGS, Denver, CO 
QA File 3.3.07 
Local Records Center

#210-A



United States Department of the Interior
GEOLOGICAL SURVEY 

BOX 25046 M.S. 425 
DENVER FEDERAL CENTER WBS#: 1.2.9.l 
DENVER, COLORADO 80225 QA: QA 

,N •E tY~ t• ro:J u n e 2 8 , 1 9 8 9 
IN REPLY REFER TO- u e 2 ,1 8 

Dr. Richard C. Lee, Chairman 
Technical Assessment Review Team 
Science Application International Corporation 
101 Convention Center Drive, Suite 407 
Las Vegas, NV 89109 

Dear Dr. Lee: 

By this letter, the undersigned state that according to the 
Office of Personnel Management guidelines and the Yucca Mountain Project - U.S. Geological Survey requirements, Richard P. Snyder meets the minimum education and experience criteria, as described 
in Attachment 4a, for participation as a Geologist in the Technical 
Assessment Review: Geologic and Geophysical Evidence Pertaining 
to Structural Geology of the Exploratory Shaft Facility Location, 
being conducted by the Yucca Mountain Project Office.  

The YMP_-uLSS Technical PrcJact Officer and Quality Assuranca 
Manager i.zknowledge thei.r responsibility to: (1) obtain and retain documented evidence of the education, experience, and independence 
of the review team member; (2) make this documentation available 
for surveillance and audit by the U.S. Nuclear Regulatory 
Commission or the U.S. Department of Energy; and (3) notify the Yucca Mountain Project Office prior to destruction of this 
verification documentation.  

YMP-USGS Technical Project Officer 

' Date 

iSGS Quality As,,urance Manager 

'Date 

cc: R. B. Raup, USGS, Denver, CO 
R. P. Snyder, USGS, Denver, CO 
QA File 3.3.07 
Local Records Center

#210-A



C.3 QMP-02-08, ICN Number 1, and TAR Plan Training Documentation



'ztnc -nme nt 1

INTERIM CHANGE NOTICE 

ICN N4moer. Effective Oate: 
February 7, 1989 "

Appiies to QMP 

Numoer 2-O8 Rev. , Title Technicai Asses' 

REQUIRED CHANGES

(MP SECTION CHANGE TO 

.. Change "ýTevada Nuclear Waste Storage Investigations (NSI)" to "yucca 
Mountain Prolect ý'MP)" and "Waste Management Project Office •WMPO)" to 
"Yucca Mountain Proiect Office (Project Office)" througnout the QMP.  
hance last sentence of Sect'.on 1.0 to read: "This procedure can be used 

in meeting the requirements for technical assessment reviews as defined in 
Section 4.2.5.2 of the Systems Engineering Management Plan tSEMP). and for 
those specific technical re:ipJ• depcnl-i; in U.Z. Depar.tmenr cr Energy 
'DZEi C!cder ;i00.l, Project Management System, -.hat!.e' Ill, G G, 
SAtt .e.t )-. .. fecnrxuicz. Reviews, waict fall within the scope of 
a Project Office Technical Assessment Review (see Section 3.1)." 

3. Change Section 3.2, second sentence to: "The Technical Assessment Review 
Notice or attachments thereto (e.g., a plani shall provide the following: 

1. . .  
2. ...  

4. Add: '4.".3 Based ucon the scone, c.-ciexit*, or soecial nature cf the 
:ianned Technical Assessment Review, the responsible Branch Chief or 
designee shall deternmne if the Technical Assessment Review Notice with 
attachments, including cnanges, is to be reviewed by a qualified 
individual for technicai adequacy prior to issuance and, as apprcpriate, 
designate an individual as the reviewer for technical adequacy." 

A. dd: "4.5 PROJECT QUALITY MANAGER (PQM) 

.he POM is responsible for the review and approval cf the quality related 
aspects of the information required in Section 3.2, :tem 1, as delineated 
in the Technical Assessment Review Notice cr attachments, and changes 
thereto." 

APPOVALS 
Nop MUM.C ,~aa, TWO4 Pro~sc Qualit prop"~ I~~ '\ \0"C 

I Oat.. " Oat



HTERM CHANGE- NOT-IC_ 
CONTIUATION PAGE 101M 

ICN Nu8mber Apples to QMRI Effective Dats: 
1 02-08 February 7, 1989 Page 2 of 5

REQUIRED CHANGES 

OMP SECTION CHANGE TO 

6. Add: "4.6 REVIEWER (TECHNICAL ADEQuACY) 

The reviewer (technical adequacy) is the individual designated by the responsible Branch Chief or designee to perform the review of the Technical Assessment Review Notice and attachments, including chawsi- in order to verify that the areas and items identified to be assessed and the planned depth of the assessment are correct, adequate, applicable, and complete vis-a-vis the technical requirements imposed on the specific Technical Assessment Review." 
7. Identify the paragraph under 5.1 as "5.1.1." Delete the second sentence.  

8. Add: 

"5.1.2 Prior to issuance, the Technical Assessment Review Notice with attachments shall be provided to the PQM by the responsible Branch Chief or designee for review and approval in accordance with QMP-06-03, Document Review/Acceptance/Approval. The PQM shall review the quality related aspects of the Technical Assessment Review Notice and attachments to ensure the requirements of Section 3.2, Item 1, have been addressed, i.e., the purpose and scope of the planned review are within the definition of a Technical Assessment Review (see Section 3.1); the items and areas identified to be assessed and the planned depth of the assessment satisfy the requirement or request, as appropriate, for conducting the Technical Assessment Review; and the Technical Assessment Review Notice with attachments, as appropriate, includes the correct, adequate, complete, and applicable quality assurance requirements delineated in the Project Office QA Program Plan (IPO/88-1) and this procedure.  
5.1.3 As determined appropriate by the responsible Branch Chief or designee based upon the scope, complexity, or special nature of the planned Technical Assessment Review, a review of the technical adequacy of the Technical Assessment Review Notice may be warranted. In such cases the Technical Assessment Review Notice with attachments shall be provided by the responsible Branch Chief or designee in accordance with QHP-06-03 to a qualified individu who shall review these documents to verify that the areas and items to be assessed and the planned depth of the assessment are correct, adequate, applicable, and complete vis-a-vis the technical requirements imposed on the specific Technical Assessment Review.



INTERIM CHANGE NOTICE N-.A-023 
CONTINUATION PAGE 10188 

ICN N&umcer jAppiias to OMRh Effective Oats: - Pae o5 
1 02-,8 February 7, .1989 Page of 5

REQUIRED CHANG(ES 

QMP SECTION CHANGE TO 

5.1.4 The POM and other reviewers, as appropriate, shall document the 
results of their reviews on Document Review Sheets (DRSs) and, if needed, 
DRS Continuation Sheet(s) (see QMP-06-03), Document Review/Acceptance/ 
Approval). Reviewers shall provide their DRSs to the responsible Branch 
Chief or designee for resolution of comments, if applicable, and for 
inclusion in the Review Record Memorandum. Upon the documented resolution 
of comments regarding the technical adequacy, as appropriate, and when 
satisfied with the quality related aspects of the Technical Assessment 
Review Notice and attachments, the PQM shall indicate approval by 
signing/dating page 1 of the Technical Assessment Review Notice.  

5.1.3 Following approval of the Technical Assessment Review Notice and 
attachments by the POD, the responsible Branch Chief or desionee shall 
transmit a copy of the original issup of '-e £ecflnical Assessmeiut Review 
Motice (id=•.i~iea as Revision 0) with attachr!5-n1s to rhx P(MI; I'a•-.%c, 
CompLia±nce " Jdsiqnteri reviewers; and other appropriate 
personnel in accordance with QMP-06-02, Document Control. Revisions to 
the Technical Assessment Review Notice or attachments (see Section 5.1.6) 
shall be distributed to the same individuals and organizations as the 
original in accordance with QMP-06-02." 

5.1.6 Changes to the Technical Assessment Review Notice and/or attach
ments that revise the information required in Section 3.2, Item I shall be 
subject to the same review and approval controls as the original docu
ments. Minor changes to the Technical Assessment Review Notice or 
attachments that do not revise the information required in Section 3.2, 
Item I shall be issued directly by the Branch Chief or designee without 
subjecting the revised Technical Assessment Review. Notice to the reviews 
required in Sections 5.1.2 and 5.1.3. The responsible Branch Chief, or 
designee, shall indicate "N7ot Applicable" in the space provided in Figure 
I for the POM's approval. Page I of the Technical Assessment Review 
Notice shall reflect its current revision indicator, beginning with 
Revision 0 for the original version issued and 1, 2, etc.., for subsequent 
revisions. A change to a Technical Assessment Review Notice attachment 
only shall be considered a change to the Technical Assessment Review 
Notice, and the revision indicator of the Technical Assessment Review 
Notice shall be revised accordingly and distributed with the.-revised 
attachment. All revisions to a Technical Assessment Review Notice shall 
be distributed to the same individuals and organizations as the original." 

9. Change 3.5, No. Z to "Technical Assessment Review Notice with attachments 
and associated DRSs (PQM's as a minimum)."



INTERIM CHANGE NOTICE N-OA-023 
CONTINUATION PAGE 10188 

ICN Numimer: Appties to QMP. Effecttve Oate: 
02-38 February 7, 1989 Page -I of 5 

REQUIRED CHANGES: 

QMP SECTION CHANGE TO 

L0. Add: "l1*PO/88-1, ?ro-ect Office QA Program Plan," "!1MP-06-02, Document 
Control," and "QIMP-06-03, Document Review/Acceptance/Approval" to Section 
6.0. Change title of QMP-l7-01 to "Record Source and Record User 
Responsibilities" in Sections 6.0 and 8.0. identify all references as 
"latest revision." 

L1. Chance Figure 1, "Technical Assessment Review Notice," to provide 
designated spaces for the recording of the Technical Assessment Review 
Notice revision indicator and PQM's approval.  

"•I



INTERIM CHANGE NOTICE N-QA-023 
CONTINUATION PAGE 10/88 

ICN iNumer ~ Applies to OMP. Effective Oats: 
02-08 February 7, 10989 Page 5 Of -0 

REOUIFED CHANGES:

OMP SECT:O0N CHANGE TO

TECHNICAL ASSESSMENT REVIEW NOTICE 

Toonim= AMR to be Reviww"____________________________ 

WUS Na.  

ROW" Odat _________ _ _ _ __ _ _ __ _ Tn ________ 

ITeavia Anexomsn. R@Wow Chaiiwaom ______________________

BaSes an a nMW at the quoaai~an 40aoaaUMMws thi TedatMs AmmmmwM Review Ch~atmwn a 
quaaiea to execs tie ,miansaacmhe at OMP902-6 wm nrmess to teacm~e eoans wme co eth~ 
Tegwtica Assemmnuw aiewu.  

Scme at Tedmi~cd Axsemmsi Rov~w; 

Pumom at Toatmit* MAmmewur Reviw.

SIVgea 

Romwed AnM Approves: 

Profes: OuaMV Manager 0410

Aftacamerta:

Figure 1. Technical Assessment Review Notice
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1.0 PURPOSE AND SCOPE 
This procedure defines the method to be used and responsibilities for performing Technical Assessment Reviews for the Nevada Nuclear Waste Storage Investigations (NNWSI) Project. The requirements of this procedure may be supplemented with further documented guidance that defines the logistics and methodologies to be used in a review.  

2.0 APPLICABILITY 
This procedure applies to Technical Assessment Reviews conducted by the Waste Management Prcj-&ct Offic- (WwPO) f'c t-le .•-fSI Project. A 1,i&_nicai --ossment Review is one of a set of review ,pthods def ned f Tr -1Yr "Ii•oject in OectiCA 4.2.5 of the Systems Engineering Management Plan (SEMP).  This procedure can be used in meeting the requirements for technical reviews defined in the SEMP and in U.S. Department of Energy (DOE) Order 4700.1, Attachment III-i, Page 111-47, Section 2.  

3.0 DEFINITIONS 

3.1 TECHNICAL ASSESSMENT REVIEW 

The Technical Assessment Review is a documented evaluation of technical status, technical progress, or technical merit, in combination or separately.  It is performed by qualified individuals other than those who performed the technical work being reviewed, but who may be from the same organization.  Technical Assessment Review is a management method that- may be used to accomplish such items as the following: 

1. Assessing requirements.  

2. Determining the degree to which technical work meets requirements.  
3. Identifying technical issues in a timely fashion, including interfaces 

with site and design efforts.  
4. Assessing the technical status or technical progress of activities.  
5. Providing a basis to accept technical services rendered.

IF APPROVED BY
I
I
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6. Defining and directing necessary changes in accordance with wMpo 

procedures.  

3.2 TECHNICAL ASSESSMENT REVIEW NOTICE 
The Technical Assessment Review Notice (Figure 1) is issued by the responsible WMPO Branch Chief, or designee, announcing the Technical Assessment Review.  The notice provides the following: 

1. Technical Assessment Review scope and purpose, identifying areas and items to be assessed, including an indication of the required depth.  This may be accomplished in a variety of ways, including the use of questionnaires, checklists, a list of design requirements, or through other suitable means.  
2. Date, time, locatico,. and rither loo•sti•r-mi infcr,4tio,1c fc c=ft 

Tzrc4a. k-sessment Review meeting.  
3. Name of the Technical Assessment Review Team Chairperson.  

3.3 TECHNICAL ASSESSMENT REVIEW TEAM SELECTION RECORD 
3.3.1 The Technical Assessment Review Team Selection Record (Figure 2) is completed, signed, and dated by the Technical Assessment Review Team Chairperson. It identifies the functions involved in the review, and the names of qualified individuals selected to be on the Technical Assessment Review Team. The review team members are assigned the responsibility for 
reviewing anid providing comments, as applicable, for those functions. The review team members must be other than those who performed the technical work, but they may be from the same organization.  
3.3.2 The Technical Assessment Review Team Selection Record includes the documentation of the qualifications of the review team members assigned for the various review functions.  

3.4 TECHNICAL ASSESSMENT REVIEW PACKAGE 
The Technical Assessment Review Package is a collection of documents (e.g., reports, schedules, plans, and drawings) that provides the information to be assessed by the review team members to achieve the established scope and purpose.

I
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3.5 REVIEW RECORD MEMORANDUM 

The Review Record Memorandum is a documented summary of the Technical Assessment Review prepared by the Secretary, which includes the following: 

1. Scope of the review.  

2. Technical Assessment Review Notice.  

3. Technical Assessment Review Meeting minutes.  
4. Technical Assessment Review Team Selection Record.  
5. Technical Assessment Review Coument Records identifving comments and reso:lutions.  

6. List uf -aeeti,- aztendees anci, wien specified, their Technical Assessment Review responsibilities.  

7. Correspondence relating to the Technical Assessment Review.  
8. Information presented during the Technical Assessment Review meeting and other information provided to the review team members that was not contained in the original Technical Assessment Review Package or in subsequent additions or modifications to the package.  
9. Conclusions and recommendations.  

3.6 TECHNICAL ASSESSMENr REVIEW CCMMENT RECORD 
The Technical Assessment Review Comment Record is a form used to document Technical Assessment Review comments and their resolution (Figures 3 and 4).  
3.7 TECHNICAL ASSESSMENT REVIEW DATA PACKAGE 
The Technical Assessment Review Package is a set of Quality Assurance (QA) records consisting of the Technical Assessment Review Package and the Review Record Memorandum, including any supplements as described in Section 5.5.6.  

4.0 RESPONSIBILITIES 
4.1 RESPONSIBLE WMPO BRANCH CHIEF OR DESIGNEE 
4.1.1 The responsible WMPO Branch Chief or designee shall plan, schedule, and announce the Technical Assessment Review, designate the Technical Assessment Review Chairperson, and distribute the Review Record Memorandum.

I
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4.1.2 If the responsible WMPO Branch Chief determines that a Project Participant is to be the designee, the responsible WMPO Branch Chief shall document that decision and the designated organization shall prepare and issue the Technical Assessment Review Notice.  

4.2 TECHNICAL ASSESSMENT REVIEW CHAIRPERSON 
The Technical Assessment Review Chairperson is responsible for the following: 

1. Designating the Secretary for the Technical Assessment Review.  
2. Determining the technical disciplines to be used to accomplish the scope and purpose of the review.  
3. ::tablishin- minl- quaiifiCtions (e.g., educaLion. experi1ie,. ..  and independence) needed "'y re:ji' team iemb:rs '.Cz ft: fill technical disciplines to accomplish the scope and purpose of the review.  
4. Obtaining suitable documentation of review team members' qualifications for the various technical disciplines.  
5. Ensuring that the documentation of the review team members, qualifications meets the needs of the review.  
6. Determining the number of reviewers for the Technical Assessment Review Team.  
7. Obtaining information for the review from the appropriate Technical Project Officer (TPO) and others, as appropriate.  
8. Coordinating the Technical Assessment Review Team, the meeting, and the review process.  
9. Issuing the Review Record Memorandum to the responsible WMPO Branch Chief for distribution.  

10. Compiling a data package of the Technical Assessment Review.  
4.3 SECRETARY 

The Secretary documents the Technical Assessment Review Team activities.  Specifically, the Secretary records the meeting minutes, collects comments and resolutions, and prepares the Review Record Memorandum (per Section 3.5).

I
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4.4 TECHNICAL ASSESSMENT REVIEW TEAM MEMBERS 
It is the responsibility of the review team members to review and provide comments in their technical area, as designated by the Chairperson, and to participate in the evaluation of proposed resolutions.  

5.0 R0CDu RE 
5.1 INITIATION OF THE TECNICAL ASSESSMENT REVIEW 
The responsible WMPO Branch Chief or designee plans, scopes, and schedules the Technical Assessment Review and designates the Technical Assessment Review Chairperson. The responsible WMPO Branch Chief or designee a!.zo issues the Terhnical Assessment Rvi -w Notice to Aisurance, kxegulatory Compiaince, and cthers, as an.ropriate.  

5.2 TEAM SELECTION 
5.2.1 The Technical Assessment Review Chairperson performs the following: 

1. Designating the Secretary for the Technical Assessment Review.  
2. Determining the technical disciplines to be used to accomplish the scope and purpose of the review.  
3. Establishing minimum qualifications (e.g., education, experience, and independence) needed by review team members to fulfill the technical disciplines to accomplish the scope and purpose of the review.  

4. obtaining suitable documentation of review team members, qualifications for the various technical disciplines, as described in Section 5.2.2 

5. Ensuring that the documentation of the review team members' qualifications meets the needs of the review, and signing and dating the Technical Assessment Review Team Selection Record(s).  
6. Determining the number of reviewers for the Technical Assessment 

Review Team.  
7. Ensuring that assigned Review Team Members are trained to this procedure and other applicable documents.

I

I
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5.2.2 The Technical Assessment Review Chairperson requests the following information for each of the review team members: name of the person and a statement that the review team member meets the education, experience, and independence qualifications established for the review. This information is to be provided by the employer of the review team member.  
5.2.3 If a review team member's employer is an agency outside of the NNW*SI Project, the chairperson is responsible for notifying the agency that the documentation verifying the education, experience, and independence of the review team member must be obtained and retained by that agency. This documentation shall be made available for surveillance and audit by the U.S.  Nuclear Regulatory Commission or the DOE. In addition, the agency shall be required to notify the WMPO prior to destruction of this verification documentation.  

5.3 TECHNICAL ASSESSMNTr REVIEW PACKAGE 
The Technical Assessment Review Chairperson obtains the information for the review from the appropriate TPO and others, as appropriate.  

5.4 TECHNICAL ASSESSMENT REVIEW 
5.4.1 The review team members review the material and document their comments on Technical Assessment Review Comment Records. If a review team member has no comment, this is documented on a Technical Assessment Review Comment Record.  
5.4.2 The Secretary records meeting minutes, collects coinnts and resolutions, and prepares the Review Record Memorandu. (per Section 3.5). The Technical Assessment Review Chairperson reviews, signs, and dates the Review Record Memorandum.  

5.5 RESOLUTICN OF TECHNICAL ASSESSMENT REVIEW COMMEnTS 
5.5.1 The Technical Assessment Review Chairperson obtains resolutions for the Technical Assessment Review comments from the appropriate TPO.  
5.5.2 The Technical Assessment Review Chairperson coordinates the team's evaluation of the resolutions obtained in Section 5.5.1. After deciding the appropriateness of the resolutions, such acknowledgment is documented to the appropriate TPO.  
5.5.3 Any unresolved comments are referred by the Chairperson to the appropriate TPO for resolution. (The appropriate TPO is the one who has responsibility for the subject of the unresolved comment.)

I



WASTE MANAGEMENT PROJECT OFFICE

ON!" QUALITY MANAGEMENT PROCEDURE N-OA-O 6 

7/87 ti t e 
No. QMP-02-08 Rev. 0 

TECHNICAL ASSESSMET REVIEW Effective DOte . 08-Aug-1988 

Page 7 of 12 

5.5.4 The Chairperson, upon submittal of a review coumment resolution by the appropriate TPO, shall ensure that the resolution is provided to the review team member and the responsible WMPO Branch Chief.  

5.5.5 The review team member who had the unresolved comment shall evaluate the provided conmepnt resolution, and either: 

1. Sign and date the review comment resolution (according to the Chairperson's instruction) to indicate agreement, and return it to the 
Chairperson.  

2. If a disagreement exists, attempt to achieve an agreement, (via the Chairperson) with the appropriate TPO. If agreement cannot be reached, provide the documented basis for the disagreement to the 
Chainaerson and recoest dssi-tanc. frcm ce~sslval-; hiq",her iev.is of management.  

5.5.6 The Chairperson may complete the Review Record Memorandum with a documented unresolved comment; however, supplements must be provided to the memorandum as the appeals process is pursued, such that a complete record of the co mnt is retained as a QA record.  

5.6 REVIEW RECORD MEMORANDUM 

The Technical Assessment Review Chairperson issues the Review Record Memorandum to the responsible WMPO Branch Chief for distribution to the TPO(s) and others, as appropriate.  

5.7 CLOSURE OF RESOLUTION 

The responsible WMPO Branch Chief or designee shall ensure that the appropriate TPO satisfies and closes out the commitments made in resolutions to the Technical Assessment Review comments.  

5.8 TECHNICAL ASSESSMENT REVIEW DOCUMENTATION 

The Technical Assessment Review Chairperson shall (1) compile a data package relative to the Technical Assessment Review that consists of the Technical Assessment Review Package and the Review Record Memorandum (including any supplements as described in Section 5.5.6) and (2) provide for disposition of the data package in accordance with Section 8.0.

|

I
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6.0 REFERENCES 
The latest revisions of the following apply: 

NNNSI/88-3, NNWSI Project Systems Engineering Management Plan 
DOE Order 4700.1, Project Management System 

QMP-17-01, QA Records 

7.0 FIGURES 
At a minimum, the information needs on the forms shown on the following .figures shall be satisfie-1. This may be acco 1ip,.44 by trio ,zc z.- the !r:: .4'snalf jr a suitable alternate.  

Figure 1, Technical Assessment Review Notice 
Figure 2, Technical Assessment Review Team Selection Record 
Figure 3, Technical Assessment Review Comment Record 
Figure 4, Technical Assessment Review Comment Record Continuation Sheet 

8.0 QA RECORDS 

The following are QA records and are maintained in accordance with QMP-17-01, QA Records.  

1. Technical Assessment Review Package.  
2. Review Record Memorandum (including any supplements as described in Section 5.5.6).

I
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TECHNICAL ASSESSMENT REVIEW NOTICE N-OA-010

1`0e MC &Ia Area to be Reviow eo Date _ _ _ _ _ _ _ _ 

WUS No.: 
Ame60e0 Date _________ Location 

T__________ ime_________ 
TOM Assessamen Reio m Chaiteersoin_______________________ 

88M~ On revwew Of the quatifiatio docuoniegtaton. this Technincaj Assessmient Revi~ew Chairperon is quaufted to "excae the fesPocslo.Iiti d Of MP402.O with res11pea to Ue scooe ama Purpase of tnis 

Scope Of Tochni" Assesamon Reieis* 

Purpose at Tediichn Assaamamt Agijew 

Signed

Aftocfinam-

Figure 1. Technical Assessment Review Notice.-
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TECHNICAL. ASESSMENT
b~k 1A-fl-L6S~iI0N RECORD 1

Technoca Asesesmerii Re'so S4Jbioa __________ ________________

FUNCTION 

Seatr
REPRESENTATIVE

Sae oun 1-,*6 0 lie quiiicasa do"-uMeMga 014111 MWUngeltgvg covr the kuction IMr dii Reviewr " aWe acCOPgta.i as team memeets* to 0C~n~i~gA ie Ow. cpe ami ptpwoe of etd revew.

Aftachment.

016116M 00cumnilsto

Si9Wd

Figure 2. Technical Assessme~nt Review Team Selection Record.
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N-AD-077 
4/13/89 

SPECIAL TRAINING ASSIGjtENT 

TO: j // _'/n49 Date Prepared 5/18/89 
(Print Na) 

Tehnical Assessment Review (T.A.R.): Geological ana Geophysical JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shaft Facility Locaon You are assigned to complete the following special training by 5/22/89 

Completion of the training assignment(s) is a prerequisite to your (Date) 
performance of work as a T.A.R. Team :,ember in the above activity.  
Complete indoctrination/proficiency training as indicated below.  

I. INDOCTRINATICN READING ASSIGNUMENT 
Doc. No. Title 

Rev. .. In! tials Date 
Q"-02-08 Technical Assessmena a ,• (..  

ICN I Interim Change Notice Applying t6 QMP-02-08 A• ______ 

Technical Assessment Review Plan 0 

II. PROFICIENCY TRAINING 

Type Trg Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  

. : Richard C. Lee T.A.R. Chairperson 
(Sint Nre) ( Titlee) 

Signature () te )

I



N-AD-077 
4/l3/89 

SPECIAL TRAINING ASSIGNME1T 

TO: J MAi9MLL Dk.ýIcDxr Date Prepared 5/18/89 
(Print Name) 

Technical Assessment Review (T.A.R.): Geological ana Geophysical JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shaft aciity Location You are assigned to complete the following special training by 5/22/89 

Completion of the training assignment(s) is a prerequisite to your (Date) performance of work as a T.A.R. Team Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  
I. INDOCTRINATION READING ASSIGME!NT 
Doc. No. Title 

Rev. Initials Date 
QMP-02-08 Technical Assessment Review 

-

ICN 1 Interim Change Notice Applying t6 QMP-02-08 /I f 
Technical Assessment Review Plan 0 // W 

II. PROFICIENCY TRAINING 

Type Trg Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  

-M&a~pr,: Richard C. Lee T.A.R. Chairperson 
((rint Nam) (Title) 

(S gnature) / (Date)



N-AD-077 

4/13/89 
SPECIAL TRAINING ASSIGNMENT 

TO: 5/1818 
( Date Prepared 5/18/89 ( Print Name ) 

Technical Assessment Review (T.A.R.): Geological ana Geophysical JOB TASK/ACTVTY Evidence Pertaining to Structural Geology of the Exploratory 
Shaft faclity ocaton You are assigned to complete the following special training by 5/22/89 

(D~ate) Completion of the training assignment(s) is a prerequisite to your performance of work as a T.A.R. Team Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  

I. INDOCTRINATION READING ASSIGCMENT 

Doc. No. Title 
Rev. I s Date 

QP.... Technics-! A-zessmpnt R,±-view 0 

ICN 1 Interim Change Notice Applying t6 Q"p-02-08 U 
Technical Assessment Review Plan 0 

II. PROFICIENCY TRAINING 

Type Tng Comp. Instr.  Title Rev. RAW/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  

Manag Richard C. Lee T.A.R. Chairperson 
(Print Name (Title) 

(Signature) (Date)



N-AD-077 
4/13/89 

SPECIAL TRAINING ASSIGNMENT 

TO: Dcglje1  , FC.is er- Date Prepared 5/18/89 
(Print Name) 

Technical Assessment Review (T.A.R.) : Geological and Geophysical JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shaft ac i y L ocaton You are assigned to complete the following special training by 5/22/89 

Completion of the training assignment(s) is a prerequisite to your (Date) 
performance of work as a T.A.R. Team Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  

I. INDOCTRINATIMN READING ASSIGr1nT 

Doc. No. Title Rev. Initials Date 
QN-02-08 Technica' A. zcz,: 2lei 'w C 

ICN I Interim Change Notice Applying t6 Qbi2-02-08 

Technical Assessment ' eview Plan 0 

II. PROFICIENCY TRAINING 

Type Trg Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  - ~/,, - . .  
fMW Richard C. Lee T.A.R. Chairperson 

ýPri t Name) (Title) 

(Signature) I 1Dte)



N-AD-077 
4/13//89 

SPECIA TRAINING ASSIGNMW 

TO: , A)<Date Prepared 3,, :8/89 
.achnical Assessment Review (T.A.R.) : Geological ana Geophysical JOB TASK/ACTIVU'Y E-vidence Pertaining to Structural Geology of the Exploratory 
Shart Facility Locati-omn You are assigned to complete the following special training by 5/22/8 9 

Completion of the training assignment(s) is a prerequisite to your 5te performance of work as a T.A.R. Tea 11me nteabv ciiy 
Complete indoctrination/proficiency training as indicated below.  
I. INDOCTRINTICN READING ASS IaMMEN 

Doc. No. Title 
Rev. Tntti-: 

C~-~2-8 Technical Assessment Review 0 A 
IcN I. Interim Change Notice Applying t6 QYI-02-08 

_______ Technical Assessment Review Plan 0 

11I. PROFICIENCY TRAINING 

Type Thg Comp. Instr.  Title Rev. R/W/C Date Initiali 
N/A 

The above individual has satisfactorily comoleted this assignment.  

fManager-: 'Richard. C. Lee T.A.R. Chairperson 
.(Print Name) (Title) 

(Signature) (ae



N-AD-077 4/13/89 
SPECIAL TRAINING ASSIGNMNT4 

TOr AUn1g-E- 
Date Prepared 5/18/89 

(Print Namýj Technical Assessment Review (T.A.R.): Geological ana Geophysical JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shart lacl-Iy Loca on You are assigned to complete the following special training by 5/22/89 

Completion of the training assignment(s) is a prerequisite to your (Date) performance of work as a 7.A.,. Team .ember in the above activity.  
Complete indoctrination/proficiency training as indicated below.  
I. INDOCTRINATIM READING ASSIGMEN 
Doc. No. Title.. .. Rev. Initi•ls uate 

A.=-,=l .-eview07 

ICN I Interim Change Notice Applying t6 Qvp-02-O8 
Technical Assessmtent Review Plan 0 

II. PROFICIENCY TRAINING 

Type Trg Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  

MIamqw: 'Richard C. Lee T.A.R. Chairperson -(P it Name) (Title) 

"ignature)



- N-AD--077 
4/13/89 

SPECIAL TRAINING ASSIG1MENT 

TO: C0&~ .1 A.1,~ Date Prepared 5/18/89 
(Print Name) 

Technical Assessment Review (T.A.R.): Geological ana Geophysical JOB TASK,'AC'TI7ITY Evidence Pertaining to Structural Geology of the Exploratory 
Shatt Faciliy Locat1Von 

You are assigned to complete the following special training by -- 5/22/89 

Completion of the training assignment(s) is a prerequisite to your Dte 
performance of work as a T.A.R. Team Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  
I. INDOCTRINA6TIC.1 READING ASSIG4MzNT 

Doc. No. Title Rev. Initials Date 
QiTP-02 -O08 1-:hn.L.cali dscb~mcnt ~eiew 0 

ICN 1 Interim Change Notice Applying t6 QMP-02-08 6-r3Ob~ 
_______ Technical Assessmei~t Review Plan 0 ~ 4 /o~' 

II. PROFICIENCY TRAINING 

Type Tng Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assionment.  
lee L- 001~J 

r~ae,: Richard C. Lee T.A.R. Chairperson 
SP r int FName-) (Title) 

ýSignature) I (Date)



N-AD-077 
4/13/89 

SPECIAL TRAINING ASSIGNMENT 

TO: - &. Date Prepared 5/18/89 
(Print Name) 

Technical Assessment Review (T.A.R.): Geological and Geophysical JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shatt Facl ity ocaton You are assigned to complete the following special training by 5/22/89 

Completion of the training assignment(s) is a prerequisite to your (Date) 
performance of work as a T.A.R. Team Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  

I. INDOCTRINATION READING ASSIGMrENT 

Doc. No. Title Rev. Initials Date 
C'M-02-08 Technical Assessment Revi.ew 0 

ICN I Interim Change Notice Applying t6 Qý2-02-08 _-______ 

Technical Assessment Review Plan 0 -

II. PROFICIENCY TRAINING 

Type Tng Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  

-He•• q.: Richard C. Lee T.A.R. Chairperson 
(Print Name)• - (Title) 

(Signature) I te)



N-AD-077 
4/13/89

SPECIAL TRAINING ASSIGNMENT

TO Ci 4 -, D .* -r.5 )V-). Date Prepared 5/18/89 
(Print Name) 

Technical Assessment Review (T.A.R.): Geological ana Geophysica' JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shalt FaciLity LocatIon 

You are assigned to complete the following special training by 5/22/89 

Completion of the training assignment(s) is a prerequisite to your (Date) 
performance of work as a T.A.3. Team Member in the above activity.  

Complete indoctrination/proficiency training as indicated below.  

I. INDOCTRINATIM READING ASSIGnMeNT 

Doc. No. Title Rev. inlitials r 

ý)"P-02-08 Technical Assessment Review 0 _______ -67 

ICN I Interim Change Notice Applying t6 QD'-02-08 _______ 

Technical Assessment Review Plan 0

II. PROFICINCY TRAINING

Type Trg

ýv 'arte Initila.

Comp. Instr.

The above individual has satisfactorily completed this assignment.  

Merge Richard C. Lee T.A.R. Chairper: 
(Print Name) (Title) 

(Signature)

N/A

son
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SPECIAL TRA.INING ASSIGOqT

N-AD-077 
4/13/89

�1

TO:Print Na i Date Prepared 5/18/89 
Technical Assessment Review (T.A.R.): Geological ana Geophysical JOB TASK/ACTITY Evidence Pertaining to Structural Geology of the Exploratory 
Shatt acity ocation You are assigned to complete the following special training by 5/22/89 

Completion of the training assignment(s) is a prerequisite to your (Date) performance of work as a T.A.R. Team Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  
I. INDOCTRINATIC READING ASSIM4DMT 
Doc. No. Title 

Rev. Initials Date 
QY'2-02-3',3 -..~c-:'h -' Assessment P-1view 0 
ICN I Interim Change Notice Applying t6 QMP-02-08 sK-/zs'/e 

Technical Assessment Review Plan 0

II. PROFICIENCY TRAINING 

Type Trg Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  

Manager: Richard C. Lee T.A.R. Chairperson 
(Print Name) (Title) 

(Signature_) I (Date)

I



N-AD-077 
4/13/89 

SPECIAL TRAINING ASSI ZMqTr 

TO: D00'6L I•L-1A9 Date Prepared 5/18/89 
(Print ----me-

Technical Assessment Review (T.A.R.): Geological ana Geophysical JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shatt Facility Location You are assigned to complete the following special training by 5/22/89 

Completion of the training assignment(s) is a prerequisite to your performance of work as a T.A.". Team Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  

I. INOCTRINATIC READING ASSIGaMUNT 
Doc. No. Title 

R*-, Tn4.ta'&Z Date 
Q•',-02-08 Technical Assessme.c Review 0 '" 
ICN I Interim Change Notice Applying t6 Qý-02-08 •/3-5,3 

Technical Assessment Review Plan 0 

II. PROFICIENCY TRAINING 

Type Tng Comp. Instr.  Title Rev. R/W/C Date Initial 

N/A 

The above individual has satisfactorily completed this assignment.  

maag": Richard C. Lee T.A.R. Chairperson 
(Print Name) (Title) 

(Signature) - ( (Date)



- N-AD-077 
4/13/89 

SPECIAL TRAINING ASSICUENT 

M: A~~ C. e- Date Prepared 5118/89 (print Name) 
Technical Assessment Review (T.A.R.): Geological and Geophysical JOB TASK/ACTWVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shatt Facility Loca Ton You are assigned to complete the following special training by 5/22/89 

(Date) Completion of the training assignment(s) is a prerequisite to your performance of work as a T.A.R. :eam Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  
I. INDOCTRINATION READING ASSIGNMENT 

Doc. No. Title 
Rev. Trtitji 

78echnical Assessment Review 0 
ICN i Interim Change Notice Applying t6 QM-02-08 _ -_______ 

Technical Assessment Review Plan 0 

II. PROFICIENCY TRAINING 

Type Trg Comp. Instr.  Title Rev. R/C Date Initial 
N/A 

The above individual has satisfactorily ccmDleted this assimnment.  

Manager: Jerry L. King Department Manager 
(Print Name) D epa tlen 

(Signature') (Date)



N-AD-077 

4/13/89 
SPECIAL TRAINING ASSIGNMETr 

M: Mohammad S. Mozumder (PrintName)Date Prepared 5/18/89 
(Print Name) 

Technical Assessment Review (T.A.R.): Geological and Geophysica JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shatt Facility ocaton You are assigned to complete the following special training by 5/22/89 

(Date) Completion of the training assignment(s) is a prerequisite to your performance of work as a T.A.R. Team Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  

I. INDOCTRINATICN READING ASSIGNMET 

Doc. No. Title Rev. Initials Date 
QXP-02 - --h'ical A s-,ent Review 0 2 
ICN i Interim Change Notice Applying t6 QIP-02-08 

Technical Assessment Review Plan 0 /22 

II. PROFICIENCY TRAINING 

Type Trg Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  

PARagjr. Richard C. Lee T.A.R. Chairperson 
(Print Name) (Title) 

(Signature) / (Date)



N-AD.-077 
4/13/89 

SPECIAL TRAINING ASSIGO•qr 

(Print Namej Date Prepared 5/18/89 
Technical Assessment Review (T.A.R.): Geological ana Geophysical JOB TASK/ACTI'Y Evidence Pertaining to Structural Geology of the Exploratory 
Sharft acliity Location You are assigned to complete the following special training by 5/22/89 

Completion of the training assignment(s) is a prerequisite to your performance of work as a T.A.2. Team ."ember in the above activity.  
Complete indoctrination/proficiency training as indicated below.  

I. INDOCTRINATIN READING ASSIENMMT 
Doc. No. Title 

pb, . .nitials Date 
Q11-02-08 Technical Asseszment Review 0 , 
ICN i Interim Change Notice Applying t6 Q1P-02-08 • ___ 

Technical Assesszrent Review Plan 0 

II. PROFICIMNCY TRAINING 

Type Tng Comp. Instr.  Title Rev. R/W/C Date Initial 
N/ A 

The above individual has satisfactorily completed this assignment.  

e : Richard C. Lee T.A.R. Chairperson 
S (?rIrt Name) 

(Title) 

(Signature) I te)

i



N-AD-077 
4/13/89 

SPECIAL TRAINING ASSIGMENT 

TO: F-rre 9 P1,%1cwtr Date Prepared 5/18/89 
(Print Name) 

Technical Assessment Review (T.A.R.): Geological and Geophysical JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shaft Facility Location 

You are assigned to complete the following special training by 5/22/89 

Completion of the training assignment(s) is a prerequisite to your (Date) 
performance of work as a T.A.R. Team Member in the above activity.  

Complete indoctrination/proficiency training as indicated below.  

I. INDOCTRINATION READING ASSIGNMENT 

Doc. No. Title Rev. :-!itiis rnRte 
O•-02-08 Technical Assessment Review 0 ! I 

ICN I Interim Change Notice Applying t6 QMP-02-08 

Technical Assessment Review Plan 0 , / 

II. PROFICIENCY TRAINING 

Type Trg Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  
A ,, 

MHamee: Richard C. Lee T.A.R. Chairperson 
(Print Name) (Title) 

(Signature) 6 '

w� 
-- J



N-AD-077 
4/13/89 

SPECIAL TRAINING ASSIGNMET 

TO: C•e*k ./'c/ z•. 'A Date Prepared 5/18/89 
(Print Name) 

Technical Assessment Review (T.A.R.): Geological ana Geophysical JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 
Shaft k'acl ity Location You are assigned to complete the following special training by 5/22/89 

(Date) Completion of the training assignment(s) is a prerequisite to your performance of work as a T.A.R. Team Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  

I. INDOCTRIMATICN READING ASSIGUMPT 

Doc. No. Title Rev. Initials Dato 
.__ ._ Techni.c.l Assessment Review 0 6 Z-Y 7 

ICN I Interim Change Notice Applying t6 QMP-02-08 

____ Technical Assessment Review Plan 0 •i! - so - 9 

II. PROFICIENCY TRAINING 

Type Trg Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  

Mmage: Richard C. Lee T.A.R. Chairperson 
(Print Name) (Title) 

(Signature) ' (Date)

I



N-AD-077 
4/13/89 

SPECIAL TRAINING ASSIGWMNT 

M: 'R rI -- Date Prepared 5/18/89 
(Print Name) D Technical Assessment Review (T.A.R.): Geological ana Geophysica] JOB TASK/ACTIVITY Evidence Pertaining to Structural Geology of the Exploratory 

Shatt Facl t1y Location You are assigned to complete the following special training by 5/22/89 

- (Date) Completion of the training assignment(s) is a prerequisite to your performance of work as a T.A.R. Team Member in the above activity.  
Complete indoctrination/proficiency training as indicated below.  

I. INDOCTRINATICN READING ASSIGMrEMT 

Doc. No. Title Rev. Initials Date 
Q,-02-08 Techn~ial AbSZmL,,L P.ov':iw 

I CN I Interim Change Notice Applying t6 QYLP-02-08 ________ 

Technical Assessment Review Plan 0 / 

II. PROFICIENCY TRAINING 

Type Trg Comp. Instr.  Title Rev. R/W/C Date Initial 
N/A 

The above individual has satisfactorily completed this assignment.  

M&-mejer.. Richard C. Lee T.A.R. Chairperson 
(Print Name) (Title) 

(Signature ) fl - t (Date



C.4 Questionnaire for Documenting Independence of TAR Team Members



Attachment 5 

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: ýIA v ld C/*1r 
.Review Function(s): V/1 a ý C5-O 7 SC3 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory 
Shaft Facility (ESF). Enter "None" if appropriate.  

71, 3•,.( S co.4

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided 
policy and/or technical reviews. Enter "None" if appropriate.  

V•v•atc M- - 5a9ý 4--4"

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

Signature: 

Date:



Attachment 5 

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: .j M.A4•,ALL DAU-KDPo,-T" 

Review Function(s): 
7-a 4 a_ ci-- • o- T-AA 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

Signature:.  

Date:



Attachment 5 

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: .4 C 

Review Function(s): "/ " 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

AJoi --e

3. List any conmittees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

Signature: ~1 LI~-
Date: --ý/K l



Attachment 5 

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: j)hoF',0r~ 

Review Function(s): 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

Ajef te

2. List the titles and authors of 
that are relevant to structure in 
policy and/or technical reviews.  

-,6 ees) CZ,

reports of geological and geophysical nature 
the vicinity of the ESF that you have provided 
Enter "None" if appropriate.  us65 dF 8a-/g

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the 
ESF and your role on each committee. Enter "None" if appropriate.  

Signature: 

Date: 50



Attachment 5 

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAU) team members 

(Please Print) 

Name: lTev'7  ,

Review Function(s): 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

Signature: 

Date: 5-22-/r-f



Attachment 5 

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: 

Review Function(s): 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

N(*- Fý 

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

9,C\ 7(- 7 0 P,!;., -1) 

,~ ~ ~ O w_',e e,. o",N L.  
is QA LzjeI IW 

List'3 Z'1,'210, A. Ov M%% C A I 3. L any committees you previousy longe to that Ive reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

Signature:ar___ 

Date: 7/ 7/)



Attachment 5

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Re' '.-w (TAR) team members 

(Please Print) 

Name: At -r57- H94/?LD I 

Review Function(s): 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.

e roexddJy s.-io4PT io4rCior boeu~reAMtn&7V Rpoor

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.

DCeý/C*A 4ccr-P7-46j,4 g 4Aj.,rjV~j - 7-44 ( 71c4A,/I4L

Signature: _ _ _ _ _ _ _ _ 

Date: 5124 1 ti

('Al &1, - ?Z6 ro



Attachment 5

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: 7-2 , - - /-'-"J 

Review Function(s): 7-o•ce .  

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  
L R- ) r-A ~ 7 7e' 4A14et v~ 7-

04 ~~G y-~.. ,, ,. - ~Ad 
ýYAIe 

-~oA1'c 
'F bc4 ~'t7i~i y'Jog q~'A 4I AtD

2. List the titles and authors of 
that are relevant to structure in 
policy and/or technical reviews.

reports of geological and geophysical nature 
the vicinity of the ESF that you have provided 
Enter "None" if appropriate.

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

/z/-,

Signature: 1-01 

Date: 6_________



Attachment 5

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: - r 1+1el 

Review Function(s): 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.

2. List the titles and authors of 
that are relevant to structure in 
policy and/or technical reviews.

reports of geological and geophysical nature 
the vicinity of the ESF that you have provided 
Enter "None" if appropriate.

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

Signature.6,A 1 -1 
Date: _____S7/___3/



Attachment 5

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 
Name: r)'qJ 

I 
Review Function(s): QI vi e,-o 6% (O• -I C 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure.in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

Fz&-L 1A~ c

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the 
ESF and your role on each conmittee. Enter "None" if appropriate.  

T*94 0-±Ln / CO CCH. CWJ P4A42 Jr rJ0r0 tCV 
tq 00ý5(5,

Signature:

Date:



Attachment 5

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: !)o AAI 

Review Function(s): 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

Signature :%t/%•, -/ / 

Date:



Attachment 5

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: ij C , 

Review Function(s): rA- C , 
1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each conmittee. Enter "None" if appropriate.  

Signature: X ~ ( •~ 
Date: V 2/



Attachment 5

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: Mohammad S. Mozumder 

Review Function(s): Geophysics 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.

2. List the titles and authors of 
that are relevant to structure in 
policy and/or technical reviews.

reports of geological and geophysical nature 
the vicinity of the ESF that you have provided 
Enter "None" if appropriate.

Mole.

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

Signature:.



Attachment 5 

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to 
Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members

(Please Print)

Name: A-ll lcýae/ 4i/,

Review Function(s): 

1. List the titles of any reports you have authored or co-authored that bear on 
geological and/or geophysical interpretations in the vicinity of the Exploratory 
Shaft Facility (ESF). Enter "None" if appropriate.  

2. List the titles and authors of reports of geological and geophysical nature 
that are relevant to structure in the vicinity of the ESF that you have provided 
policy and/or technical reviews. Enter "None" if appropriate.  

3. List any committees you previously belonged to that have reviewed geological 
and/or geophysical data relevant to geologic structure in the vicinity of the 
ESF and your role on each committee. Enter "None" if appropriate.

Signature:

Date: /



Attachment 5 

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: pr-j )Pcýirrj 

Review Function(s): 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

14- Y.OCC no -^4,1, P,-e4 0&, njn Dj 1b, l e a c t 

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

None.  

Signa ture:____ 

Date:



Attachment 5 

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: P Q [ C- /{;4." 

Review Function(s): 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the ESF and your role on each committee. Enter "None" if appropriate.  

Signature: _ -- ____-_____-_ 

Date: _ _ _ _



Attachment 5 

Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology of the Exploratory Shaft Facility Location 

Questionnaire for documenting the independence of Technical Assessment 
Review (TAR) team members 

(Please Print) 

Name: i / -/ 

Review Function(s): 

1. List the titles of any reports you have authored or co-authored that bear on geological and/or geophysical interpretations in the vicinity of the Exploratory Shaft Facility (ESF). Enter "None" if appropriate.  

2. List the titles and authors of reports of geological and geophysical nature that are relevant to structure in the vicinity of the ESF that you have provided policy and/or technical reviews. Enter "None" if appropriate.  

4Ja~)L arc c ~ L) src~ w~' CCT-C 4~~.u. - LA~ .,A(&$ -If 

3. List any committees you previously belonged to that have reviewed geological and/or geophysical data relevant to geologic structure in the vicinity of the •ESF and your role on each committee. Enter "None" if appropriate.  

Signature:________________ 

Date:



Appendix D 

Meeting Minutes

D-1



Technical Assessment Review: Geological and Geophysical Evidence Pertaining 
to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEW GEOLOGY TEAM TELECONFERENCE 
MEETING MINUTES 

May 24, 1989 
101 Convention Center Drive 

Las Vegas, NV 89109 
Room 709 10:00am 

ATTENDANCE: 
(In Person) 
D.C. Dobson, Project Office Representative (YMP) 
R.C. Lee, TAR Chairperson (SAIC) 
J.M. Davenport, TAR Secretary (SAIC) 
T.A. Grant, Geology Team Leader (SAIC) 
E.L. Hardin, Geophysics Team Leader (SAIC) 
D. Cummings (SAIC) 
(Via Telephone) 
D. Fenster (Weston) 
T.E. Hinkebein (SNL) 
M. Mozumder (DOE-HQ)' 

This teleconference served as an introductory meeting for the Technical Assessment Review (TAR) Geology Team. Each participant verified that he had received a copy of the TAR package that was sent on Friday, May 19, 1989. All are in the process of completing the required paperwork and will send it back to the TAR Chairperson upon completion. All questions regarding the required forms 
and the TAR schedule were answered.  

Terry Grant stated that he would start circulation of the set of air photos that he currently has on May 25th. Each Geology Team member should review these and pass them on. He expects to have another set in a week or so and will route them to the team members then. Terry also stated that he will send a map of the Exploratory Shaft Area area to each team member on the 25th. He informed the team that his plans for field work include staying at the site on Wednesday, June 7th. (Marshall Davenport will handle all necessary arrangements.) 

Ernie Hardin mentioned that the TAR Geophysics Team will conduct its 
introductory meeting on Friday, May 26th at 10:00am.  

Dave Dobson informed all participant members of the team that a letter to their respective Technical Project Officers approving this task (TAR) will be mailed 
today.  

The meeting was adjourned at 10:20am.  

,_ __ DATE 

Conurtnce



Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEW GEOPHYSICS TEAM TELECONFERECE 
MEETING MINUTES 

May 26, 1989 
101 Convention Center Drive 

Las Vegas, NV 89109 
Room 714 10:00am 

ATTENDANCE: 
(In Person) 
J.M• Davenport, TAR Secretary (SAIC) 
T.A. Grant, Geology Team Leader (SAIC) 
E.L. Hardin, Geophysics Team Leader (SAIC) 
D. Cummings (SAIC) 
Forrest Peters (SAIC) 
(Via Telephone) 
M. Mozumder (DOE-HQ) 
J. Kimball (DOE-HQ) 
D. Dobson, Project Office Representative (YMP) 

This teleconference served as an introductory meeting for the Technical 
Assessment Review (TAR) Geophysics Team. All members stated that they were in the process of completing the required paperwork. The DOE-HQ members stated that their paperwork was express-mailed to the TAR chairman on 5/25/89.  

Ernest Hardin stated that the U.S. Geological Survey (USGS) has not yet committed a geophysicist to the TAR Geophysics Team. Dave Dobson took an action item to contact the USGS and try to get someone on the team. Ernest informed 
the team that the June 7th field trip to the exploratory shaft facility site was optional. The DOE-HQ members said that June 6th would be a better date for them because they would then be able to conclude any business in Las Vegas after the trip. It was agreed that the TAR Team would reconsider the date of the field 
trip.  

Ernest then outlined the work planned for the Geophysics Team during the TAR.  
The following is a summary of the discussion: 

TASK DESCRIPTION: RESPCNSIBLE PARTY(IES): 

la. Review USGS-OFR-82-182 Entire Geophysics Team 
-submit "Informal Concerns" about report 
to team leader on 6/12/89.  

lb. Review USGS-OFR-82-182 original records, USGS Representative (lead) location data, survey methods, etc. Mohammad Mozumder 
Interview USGS-OFR-82-182 authors 
-submit report to team leader on 
6/19/89 

2a. Assess any other available electrical data Dave Cummings (lead) 
in the ESF vicinity 
-submit report to team leader on 
6/19/89
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TASK DESCRIPTION: RESPONSIBLE PARTY( IES):

2b. Review USGS-OFR-82-182 with respect to 2a Dave Cummings 
-submit report to team leader on 
6/19/89 

2c. Perform a search to ensure no additional USGS Representative 
pertinent electrical data are available 
-if any is found, turn over to TAR team 
immediately 

3. Reinterpretation of USGS data: Ernest Hardin 
-Assessment 
-Modeling 

-Ernest will perform initial modeling to assess 
results and determine an approach; will report 
findings to Geophysics Team on 6/19/89; estimates 
2 weeks of work after determining approach; feels 
a sensitivity study is needed, but no "full
blown" modeling 

Final versions of the results of above activities due on 6/27/89.  

Three quality assurance concerns were raised during the meeting: 

1. The use of people outside of the TAR to assist in the work
Forrest Peters stated that they could be used as long as the work they 
performed was documented and the TAR member they were assisting made the 
decisions and drew the conclusions.  

2. Validation and verification (V and V) of modeling software
It will be impossible to V and V the modeling software during the TAR.  
Just because it is published and the TAR confirms the results does not 
satisfy V and V requirements. The TAR Team has to be very careful how the 
modeling results are used.  

3. Presentation of preliminary results of above task la
Informal methods should be used. Do not submit "comments", submit "Informal 
Concerns". The preliminary work has to kept informal.  

The next Geophysics Team meeting will be a teleconferrence on Thursday, 6/15/89 
at 9:00am PDT to discuss progress on the tasks above.  

Meeting was ajourned at 11:15am.

/ R1Sec4etary 
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Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEW (TAR) TEAM 
MEETING MINUTES 
June 7, 1989 

Coyote Wash, Nevada Test Site 
11:30 am 

Attendance: See attached page 

Richard Lee opened the meeting by asking each member of the TAR Team present to introduce himself. He then asked the team members from the U.S. Geological Survey to get their employer qualification statements to him as soon as 
possible.  

After presenting the agenda for the field investigations (attached) to the team, he explained the purpose and the goals of the investigations. The Geology Team was to search for surface evidence of faulting in the area of the exploratory shafts. The Geophysics Team was to retrace the lines (as accurately as possible) in which the USGS-OFR-82-182 resistivity measurements were taken looking for surface characteristics that could be reflected in the geophysical 
data.  

All questions concerning the field investigations were answered and the meeting was adjourned at 11:45am.  
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June 1, 1989

YMPO Branch Chief responsible for TAR: David Dobson 
TAR Chairperson: Richard Lee 
TAR Secretary: Marshall Davenport

Team Members:

SAIC FTS 544-7134 
SAIC FTS 544-7661

Team/discipline

Dave Dobson 
Mohammad Mozumder 
Jeff Kimball 
Ernie Hardin 
Terry Grant 
Forrest Peters 
David Cummings 
Gerald L. Shideler 
Douglas P. Kline 
Richard Snyder 
Dave Fenster 
Thomas E. Hinkebein

Geology 
Geophysics 
Geophysics & 
Geophysics 
Geology 
Geophysics 
Geophysics & 
Geology 
Geophysicist 
Geology 
Geology 
Engineering

Geology 
(Team Leader) 
(Team Leader) 
(QA Specialist) 

Geology

YMPO FTS 544-7940 
DOEHQ FTS 896-5560 
DOEHQ FTS 896-1063 
SAIC FTS 544-7617 
SAIC FTS 544-7647 
SAIC FTS 544-7753 
SAIC FTS 544-7835 
USGS FTS 776-1273 
USGS FTS 776-1313 
USGS FTS 776-1263 

Weston 202-646-6647 
SNL FTS 846-0580

FROM: Terry Grant, Richard Lee 

SUBJECT: Proposed Itinerary for TAR Field Visit 

Listed below is our proposed itinerary for the field visit on June 7 & 8.  Please note that each individual is responsible for his own personal gear (ie.  hat, canteen, hammer, compass, etc.). Arrangements have been made for the geology team to stay in Mercury for the night of June 7. The itinerary shows the geology team using two full days at the site. We may or may not finish 
earlier depending on our progress.  

JUNE 7, 1989 

8:00 AM Meet in lobby of Valley Bank Building. Drive to Mercury in DOE 
vehicles.  

10:00 AM Arrive Mercury; clear badging office, pick up sack lunches at 
cafeteria; leave for Coyote Wash.  

11:00 AM Arrive Coyote Wash. Introductions, discussion of purpose of field visit, familiarization with local geography (shaft locations, borehole 
locations, probable geophysical line locations).  

12:00 Noon Lunch

1:00 PM Familiarization with local geology.  
at examples of "breccia zones" mapped by 
criteria for distinguishing mapped units

Climb Dead Yucca Ridge, look 
previous workers, determine 
in area (cll, lower



lithophysal; crs, rounded step; cul, upper lithophysal), examine nature of contacts on the ridge, review expression of Ghost Dance fault.  
2:30 PM Examine other features that are of interest to the group.  
3:00 Pm Geology and geophysics teams split to look at areas of special areas of interest to each. (Geophysics team returns to Las Vegas when they are ready) Geology team finalizes selection of criteria for distinguising contact between map units and begins tracing contacts across south face of Dead Yucca Ridge, starting at Ghost Dance fault and working eastward to cover location of shafts. Exposures of contacts marked with stakes and flagging. (Team may split at this point to have one subgroup work cll-crs contact, and another subgroup work crs-cul contact) Team (or each subgroup) begins to plot location of flagged contact on map using compass triangulation.  

5:30 PM (or later depending on progress) Return to Mercury. Arrangements have been made to spend night in Mercury housing.  

JUNE 8, 1989 (Geology Team only) 

7:30 AM Depart Mercury. Pick up lunches at Mercury cafeteria.  
8:30 AM Arrive at Coyote Wash.  
11:30 AM Complete mapping started on previous day, discussion of results, determine need for mapping of north facing slope of Live Yucca Ridge.  
12:00 Noon Lunch 
12:30 PM Systematic traverse of area between shafts to look for evidence of faulting.  
1:30 PM Review of previously mapped fracture zones, minor faults, and breccia zones in area. Also field check any lineaments noted on air photos.  

3:00 PM Mapping of north slope of Live Yucca Ridge (if needed) and/or review or any other areas of interest to group.  5:30 PM(or when complete) Complete field work. Discussion of results, assignments made for items to be completed prior to TAR meeting.  
6:00 PM Depart for Las Vegas.



Technical Assessment Review: Geological and Geophysical Evidence Pertaining 
to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEW TEAM TELECCNFERECE 
MEETING MINUTES 
June 14, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 
Room 744 10:00am 

ATTENDANCE: 
(In Person) 
R.C. Lee, TAR Chairperson (SAIC) 
J.M. Davenport, TAR Secretary (SAIC) 
T.A. Grant, Geology Team Leader (SAIC) 
Forrest Peters (SAIC) 
D. Cummings (SAIC) 
(Via Telephone) 
D. Fenster (Weston) 
T.E. Hinkebein (SNL) 
Jeff Kimball (DOE-HQ) 
E.L. Hardin, Geophysics Team Leader (SAIC) 
G.L. Shideler (USGS) 
R.P. Snyder (USGS) 
D.P. Klein (USGS) 
J.D. Istok (Oregon State Univ.) 

Richard Lee opened the meeting by reminding the USGS Team Members that he had not received their employee qualification forms. They said the forms should be 
sent to him in a couple of days. Richard then announced a change in the TAR 
schedule: the June 26th TAR Team caucus will be moved to July 10th and the 
completion date for the Review Record Memorandum (RRM) will also be moved forward to a date to be determined. He then scheduled the next TAR Team meeting 
(teleconference) for Wednesday, June 21st at 10:00am PDT. In preparation for that meeting, the team leaders should give the TAR Chairman an outline of RRM 
input by Monday, June 19th. Richard Lee then asked the team leaders to give a 
progress report.  

Terry Grant (Geology Team Leader) outlined his team's input into the RRM and 
assigned responsibility: 

1. Previous mapping efforts (history)-Snyder and Shideler of the USGS; 
2. Results of air photo interpretation-all team members write summary and 

submit to T. Grant; 
3. Review results of Geology Team field investigations-T. Grant; and 
4. Conclusions and reco mndations-To be discussed at Geology Team caucus.  

A Geology Team caucus was scheduled for Wednesday, June 21st at 8:00am in Las 
Vegas.  

Ernest Hardin (Geophysics Team Leader) led off his discussion by scheduling a 
Geophysics Team caucus for Tuesday, June 20th at 8:00am in Las Vegas. He then 
outlined his team's input into the RRM: 

1. Analysis of resistivity data; 
2. Presentation of other applicable data;
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3. Presentation of new data found (if any); 
4. Review of USGS-OFR-82-182 based on contributions by team members; 
5. Effects/limitations on resistivity data; and 
6. Conclusions and recommendations.  

He announced that he would like RRM input by team members on June 20th.  

Tom Hinkebein then reported on his work on shaft engineering and design. His 
RRM input was proposed as: 

1. Performance of the shaft(s) and repository with respect to faulting and 
fracturing (i.e., water inflow)-will suimmarize available reports; and 

2. Occupational safety and construction concerns with respect to faulting and 
fracturing (i.e., fault slippage)-will revisit the 100 foot standoff 
criteria used in the Bertram report (SAND 84-1003, a TAR reference).  

Richard Lee reminded the members of the upcoming caucuses and TAR team meeting 
and this meeting was adjourned at 11:05am.  

_ _ _ _ _ _ _ _ _ DATE 
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Technical Assessment Review: Geological and Geophysical Evidence Pertaining 
to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEW TEAM TELECO4FENCE 
MEETING MINUTES 
June 21, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 

Room 745 10:00am 

ATTENDANCE: 
(In Person) 
See Attached List 
(Via Telephone) 
D. Fenster (Weston) 
T.E. Hinkebein (SNL) 
Jeff Kimball (DOE-HQ) 

Richard Lee opened the meeting with the following announcements: 

-Next TAR Team meeting will be a teleconference on Thursday, June 29th at 10:00am PDT. (He assigned Marshall Davenport the responsibility of running the 
meeting in his absence.) 

-The TAR Team caucus will be held on Tuesday, July 1lth at 8:00am (Meeting site
TBD).  

-Team members' text should be to Team Leaders by July 11th.  

He then asked Terry Grant (Geology Team Leader) to give a status report of his 
team's activities. Terry reported that: 

-USGS has completed a draft Section 3.1 of the 6/21/89 Proposed Review Record Memorandum (RRM) Outline (attached). The Proposed RRM Outline had been 
distributed to the TAR Team prior to the meeting.  
-He has completed a draft Section 3.2.  
-The Geology Team is presently discussing Section 3.4 -The Geology Team members need to get their air photo interpretations to him as 

soon as possible.  

Ernest Hardin (Geophysics Team Leader) then reported on the activities of the 
Geophysics Team: 

-The Geophysics Team FM outline was completed at a team meeting yesterday.  
-Responsibilities for sections of the outline were also assigned.  
-RRM input is due in two weeks.  

Ernest also gave the TAR Team an overview of the modeling activities being 
performed.  

Richard asked Terry for the preliminary conclusions of the Geology Team. Terry 
stated that the team: 

-generally agrees with the Scott and Bonk map; 
-saw no surface evidence of fault displacement during its field review; -will probably recommend detailed mapping of the main pad excavation; 
-is presently discussing other pre-pad excavation field investigations; and -will conclude that breccia features, fractures, joints, etc. will be
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intersected by the shafts during excavation.  

Tom Hinkebein reported on the engineering activities. He stated that he is looking at construction and performance assessment effects of faulting on the shaft and its design.  

After the Team Leaders' reports, Jeff Kimball gave an overview of his upcoming presentation to the Advisory Committee on Nuclear Waste. He stated that he will send a copy to the Dave Dobson as soon as possible so that the Project can submit comments before the presentation next week.  

The meeting was adjourned at 11:20am.  

A DATE 
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Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology at the Exploratory Shaft Facility Location 

TECMICAL ASSESSMENT REVIEW TEAM MEETING 
JUNE 21,1989 

101 Convention Center Drive 
Las Vegas, NV 89109 
Room 745 10:00am 

ATTENDANCE LIST 
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PROPOSED RRM OUTLINE 6/21/89 
Table of Contents 

List of Figures 

List of Tables 

Executive Summary 

1. Introduction 
1.1 Purpose 
1.2 Scope 

1.2.1 Geology subcommittee 
1.2.2 Geophysics subcommittee 
1.2.3 Engineering subcommittee 

1.3 Conduct of TAR 
1.3.1 QA Levels and Controlling Procedure 
1.3.2 TAR Plan 
1.3.3 TAR Participants 1.3.4 Approach to Developing Comnents, Conclusions, and Recommendations 1.3.5 Reference Validation 

1.4 Records 
1.4.1 QA-Related Records in the RRM 1.4.2 Other Records in the pM 

2. Historical Perspective 

2.1 Summary of geological and geophysical work undertaken to address 
Bertrum( 1984) 2.2 Other geologic and geophysical data pertinent to investigations of Coyote Wash 

2.3 Basis of inferred fault shown in Figure 1-40 of the SCP and in USGS OFR84-792, and its relationship to OFR82-182.  2.4 Geologic basis for decision to locate Exploratory Shaft 

3. Geology Subcommittee Chapter 
3.1 Review of Approach and techniques Used For Existing Geologic Mapping 

3.1.1 Techniques used to perform mapping/available documentation 3.1.2 Evaluations by original authors on the accuracy of their maps, and estimated resolving power for estimating apparent vertical offset.  3.1.3 Original purpose of data, limitations of data, and implications of faulting 

3.2 Review of Aerial Photography 3.2.1 Description of photography reviewed by team 3.2.2 Acceptability of the interpretations shown on the mapping when compared to features visible on the photography.  3.2.3 Evaluation of geologic evidence for or against faulting in the exploratory shaft area that should have been considered in the mapping of the area

3.3 Review of Field Relations



3.3.1 Date and location of review; techniques used during review.  
3.3.2 Selection and nature of contacts mapped in area.  
3.3.3 Criteria for the mapping/review 
3.3.4 Nature and expression of known faulting of Ghost Dance fault.  
3.3.5 Results of tracing contacts across ES locations.  
3.3.6 Evaluation of fractures and breccia zones 

3.4 Conclusions and Recommendations 

3.4.1 On the acceptability and reasonableness of the existing mapping 
3.4.2 Geologic evidence for or against a fault in the vicinity of the 

exploratory shaft.  
3.4.3 Were the geology recommendations of the Bertrum report adequately 

implemented? 
3.4.4 Were the geologic data appropriately used in making the ES location 

decision? 
3.4.3 Reconuendations on future geologic investigations 

3.5 Concurrence Signatures 

4. Summary of Geophysics Subcommittee 

4.1 Introduction (structure vs interpretation; emphasis on geoelectric data 
& models) 

4.2 Geophysical Data Applied to ESF location and inferred fault evaluation 

4.2.1 Original surveys of S&R 
4.2.2 other surveys (pub./unpub.;E2, ER, gray., mag.,seis., VES, slingram) 
4.2.3 unique aspects of S&I data set/summary statement 
4.2.4 Well logs/petrophysical data (include discussion of res. values, IP) 

4.3 Geoelectric model 
4.3.1 S&R model 
4.3.2 model relationships to observed material resistivity 
4.3.3 General discussion of uniqueness, resolution, and sensitivity.  
4.3.4 Other models that may satisfy the data 

4.4 Technical issues and concerns (distilled from consensus; leads into 
analysis) 

4.5 Additional modeling considerations 
4.5.1 2-d effects 
4.5.2 3-d effects 
4.5.3 Sensitivity to starting model 
4.5.4 Applicability of other existing geophysical data 
4.5.5 Other published models? 
4.5.6 Other aspects of dipole-dipole data? 

4.6 Geologic interpretation 
4.6.1 S&R interpretation 
4.6.2 Relationship of S&R interpretation to known geology 
4.6.3 Petrophysical relationships 

4.6.3.1 pore vs. surface conduction 
2 alteration 
3 fracturing vs. fault zone material



4.6.4 Limitations of numerical modeling and geophysical model analogs to 
geologic structures 

4.6.5 Latitude for geophysical interpretation (significance; # of geophysical data jointly considered; purpose of 1979 work; context 
for SCP Figs. 1-40) 

4.7 Conclusions and Recommendations 
4.7.1 Applicability of S&R interpretation to ESF location.  
4.7.2 Applicability of other existing data, dipole-dipole data, EM & ER 

methods in general, and other methods (e.g., seismic) 

4.8 Concurrence signatures 

5. Summary of Engineering Subcommittee 
5.1 Impact on the shaft construction. In Bertram (1984) the exploratory shaft was located to avoid potentially adverse structures. The exact definition of a potentially adverse structure is not presented. It is implied however, that a fault is such a structure. It is our belief however that the implications of such faulting likely to be dependent on the fault 

characteristics.  

5.1.1 In order to test this belief, consider what characteristics a 
fault would have to possess to cause concerns during shaft construction. Answer the following questions by using specific 
examples and best engineering judgment: 

If subsurface faulting were encountered near or in the shaft, what characteristics of the fault would make it difficult to sink, line, and/or to install seals, (construction or 
permanent)? 

Consider fault and rock characteristics such as dip, strike, 
aperture, slip, rubble, waterproducing zones, etc., and 
combinations of these.  

Consider implications on the area set aside for the shaft 
pillar. Would this zone have to be altered to accommodate 
the presence of a fault? 

Consider the operational safety of workers since liner may 
be as such as 30 feet above the working face.  

5.1.2 Outline ground support systems for the five ground classes 
outlined in SCP-CDR. These include ground support required for a fault zone to indicate that DOE has considered the construction implications of encountering an underground fault.  

If ground support systems are required windows may be placed in 
those systems to allow access to and study of water producing 
zones.  

Ground support systems may be removed to allow drainage required of 
sealing systems.  

5.2 Impact on the shaft performance.  

5.2.1 What characteristics of a fault would cause potential impacts to the



long-term performance of the Exploratory Shaft or the underground 
facility.  

5.2.1.1 Consider the projected conductivity of a fault to both water and 
gaseous movement. Are fault conductivities any different from 
bulk rock conductivities given in the RIB.  

5.2.1.2 Consider analysis of Ross (1989) to determine faulting conditions 
which may lead to perched water. What sequences of 
welded-nonwelded unit, what conductibities of units and what 
offsets across the fault are necessary to allow perching? 

5.2.1.3 Consider appropriateness of analyses in Fernandez et al. (1987), 
Fernandez et al. (1989), Peters (1988), Wang and Narasimhan 
(1980), Rulon et al., (1987), DAA (Appendix J, pp2-5, 2-6, 2-16, 
2-26, 2-31).  

Are the mechanisms considered appropriate for water flow in a 
fault? 

Are the conductivities appropriate so that results may be allied 
to a faulted satuation? 

Are gasous mechanisms appropriate for describing flow in a fault? 

5.2.2 Purpose of a shaft is to characterize the repository and therefore 
want to be near faults for representativeness purposes. what representativeness 
concerns are there if (1) there are faults through the ES and (2) if there are 
no faults in the ES 

5.3 Concurrence signatures 

6. TAR Summary (if necessary) 

Appendix A --QMP-02-08 with ICN Number 1 

Appendix B -TAR Notice and Plan 
B.1 TAR Notice 
B.2 TAR Plan 
B.3 Differences Between TAR Plan And Conduct of TAR (if any) 
B.4 Project Office (HP 06-03 Review Comments on Draft TAR Plan 

Appendix C --QA-Related Records 
C.1 TAR Team Selection Record (N-QA-008) 
C.2 Employer Certification of TAR Team Member Qualifications 
C.3 QW-02-08, ICN Number 1, and TAR Plan Training Documentation 
C.4 Questionnaire for Documenting Independence of TAR Team Members 
C.5 Standard Deficiency Reports and Observations (if any) 

Appendix D --Meeting Minutes 

Appendix E -TAR Reference List (TAR Package List) 

Appendix F -Correspondence Related to TAR

Appendix G -TAR Comment Forms



Appendix H -List of Reviewers by Name, Organization, and Discipline 

Appendix I -Supporting Documentation for the TAR 1.1 Computer code verification and validation (if necessary) 1.2 Input/output files for all code runs



Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEW TEAM TELECONtFERNCE 
MEETING MINUTES 
June 29, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 
Room 716 10:00am 

ATTEN~DANCE: 
(In Person) 
J.M. Davenport, Secretary 
E.L. Hardin, Geophysics Subcommittee Leader T.A. Grant, Geology Subcommittee Leader 
(Via Telephone) 
D. Fenster (Weston) 
T.E. Hinkebein (SNL) 
Jeff Kimball (DOE-HQ) 
Mohammad Mozumder (DOE-HQ) 
G.L. Shideler (USGS) 

Marshall Davenport (in the absence of TAR Chairman, R.C. Lee) opened the meeting with the following announcements: 

-No TAR Team teleconference next week -The TAR Team caucus will be held on Tuesday, July 11th at 8:00am in SAIC Room 745. Although the caucus is not expected to last all week, the room is available all week. Room 1010 (a small conference room) will be available on the 13th and 14th.  -A meeting will be held with Lynn Hoffman on Monday July 10th to discuss production support for the Review Record Memorandum (RRM). E.L. Hardin and T.A. Grant are requested to attend. Time TBD.  -Subcommittee Leaders are requested to compile a list of all new materials (not in the TAR package that have been collected, reviewed, considered, etc. and give the list to J.M. Davenport for the RRM.  
Ernest Hardin (Geophysics Subcommittee Leader) then reported on the activities of the Geophysics Subcommittee: 

-D. Cummings has submitted a draft of Chapter 4.2 -D. Klein is working on a draft of 4.3 -DOE-HQ is working on a draft of 4.4 to be sent out on 6/29 or 6/30 -Modeling to complete by 7/11 
Terry Grant (Geology Subcommittee Leader) gave a status report of his team's activities. Terry reported that: 
-He has sent the subcommittee members a draft Section 3.2 and would like comments as soon as possible.  
-Has received comments from D. Cummings.  -The USGS reported that their comments went out on 6/28.  -The subcommittee members need to get their air photo interpretations to him as soon as possible. D. Cummings and M. Davenport have completed this.  D. Fenster reported that he will send his out on 6/29 or 6/30.



Tom Hinkebein stated that the Engineering Subcommittee met on 6/22 and 6/23.  He has not finalized a schedule as yet, but does not foresee any problems.  He then explained some of the history of the 100' fault setback criteria in the Bertram Report. He stated that he had completed his review of the air photos and forwarded them to D. Dobson on 6/28.  

The meeting was adjourned at 10:20am.  
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Technical Assessment Review: Geological and Geophysical Evidence Pertaining 
to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEW TEAM 
MEETING MINUTES 
July 11, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 

Room 745 8:00am 

ATTDANCE: 
See attached list 

Rich Lee opened the meeting by informing the team of the TAR meeting 
arrangements for the week (7/11 through 7/14). He then made the following 
announcements: 

-Lynn Hoffman will be assisting the team in the preparation and publication of 
the Review Record Memorandum (RRM); 

-Maurice Grieves, a mining engineer with Parsons, Brinckerhoff, Quade and Douglas, Inc. will be joining the TAR Team and will be working with T.E.  
Hinkebein on the Engineering Subcommittee; and 

-A TAR meeting will be held at 11:00agon Thursday (7/13) in Room 745; one of the 
discussion points will be TAR Team recommendations 

A discussion of the RRM with Forrest Peters followed. Forrest concluded that 
the decision to "Control" the RRM is a management decision and not a quality 
assurance (QA) decision and reference verification on the RRM is not needed, 
from a QA point of view.  

Short status reports were then given by the chairmen of the Geology and 
Geophysics Subcomnittees.  

Following the status reports, the TAR Team broke into subcommittees to work on input into the subcommittee recommendations and input into the RRM. The TAR 
Team agreed to reconvene at 4:00p to discuss progress.  

At 4:00p. the TAR Team reconvened. The team discussed results of the 
subcommittee meetings. Because of the Geophysics Subcommittee's need for 
additional time to prepare conclusions, no recommendations were formed.  

The meeting was adjourned at 5:15p.  
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Technical Assessment Review: Geological and Geophysical Evidence Pertaining 
to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIW TEAM MEETING 
JULY iv i 1989 

01" Convention Center Drive 
Las Vegas, NV 89109 
Room 745 8:00am 

ATTENDANCE LIST 

NAME ORGANIZATICK PHCNE

P.  

Vte~r~d at P" i ̂W

e17j- ~

.UsC CS 

5,9Lc 

us Ci Yh- (c 
51V C•E/H

TZY Jrl 4 - 7 7,, 

FTP , 7•7e- -7473 

F7rS l7ot3)3 
F15 SY-t - 7, 4I7' 

F-71 -79( e 3)4'

P75 I -



Technical Assessment Review: Geological and Geophysical Evidence Pertaining 
to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEWJ TEAM 
MEETING MINUTES 
July 13, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 

Room 745, 11:00 am 

ATTENDANCE: 
See attached list 

The TAR Chairman, R. Lee opened the meeting by announcing that Maurice 
Grieves had joined the TAR team to serve on the Engineering Subcommittee.  
Also, Patrick Waters, DOE-HQ, may attend future TAR meetings to surveil TAR 
team activities. Ivan Cottle, SAIC/T&MSS, will be available to 
support/advise the team on matters related to ESF construction. Also, M.  
Davenport (TAR Secretary) has a new Project assignment and will not be able 
to perform the Secretary role full-time. M. Parsons will be added to the TAR 
Team to support the Team in the capacity of TAR Secretary.  

Subcommittee reports followed. The Geophysics subcommittee reported results 
from 2-D modeling of resistivity data. It was agreed that the subcommittee 
should further pursue modeling efforts because the results suggest other, 
non-fault related explanations for the resistivity anomaly. The subcommittee 
reported that limited access to proper computer facilities has and may 
continue to impact the timely completion of their work. To properly address 
the possibility that alteration of tuffs is related to observed resistivity 
anomalies, D. Klein and G. Shideler will inquire into using other expert 
geoscientists familiar with this concept. G. Shideler submitted comments by 
D. Cummings on a draft of Section 4.6.  

T. Hinkebein of the Engineering Subcommittee reported on the 
performance-related aspects of faulting in or near an ES (primarily water 
movement). As a result of discussions with the TAR team at this meeting, he 
will revisit his calculations assuming other performance-related anomalies 
(i.e. a zone of increased saturation). M. Grieves reported on the impacts of 
faulting to an ES from the standpoint of "constructability." 

The Geology Subcommittee did not make a report.  

The TAR Team agreed to meet again on Friday, 7/14/89 at 11:00 am. The 
meeting was adjourned at 1:30 pm.  
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Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEw TEAM 
MEETING MINUTES 
July 14, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 

Room 745, 11:00 am 
ATTENDACE: 
See attached list 

Richard Lee opened the meeting by noting that the meeting was considered optional, due to TAR team members' travel arrangements. R. Lee also announced plans for a telecon for Wednesday, July 19, at 10:00 am, PST. R.  Lee also stated a concern expressed to him by QA surveillance staff: that the TAR team should keep records of each draft of their respective subcommittee reports.  

The purpose of the meeting was to review and discuss each subcommittees, preliminary recommendations. Preliminary drafts of the Geophysics and Engineering subcommittees recommendations were distributed for discussion.  Based upon the discussion, T. Hinkebein (SNL) decided to reorganize the Engineering subcommittee's report/recommendations into two sections: Performance (of an ESF with a nearby fault) and Constructibility (of an ESF with a nearby fault).  

The meeting was adjourned at 1:00 pmo.  

TR Secretary 

DATEuen



Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENr REVIE TEAM MEETING 
JULY 14, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 

Room 745 11:00am 

ATTENDACE LIST NAME 
ORGANIZATION 

PHONE 

. . -• ..... ... ¢ _ .... • 

1;7~~~~S~ /5 ..... ...  

7 :~~si~~6'



Technical .Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEW TEAM 
MEETING MINUTES 
July 19, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 
Room 745, 10:00 am 

ATTENDANCE: 
See attached list 

The meeting was structured as a telecon with team members from DOE-HQ, SNL, USGS as well as those on the attendance list.  
The TAR Chairman (Richard Lee) opened the meeting with two observations: 1) the Project Office has decided to perform reference verification on references used in the RRM of this TAR, thereby adding approximately two weeks onto the TAR schedule; 2) subcommittee report authors must forward copies of references used to the TAR Secretary.  

Subcommittee reports followed: 

G T. Grant reported that Chapter 3 is nearly complete. Chapter 2 done early next week. G. Shideler (USGS) reported on the discovery of documentation on the moving of the ES location. He will forward this material to the TAR Secretary. D. Dobson submitted comments (marked-up text) to T. Grant on Chapter 3.  
Geohysics: E. Hardin reported that the first draft of Chapter 4 will be coplete late this week; draft 2, with D. Klein's input, will be ready approximately 7/26.  

Engineering: T. Hinkebein reported on the status of Chapter 5 (Perforimnce aspects) and Chapter 6 (Constructability).  
Rich Lee proposed a meeting among himself, D. Dobson, subcommittee leaders, and any other interested team members to integrate subcommittee recommendations. After discussion, the meeting participants agreed to meet in Las Vegas on Wednesday, 1:00 pm, 7/26/89 and (if necessary) Thursday, 
7/27/89.  

E. Hardin requested review/editing assistance for his text. He requested R.  Lee's assistance on this matter.  

The meeting was adjourned at 10:45 am.  
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Technical Assessment Review: Geological and Geophysical Evidence Pertaining 
to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIE. TEAM 
MEETING MINUTES 
August 11, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 

Room 709, 8:00 am 

ATTENDANCE: See attached list.  

The TAR team met to discuss comments on the draft of the first seven chapters 
of the Review Record Memorandum (RRM), which had been mailed to them 
previously.  

Richard Lee showed examples of color photocopies of color prints for use as 
figures in the RRM. It was agreed that we will use this medium for 
reproducing the photos in the RRM.  

Discussion on the recoumendations of Chapter 4, Geophysics, followed.  
Discussion centered around the need to recommend that the Project attempt to 
reproduce the resistivity anomaly (i.e. the basic data) or the interpretation 
of the anomaly. E. Hardin will amend Chapter 4 to address an attempt to 
reproduce the resistivity anomaly. E. Hardin also requested assistance in 
writing Section 4.5.3, Sensitivity Studies.  

A telecon, starting at 10:00 PST, followed the meeting. During the telecon, 
the team agreed to send Chapters 2, 3, 5, and 6 to Technical Editing early 
next week. Chapter 4 (and perhaps the other chapters) will be sent out for 
team review again on (or about) Wednesday afternoon, 8/16/89. D. Klein 
inquired if an independent reviewer should read the final RRM, before we 
finalize it. Team members felt this was not necessary, but if D. Klein 
wanted to pursue this informally on his own, that was acceptable.  

The meeting was concluded at 10:45, PST.  
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Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEW TEAM 
MEETING MINUTES 
August 22, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 

Room 706, 10:00 am 

ATTENDANCE: See attached list.  

The meeting was conducted as a telecon with all interested TAR team members 
in attendance or having dialed in.  

Regarding the schedule for production of the RRM, R. Lee noted that EG&G's plotter was down, potentially delaying production of several figures (maps) 
for the RRM.  

Changes and edits of the text and recommendations of each subcommittee were discussed. Significant discussion centered around two items: 

1) D. Klein felt that sections 4.7.1 and 7.1 of the RRM were not consistent in our recommendations regarding effects of alteration of tuff on shaft constructibility. It was agreed that Chapter 7 should contain a summary statement on whether or not there are impacts to shaft 
constructibility.  

2) D. Dobson (with discussion by others) felt that we should reconsider the appropriateness of recommending a centerline borehole to total depth of the shaft, given the MPBHs and pilot boreholes already planned (Section 7.2.3 of RRM). Terry Grant will address this concern.  

It was decided to have team members concur only on the RRM chapters for which they were subcommittee members, and on Chapter 7. Also, subcommittee leaders' recommendations on comment forms would represent all subcommittee members' concerns, with members submitting a statement so stating, unless the member explicitly chose to submit a different recommendation. M. Parsons will transmit the recommendations and forms for signature to team members as 
soon as possible.  

The meeting was concluded at 11:50 am PST.  
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Technical Assessment Review: Geological and Geophysical Evidence Pertaining to Structural Geology at the Exploratory Shaft Facility Location 

TECHNICAL ASSESSMENT REVIEW TEAM 
MEETING MINUTES 
July 26, 1989 

101 Convention Center Drive 
Las Vegas, NV 89109 

Room 450, 1:00 pm 

ATTENDANCE: See attached list.  

The meeting was opened by the TAR chairman, R. Lee with a request for status of each subcommittee of the TAR team.  

E. Hardin reported for the Geophysics subcommittee. After additional modeling work, an anomaly is still present in the data. Team members discussed various methods to further characterize the anomaly, including test borings and mini-sosie. Team members generally agreed that we should attempt to pinpoint the alluvium/bedrock contact depth. R. Lee stated that any proposed geophysical method might be subject to a feasibility study.  
T. Grant spoke for the Geology subcommittee. No changes have been made to their recommendations. Discussion centered around where to locate the boreholes mentioned above.  

T. Hinkebein reported on the status of the Engineering subcommittee. He would like to have another qualified person review the draft of Chapters 5 and 6.  

The meeting was adjourned at 2:30 pm.  
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Appendix E 

TAR Reference List (TAR Data Package List)
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3. Selected plates from the original manuscript of Smith and Ross (1982, 
USGS Open File Report 82-182): Plates II, III, IV, V, VI, VII.  

4. Unpublished contractor's field-map showing location of dipole-dipole 
line YM-10.  

5. Unpublished work map showing location of dipole-dipole line YM-1I.  

6. Unpublished preliminary map showing faults on Yucca Mountain inferred 
from Vertical Electrical Sounding data.  

7. Unpublished, working map for the resultant map (item 6), showing 
dipole-dipole line locations and locations of resistivity contrasts.  

8. Unpublished contractor's pseudo-section drawings for dipole-dipole line 
YM-1l and part of YM-10.  

9. Unpublished contractor report relating to dipole-dipole lines TR-3, 
TR-4.  

10. Ross and Lunbeck, 1978 (complete bibliographic citation under RRM 
References).  

11. Daniels, 1983 (complete bibliographic citation under RRM References).  

12. Daniels et al., 1981 (complete bibliographic citation under RRM 
References).  

REFERENCES USED IN THE REVIEW RECORD MEMORANDUM 

Adamson, A. W., 1976. Physical Chemistry of Surfaces, 3rd Edition, John 
Wiley and Sons, New York.  

American Geological Institute, 1962. Dictionary of Geological Terms, 
prepared under the direction of the American Geological Institute, 
Doubleday and Company, Inc., Garden City, New York.  

Anderson, L. A., 1981. Rock Property Analysis of Core Samples from the Yucca 
Mountain UE25 a-i Boreholes, Nevada Test Site, Nevada, Open File Report 
USGS-OFR-81-1338, U.S. Geological Survey.  

Anderson, L. A., 1984. Rock Property Measurements on Large-Volume Core 
Samples from Yucca Mountain USW GU-3/G-3 and USW G-4 Boreholes, Nevada Test 
Site, Nevada, Open File Report USGS-OFR-84-552, U.S. Geological Survey.  

Anderson, L. A., written communication. Preliminary draft of report on 
results of rock property measurements made on core samples from Yucca 
Mountain boreholes UE25 a#4, a#5, a#6, a#7, and p#1, sent to E. Hardin by 
D. Klein; August 3, 1989.  

Barbier, M. G., 1983. The Mini-Sosie Method, International Human Resources 
Development Corporation, Boston, Massachusetts.



Appendix E

REFERENCES COMPRISING THE TAR PACKAGE 

Bertram, S.G., 1984. NNWSI Exploratory Shaft Site and Construction Method 
Recommendation Report, SAND84-1003, Sandia National Laboratories, 
Albuquerque, NM.  

Chronology of Events, Prepared by T. Grant, 4/89.  

Letter from Dixon (USGS) to Vieth discussing detailed geologic mapping of 5 
sites recommended by Ad Hoc TOC Committee 

Memo from A.E. Stephenson (SNL) to R.C. Lincoln with report "Recommendation 
of the Site for the NNWSI Exploratory Shaft by the Ad Hoc TOC Committee", 
dated 6/25/82.  

Scott, R.B., and J. Bonk, 1984. Preliminary Geologic Map of Yucca Mountain, 
Nye County, Nevada, with Geologic Sections, USGS-OFR-84-494, Open-File 
Report,U.S. Geological Survey. (manila envelope) 

Scott, R.B., et al, 1984. Geological and Geophysical Evidence of Structures 
in North-West Trending Washes, Yucca Mountain, Southern Nevada, and Their 
Possible Significance to a Nuclear Waste Repository in the Unsaturated 
Zone, USGS-OFR-84-567, Open-File Report, U.S. Geological Survey.  

Smith, C., and H.P. Ross, 1982. Interpretation of Resistivity and Induced 
Polarization Profiles with Severe Topographic Effects, Yucca Mountain Area, 
Nevada Test Site, Nevada, USGS-OFR-82-182, Open-File Report, U.S.  
Geological Survey. (acco binder) 

Spengler, R.W., and M.P. Chornack, 1984. Stratigraphic and Structural 
Characteristics of Volcanic Rocks in Core Hole USW G-4, Yucca Mountain, Nye 
County, Nevada, with a section on geophysical logs by D.C. Muller and J.E.  
Kibler, USGS-OFR-84-789, Open-File Report, U.S. Geological Survey.  

(with Plate 1 in envelope in notebook cover) 

Spengler, R.W., and J.G. Rosenbaum, 1980. Preliminary Interpretations of 
Geologic Results Obtained from Boreholes UE25a-4, -5, -6, -7, Yucca 
Mountain, Nevada Test Site, USGS-OFR-80-929, Open-File Report, U.S.  
Geological Survey.  

USGS (U.S. Geological Survey) (Comp), 1984. A Summary of Geologic Studies 
Through January 1, 1983, of a Potential High-Level Radioactive Waste 
Repository Site at Yucca Mountain, Southern Nys County, Nevada, 
USGS-OFR-84-792, Open-File Report, U.S. Geological Survey.  

Package of materials provided by D. P. Klein, 6/3/89, including: 

1. An unpublished sketch sumfarizing geoelectric-defined faults in the area 
of Coyote Wash.  

2. Figure showing dipole-dipole lines A, B, B', C of Smith and Ross, 1982.



Barton, N., 1988. "Rock Mass Classification and Tunnel Reinforcement 
Selection Using the Q-System," Rock Classification Systems for Engineering 
Purposes, ASTM STP 984, Louis Kirkaldie, ed., American Society for Testing 
and Meterials, Philadelphia, pp. 59-88.  

Barton, C. C., W. R. Page, and T. L. Morgan, 1989. Fractures in Outcrops in 
the Vicinity of Drill Hole USW G-4, Yucca Mountain, Nevada, Open File 
Report USGS-OFR-89-92, U.S. Geological Survey, 13 p.  

Bell, Bruce S., 1979. Summary report on the symmetrical Schlumberger 
vertical electrical soundings and induced polarization and dipole-dipole 
resistivity traverse work on and outside the Nevada Test Site, Contract 
no. 14-08-0001-17817, transmitted to D. Hoover, U.S. Geological Survey, 
from the Vice President of Phoenix Geophysics, March 7, with enclosures.  

Bentley, C. B., J. H. Robinson, and R. W. Spengler, 1983. Geohydrologic Data 
for Test Well USW H-5, Yucca Mountain Area, Nye County, Nevada, Open File 
Report USGS-OFR-83-853, U.S. Geological Survey.  

Bertram, S. G., 1984. NNWSI Exploratory Shaft Site and Construction Method 
Recommendation Report, SAND84-1003, Sandia National Laboratories 
Albuquerque, New Mexico.  

Beyer, J. H., 1977. Telluric and D.C. Resistivity Techniques Applied to the 
Geophysical Investigation of Basin and Range Geothermal Systems, Part II: 
A numerical Model Study of the Dipole-Dipole and Schlumberger Resistivity 
Methods. University of California at Berkeley, LBL-6325, 2/3, Lawrence 
Berkeley Laboratory, 211 p.  

Bish, D. L., 1987. Evaluation of Past and Future Alterations in Tuff at 
Yucca Mountain, Nevada, Based on the Clay Mineralogy of Drill Cores USW 
G-l, G-2, and G-3, LA-10667-MS, Los Alamos National Laboratory, Los Alamos, 
New Mexico.  

Bish, D. L. and S. J. Chipera, 1989. Revised Mineralogic Suwmary of Yucca 
Mountain, LA-11497-MS, Los Alamos National Laboratory, Los Alamos, New 
Mexico.  

Chesnut, D., personal communication. Discussion with E. Hardin concerning 
some of the facts reported in a draft report on rock property measurements 
made on core samples, by L. A. Anderson; August 3, 1989.  

Cross, J. A., 1986. Letter to D. L. Vieth concerning "Location of Shafts for 
the Exploratory Shaft Facility (ESF)," dated July 29, 1986.  

Daniels, Jeffrey J., 1983. "Hole to Surface Resistivity Measurements," 
Geophysics, Vol. 48,' No. 1, p. 87-97.  

Daniels, J. J., J. H. Scott, and J. T. Hagstrum, 1981. Interpretation of 
Geophysical Well-Log Measurements in Drill Holes UE25a-4, -5, -6, -7, Yucca 
Mountain, Nevada Test Site, Open File Report USGS-OFR-81-389, U.S.  
Geological Survey, 29 p.



Dey, A., 1976. Resistivity Modeling for Arbitrarily Shaped Two-Dimensional 
Structures, Part II: User's Guide to the FORTRAN Algorithm RESIS2D, 
University of California at Berkeley, LBL-5283, Lawrence Berkeley 
Laboratory.  

Dey, A., and H. F. Morrison, 1976. Resistivity Modeling for Arbitrarily 
Shaped Two-Dimensional Structures, Part I: Theoretical Formulation, 
University of California at Berkeley, LBL-5223, Lawrence Berkeley 
Laboratory.  

Dey, A., and H. F. Morrison, 1979. "Resist` -ty Modeling for Arbitrarily 
Shaped Three-Dimensional Structures," Geopiiysics, Vol. 44, p. 753-780.  

Dixon, G. L., 1982. Letter to D. L. Vieth dated July 16, 1982.  

DOE (U.S. Department of Energy), 1986. Environmental Assessment, Yucca 
Mountain Site, Nevada Research and Development Area, Nevada, DOE/iW-0073, 
3 vols., U.S. Department of Energy, Washington, D.C.  

DOE (U.S. Department of Energy), 1988. Site Characterization Plan, Yucca 
Mountain Site, Nevada Research and Development Area, Nevada, DOE/RW-0199, 
9 vols., U.S. Department of Energy, Washington, D.C.  

DOE (U.S. Department of Energy), 1989. Review Record Memorandum: 
Exploratory Shaft Facility (ESF), Title I Design Acceptability Analysis and 
Comparative Evaluations of Alternative ESF Locations, YMP/89-3, Nevada 
Operations Office, Yucca Mountain Project Office, Las Vegas, Nevada.  

DOE (U.S. Department of Energy), in review. Report on Geophysical Activities 
at Yucca Mountain.  

Fernandez, J. A., P. C. Kelsall, J. B. Case, and D. Meyer, 1987. Technical 
Basis for Performance Goals, Design Requirements, and Material 
Recommendations for the NNPSI Repository Sealing Program, SAND84-1895, 
Sandia National Laboratories, Albuquerque, New Mexico. [HQS.880517.2673] 

Fernandez, J. A., T. E. Hinkebein, and J. B. Case, 1989. Selected Analyses 
to Evaluate the Effects of the Exploratory Shafts on Repository Performance 
at Yucca Mountain, SAND85-0598, Sandia National Laboratories, 
Albuquerque, New Mexico. (1l.881209.0038] 

Fitterman, David V., 1982. Magnetometric Resistivity Survey Near Fortymile 
Wash Nevada Test Site, Nevada, Open File Report USGS-OFR-82-401, U.S.  
Geological Survey, 27 p.  

Flanigan, V. J., 1981. A Slingram Survey at Yucca Mountain on the Nevada 
Test Site, Open File Report USGS-OFR-81-980, U.S. Geological Survey, 38 p.  

Flathe, H. J., and W. Liebold, 1976. Manual for Field Work in Direct Current 
Soundings, Federal institute for Geoscience and Natural Resources, Hanover, 
Germany.



Fox, R. C., G. W. Hobmann, T. J. Killpack, and L. Rijo, 1980. "Topographic 
Effects in Resistivity and Induced-Polarization Surveys," Geophysics, 
Vol. 45, pp. 75-93.  

Frischknecht, F. C., and P. V. Raab, 1984. "Time-Domain Electromagnetic 
Soundings at the Nevada Test Site, Nevada," Geophysics, Vol. 49, No. 7, 
pp. 981-992.  

Furgerson, Robert B., 1982. Remote-Reference Magnetelluric Survey, Nevada 
Test Site and Vicinity, Nevada and California, Open File Report USGS-OFR
82-465, U.S. Geological Survey, 13 p.  

Gnirk, P., E. Hardin, and M. Voegele, 1988. Exploratory'Shaft Location 
Documentation Report, NVO-326, Nevada Operations Office, U.S. Department of 
Energy, 127 p.  

Halliday, M. E., 1985. Dipole-dipole resistivity/IP 2-D modeling 
workstation (commercial program for the HP-9000 series of computers), 
Austin, Texas.  

Holcombe, H. T., and G. R. Jiracek, 1984. "Three-Dimensional Terrain 
Corrections in Resistivity Surveys," Geophysics, Vol. 49, pp. 439-452.  

Hoover, D. B., M. P. Chornack, and M. M. Broker, 1982. E-Field Ratio 
Telluric Traverses Near Fortymile Wash, Nevada Test Site, Nevada, 
Open File Report USGS-OFR-82-1042, U.S. Geological Survey, 13 p.  

Istok, J., in press. Groundwater Flow and Solute Transport Modeling by the 
Finite Element Method.  

Kane, M. F., and R. E. Bracken, 1983. Aeromagnetic Map of Yucca Mountain and 
Surrounding Regions, Southwest Nevada, Open File Report USGS-OFR-83-616, 
scale 1:48,000, U.S. Geological Survey.  

Keller, G. V., and F. C. Frischknecht, 1966. Electrical Methods in 
Geophysical Prospecting, Pergamon Press, New York, 519 p.  

Killpack, T. J., and G. W. Hohmann, 1979. Interactive Dipole-Dipole 
Resistivity and IP Modeling of Arbitrary Two-Dimensional Structures (IP2S) 
Users Guide and Documentation), University of Utah Research Institute 
(UURI), Earth Science Laboratory, ESL/UURI Report 15, Salt Lake City, Utah.  

Klein, D. P., written communication. Package received from the U.S.  
Geological Survey and appended to the Technical Assessment Review package; 
June 1, 1989. The contents are listed in Appendix E of the Review Record 
Memorandum.  

Lahoud, R. G., D. H. Lobmeyer, and M. S. Whitfield, Jr., 1984. Geohydrology 
of Volcanic Tuff Penetrated by Test Well UE-25b#1, Yucca Mountain, Nye 
County, Nevada, Water Resources Investigations Report 84-4253, U.S.  
Geological Survey.  

Linehan, J., 1987. Letter to M. P. Kunich discussing open items raised 
during meeting with NRC on April 14-15, 1987, dated August 19, 1987.



Lipman, P. W., and E. J. McKay, 1964. Geology of the Topopah Spring SW 
Quadrangle, Nye County, Nevada, Technical Letter NTS-72 (February 25, 
1964), U.S. Geological Survey, 8 p.  

Lipman, P. W., and E. J. McKay, 1965. "Geologic Map of the Topopah Spring SW 
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Site Characterization Plan Conceptual Design Report (SCP-CDR), SAND84-2641, 
Sandia National Laboratories, Albuquerque, New Mexico.  

Maldonado, F., 1985. "Geologic Map of the Jackass Flats Area, Nye County, 
Nevada," Map 1-1519, U.S. Geological Survey.  

Martinez, M. J., 1988. Capillary-Driven Flow in a Fracture Located in a 
Porous Medium, SAND84-1697, Sandia National Laboratories, Albuquerque, New 
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CORRESPONDENCE RELATED TO THE TECHNICAL ASSESSMENT REVIEW

This appendix contains correspondence relating to the Technical 
Assessment Review (TAR) that, for the most part, is not reproduced elsewhere 
in the Review Record Memorandum. (Correspondence strictly related to 
administration of the TAR is not included.) 

The following documents are included: 

1. May 25, 1989, letter from Maxwell B. Blanchard to Distribution, 
"Announcement of Actions Underway by the Yucca Mountain Project 
Office (Project Office) in Response to U.S. Nuclear Regulatory 
Commission (NRC) Concerns Regarding the Geophysically Inferred Fault 
in the Vicinity of the Proposed Exploratory Shaft Location." 

2. June 27, 1989, letter from Ralph Stein to B. J. Youngblood regarding 
Exploratory Shaft location documentation. (Note that the attachment 
to this letter, announcement of the Technical Assessment Review, is 
not included. It is item 1 of this appendix.) 

3. July 31, 1989, letter from Carl P. Gertz to Robert R. Loux, Jr., 
"Transmittal of Technical Assessment Review (TAR) Materials 
Regarding Exploratory Shaft Facility-Site Resistivity Anomaly." 
(Note that the attachments to this letter are not included. They 
can be found in item 1 of this appendix, Appendix A of this RRM, and 
the TAR Data Package, available through the Yucca Mountain Project 
Records Center.) 

4. July 17, 1989, memorandum from Maxwell B. Blanchard to David C.  
Dobson, "Keith McConnell's View of July 3, 1989 about Additional 
Evidence for Possible Faulting in the Vicinity of the Exploratory 
Shafts." 

5. August 7, 1989, letter from Douglas P. Klein to Richard C. Lee, 
"Judgement as to Validity and Limitations of GW1 Code for 3-D 
Resistivity Studies."
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ANMNUCEMENT OF ACTIONS UNDERAY BY THE YUCCA MOUNTAIN PROJECT OFFICE (PROJECT 
OFFICE) IN RESPONSE TO U.S. NUCLEAR REGULATORY COMISSION (NRC) CCNCERNS 
REGARDING THE GEOPHYSICALLY INFERRED FAULT IN THE VICINITY OF THE PROPOSED 
EXPLORATORY SHAFT LOCATION 

At the direction of the Office of Civilian Radioactive Waste Management in 
response to NRC concerns regarding an inferred fault near the proposed 
Exploratory Shaft Facility (ESF), the Project Office will conduct a Technical 
Assessment Review (TAR) of the relevant geological and geophysical data, and 
its interpretation. If necessary, the review will also consider the potential 
impact the inferred fault may have on the exploratory shaft and ESF Title II 
design. The enclosure describes the purpose and scope of the TAR, which will 
be conducted in accordance with Quality Management Procedure (QMP)-02-08.  
This transmittal satisfies the requirements of Section 3.2, QMP-02-08, of the 
TAR Notice.  

The NRC is expected to raise this potential fault as a Site Characterization 
Plan comment, and it is important to respond adequately and promptly. The TAR 
will begin immediately, and it is expected to be completed by mid-July. We 
anticipate that the required level of support of the team members will average 
half-time for the next 6-8 weeks.  

The purpose of the TAR is contained in the enclosed TAR Plan. Also provided 
in the enclosure is a preliminary schedule for the review, a list of 
participating organizations, and composition of the TAR Team. You are 
requested to make arrangements for appropriate staff to participate in the 
TAR. A list of suggested team members is included in the enclosed plan.  
If the named individuals are unavailable, please provide alternates with 
equivalent qualifications. As the Project Office Designee, Science 
Applications International Corporation (SAIC) is to conduct the TAR in 
accordance with this announcement. Richard Lee of SAIC has been named 
Chairman of the TAR team. The TAR will be initiated with the distribution of 
training materials and the TAR Package. All team members will be contacted by 
the TAR Chairperson or their group leader regarding individual assignments and 
schedule. It is expected that all team members will be asked to attend a tour
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of the Coyote Wash area on June 7; 1989. Additional time in the field may be 
required of members on the geology team. It is also expected that all team 
members would be present at the SAIC offices for the week of June 26 to caucus 
on the TAR Review Memorandum.  

David C. Dobson, Chief of the Regulatory Interactions Branch, will be the DOE 
lead in the TAR. If you have any questions about the details in this letter, 
please contact him at (702) 794-7940 or FTS 544-7940 or Richard C. Lee ot SAIC 
at (702) 794-7134, or FTS 544-7134.  

Maxwell B. Blanchard, Director 
Regulatory and Site Evaluation Division YMP:DCD-4016 Yucca Mountain Project Office 

Enclosures: 
1. TAR Notice w/Schedule 
2. TAR Team

r
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Revision n 
To Yucca Mountain Proiect Manager Dae May 18. 1989 
Technical Area to be Reviewed Technical Assessment Review Notice: Geologic & Geophysical 

Evidence Pertainina to Structural Geoloev in the Vicnitv Of -ho Pvm^,iA -- I-- .....
WBS No.: L.2.3.2.1 Shaft 

S see aL"chmenMT 1) Review Date -b-...J ne 7 L989 Location Las Vecas Time see attachment 1 
Technical Assessment Review Chairperson Richard C. Lee 

Based on a review of the Qualification documentation, this Technical Assessment Review Chairperson is qualified to execute the responsibilities of OMP-02-08 with respect to the scope and purpose of this 
Technical Assessment Review.

Scope of Technical Assessment Review: See Attachment 1.  

Purpose of Technical Assessment Review:. See Attachment 1
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Reviewed and Approved: 

Project Quality Mnanager Date
Attachments: 

Background, Purpose and Scope of Technical Assessment Review
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BACKGROUND, PURPOSE AND SCOPE OF TECHNICAL ASSESSMENT REVIEW: GEOLOGIC AND 
GEOPHYSICAL EVIDENCE PERTAINING TO THE STRUCTURAL GEOLOGY IN THE VICINITY OF 
THE PROPOSED EXPLORATORY SHAFT LOCATION 

Background: U. S. Geological Survey Open File Report 82-182 (OFR 82-182) 
shows an interpretation of geophysical resistivity data that indicates a fault 
may be present near the proposed exploratory shaft site. The NRC has reviewed 
OFR 82-182 and may request a summary of the actions DOE has taken-to address 
the fault shown by that report. In addition, the NRC may request a summary of 
the DOE actions that were taken to address the recommendations in Bertram 
(1984) for additional detailed geological and geophysical work in the vicinity 
of the exploratory shaft site. The work proposed in the Bertram report was 
completed; there is a letter report from Dixon to Vieth (1982) on geological 
mapping and open file reports summarize additional drilling and geophysical 
work completed in response to the recommendations.  

The NRC staff have also expressed interest in an inferred fault near the 
exploratory shafts shown on SCP Figure 1-40. This figure is based on faults 
interpreted from geophysical data shown on a map in U. S. Geological Survey 
Open File Report 84-792. The OFR report does not give any detail on the data 
on which the map is based, although OFR 82-182 is referenced. R. Stein 
(DOE/AQ) requested in March, 1989, that DOE be prepared to talk to NRC on this 
topic by the end of April, 1989. Although a date for discussion with the NRC 
has not been firmly established, it is envisioned that this TAR will serve as 
the basis for such an interaction.  

Purpose: The purpose of the TAR is to: (1) review the data and 
interpretations on which OFR 82-182 is based; (2) review the results of other 
geologic and geophysical investigations that relate to the possibility of 
faulting in the vicinity of the exploratory shafts; and (3) after reviewing 
the data, the TAR Team will determine the interpretations allowed by the 
evidence on the presence or absence of faulting in the vicinity of the 
exploratory shafts.  

The TAR team will also review the existing documentation 'to determine: (1) how 
the geologic and geophysical data were considered in making the decision on 
the location of exploratory shafts; and (2) whether the recommuendations of the 
Bertram (1984) report were adequately implemented.  

Scope of Technical Assessment Review: The following tasks will be 
accomplished by the Technical Assessment Review Team. The findings of the 
team will be documented in narrative form in the Review Record Memorandum.  

1. Review the data collection and processing techniques, and subsequent 

interpretations, which form the basis for the proposed existence of the 
small fault shown near the location of the exploratory shafts in U. S.  

Geological Survey Open File Report 82-182. The TAR team will establish 

and document criteria for the technical reviews. They will then 

summarize the original objective and purpose of the work, the 

limitations of the data, and they will evaluate the interpretations 

(including alternatives) supported by the data. If appropriate, 

sources for review criteria will be identified.

18-May-1989
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2. The TAR Team will determine what other geologic and geophysical data are 
available that may bear on the presence or absence of a fault near the 
location of the exploratory shafts. The TAR team will review any such 
data discovered and determine the original purpose of the work, the 
implications of the data with respect to the presence or absence of 
faulting in the vicinity of the exploratory shafts, and the limitations 
of the data.  

3. At the discretion of the TAR chairperson, the reviews described in 1 and 
2, above, may also include a detailed field review of the geologic 
mapping in the vicinity of the exploratory shafts, or field reviews of 
the geophysical work by members of the TAR team, or qualif-ed 
designees. Prior to conducting any proposed field reviews, the TAR 
team shall establish and document criteria for the review.  

4. After completing Items 1, 2 and 3, the TAR team will determine whether 
the possible fault shown in U. S. Geological Survey Open File Report 
82-182 was adequately considered during the selection of the 
exploratory shaft location. The team will develop criteria for the 
determination, and then evaluate the impacts on the exploratory shaft 
and ESF Title II design process if it was concluded that a fault did 
exist.  

5. The TAR Team should consider, and make recommendations on, future work 
that should be undertaken as a result of the findings of the technical 
assessment.  

6. Following completion of the tasks described above, the TAR Team will 
compile a report which summarizes the results of the assessment, and 
specifically addresses at least the following topics: 

A. Historical perspective: summarize the sequence of events 
that occurred relevant to this topic, and the documents 
that exist in YMP files regarding the geological and 
geophysical work.  

B. Geophysical perspective: summarize the past work, the 
rationale for conducting the studies, the interpretations 
(and alternatives) that are consistent with the data, and 
the limitations of the data.  

C. Geological perspective: summarize the rationale for, and 
the results of, the past studies, the interpretations (and 
alternatives) that are consistent with the data, and the 
limitations of the data.  

D. Results of field checks (optional): summarize any work 
accomplished, and what results are indicated.

18-May-1989
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E. Summary and recommendations, to include, at a minimum:* 
(A) assessment of the data relevant to the possible 
presence of a fault near the proposed EST, (5) evaluation 
of whether the available data were adequately considered during the process of selecting the proposed shaft 
locations; (C) perspective on the possible impact on Title II design if the presence of a fault was demonstrated; and (D) recommendations for further action.  

Logistical Information for the Technical Assessment Review 

The first meeting of the Technical Assessment Review Team will be convened by the Review Chairman in May, 1989, in Las Vegas. The current schedule is shown below. Members of the team will be named by the Review Chairman, who will establish and document criteria for their selection. Team members will be notified of further details as they become available.  

ES? Resistivity Fault TAR Schedule 

Week Goal 

May 22, 1989 TAR Chairman makes contact with each team member; 
Initiate TAR and distribute Plan; Define and qualify 
team; distribute TAR Package.  

May 26 Team members have telephone conferences with team 
leaders; reading assignments are completed; strategies 
are defined.  

may 30 Preparation for field trip to Coyote Wash area; 
continuation of work.  

June 7 Field trip to Coyote Wash taking one full day in field; 
one to four days of additional verification work as 
required by Geology team leader.  

June 12 Any re-interpretation of geologic data completed.  

June 19 Any re-interpretation of resistivity data completed.  

June 26 TAR team caucus; complete preliminary draft of RRM.  

July 10 Final RRM completed.

Transmit TAR Data Package to Document Control.July 17
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__ Dpartment of Energy 
SWashington, DC 20585 '~~ 

I JUN 2 7 19A 
Mr. B. J. Youngblood, Deputy Director 4 .  

Division of High-Level Waste Management 
U. S. Nuclear Regulatory Commission 
Washington, D.C. 20555 .  

Dear Mr. Youngblood: <QQOQQQQQ o 

In December, 1988, DOE produced the Exploratory Shaft Location Documentation 
Report, Gnirk et. al., (NVO-326), which presented a historical summary of 
information relevant to locating, relocating, and designing the exploratory 
shafts for site characterization at the Yucca Mountain site. NVO-326 
specifically described related events prior as well as subsequent to, 
publication of SAND84-1003, the report by Bertram on the NNWSI Exploratory 
Shaft Site and Construction Method Recommendation Report, August, 1984 
(Bertram, 1984), but did no new analyses and was not intended to be a Subpart G 
document.  

In February, 1989, DOE produced a Technical Assessment Review (TAR) (Yucca 
Mountain Proiect Review Record Memorandum: Exploratory Shaft Facility Title I 
Design Acceptability Analysis and Comoarative Evaluation of Alterr-.._tive ESF 
Locations,. February,1989 (YMP/89-3). A part of that TAR, the Comqnrative 
Evaluation, evaluated alternative exploratory shaft locations with respect to 
differences in waste isolation potential and potential adverse effects of 
shaft sinking, and assessed what influence, if any, these differences might 
have had on the selection of the preferred shaft location, had they been an 
explicit consideration in the location selection process 

With respect to both NVO-326 and the Comparative Evaluation of YMP/89-3, DOE 
assumed that the specific location of Exploratory Shaft-2 (ES-2) was within 
one of the five preferred areas deliAeated in Bertram, 1984. In fact NVO-326 
states on page 66 that: 

The new locations [e.g. the new locations for ES-1 and ES-21 are 
within the Coyote Wash ESF site area identified and recommended 
on the basis of the results of the ES site screening activity in 
1982 (Bertram, 1984).  

As you know (letter from Linehan to Kunich, Aug 19, 1987), a plot of the 
location of the shafts shows that the actual site of ES-2 is located about 130 
feet northeast of the Bertram preferred area that was selected for the 
location of the exploratory shaft.  

The Comparative Evaluation of YMP/89-3 of the ES locations explicitly compiled 
and presented site characteristics for the five preferred areas in Bertram 
(1984) relative to waste isolation potential and the potentialy adverse 
affects of shaft construction. The data base for parameters related to

arpmon fAM10



locationi outside the preferred areas (such as the actual ES-2 location) contains information at the same level of detail, but was not explicitly tabulated in the report.  

The effect on waste isolation that this location difference is thought to have is currently judged to be insignificant. This conclusion is based upon the Comparative Evaluation itself and on the assessments of impacts of the shafts on the ability of the site to isolate wastes contained in Section 8.4 of the SCP. However, we do consider it prudent to reserve our final judgement on the significance of the location difference until we have available the results of an ongoing assessment and review the significance of an anomoly in an earlier electrical resistance survey. This review will consider the results of the Technical Assessment Review which is underway, evaluating the geophysical anomaly (USGS, Open File Report, 82-182, 1982) and geologic mapping results (Dixon, 1982, Scott and Bonk, 1984) completed near the current shaft locations. A copy of the letter announcing this Technical Assessment review is attached for your information.  

If you have any question regarding the above actions, please contact me, FTS 896-6046 or Jerome Saltzman, FTS 896-9692.  

Ralp i 

Associate Director for Systems 
Integration and Regulations 

Office of Civilian Radioactive 
Waste Management 

Attachment 

cc: K. Stablein, NRC 
R. Loux, State of Nevada 
C. Johnson, State of Nevada 
D. Bechtel, Clark County, NV 
S. Bradhurst, Nye County, NV 
M. Baugham, Lincoln County, NV
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P 0. Box 98518 "QA: N/A" 
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Robert R. Loux, Jr.  
Executive Director 
Nuclear Waste Project Office 
State of Nevada 
Evergreen Center, Suite 252 
1802 North Carson Street 
Carson City, NV 89710 
TRANSMITTAL OF TECHNICAL ASSESSMENT REVIEW (TAR) MATERIALS REGARDING 
EXPLORATORY SHAFT FACILITY-SITE RESISTIVITY ANOMALY 

In response to your letter of June 21, 1989, enclosed please find: 

1. A letter announcing actions proposed by the Yucca Mountain Project 
Office in response to concerns regarding the geophysically inferred 
fault in the vicinity of the proposed exploratory shaft location 
(enclosure 1).  

2. A CCpy !f the Tec.hnical kssessu'ent .evif.v Re.erercw PacA;.g? 
(enclosure 2).  

3. A package of the instructions and procedures which were provided to each 
member of the TAR team (enclosure 3).  

Should you have any questions regarding this matter, please contact 
David C. Dobson of my staff at (702) 794-7940.  

P.Project Manager YMP:DCD-4916 Yucca Mountain Project Office 

Enclosures: 
1. Ltr 5/25/89 Blanchard to Distribution 
2. Technical Assessment Review 

Reference Package 
3. Technical Assessment Review 

Instructions/Procedures 

cc w/o encls: 
Ralph Stein, HQ (R-30) FORS 
S. J. Brocoum, HQ (RK-21) FORS 
Allen Benson, HQ (RK-123) FORS 1 
R. C. Lee, SAIC, Las Vegas, 
S. M. Volek, SAIC, Las Vegas, NV
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Multiple Addressees -3

cc w/encls: 
S. H. Kale, HO (Nf-20) FORS 
Ralph Stein, HO (RW-30) FORS 
Stephan Brocoum, HQ (MI-221) FOES 
Jeffrey Kimball, HQ (RW-221) FORS 
Mohamued Mozumder, HQ (Mf-22) FOBS 
David Siefken, Weston, Washington, DC 
David Fenster, Weston, Washington, DC 
M. D. Voegele, SAIC, Las Vegas, NV 
S. H. Klein, SAIC, Las Vegas, NV 
J. L. King, SAIC, Las Vegas, NV 
D. B. Jorgenson, SAIC, Las Vegas NV 
R. C. Lee, SAIC, Las Vegas, 
J. M. Davenport, SAIC, Las Vegas, NV 
E. H. Hardin, SAIC, Las Vegas, NV 
T. A. Grant, SAIC, Las Vegas, NV 
F. D. Peters, SAIC, Las Vegas, NV 
T. E. Hinkebein, SNL, 6314, Albuquerque, NN 
R. B. Raup, USGS, Denver, CO 

D. P. Klein, USCC. nemý.r: CO 
Adei Zt...dy, USGS, Denver, CO 
M. P. Chornack, USGS, Denver, CO
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WBS 1.2.5 
11Wali

David C. Dobson, Chief, Regulatory Interactions Branch, YMP, NV 
KEITH MCCONNELL'S VIEW OF JULY 3, 1989, ABOUT ADDITIONAL EVIDENCE FOR POSSIBLE FAULTING IN THE VICINITY OF THE EXPLORATORY SHAFTS (NN-1989- 2923) 

Please examine the evidence provided and the hypothesis proposed in the 
enclosed note by Keith McConnell and determine if it would be appropriate to 
revise the ongoing Technical Assessment Review (TAR) to include this view. If 
you do not recomnend revising the TAR, please provide a justification of why.

Maxwell B. Blanchard, Director 
Regulatory and Site Evaluation Division YMLP:MBB-4889 
Yucca Mountain Project Office 

Enclosure: 
Memo 7/3/89 McConnell to Justus 

cc w/encl: 
S. J. Brocoum, HQ (RW-221) FORS 
Gordon Appel, HQ (RW-331) FORS M. D. Voegele, SAIC, Las Vegas, Nvi-SJ. L. Younker, SAIC, Las Vegas, NV T. A. Grant, SAIC, Las Vegas, NV M. A. Glora, SAIC, Las Vegas, NV

JUL 11P9 
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J% ,DRAFT 

NOTE FOR: -Phil Justus 

NOTE FOR: Phil Justus 

FROM: Keith McConnell 

SUBJECT: ADDITIONAL EVIDENCE FOR POSSIBLE FAULTING IN THE VICINITY OF 
THE EXPLORATORY SHAFTS 

In reviewing several publications (of early 80's vintage), I have developed 
what I believe is additional evidence to support possible faulting in the 
vicinity of the Exploratory Shafts. Generally, my analysis compares and 
contrasts relationships observed in boreholes G-4 and UE25a-6. These boreholes 
define an west-east trending section running just south of the sites of the 
proposed exploratory shafts in Coyote Wash. To the best of my knowledge, the 
DOE in its Investigation of shaft location concerns has not carried out a 
similar comparison btt'wfea these two boreholes, a task that would seem to be 
routine in a thorough examinatiun ct available data.  

The analysis of the data in the two boreholes suggests that a conceptual model 
of faulting is possible in which the current locations of the ES are in or 
a-jacent to an extension of the zone of imbricate faulting that has been 
referred to in the SCP as bordering the repository on the east. The validity 
of this model is open to debate, however, there is enough data available 
supporting the model to warrant consideration. In any event, DOE's claim in 
the Technical Assessment Review documentation that only the resistivity survey 
of Smith and Ross (1982) supports the presence of fault in the vicinity of the 
ES is not totally accurate.  

Attachment 1 shows the relationship between borehole G-4, the exploratory shaft 
locations, and borehole UE25a-6. The boreholes are approximately 1400 ft.  
apart and borehole UE2Sa-6 is approximately 1000 ft east of the exploratory 
shaft locations. Both boreholes appear to be within the CPOB. A comparison of 
some pertinent data derived from the two boreholes is listed below.  

G-4 UE25-6 

Thickness of 
Alluvium 30' 20' 

Avg. Strike N 15 W N 23 E 
Avg. Dip 10 NE 08 SE 
Elevation of base 

of Tiva Canyon 4028.6' 3907' 
Elevation of top 

of Topopah Spring 3938.6' 3824' 

Assuming a uniform dip of 9 degrees (i.e., average of dips in boreholes) to the 
northeast, the base of the Tiva Canyon at UE25a-6 should be approximately 221 
feet below the level indicated in G-4 (i.e., 3806.9') ---
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the Tiva Canyon is at an elevation of 3907' In UE2Sa-6 (Spongier and Rosenbaum, 
1980), a difference of 100'.  

Also of interest is that Daniels and others (1981) report that if the degree of 
welding is approximately the same for UE drillholes, then near-surface fracture 
zones are likely to occur near UE25a-6. Core recovery was poor in UE25a-6, the 
worst of all of the UE boreholes described by Spengler and Rosenbaum (1980).  
The poor core recovery is also suggestive of fracturing.  

Several questions are raised by the comparison of boreholes G-4 and UE25a-6.  

1) Why is the thickness of the alluvium In UE25a-6 (which is east of and 
presumably in a deeper part of Coyote Wash than G-4) equal to or less than 
that in G-4? 

2) Why is the orientation of bedding so distinctly different between 
boreholes G-4 and UE25a-6? 

3) Why is the elevation of the base of the Tiva Canyon 10C' higher than 
would be suggested by a uniform dip of S degrees U, tne east? v 

4) What is the significance of the statement by Daniels and others (1981) 
that near-surface fracture zones may be present near UE25a-6 when viewed 
in the context of the poor core recovery and the areas of intense 
fracturing near the location of the exploratory shafts? 

Each of those questions has more than one possible answer, some of which would 
not involve faulting. However, one possible model that does provide answers to 
all of these questions and support the "resistivity fault" of the Smith and 
others (1982) report would consider the possible presence of a major fault or 
series of minor faults (i.e., imbricates) between boreholes 6-4 and UE25a-6 and 
including the area of the ES. Total vertical offset along this fault or series 
of faults would be on the order of 100'. This model is given added credence 
when viewed in the context of the statement made in the Bertram (1984) report 
that the western boundary of the zone of faults on the east side of the 
exploration block is not well defined and that a set-back distance of 2000' was 
used to place the shaft outside of that zone of faulting (Bertram, 1984, p.  
54). If the zone of faulting mentioned in Bertram continues to the west 
through the area containing UE25a-6 and into the area of the shaft locations, 
then the criteria for set-back distance from the imbricate fault zone used in 
the Bertram report for shaft locations appears to be unsupported.  

Perhaps the most significant question regarding the data available from UE2Sa-6 
Is why a simple cross-section between boreholes G-4 and UE25a-6 has not been 
presented by DOE. These two boreholes are the closest boreholes to the ES 
locations. No documentation has been presented to suggest that data related 
UE25a-6 was considered in the present location of the shafts or to indicate 
that this information is under consideration in the Technical Assessment 
Review.
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"TAR 

United States Department of the Interior 
GEOLOGICAL SURVEY 

\ • /BOX 25046 M.S. 964 - , 

DENVER FEDERAL CENTER 
DENVER. COLORADO 80225 

1,REPLcY REFER TO: Mail Stop 964 

WBS: 1.2.3.2.2.6 
QA: 1 

August 7, 1989 

Richard C. Lee 
SAIC, Suite 3407 
101 Convention Center Dr.  
Las Vegas, Nevada 89109 

Re: Judgement as to validity and limitations of GWI Code for 
3-D DC Resistivity Studies 

Dear Mr. Lee: 

In response to your request of 10 July, 1989, I offer the following opinion 
regarding the use of the GW1 computer code for modeling the effects of off
axis topography and resistivity contrasts on dipole-dipole DC resistivity data 
in the vicinity of Coyote Wash.  

The computer code is generally valid for the purposes stated in your letter 
based on the following considerations: 

Code GW1 was developed for ground-water flow models. The theoretical 
foundation of this code is also applicable to DC resistivity models 
because the fundamental equations have the same form (LaPlace or Poisson 
equation).  

The numerical foundation of code GW1, the finite element method, is also 
applicable and has been well established in the professional literature 
for DC and AC resistivity problems.  

Limitations in application of the code are related to the implimentation of 
mesh design, use of symmetry conditions, and establishment of boundary 
conditions. Under proper useage the computer code should not be limited in 
any fundamental way. However, I point out possible limitations related to 
symmetry conditions inasmuch as such conditions are often invoked for 
practical reasons. For first-order evaluation of the significance of off-axis 
topography and resistivity contrasts, the use of symmetry conditions should 
provide no major limitation. However, more detailed modeling may require the 
following considerations: 

I. If bilateral symmetry is used to simplify model geometry, then 
topographic or buried resistivity contrasts will not be fully 3-D.  
The 3-D representation may be further degraded if symmetry conditions 
require that current sources be along the plane of bilateral 
symmetry. The lack of full 3-dimensionality will require careful 
model planning to minimize over- or under-estimations of off-axis 
effects.
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2. Inasmuch as the observed resistivity lines of Coyote Wash 
on the edges of the Wash, an approximation of bilaterally 
models along the lines may serve primarily to set extreme 
possible off-axis effects of topography on this data.

are located 
symmetric 
limits on

Sincerely, 

Dou as P. Klein 
Geothysicist

cc: E. L. Hardin
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Memo to file on QMP 02-08 Reviewer's Comments 824/89 

Because a portion of the scope outline in the TAR Notice and Plan required recommendations beyond the scope of recommendations of existing documents, there 
are numerous QMP 02-08 comments that have either no Document Identification 
number or description, or are identified with N/A (not applicable). These QMP 02-08 comments are therefore recommendations for future Project consideration, 
and are not comments on specific documents contained in the TAR Data Package.  

Michael W. Parsons 

TAR Secretary
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Sheet / of .2_ 
Technical Assessment Review Subject ý---', W t JkJ 6=./o.5L. ,k ,,,,,,, . •j i• /i,.J 1 _ 4 
Reviewer ,c,- J C. /--e Organization ,S"A t Date / Z2 L?' 
Comments Resolved By Organization Date

REVIEWER'S COMMENTS RESOLUTION REVIEWER'S ,,, ,DISPOSITION

Item Document 
Number IdentIfication Comments Accept Reject Reason Accept Reject 

/.ovmts in 11/met ad tegration of 
Project technical data a[Iar to be in orde:- at 
both the Project participont and at te 
leml. It uas evident that engireers and 
mtaqrs cutsic of the UBM did not hae rLt 
access to cmpilaticns of all relevait ted'ca..  
data and interpretations for the ES area studies: 
studies that included site dtaracterizatim 
planing ad ES relocaticn studies. Felevat 
tedhical data in this case u0 irlude 
gqamd and interpreted faults and fault segmnrt-, 
mrpewd fractures and brexcia zones, rmcyica] 
survey lire locaticns, stratigraoic fenme 
diagr-m based cn sArface ard.skirfac 
stratigraphic data. In additim, the future 
valuwe of qpLicahle g±ecfd-ical data, as i 
result of future site characterizaticn, a sts 
that these integration and nunigit prchsie of 
Wotedhnical data will be ccipnnied. Altkna* 
there are a variety of useful tednical data 
bases available to the Project, rnoe can provice 
the Project with efficient, reliable, and 
Iark-cM data review cpability as can a 
gTrhical inmnmtion syta. wc reomaxd thac 
the Project cvmelcp a data base that is suitable 
for an idn xy stad-rd Grahical Informticn 
System. It is also recnmerri that all 
gmcednical data (this inclues rock ned-haics, 
Tosoy,, 9c#sics, kldrology, and 
IIodnistry), relateI or pmqimd gtedni ml
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Technical Assessment Review Subject Zmýcr g-- jý 1A'1&&A1 19 J"4 yA 41WWIu/ ZS 

REVIEWER'S COMMENTS RESOLUTION REVIEWER'S 
, , ,_DISPOSITIN
Item Document -'

Number Identification Comments Accept Reject Reason Accept Reject 

s•rveys, and geotaical interpretaUcrs, that 
lend thiuieltes to a grcptjcal presntatiaci, 
relevait to regional and local sb.dies, he 
dpvekped prior to site characterizatian 
plamug. Sdh a systaa would evble project 
mmagrs, site charcterization progran 
reviewrs, =bmit reviewers, and others to 
the cepility of intera ,ively viewng arbitrry 
data "layers" at desired scales and pr•jecticrs.  
lhis system would efficiently portray the state 
of knwlag for any desired area and frr a 
specific steet of geotetnical dta or 
interpcetaticrs.

mmml Im I I £ I. -

/
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TECHNICAL ASSESSMENT REVIEW COMMENT RECORD N-QA-006

Sheet 1 of 7 
Technical Assessment Review Subject Geologic and geophysical evidence pertaining to structual geology of ESF location 
Reviewer T. A. Grant, for Geology Subcommittee v" rganization SAIC T&MSS Date 8/16/89 

Comments Resolved By Organization Date 

REVIEWER'S COMMENTS RESOLUTION REVIEWER'S 
______ ______________________DISPOSITON 

Ilem document 
Number Identification Comments Accept Reject Reason Accept Reject 

Bertram, In general, the methodology used 
1984 by the Ad Hoc T1(C Committee (Bertram, 

1984) to select exploratory shaft sites 
is reasonable and defensible. Minor 
shortcomings in the report involve: (1) 
the lack of a clear distinction in the 
report between shaft site selection 
methodology (criteria in the report) and 
shaft site suitability criteria and; (2) 
absence of a clear listing of the sources 
of data that was or was not considered in 
applying the methodology. Bertram (1984) 
states the site selection method related 
to potentially adverse structures as 
distances from those structures. In 
actual application, Bertram (1984) used a 
preimafinary -Ebic, of t'he faulLs aipped 
by Scott and Bonk (1q84) as the basis for 
determining excluded or less preferred 
areas. It would have been clearer if the 
report had defined the term "potentially 
adverse structures" in terms of the 
physical ground conditions that were -he 
true basis of concern, since it was 
probably not the intent of the committee 
to create a situation where any fault or 
structure of any size would automatically 
disqualify the site if one were found in 
the future. The report should then have 
documented the rationale for selecting! 
the preliminary map of Scott and Bonk 
(1984) as the source for the locatior of
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Sheet 2 of 7 
Technical Assessment Review Subject Geologic and geophysical evidence p)ertaining to structual geology of ESF location 

REVIEWER'S COMMENTS RESOLUTION REVIEWER'S ,,, ,,= ... ,,DISPOSITIO .N .

- h I ml �m ml Imim

E Uem DocuDmSnT 
Number Identiflcallon Comments Accept Reject Reason Accept Rejecd 

potentially adverse structures and 
cont. discussed why other sources were or were 

not used.  

2 As part of this review, the TAR team 
members attempted to identify the 
location of mapped faults and inferred 
faults from geophysical sources for a 
relatively small area in the controlled 
area. The team found that this type of 
information is not easily compiled for 
use by the project office or 
participants. Currently such data are 
scattered among a large number of 
published and unpublished reports that in 
some instances may be produced by 
different participants. With the large 
number of people working on the project 
and the planned volume of site 
characterization work, it appears 
probable that it will become increasingly 
difficult for individuals or task groups 
to successfully locate all of the data 
potentially pertinent to a specific 
analysis. It is recommended that the project review its system of graphical 
data management and retrieval (ie.  
computer graphics system) to evaluate 
whether it is comprehensive and timely 
enough for routine use by the project 
staff. One example of the use of such 
systems is provided-by the fault inferred 
to exist in Coyote Wash by Smith and Ross 
(1982). When low resolution techniques 
are interpreted to indicate the presence 
of possible structures, the potential 
existence of such a structure needs to be

/
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Technical Assessment Review Subject Geologic and geophyisical evidence pertaiining to structural geology of ESF location 

REVIEWER'S COMMENTS RESOLUTION REVIEWER'S 
DISPOSITION Item Document = ,

- II •' •I -.. '111 I

TECHNICAL ASSESSMENT ,dIEW COMMENT RECORD 

CONT5 NUATIOI, SHEET iII/RA

Itern Document 
Number Identification Comments Accept Reject Reason Accept Reject 

2 highlighted in the system to indicate the 
cont. need for more detailed follow up studies 

to determine the nature of such 
anomalies.  

The file record does not appear to be 
complete with regard to the process of 
relocating the exploratory shafts. The 
TAR team could find no record of the 
review and concurrence on the new site by 
the national laboratories required by the 
project office or of the geological 
investigation planned by F&S. Geological 
factors were apparently not considered 
during the relocation because the ES-I 
location was kept in the area identifiel 
during the previous screening by Bertran 
(1984). However, the new ES-2 location 
was placed outside the area identified by 
Bertram (1984). The U. S. Nuclear 
Regulatory Commission was aware of this 
fact, and documented their approval in a 
letter from J. Linehan to H. Kunich, 
dated August 19, 1987. While such a move 
is acceptable given the new factors 
(flooding & erosion) being considered in 
1986, it would seem reasonable to have 
evaluated the new site with respect to 
the presence of potentially adverse 
structures that could affect shaft 
construction, worker safety, and 
repository performance. Such concerns 
would appear to be equally applicable to 
both shafts. The TAR team recommends 
that current procedures for the creation 
of file packages documenting such 
project decisions be reviewed to
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REVIEWER'S COMMENTS RESOLUTION 1 REVIEWER'S " . I , ,,, , ........ I DISPOSITION
Ilenm Documenl Number Identification Commentls Accept Reject Reason Accept 

3 ' determine if the procedures have adequate 
cont. requirements for the creation of file 

packages and that reviews of such 
packages exist to assure that the 
packages are complete and the disposition 
of all required or planned actions has 
been documented.  

4 Lipman & The geology subcommittee agreed with the 
Mckay, geologic mapping of the Coyote Wash area 
1965;. as presented in Lipman and McKay (19651), 
Scott & Scott and Bonk (1984 and in Dixon, 1982), 
Bonk, and Barton and others (1989). The 
1984 and geology subcommittee found the methods 
in Dixon, used in preparing the maps to be 

reasonable for the scales used in the 1982; compilation of these maps. The geologic 
Barton interpretation and map accuracy also were 
and found to be reasonable and acceptable for 
others, the mapping scale used.  
1989 

5 Sinith & The geology subcommittee found no 
Ross, evidence that would indicate the presence 
1982 of a fault in the area between the two exploratory shafts, as postulated by 

Smith and Ross (1982). The review of the 
aerial photography revealed no lineaments 
or other evidence of faulting in this 
area. The lithologic logs from boreholes 
in the area show no evidence of 
lithologic contacts occurring at 
anomalous elevations, or missing or added 
section that might indicate a concealed 
fault below the Tiva Canyon Member. The

- S I I - Lint � 1 I -
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Technical Assessment Review Subject Geologic and geophysical evidence pertainin' to structrual geology of ESF location 
I I I II IIIII 

REVIEWER'S COMMENTS RESOLUTION REVIEWER'S 
DISPOSITION 

II-I - IIII II

Item DocDIPSTO 
Number Identification Comments Accept Reject Reason Accept Reject 

5 field review of the contacts between the 
cont. lower lithophysal, rounded step, and 

upper lithophysal zones of the Tiva 
Canyon Member confirmed that these 
contacts cross the area inmediately 
upslope from shaft locations without any 
recognizable offset. No evidence of 
breccia or gouge zones was detected that 
might affect shaft construction. The 
nature of the contacts and the exposures 
in the area between the exploratory 
shafts indicates that the methods 
employed by Scott and Bonk (1984) and the 
review geology subcommittee would have 
detected faults with displacements 
greater than 2 to 3 m. However, minor 
faults with small displacement are known 
to exist at other localities where 
conditions favor their detection (Scott 
and Bonk, 1984 and in Dixon, 1982). The 
presence of such minor faults, with 
offsets less than the detection limits 
allowed by the nature of contacts and 
local exposures, should be considered as 
possible at other localities, such as 
Coyote Wash. Because faulting in the 
area is not always accompanied by 
prominent secondary features, it is 
possible that a fault with a displacement 
that is less than 2 to 3 m could exist, 
undetected, in this area. It is also 
possible that faulting could exist in 
this area as a zone of distributed 
displacement along numerous small faults.  
However, the total offset across such a 
zone of distributed displacement would

mIm iU I 1
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Item Document 
Number Identificatlon Comments Accept Reject Reason Accept Reject 

5 have to be small because an apparent 

increase in the dip of the contact is not 
evident in this area. A third 
possibility is that a fault is present at 
depth that predates, and is buried by, 
the Tiva Canyon Member.  

6 Smith & The geology subcommittee recommends that, 
Ross, to increase confidence with respect to 
1982 conditions that may be encountered during 

shaft excavation, the contact between the 
lower lithophysal and rounded step zones 
be cleared of talus in the area between 
the shafts and the resulting continuous 
exposure be mapped in detail. It is 
reconmmended that a strip about 4 to 5 m 
wide and 160 m long be cleared along the 
cll-crs contact in the area of the 
exploratory shafts. The clearing could 
be accomplished by a crew using 
compressed air or water and pry bars.  
The cleaned exposure should then be 
photographed and mapped in detail at a 
suitable scale (1:20 to 1:50) to show the 
nature of the contact and any structural 
features that might offset it.  

7 Smith & A second step recounended by the geology 
Ross, subcommittee is to map the extensive 1982 exposures that will be created by 

exploratory-shaft pad excavation. The 
Title I design indicates that the cuts
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7 for the pad parallel to the wash would 
conlt. create bedrock exposures up to 20 m high 

across the area where the fault 
postulated by Smith and Ross (1982) is 
located. It is recommended that the pad 
excavation site be cleared of talus prior 
to blasting operations. The site should 
then be examined for faults, breccias, 
and fracture systems prior to the 
development of blast-induced effects.  
After excavation, the exposures should be 
cleaned and inspected before other 
exploratory shaft work begins. If the 
results of the inspection are favorable, 
the results of the inspection should be 
documented as shaft construction proceeds 
by photographing and mapping the 
exposures in detail at a suitable scale 
(1:20 to 1:50) to describe the nature of 
any faults, fractures, joints, and 
breccia zones that might be present. It 
is also recomnmended that the northern 
limit of the pad excavation be moved 
slightly to the north so that the contact 
between the lower lithophysal and rounded 
step zones is exposed in the cut. The 
pad excavation in the vicinity of the 
ES-l shaft should also be designed to 
expose the fractures and breccia zone 
shown on the Scott and Bonk (1984 and in 
Dixon, 1982) maps near this location.
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Commeflis 

1. The geoelectric models of Smith et 
al. (1982) for Lines A and B exhitit 
several general aspects which are 
geologically plausible. The model3 
indicate the existence of 
low-resistivity, somewhat continucus 
feature or body, the top of which is 
buried at roughly 100 ft (see Sect'(,; 
4.3). The association by these 
authors of low resistivity with 
mineral alteration is plausible as 
discussed in Section 4.6.3. The 
statement that lower resistivity iri 
units below the Tiva Canyon Member 
occurs beneath washes, than beneath 
ridges, is plausible as discussed in 
Section 4.6, although better supportvri 
for comparison of conditions 
associated with major topographic 
features. (Re: Section 4.6.4) 

2. The fault hypothesis (i.e. faul -•r 
fracture zone) would be a plausib]i 
geologic interpretation for sharr 
resistivity contrast in the east-q ,' 
direction near the mouth of Coyote 
Wash. Vertically offset stratigra,1", 
is probably not required for 
geophysical detection of faults, f:, 
rock types and conditions

/m=ý
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Comments 

representative of Yucca Mountain. The 
manner and location of tuff alteration 
could be controlled by a fault or 
fracture zone. Also, although not 
stated by Smith et al., it is 
conceivable that a buried fault exists 
that is not evident from surface 
mapping. (Re: Section 4.6.4) 

3. The algorithm and approach used by 
Smith et al. (1982) for geoelectric 
modeling may be regarded as standard 
for the industry, particularly in 
1979. However, a number of aspects of 
their implementation of this approach 
to Coyote Wash give cause for concern: 

a) 3-D effects (topography, 
geoelectric structure) are 
essentially neglected; 

b) mapped alluvium-bedrock 
contacts are not incorporated 
as model constraints; 

c) criteria for model "fit" 
were not established; 

d) the results from 
sensitivity tests were not 
convincingly documented; and
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e) the range of acceptable 
geoelectric models was not 
considered.  

It is probable that these aspects gave 
rise to overly complex models, and 
produced significant uncertainty in 
the model results and interpretation, 
that could be eliminated through 
application of a more systematic 
approach. (Re: Section 4.3.5) 

4. N/A 4. Apparent lateral resistivity 
contrasts of the type modeled by Smith 
et al. (1982) and retained in 
sensitivity tests performed for this 
TAR, could be associated with causes 
other than faulting. The following 
alternatives are identified: 

a) The topographic surface and 
the configuration of alluvium 
in Coyote Wash are such that 
runoff from upper portions of 
the wash probably slows when 
it reaches the lower part, 
where infiltration and 
associated mineral alteration 
could be concentrated.  

b) Lateral variation in 
composition or fabric of the 
PTn unit, or possibly the Tiva

-II mII I IiI - U
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Canyon or upper Topopah Spring 
Members (unit designations 
from Ortiz et al., 1985) as a 
result of syndepositional 
factors or processes. Such 
variation might cause an 
electrical contrast directly, 
or produce groundwater 
accumulation and associated 
effects.  

c) Locally increased 
percolation and associated 
alteration could result from 
changes in fracture density, 
or from a fracture zone not 
directly associated with a 
fault. Such a zone need not 
strike N-S at the mouth of 
Coyote Wash, but could trend 
E-W beneath the wash.  

d) Resistivity contrast that 
is a remnant of previous 
(perhaps Miocene) hydrothermal 
alteration.  

e) The apparent lateral 
contrast in the buried 
conductor is not significant, 
or does not exist. The 
present uncertainty could be 
related to the insufficiency

- - - I - & U - I -
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of the modeling approach to 
account for surface conductors 
and terrain effects. The 
abundance of clay alteration 
observed in borehole USW G-4 
could be associated with 
lateral facies changes on a 
scale much larger than Coyote 
Wash.  

This is a reasonably complete list of 
plausible alternatives, reduced by the 
TAR team from a larger, redundant 
list. (Re: Section 4.6.4) 

5. N/A 5. Based on the analysis provided in 
Chapter 4 of the TAR (particularly 
Section 4.3) and the availability of 
new data since the original work of 
Smith et al. (1982), it is reconmended 
that electrical resistivity data from 
Coyote Wash by remodeled and 
reinterpreted. This effort should 
also consider resistivity data from 
nearby areas which may be applicable 
to the evaluation of possible 
structure in Coyote Wash. The 
systematic approach to modeling 
presented in Section 4.3.4 of the RRM 
is also recommended. (Re: Section 
4.3.4)

N/A
6. Sensitivity tests for the TAR were6.

I I - - m a i U - I -
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inconclusive in that no models were 
found for Line A or B that are 
unequivocally simpler than those of 
Smith et al. (1982). Test results 
indicate that simpler models "fit" the 
data in a way that is roughly 
comparable, but because "fit" is 
difficult to define, it is not 
possible to assert that these models 
meet or exceed the "fit" achieved by 
Smith et al. The simplest models used 
in these sensitivity tests did not 
incorporate a resistivity structure 
that would be interpreted as a fault 
or fault zone. (Re: Section 4.3.5) 

7. N/A 7. Sensitivity tests for the TAR show 
that (combined 2-D and) 3-D topography 
has an effect of roughly 40% on the 
observed apparent resistivity. This 
is a significant effect, comparable to 
about twice the effect of generalized 
2-D topography computed by Smith et 
al. (1982) for Lines A and B in Coyote 
Wash. If the effect is not accounted 
for in 2-D modeling, then "fit" may be 
achieved via the use of unrealistic 
model features. (Re: Section 4.5.3) 

8. N/A 8. Sensitivity tests reported in the 
literature, and performed for the TAR, 
show that conductors outcropping 
beneath the survey line have a

- I I E - I - I U - I -
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significant effect on dipole-dipole 
response. 3-D sensitivity tests show 
that finite strike-length reduces the 
magnitude of the response to roughly 
half that of the computed 2-D effect; 
nevertheless, shallow outcropping 
conductors should not be neglected.  
(Re: Section 4.5.3) 

9. N/A 9. The geologic interpretation of 
Smith et al. (1982) has limited 
applicability to assessing the 
suitability of the proposed ESF 
location. The geoelectric models and 
other available data strongly suggest 
that the clay-alteration observed in 
USW G-4 will be observed in the 
exploratory shafts. The fault 
hypothesis is geologically plausible 
and cannot be dismissed altogether 
without further modeling and 
interpretation, and possibly 
collection of additional geophysical 
data. The Smith et al. published 
geoelectric models are not constrained 
by currently available information 
such as alluvium-bedrock contacts, 
borehole data, and more direct 
measurements of electrical properties.  
This is generally because such 
information was unavailable at the 
time. If the geophysical models are 
constrained by such information, 
sensitivity studies
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performed for this 
TAR show that simpler, more 
geologically reasonable models can 
result. Thus it would be 
inappropriate to ascribe too much 
importance to the Smith et al.  
interpretation based on these models, 
without further analysis and possibly 
collection of additional geophysical 
(and geologic) data.  

10. N/A 10. The smallest level of average 
misfit (defined in Section 4.3) that 
can be expected for Lines A and B is 
estimated to be about 15%. None of 
the geophysical models considered, 
including those of Smith et al.  
(1982), fit the data to this level.  
Rather, the models tend to cluster 
around a higher misfit level, so that 
discriminating between important 
alternatives is barely feasible. The 
two principal aspects of alternative 
models that are affected by this 
uncertainty are: (a) depth extent of 
the buried, conductive body in lower 
Coyote Wash; and (b) existence and 
sharpness of a lateral contrast in 
resistivity of the buried, conductive 
body in lower Coyote Wash.  

The geophysics subcommittee 
recominendations provide a reasonable 
way to reduce the uncertainty 
associated with these aspects.  

MENN -MUN

MENN
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11. N/A 11. Detection and delineation of a 
fault that occurs at the surface in 
the Tiva Canyon bedrock can be readily 
accomplished using geological mapping 
methods as recommended elsewhere in 
this report. Detection of a buried 
fault in pre-Tiva Canvon strata can be 
approached using surface geophysics, 
which is appropriate for improving 
confidence in the use of borings for 
this purpose. Additional data 
collection is recommended for this use 
of geophysics, because of limitations 
on levels of modeling and interpretive 
uncertainty that are attainable using 
the existing data (Re: Section 4.5.3).  
It is further recommended that 
geophysical surveys be designed to 
further investigate the geoelectric 
structure, rather than for direct 
detection of a fault or fracture zone.  
The objectives for such investigation 
of a possible buried fault should be 
to determine: 

a) the existence, sharpness, 
and location of a significant 
lateral contrast in 
resistivity of a buried 
conductive body in this area; 
b) the depth extent of such a 
body, particularly whether it 
is limited stratigraphically;

-_IIII ImI -
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c) the N-S extent of such a 
body with respect to the 
surface or near-surface 
features of Coyote Wash; and 

d) information on the 
variability of 
depth-to-bedrock and alluvium 
resistivity, needed to reduce 
modeling uncertainty so that 
models expressing the possible 
range of a) through c) above 
can be compared.  

The geophysical program described in 
Section 4.7.2 includes a dipole-dipole 
survey, slingram survey, shallow 
seismic refraction, shallow 
Schlumberger soundings, and detailed 
interpretation which make use of the 
approach described in Section 4.3.4.  
It is recommended that this program be 
undertaken immediately. Conditions 
under which the faulting hypothesis 
would be supported, or not supported 
by the results of the activities 
recommended to address these 
objectives are given in Section 4.7.2.

�. - a Em a ma Urn.
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Sandia National LaboratoriesDate 8/23/89 
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1

Identnca•on

- a

Comments 
While the performance implications of a 
fault zone or zone of increased 
saturation located near the exploratory 
shafts are not explicitly considered by 
Bertram(1984), these effects have been 
reviewed in this Review Record 
Memorandum. Based upon studies 
performed subsequent to the Bertram 
analysis, our current understanding of 
the hydrology of Yucca Mountain 
indicates that only minor quantities of 
water would migrate through a 
hypothetical fault and into the shaft.  
These quantities of water are projected 
to be less than the drainage and storage 
capacity of the Exploratory Shaft 
Facility so that no repository 
performance impacts would be expected.  
Under normal conditions, unsaturated 
zone hydrology is expected to apply to 
the subsurface tuffs located above the 
water table at Yucca Mountain. For the 
unsaturated conditions expected at Yucca 
Mountain, faults and fractures are 
expected to be barriers to fluid flow 
and not conduits. Two general 
conditions were considered by which 
local saturation might allow flow into 
the shafts: (1) water concentration by 
infiltration pulses and (2) water 
concentration by lateral diversion.

E I I U I
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Significant water inflow into the 
exploratory shafts would not be expected 
by either of these local saturation 
mechanisms as judged from performance 
calculations done by several authors.  
Further, enhanced gaseous movement 
caused by a potential fault intersecting 
the shaft is not considered to be a 
concern because the shaft backfill air 
conductivity is primarily responsible 
for retarding migration of gasses. In 
order to cause reduced performance for 
the repository, this conductivity would 
have to be increased over a significant 
portion of the shaft length to increase 
gaseous releases. This is not expected 
to occur as a result of possible 
faulting. Since this understanding is 
based upon non-validated models and 
limited data, it is important that site 
characterization hydrologic studies be 
conducted as planned.
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"A potentially adverse structure" 
(Bertram, 1984) as it applies to shaft 
sinking is defined as a single, steep, 
moderate fault (see the RRM for a 
description of fault classes). If such 
a fault were revealed before shaft 
sinking, it would be reason to choose a 
new site for the ES shafts. However, if 
such a fault were to remain undetected, 
only discovered during sinking,, then the 
difficult conditions encountered would 
need to be weighed against the 
additional man-hours of exposure, and 
the delays in siting the shafts in a new 
location and starting sinking all over 
again.  

Minor faults will cause little or no 
appreciable disruption to sinking 
activities. Moderate faults require 
additional temporary support measures, 
will increase cost and cause some 
schedule delay.
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2 Ground conditions should be known 

reliably before sinking commences, and 
the shaft center boreholes are 
recommended to eliminate uncertainty in 
this respect. These boreholes provide 
confirmation on the sinking method to be 
adopted, the equipment to be used, 

concreting lengths, temporary ground 
support system, and station elevation.  
The drilling and logging of the center
line ES boleholes is recommended. The 

analysis of data obtained is aimed at 
understanding the material properties 
for mining purposes, and providing 

additional stratigraphic control prior 
to ES pad construction. For the highest 
confidence that any fault would be 
discovered, these center-line holes 
should be drilled to total exploratory 
shaft depth. We recognize that center
line boreholes may effect other studies 
planned for the MPBHs and pilot holes 
and that some of these studies may be 
alternately performed in the center-line 

holes.

- I - I I - I - I B �- I

I.



TECHNICAL ASSESSMENT REVIEW COMMENT RECORD N-QA-006
i I III i l ili in I I 1 1 1 0 8 

Sheet .... 3.._ of 3 
Technical Assessment Review Subject Geologic and Geophysical Evidence Pertaining to Geology in the Vicinity of the 
Reviewer Maurice Grieves Proposed ES Organization PBQ&D, Mining Department Date 8/25/89 
Comments Resolved By Organization Date 

REVIEWER'S COMMENTS 1RESOLUTION REVIEWER'S NNIq , DISPOSITION
Item Document ,I Number Identification Comments Accept Reject Reason Accept Reject 

A near vertical minor or even moderate 
fault could perhaps remain undetected 
until encountered by probe holes also 
recommended during sinking. These probe 
holes should be kept at least 20 feet 
below the shaft floor. Such a fault 
could cause additional cost to be 
incurred, and could result in schedule 
delays, resulting from changes to the 
excavation method, increasing the amount 
of temporary support and the need to 
keep the concrete lining closer to the 
shaft floor. Worker safety is of 
paramount importance, and the measures 
described in the RRM reduce to a minimum 
worker exposure to potentially hazardous 
situations and protect against the 
consequences of uncontrolled incidents.
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TECHNICAL ASSESSMENT REVIEW COMMENT RECORD N-OA-0 

11/88 

Sheet 1 of 2 
Technical Assessment Review Subject Structural Geology of the ESF Location 

Reviewer Forrest D. Peters Organization SAIC Date 8/31/89 
Comments Resolved By Organization Date 

REVIEWER'S COMMENTS RESOLUTION REVIEWERS 
,DISPOSITION

Rtm Docume -.
Number Idmntlcatlion Coanents Accept Reject Reason Accept Reject 

1 RRM i am in general agreement with 
the conclusions in the Review 
Record Memoranda, and the recomm
endations for additional work to 
be performed. However, preference 
should be given to direct or 
"hard" evidence for or against 
faulting, such as geologic mappin 
core holes, and geophysical 
logging of those holes; as 
opposed to indirect or "soft" 
evidence such as eytended media, 
or potential-field/extended-media 
types of geophysical surveys. The 
extended media types of geophysic 
al surveys, such as seismic refra 
tion, Schlumberger elrctrical 
soundings, dipole-dipole 
electrical surveys, abd Slingram 
surveys, will not provide 
definitive evidence for or agains 
faulting, by themselves alone; 
and must be backed up by "hard" 
or direct evidence, in all cases.  

For these reasons, the proposed 
additional work should have the 
following overall priorities or 
overall order of importance:
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CONTINUATION SHEET 11188 

Sheet 2... of _2.  

Technical Assessment Review Subject Structural Geology of the ESF Location 

REVIEWER'S COMMENTS RESOLUTION REVIEWER'S 
DISPOSITION

Rom Document 
Number IdentZIcation Comments Accept Reject Reason Accept Reject 

1. The immediate clearing and 
mapping of the Tiva Canyon units 
e:zposed along the south slope of 
Dead Yncca Ridge. This phase 
should be conducted prior to the 
ESF pad construction, but could 
occur prior to or during the 
exploratory drilling program.  

2.The drilling and logqing of the 
centerline ES coreholes.  

3. The proposed geophysical work 
could be done at any time, but 
precedence should be given to the 
work identified in 1. and 2.  
above,if any conflicts in 
performing the work arise.  

4. The detailed geologic mapping 
of the exposure created by the 
ES pad construction. This can be 
conducted during pad excavation, 
and should not delay pad 
construction.
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Membership on the Technical Assessment Review Team Concerning 

Geological and Geophysical Evidence Pertaining to 

Structural Geology of the Proposed Exploratory Shaft Location

YMPO Branch Chief responsible for TAR: David Dobson 
TAR Chairperson: Richard Lee 
TAR Secretary: Michael W. Parsons

Team Members:

SAIC FTS 544-7134 
SAIC FTS 544-7857

Team/discipline

Dave Dobson 
Mohammad Mozumder 
Jeff Kimball 
Ernie Hardin 
Terry Grant 
Forrest Peters 
David Cummings 
Marshall Davenport 
Gerald L. Shideler 
Douglas P. Klein 
Richard Snyder 
Dave Fenster 
Thomas E. Hinkebein 
Jonathan D. Istok 
Maurice Grieves

Geology 
Geophysics 
Geophysics & Geology 
Geophysics (Team Leader) 
Geology (Team Leader) 
Geophysics (QA Specialist) 
Geophysics & Geology 
Geology (also TAR secretary) 
Geology 
Geophysics 
Geology 
Geology 
Engineering 
Engineering 
Engineering

YMPO FTS 544-7940 
DOEHQ FTS 896-5330 
DOEHQ FTS 896-1063 
SAIC FTS 544-7617 
SAIC FTS 544-7647 
SAIC FTS 544-7753 
SAIC FTS 544-7835 
SAIC FTS 544-7661 
USGS FTS 776-1273 
USGS FTS 776-1313 
USGS FTS 776-1263 
Weston 202-646-6647 
SNL FTS 846-0580 
Consultant 503-737-2041 
Parsons, Brinckerhoff, 
Quade and Douglas (415) 
243-4634
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I.1 Computer Code Verification and Validation



=541C 
M89-TAD-ELH-25 

WBS 1.2.5.2 

INTEROFFICE MEMO 

DATE: July 11, 1989 

TO: File 

FROM: Ernest L. Hard'i and 
Harry Leaks c"'0 

SUBJECT: Test plan for code verification and validation activities (per QP 
3.2), in support of the Technical Assessment Review: Geologic and 
Geophysical Evidence Pertaining to Structural Geology in the Vicinity 
of the Proposed Exploratory Shaft.  

Introduction 

Guidance has been received from the TAR team QA Specialist as to quality 
assurance for computer codes used in the Technical Assessment Review (TAR).  
Consistent with this guidance, and with discussions held in meetings of the 
geophysics team, it is not necessary to perform exhaustive verification and 
validation. However, this requires that computer codes be used for sensitivity 
studies only and not for data interpretation. Sensitivity studies will be used 
to determine whether the resistivity data interpretation published in the Smith 
and Ross (1982) report is the most supportable in view of all currently 
available information.  

Notwithstanding conditions on the use of modeling results, any codes used must 
be properly documented and controlled. Moreover, the TAR team QA Specialist has 
indicated that code users must document the process used to verify that the code 
is performing its intended function. Also, he has identified specific 
requirements on input and output files, code version control, and logging of 
computer rums. We believe that it is possible to conform to this guidance, and 
still comply with T&=SS procedure OP 3.2 (Use and Control of Computer Programs).  
In accordance with that procedure, this test plan was prepared jointly by us, 
and consists of a description of verification and validation activities to be 
undertaken. An account of the results obtained from those activities will be 
prepared later, as an addendum to the plan.  

Backgroud 

The GW1 code was provided by its author, Dr. Jack Istok of Oregon State 
University, who is a TAR team member. He provided a flexible disk containing 
the FORTRAN source files, and a draft of a textbook he has written which 
documents the GWl code (and other codes also). According to Jack, and in my 
experience thus far with the code, the files he provided match the source codes 
printed in the draft textbook.  
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Several changes to the textbook code were necessary as described below: 

1) (5-31-89 by J. Istok & E. Hardin) Changed the use of parameter 
MAX4 in subroutine MATERL, to MAX2. This was a bug that apparently 
affected program function only when models were large relative to the 
arrays declared. Also changed the parameter list and CCOON 
declarations in module CCKALL.; substituting MAX2 for MAX4, and changed one of leading coinnts in CCMALL.; indicating that MAX4 is 
now not used. Also made minor changes to the formatting of 
printouts.  

2) (6-1-89 by E. Hardin) Changed the way that input data is read into 
subroutines NODE, ELEMENT, MATERIAL, and BOND from the "INF" file.  A negative value in the first field of the last input line of the block of input file data for each of these subroutines is supposed to terminate input in these operations, but was giving rise to negative array indexing. The fix was to buffer input, and not copy it to the sensitive arrays until a test had been done to determine if each line is a termination sequence (for which -1 values are used). Also changed the test for a termination sequence from .eq.-l to .le.0 for these operations. The correct procedure for entering a terminating line in the above input operations is to use the same number of fields as the previous input line, and negate at least the first 
field. The first field must never be zero.  

3) (6-19-89 E. Hardin and J. Istok) Added option 8 (icode-8) to 
subroutine D WP, allowing potential values for specified nodes to be dumped rather than all such values. Increased MAXM, MAX2, and MAX8 
limits in CCHALL.; to their present values (20000, 15000, and 2250000 respectively) which required resetting page quotas for the resident 
VMS account, in order to link program G(1.  

4) (6-26-89 by E. Hardin) Added write statements to modules GWl. MtR and DUMP.FO%, printing a code revision number in each output file or 
dump file.  

Both the original and the modified source files for the (W41 code, and the executable file used for all modeling activities, are under control within 
the T&MSS computer system such that they cannot be changed by TR team 
muibers, or without system privileges.  

Test Plan - Validation 

In accordance with guidance received from the ml team Qh Specialist, 
modeling efforts for the TAR team will be limited to sensitivity studies (not data interpretation) which contribute to the TlA recommendations. Validation 
will be limited to that deemed appropriate by the responsible parties under OP 3.2. Accordingly, an expert opinion will be sought from Mr. Douglas 
Klein, Geophysicist for the U.S. Geological Survey and a TO team ,mer who is not directly involved with the modeling activities performed by T&MSS 
personnel, as to the validity of using the GWl code for specified 3D 
sensitivity studies. The letter that will be used for this purpose is 
presented in Appendix A.
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Test Plan - Verification

The following are the major concerns to be addressed by verification 
activities: 

a) correct function of the code for 2-D problems, 
b) element size near the current electrodes, 
c) correct function of 3-D code features, 
d) proximity of zero-potential boundaries located transverse to the 

dipole-dipole line in the 3-D model, 
e) proximity of zero-potential boundaries off each end of the 

line modeled in 3-D, and 
f) simulation of the analytical dipole-dipole response of a 

half-space to specified accuracy.  
The items will be addressed in successive phases dedicated to 2-D and 3-D 
problems as described below.  

;.-a Problems 

Items a) and b) will be addressed by 2-D cases which compare the ntmerical solution to an analytical solution. The problem will be that of classical 
conduction in a rectangular plate with zero-potential boundaries and a point source of flux in the center (Figure 1), for which the Fourier solution is presented in Appendix B. The objective will be to try various 2-D finite meshes until certain nodal potentials agree with the analytical solution to 
within a tolerance level discussed below.  

A simple approach will be used to estimate the size of tolerable errors in 
the calculated results, compared to analytical solutions. The dipole-dipole conduction problem may be thought of as the superposition of two monopole problems, with potential measurements at two field points for each problem.  In this sense there are four quantities which contribute to the calculated 
dipole-dipole response. Error in each of these quantities contributes to error in the dipole-dipole computations. The next paragraph develops a 
criterion for determining whether deviations between analytical and calculated potential field values are sufficiently small. Elemnt size will 
then be adjusted until the error criterion is met.  

It will be asmmed that the errors for these quantities are uncorrelated, 
random, and identically distributed according to the behavior of that 
quantity which deviates most from the corresponding analytical monopole 
solution. (This is generally the field value closest to the source.) In 
fact the errors are correlated, and the random component is rather small, 
such that the resulting error in the dipole-dipole computation is smaller 
than that assumed. The objective will be to reduce variance in the 
dipole-dipole result to 0.1 of the analytical values. If there are four 
independent contributing variables, and if the dipole-dipole response is 
about 0.05 of the monopole field in a particular vicinity, then the variance 
for a particular field value should be less than 0.00125 of the analytical 
monopole (Fourier) solution. For reasonably well-behaved deviatory behavior this means calculated monopole field values should be within about 1% of the 
analytical (Fourier) solution.



The approach described above is not rigorous, and tends to be sensitive to 
the largest errors (which occur at small distances from the source).  
However, the largest errors occur where the curvature of the potential field 
is greatest and fit most approximately by linear finite elements. Thus the 
approach is appropriate for determining element size to match the field 
curvature. Note that the approach does not consider the effects of the 
proximity of zero-potential boundaries, because this type of boundary is 
explicitly represented in both the finite element model and the Fourier 
solution. The effects of zero-potential boundaries will be examined through 
3-D modeling.  

A number of meshes will be tried using realistic values for material 
conductivity and flux (conductivity in mhos/m, flux in amps, with the 
necessary units conversion factors) and a model with dimensions of 2,000 feet 
or more. Realism is needed because these values scale the curvature of the 
potential field. The objective will be to devise a mesh using linear 
quadrilateral elements that agrees to better than 1% with analytical monopole 
(Fourier) field values at nodes spaced on 200-foot intervals from 200 to at 
least 1,400 feet along the upper boundary (Figure 1). The best model will be 
that which produces this result with as few elements and nodes as possible, 
and the largest sized elements near the source. A systematic relationship 
between successive successful numerical representations of the problem 
(meshes) and deviation from the analytical solution, as well as agreement 
with the analytical solution, will be taken as verification of proper 
function of the M.I code for 2-D problems.  

3-D Problems 

The 3-D model will consist of a number of slices, oriented normal to the 
direction of the dipole-dipole line on the surface (Figure 2). The size of 
elements near the line, and the spacing between slices, will be based on the 
largest element size found to be suitable from 2-D problems. For ease of 
generating the mesh, all slices will be th. same and the spacing between 
slices situated off each end of the line will be increased gradually. Note 
that present plans call for introducing a vertical plane of symmetry (no-flux 
boundary) corresponding to the dipole-dipole line, thus halving the size of 
the 3-D model although reducing flexibility to model complicated terrain.  

The first test will compare the nodal potentials at 200-foot intervals in 
both directions from a monopole source located on the midpoint of the 
dipole-dipole line (on the symmetry plane), with the analytical solution for 
the potential field around a monopole source on the surface of a half-space 
(Keller and Frischknecht, 1965, Eqn. 71). The length dimension of the mesh 
will be greater than the width and depth, and and the zero-potential 
boundaries along the sides and bottom of the mesh may produce a recognizable 
effect. The length and depth dimensions of the mash will be extended by 
increasing the size of elements along the boundary, with the objective of 
bringing the selected nodal potential values along the upper edge of the 
symmetry plane (Figure 2) to within 1% of the analytical solution for the 
selected nodes. The basis for application of the 1% criterion is the same 
for 3-D problems as for 2-D.  

The finite length of the model and the zero-potential ends of the mesh may



also have a recognizable effect. The spacing between slices at the distal 
ends of the model will be adjusted, with the objective, of bringing the nodal 
potentials along the upper edge of the sy mmetry plane (Figure 2) to within 1% 
of the analytical solution. In addition, in another case the monopole source 
will be moved along the dipole-dipole line to 1,400 feet from either end of 
the area that is intended for occupation by source/receiver nodes. If end 
effects are important, the slices at the ends will be relocated or increased 
in number, with the objective of maintaining 1% agreement with the analytical 
solution. The model will be run with the source near each end of the model, 
to test whether identical results are obtained.  

7inally, a series of input files will be created whereby the dipole-dipole 
!sponse of a half-space will be simulated with n-l,2,...,6. It is 

anticipated that only half of the profile (from the midpoint of the model 
dipole-dipole line to the end) will need to be calculated. If the approach 
described above for estimating tolerable error for element size determination 
and boundary effects is sufficient, then the variance of the errors present 
in the dipole-dipole calculations should be less than 0.1 of the analytical 
dipole-dipole values.  

References 

Keller, G.V. and F.C. Frischknecht, 1966, Electrical Methods in Geophysical 
Prospecting, Pergamon, Pitman Press, Bath, U.K., 519 pp.  
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Figure 1. Schematic of 2-D Fourier conduction problem, showing the position of the source, zero-potential boundaries, and nodes where calculated 
potential was analyzed.
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Figure 2. Schematic of 3-D problem, showing symmetry plane, dipole-dipole line, source and receiver electrode locations, and zero potential 
boundaries.  
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Appendix A - Letter Requesting Expert Opinion on Model validity

WS: 1.2.S.2 
Dougla Klein ,1 

U.S. Geological Survey 
MS 964, Dengvr Federal Center 
Denver, CO 80225 

Deer mr. Klein, 000"i~A5 R F T 
This letter is a request for you to provide an expert Jud•emnt as to the 
validity of using a certain computer model for the Techical Assesment 
Review (TM) of geophysical data froem Yucca Mun•tain, in which you are 
involved. The following paragraphs provide backqround inforsation as to how 
the model is to be used in the TAR, and why your expert opinion is needed.  
Aso, enclosed you will find a report documenting the theoretical basis for 
the model and its computer implemntation. Based an this information, please 
provide an opinion to M in writing as to the validity, and any limitations 
you my feel are important to the stated use of the model.  

The n geophysics team leader has undertaken a modeling effort that is 
primrily intended to determine if off-axis terrain effects contribute 
significantly to the dipole-dipole data set acquired froCoyote W•Ih. The 
approach adopted calls for using a 3-0 finite eimnmt code originally written 
for saturated, steady-state groundwater flow problems. This is the Mql code 
described in the enclosed report. The approach does not address the induced 
polarization data, which is considered subsidiary to cesi-.'vity for 
interpretion of earth structure. The effect that will be -deled is DC 
resistivity, which is sufficiently similar to the low frequency (0.1 Hz) 
apparent resistivity data from Coyote Wash.  

In addition to terrain effects the model my be used to evaluate the 
importance of off-axis resistivity contrast$ such as might be associated vith 
alluviua in Coyote Wash, or with moisture influx throug the alluvium and 
into the underlyinq strata. This application is smAt uncertain at this 
tim because the need for it depends on results from other studies and 
tehnical exchange with other mers of the geophysics team, and because it 
would involve significant effort to set up.  

Te use of cputer codes an the SkAXC/ru Project requires compliance with 
TUU procedure OF 3.2 (Use and Control of Cmputer Progqrms). The =a is a 
gh level I activity, so the procedure requires docmentation and control of 
the (W1 code. The procedure requires the user to collabocate with the Tsar8 
Computer Sevicees Branch (CM) MWaager to produce a plan for verification and 
validation (MV) activities. AIthoug the- VV activities will be limited in 
sxe, the C Magner has requested expert confirmtion of the validity of 
the model upan whtch the GM code is based, for the purpose described above.  
Nte that you are r•emsd to judge only the model or differential equation, 
and not the compmt•t implemntation. leview at use of the source code is 
thtetfore not required.  

Your r•emase on or before July 14, 1989 would be greatly appreciated.  

Sincerely, 

Richard C. Lose 
Cugmin, Technical Assessmnt •eview 

cc w/out ernc.: 
c. uardi,. SAIC,4as Vegas 
H. ZAkOe, SAIC/a Vegas 
r. Peters, SAZC/Las Vegas



Appendix B - Derivation of 2-D Fourier Solution for Steady-State Conduction in a Rectangular Plate 

The physical basis for the model consists of a square plate with insulated faces, and edges maintained at zero-potential. The length of each side of the plate is 2a. At the geometric center of the plate. flux is added at a constant rate. by a source with strength Q. The conductivity of the plate is k. For closest correspondence between the finite element and analytical solutions to this problem. the following discusion pertains to the fourth quadrant portion of the analytical problem in Cartesian coordinates, with the origin 
at the source position.  

The problem is governed by Poisson's equation. with a forcing term proportional to the 2-D delta 
function: 

2" 6(m)-(Z) = U(, Z) 
k The potential field is found by assuming the desired potential function is a Fourier series of the form: 

•' • z) = • B_. •co, irx(2m- 1) 7rz(2n- 1) 

Byv the choice of basis functions this series is maximal at the origin, and zero at the boundary. Substituting this series into the governing equation. and transforming the forcing function, gives: 

= a- = 7 - 1)2 - (2n - 1'.S,,,co, rz(2m - 1) o z(2, - 1) 
W 2a o 2a 

_16Q _____ 

- rz 2 co,- 1) - rz(2n - i) 
,n=11n=1 a2 

Equating coefficients to obtain the Fourier series for the potential function yields: 

UZ ) 16Q' 1 7rz(2m -l 1) rz(2n -1) 
kr( E f (2m - 1)2 + (2n -1)2 C Co 2 

This solution has been coded in the FORTRAN program presented in Figure B-I. A series convergence scheme is used whereby n = n, and both are increased together as necessary to achieve relative convergence of the terms in the series. A sample problem with input and output is presented in Figure B-2. Values of n and m as large as 1000 or more have been used to obtain relative convergence of order 10-' (see Figure 
B-2).



Figure B-1. MORMA source code for calculation of analytical solution to 
Fourier conduction problem.  

program monocart 
c evaluates a 20 fourier series soin for steady-state condu1ction in a c rectangular 2a on a side, centered on (x,z) - (0,0), w/ flux supplied 
c at the origin, insulated faces, and edges fixed at zero potential.  C values of potenti.al are calculated along a ray in the 4th quadrant.  
C the source flux is divided among the quadrants, so the specified 
c value is quadrupled in the calculation 

real*A pts( 100) 
character*20 infile ,outfile 
data pi/3.1415926/ 
write(*,*)' input file name? 
read(*, '(a20)' )infile 
open(umit-Z,statusm' old' ,file-infile) 
read(2,*)a 
read( 2,' )npts 
do 1 i-l~npta 

I. read(2,*)pts(i) 
read( 2,' )anq 
read(2, *)q 
reed(2,*)relcon 
read(2,'(&20)' )outfile 
openhiumt-l,status-'nev' ,file-outf ile) 
constul6. 'q/(pi**2.) 
do 100 i-I,npts 
x-pts(i)*hin(pi*anq/lS0.) 
z--pts ( i ) *cos (pi *anqylSO -) 

c start with the rn-I, n-I term 
P mot t*cos(pi*zK/(2.*a))*cos(pi~z/(2.*a))/2.  
inaI 

c increinnt n~m together unmtil relative convergence 
10 pwrav-p 

innin*I 
c for fixed n. add terms for rn-fl,nl 

rnf-2. *float( in) -1.  
fn cms( gnf*pi*x/(2.*a)) 
do 20 imal,izi 

20 pmpKcmt*cos( rmf'pi'z/( 2. *a))*fzV( rmf**2..ernf**2.) 
c fix s, ad remaizing teý for n-f l~a-Il 

i-pin 

do 30 in-I,imo-l 

30 pmp..cont'fm*cos(rn~f*pi*x/(2.*a) )/( cuf**2.,.rf**2.) 
innim 
delpinp-psav 
ifabe(delp).gt-relcon)goto 10 

100 write(l.*)ptsM~i).np 
stop



Figure B-2. Example input and output for calculation.

3900 
14 

0 
10 
25 
50 

-100 
150 
200 
400 
600 
800 
1000 
1200 
1400 
1600 

90 
100 
le-3 
buffer.; 

lenqth of one edge of square plate 
nrmber of points along a ray, for calculation 

input radial distance for pt. # ...  

angle fro vertical for ray, in degrees 
strength of source (w/ flux into quadrant) 
relative convergence criterion 
output file naw 

O.0000000Z+O0 1153 525.1515 
10.00000 261 393.5779 
25.00000 105 335.2458 
50.00000 510 283.7362 
100.0000 99 241.8944 
150.0000 560 211.7795 
200.0000 459 193.5045 
400.0000 483 149.5916 
600.0000 1122 123.9067 
800.0000 661 105.5841 
1000.000 646 91.39137 
1200.000 1130 79.83626 
1400.000 651 69.93484 
1600.000 889 61.42817



1.2 Results of Verification and Validation Activities, 
and Listing of Pertinent Files



SceneAppitons IntemdnatOn Corpoatlon 

M89-TAD--ELH-014 
WBS: 1.2.5.2 
QA: N/A 

MEMO 

DATE: September 8, 1989 

TO: File 

FROM: Ernest Hardin Harry Leake 

SUBJECT: Addendum to Test Plan for Validation and Verification (V & V) 
Activities, per QP 3.2 for the GWJ Finite Element Code Used in the 
Technical Assessment Review entitled "Geologic and Geophysical Evidence 
Pertaining to Structural Geology in the Vicinity of the Proposed 
Exploratory Shaft" 

This memo contains a description of the V&V activities prescribed by the test 
plan (M89-TAD-ELH-25). The subject addendum was described by that plan, and is 
organized into four parts: (1) validation; (2) 2-D problems; (3) 3-D problems; 
and (4) the disposition of the GWl source and executable computer code, and the 
input and output files used in the TAR. The appendices provided with this 
addendum are assigned letter designations beginning with Appendix C so as to 
correspond to the original test plan, which included Appendices A and B.  

Part 1: Validation 

As called out in the test plan, an expert opinion was obtained on the validity of 
the conduction model upon which the MTf code is based for application to 
geoelectric resistivity problems. The opinion is in the form of a letter from 
Dr. D.P. Klein, of the U.S. Geological Survey, who is also a TAR team member.  
The letter is presented in Appendix C and states that the conduction model, and 
the GWi finite element implementation, are generally valid for the purposes 
stated in the letter comprising Appendix A to the test plan. The opinion further 
states that using a symmetry condition should pose no major limitation to using 
the model for first-order evaluation of the significance of off-axis topography 
and resistivity contrasts. Specific considerations that would be important for 
more detailed modeling are identified.  

Part 2: 2-D Problems 

A number of 2-D meshes were generated for comparison to the 2-D Fourier 
conduction problem described in Appendix B of the test plan. The specific 
analytical solution used was the one listed in Figure B-2. A total of six finite 
element models were run, as described below: 

101 Convention Center Dr., Ste. 407, Las Vegas, NV 89109 (702) 794-7000 
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1. 'example3' - This mesh has 169 linear quadrilateral elements in a 13 
X 13 array (196 nodes). The spacing of nodes in the x and z 
directions is the same, starting from the origin in the upper left 
corner: two 100-ft increments, six 200-ft increments, and five 
500-ft increments.  

2. 'example4' - This mesh has 225 linear quadrilateral elements in a 15 
X 15 array (256 nodes). The spacing of nodes in the x and z 
directions is the same, starting from the origin in the upper left 
corner: four 50-ft increments, six 200-ft increments, and five 
500-ft increments.  

3. 'elementS' - This mesh has 361 linear quadrilateral elements in a 19 
X 19 array (400 nodes). The spacing of nodes in the x and z 
directions is the same, starting from the origin in the upper left 
corner: eight 25-ft increments, six 200-ft increments, and five 
500-ft increments.  

4. 'triangular3' - This mesh has 165 linear-quadrilateral elements, and 
8 linear triangular elements. The mesh is the same as for 'example3' 
except that each of the four square (100 X 100 ft) quadrilateral 
elements in the upper left corner is split into 2 isosceles 
triangular elements. The orientation of the major sides of all the 
triangular elements is the same; successive trials were run with the 
major sides oriented from lower left to upper right, and from upper 
left to lower right.  

5. 'quadratic4, - This mesh has 209 linear quadrilateral elements and 4 
quadratic quadrilateral elements. The mesh is the same as for 'example4' except that 16 square (50 X 50 ft) linear elements in the 
upper left corner are replaced by four larger (100 X 100 ft) 
quadratic elements.  

A source strength of 100 was used in the series solution of the analytical 
Fourier problem. This parameter is the product of the resistivity (inverse 
conductivity) and the equivalent source/unit length of a line source. Original 
speculation that the source strength would scale the potential distribution was 
unfounded for this problem, which has a constant flux-forcing condition. The 
corresponding values in the finite element runs for source strength and 
conductivity were 100 and 1, respectively.  

From 'example3' it was learned that the computed potential field is approximately 
the correct shape 200 to 1400 ft from the source and that the largest error 
occurs at 200 ft, nearest the source (Tables 1 and 2). However, the potential 
curve appeared to be offset over the interval of interest (200 to 1400 ft), 
possibly from the effect of numerical inconsistency near the source.
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The next model, 'example4', addressed this problem by doubling the density of 
quadru-lateral elements within 200 ft of the source node. This reduced the errors 
somi-~hat, so they were well under 1 percent from 200 to 1400 ft (Table 1). The 
next model 'example5' included even more quadrilaterals near the source, 
resulting in a somewhat smaller reduction in error than that obtained between 
'example4' and 'example3'.  

Although the 'example4' model satisfied the 1 percent approximate limit of 
acceptable error derived in the test plan, additional models were run 7o 
investigate whether the same result could be obtained using fewer ele..4nts or 
nodes. The 'triangular3' model produced an error of 1.12 percent at 200 ft 
(Table 2), indicating that linear triangular elements would not substantially 
improve accuracy for a given number of nodes relative to quadrilateral elements 
(Table 1). The 'quadratic4' model produced an error of only 0.2 percent at 200 
ft, but error elsewhere was comparable to the 'example4' model (Table 1).  

The systematic relationship shown in Tables 1 and 2 between the levels of model 
detail and agreement with the analytical solution is taken as verification of 
proper 2-D operation for Gxl.  

Part 3: 3-D Problems 

From the results obtained with the 2-D problems discussed above, the 'example4' 
mesh was judged the most practical basis for 3-D problems. The important 
applications to the 3-D mesh are linear parallel piped elements, 50-ft node 
spacing in the direction of survey the line, and 50-ft node spacing for some 
distance laterally away from the survey lines. The 'quadratic4' model produced 
accuracy that was better than the 'example4' model for a given number of nodes, 
but only at the 200-ft distance. Linear elements are preferred for implementing 
the GKl code as configured for the TAR, because a 3-D mesh with combined linear 
and quadratic elements is more difficult and the number of nodes (and thus the 
memory) for the quadratic model is no less than for the linear model.  

Description of Models 

All 3-D models have certain aspects in common. The 3-D meshes are composed of a 
series of vertical slices arranged in parallel and perpendicular to the symmetry 
plane (see Figure 2 of the test plan). The spacing of nodes within each slice is 
similar to the 2-D models discussed above, with element size increasing away from 
the upper left corner, which is the intersection with the survey line (see Figure 
1 of the test plan). In the x-direction (horizontally away from the survey 
line), the node spacing is 50 ft near the line and increases geometrically 
starting 100 to 200 ft from the line. In the z-direction (positive upward), the 
topmost nodes are spaced at 25 to 50 ft, with geometrical increase of spacing 
with depth.



File 
M89-TAD-ELH-014 
September 8, 1989 
Page 4 

Slices are spaced along the y-axis (parallel to the dipole-dipole line) to create a region from y - 0 to 4,000 ft in the mid-portion of the mesh, where the spacing 
between slices is 50 ft. This region is designed to be where source and 
potential poles are "placed" to study earth response, and is designated the "study area" of the mesh. The coordinate system is fixed with the origin on the intersection of the symmetry plane and the slice at the (y - 0) end of the study 
area. (The z-coordinate of the survey line varies from model to model.) The final common aspect is that the y-spacing of slices located off each end of the 
study area is the same as the x-spacing of nodes offset from the survey line 
within each slice.  

The studies described below have to do with the dimensions of the mesh, the number of elements per slice, the fixing of the potential of certain nodes on the 
boundary, and the placement of source poles at nodes on the upper edge of the symmetry plane. In accordance with the test plan, the 3-D cases run may be 
divided into three categories: (1) boundary standoff distance studies; (2) dipole-dipole line response uniformity studies; and (3) comparison to the 
dipole-dipole analytical solution for a quarter-space. The models are described 
in more detail as follows, with summary statistics in Table 3: 

Model Group 1: Boundary standoff distance studies (each of these models 
has a single, monopole current source of 10 A at y-2,000 ft): 

a) 'quarterl' model - Each slice consists of 36 elements (49 
nodes). Spacing increments in the x- and z-directions are two 
at 50 ft, one at 100 ft, one at 200 ft, one at 400 ft, and one 
at 800 ft. Boundary nodes on all mesh faces (except the 
surface and symmetry plane) are set to zero.  

b) 'quarter2' model - Each slice consists of 110 elements (132 
nodes). Spacing increments in the x-direction are four at 50 
ft, two at 100 ft, two at 200 ft, one at 400 ft, and one at 800 
ft. Spacing increments in the z-direction are two at 25 ft, 
three at 50 ft, two at 100 ft, two at 200 ft, one at 400 ft, 
and one at 800 ft. Boundary nodes on all mesh faces (except 
the surface and symmetry plane) are set to zero.  

c) 'quarter3' model - Each slice consists of 132 elements (156 
nodes). Spacing increments in the x-direction are four at 50 
ft, two at 100 ft, two at 200 ft, one at 400 ft, one at 800 ft, 
and one at 18,000 ft. Spacing increments in the z-direction 
are two at 25 ft, three at 50 ft, two at 100 ft, two at 200 ft, 
one at 400 ft, one at 800 ft, and one at 18,000 ft. Boundary 
nodes on all mesh faces (except at the surface and on the 
symmetry plane) are set to zero.
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d) 'quarter4' model - Same mesh as 'quarter3' model, with 
different boundary conditions. All boundary nodes at vertices 
of the outer corners of the mesh, and located at the ends of 
the mesh, are "released" (i.e., not fixed a any value). All 
the other boundary nodes (except at the surface and on the 
symmetry plane) are set to zero.  

e) 'quartertest' model - Same mesh and boundary conditions as 
'quarter4' model, but with additional boundary nodes released.  
All boundary nodes at all vertices of the outer surface of the 
mesh are released. All other boundary nodes (except at the 
surface and on the symmetry plane) are set to zero.  

Model Group 2: Response uniformity studies (each of these studies uses 
the same mesh as the t quarter4' model, and the same monopole source 
strength, but with a different source location): 

a) 'quarter5' model - Source located at y - 0.  

b) 'quarter5' model - Source located at y - 1,000.  

c) 'quarter4' model - Source located at y - 2,000; same model used 
in Model Group 1.  

d) 'quarter7' model - Source located at y - 3,000.  

e) 'quarter8' model - Source located at y - 4,000.  

Model Group 3: Comparison to dipole-dipole analytical solution: 

a) 'dipoletest' model - Same mesh and boundary conditions as 
'quartertest' model described above, but with a (+) monopole 
source at y - 0 and a (-) monopole source at y - 200 ft.  

Boundary Standoff Studies (Model Group 1) 

For boundary standoff distance studies, models Iquarterl' through 'quarter3' 
showed progressive improvement as the number of nodes/elements and the boundary 
standoff distance were increased. Table 4 compares the potentials from a 
monopole source calculated from the analytical solution (see Appendix D) and from these different models. The monopole source location for each of the five models 
in Model Group I (see Table 3) was at y - 2,000. The potentials calculated on 
the survey line, at equal distances but different sides of the source (y < 2,000 
and y > 2,000) generally agreed to at least 3 significant digits.

I
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The problem with model 'quarter3' is that the computed potentials deviate from 
the analytical values, although the deviation is a relatively constant function 
of distance (Table 4). The magnitude of the analytical value of the potential 
(in an infinite quarter-space) at a source distance equal to the boundary 
standoff distance is similar to the uniform magnitude of the deviation of the 
potentials for each model. Moreover, all the computed potentials are less than 
the analytical values. This suggests that the reason for deviation is the zero 
potential boundary condition.  

Another possible contributing factor to deviation was explored with models 
'quarter4' and 'quartertest'. The linear parallel piped elements on the outer 
corners of the mesh are forced to zero throughout their volume if four or more 
noncoplanar boundary nodes (needed to define the element) are forced to zero.  
with this in mind, all the outer corner nodes at the ends of the mesh (y 
-20,000 and y - 24,000) were "released" in model 'quarter4'. As unconstrained 
nodes they are free to adjust to the computed potential field. The effect of this 
change was slightly better agreement. Model 'quartertest' involved "releasing" 
all the outer corner nodes, including the ones along sides of the model (x 
20,000, z - 0). This resulted in another slight improvement. This factor was 
thus substantially eliminated as the major cause of deviation between analytical 
and computed potentials.  

The deviation between analytical and computed monopole potentials, even for the 
'quartertest' model, is more than the 1% accuracy criterion stated in the test 
plan. The effect is probably caused both by the presence of a zero potential 
boundary and by the rectilinear shape of the boundary. This is a common problem 
in finite element conduction problems, and has been addressed by setting the 
potential at each boundary Dirichlet node to the value that would be expected at that location from the analytical solution for a quarter-space (Holcombe and 
Jiracek, 1984- Pridmore et al., 1981). However, this step was not taken pending 
the outcome of the dipole-dipole test described below (Model Group 3). The 
conclusion from this group of models is that accuracy of the couputed monopole 
field is principally limited by the boundary standoff distance for the 3-D mesh concept developed. Error associated with the 'quartertest' model exceeds the 1% 
criterion locally by a small amount that could probably be eliminated by further 
extending the boundary standoff distance. However, this would probably require 
more elements, resulting in more computation than is really necessary for the 
kind of model needed for 3-D dipole-dipole sensitivity studies.  

Dipole-Dipole Response Uniformity Studies (Model Group 2) 

Using the 'quarter4' mesh and boundary conditions, the monopole source was moved 
to five separate locations along the survey line within the study area for investigation of uniformity. The resulting calculated potentials are presented 
in Table 5. The potentials are tabulated in terms of distance from the source, 
so uniformity can be compared directly by scanning the lines in the table. Note 
"that for each model except 'quarter4' the potentials could not be computed for
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some portion of the distance range, from -1,400 to +1,400 ft. For sources located off-center, a slight amount (<1%) of asymmetry was observed in the potential field on both sides of the source. Because of this effect, uniformity was limited to >99%. Note that the computed gradient (differences between adjacent values) is uniform for all models to >99%, (although the apparent gradient differs from the analytical value to an extent that ranges from about 1% near the source to a little less than 2% at a 1,400 ft distance. The conclusion of this test is that computed response is sufficiently uniform over the length of the survey line in the study area (although absolute accuracy of 1% was not achieved consistently).  

Comparison to the Dipole-Dipole Analytical Solution (Model Group 3) 
The dipole-dipole test model consists of the 'quartertest' model, with a positive source pole at y - 0, and a negative source pole at y - 200. The source dipole was placed at the limit of the study area to increase the possibility for error.  The results are shown in Table 5. Deviation from the analytical solution for dipole-dipole response in an infinite quarter-space (see Appendix D of this addendum) is less than 1% in the range of interest, except at N - 2 and N - 6.  If the deviations are treated as independent, which is a crude assumption made in the test plan to try to define acceptable error in terms of the value of a single "parameter, then the variance for N - 2 through 6 is on the order of 10-4. This is two orders of magnitude less than the acceptable variance stated in the plan, which is one tenth of the smallest analytical value for dipole-dipole potential.  The conclusion of this test is therefore that the GW' code and the 'quartertest' model configuration produce an acceptable rate of error in computed dipole-dipole 
potentials.  

Clarification of Acceptable Accuracy 
The test plan gives two definitions of acceptability for 3-D tests: one based on 1% or better agreement with analytical monopole potential field values, and the other based on a concept of variance in the computed dipole-dipole potentials.  These definitions were developed by the reasoning process explained under the heading "2-D Problems" in the test plan. The purpose was to derive a goal for level of acceptable error in 2-D cases that would help ensure that needed accuracy was attained from subsequent 3-D test cases. As acknowledged in the test plan, the following three steps were very conservative: (1) the assumption that errors in the individual monopole field values that are differenced to calculate dipole-dipole response are uncorrelated; (2) taking the dipole-dipole response magnitude to be 0.05 of the response of a constituent monopole, which from Tables 4 and 5 is seen to be applicable at 1,200 to 1,400 ft (i.e., N - 6) but generally is too small; and (3) approximating the average magnitude of the deviation of computed dipole-dipole values from the analytical values for six values in a set (N - 1 through N - 6) with zero mean deviation and variance of 0.00125 as 1% when, based on the assumptions of the variance concept, the average magnitude would be closer to 3.5%. This latter step introduced a factor of about
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3, which was intended to prevent outliers from causing the 0.1 variance concept 
to be exceeded. The 0.1 level was not'exceeded, but the 1% level was, as shown 
in Table 5.  

The above discussion indicates that the 1% limit defined in the test plan is 
appropriate for simulating analytical solutions to problems with explicit 
boundaries (e.g., the 2-D Fourier conduction problem), but is too optimistic for 
finite simulations of analytical solutions for potential variation in infinite 
bodies. The intent of adopting a 1% accuracy criterion was to provide an initial 
accuracy condition that would ensure that a final accuracy condition was met.  
The final condition has been met, and the interim condition needs to be redefined 
so it is not construed as a rigid requirement for acceptable modeling accuracy.  
Accordingly, this addendum to the test plan stipulates that the interim accuracy 
criteria in the test plan are subsidiary to the condition that the variance 
(assuming results for different values of N are uncorrelated) of the computed 
dipole-dipole potential differences relative to the analytical solution for a 
quarter-space, for a suite of values for N - 1 thrjugh 6, should not exceed 0.1 
of the smallest analytical potential value in the suite.  

Part 4: Disposition of Computer Files 

During the conduct of modeling activities using the GW1 code for the TAR, copies 
of the FORTRAN source files and the machine-executable version were maintained in 
an account on the T&MSS VAXcluster computer system in a directory that allowed 
read-only or execute-only access to TAR team members or to any user without 
system privileges. This controlled code was identified as Rev. 0, and was used 
in all runs of the GWl program for the TAR.  

Input and output files for every application of the GW1 program that is reported 
or used in this memo or the RRM have been archived in a tape storage facility.  
The pre & post test files were not completed, which was determined by inspection.  
The GW1 input files for 3-D problems are large, because they contain detailed 
information on the finite element meshes, boundary conditions, and source 
conditions. As a result, they are too large to reproduce in the RRM. All the 
archived files are listed in Appendix E of this addendum.
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?able 1. Results obtained for 2-D cases, compared to the computed series 
solution for the Fourier conduction problem. Distance is given along an edge of the plate from the source. Blank entries indicate where nodes were not located, thus potentials were not computed.  

Analytical M FDE FEM FD' FmE ,)istance Fourier example3 example4 exampleS triangular3 quadratic4 (tt) Soln. Soln.(a) Soln.(b) Soln.(c) Soln.(d) Soln.(e) 

3 525.15 575.01 418.86 462.93 340.90 415.07 23 333.25 327.72 
30 283.74 273.64 279.85 291.91 100 241.89 229.78 235.76 236.42 240.90 231.17 r50 211.78 210.32 210.71 208.44 '100 193.50 191.69 192.08 192.23 195.67 193.12 O00 149.59 148.48 148.51 148.51 148.35 148.42 i0o 123.99 123.40 123.40 123.41 123.49 123.44 300 105.58 105.29 105.29 105.30 105.30 105.29 1000 91.39 91.17 91.17 91.18 91.18 91.18 1200 79.84 79.59 79.59 79.60 79.59 79.59 1400 69.93 69.75 69.75 69.76 69.75 69.75 

Wa) 100-ft elements within 200-ft of source; 200- and 500-ft elements 
elsewhere (see text).  

Nb) 50-ft elements; (ditto).  
fc) 25-ft elements; (ditto).  
(d)"similar to 'example3' with same nodal array but with triangular 

elements within 200-ft of source.  Ie) similar to 'exaumple4' with same nodal array but with quadratic elements 
within 200-ft of source.  

Table 2. Error for selected values of computed potential from 2-D cases. Error is defined as a percentage of the computed analytical Fourier series solution with a wmoopole source, as defined in the text.  

Distance FE FEN FM FEM FEl 
?.rom example3 example4 exampleS triangular3 quadratic4 3ource Soln. Soln. Soln. Soln. Soln.  
ift) Error Error Error Error Error * .* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

200 -0.94% -0.73% -0.66% 1.12% -0.20% 
400 -0.74 -0.72 -0.72 -0.83 -0.78 io0 -0.48 -0.48 -0.47 -0.40 -0.44 NO -0.27 -0.27 -0.27 -0.27 -0.27 1000 -0.24 -0.24 -0.23 -0.23 -0.23 1200 -0.31 -0.31 -0.30 -0.31 -0.31 
1400 -- 0.26 .26 -0.24 -0.26 -0.26



Table 3. Sawry statistics for 3-D meshes. 6 

# Nodes/ x-y,,z Uniform Source "Released" Model Elements # Boundary Resis- Pole(s) Boundary 
Name Slice Slices Standoff tivity y-coord. Nodes 

Model Group 1:

quarterl 
quarter2 
quarter3 
quarter4

49/36 
132/110 
156/132 
156/132

93 
101 
103 
103

quartertest 156/132 103

1,600 ft 
2,000 

20,000 
20,000 

20,000

30 ohm-m 
500 
500 
500 

500

2,000 ft 
2,000 
2,000 
2,000 

2,000

Model Group 2 (response uniformity study):

None 
None 
None 
Boundary corners 
at end of mesh 
All boundary 
corners

156/132 103 

156/132 103 

156/132 103 

156/132 103 

156/132 103

20,000 

20t000 

20,000 

20,000 

20,000

500 

500 

500 

500 
500

0 Boundary corners 
at end of mesh 

1,000 Boundary corners 
at-end of mesh 

2,000 Boundary corners 
at end of mesh 

3,000 Boundary corners 
at end of mesh 

4,000 Boundary corners 
at end of mesh

Model Group 3 (comparison to analytical quarter-space solution):

dipoletest 156/132 103 20,000 500 0 (-) & 
200 (+)

All boundary 
corners

quarterS 

quarter6 

quarter4 

quarter7 

quarter8



Table 4. Comparison of analytical and computed potentials, for study of 
boundary standoff distance and boundary conditions (Model Group 1).  
All potential values are in volts.  

Analytical 
Source Monopole quarterl quarter2 quarter3 quarter4 quartertest 
Distance Solution(a) Model(b) Model Model Model Model 

200 26.10 22.98 23.80 24.73 24.78 25.02 
400 13.05 10.38 10.84 11.77 11.82 12.05 
600 8.700 6.16 6.58 7.50 7.55 7.78 
800 6.525 4.09 4.45 5.37 5.42 5.65 
1000 5.220 2.88 3.19 4.10 4.15 4.39 
1200 4.350 2.12 2.37 3.26 3.31 3.55 
1400 3.729 1.59 1.80 2.68 2.73 2.97 

Table 5. Dipole-dipole test case results. The 'dipoletest' model has a 
uniform resistivity of 500 ohm-rn.  

Analytical dipoletest 
Dipole-dipole Model Apparent N Solution Result Error(%) Resistivity 

1 -8.700 -8.700 -0 (a) 500 ohm-r 
2 -2.175 -2.141 -1.55 492 
3 -0.870 -0.865 -0.57 497 
4 -0.435 -0.436 0.12 501 
5 -0.249 -0.250 0.72 504 
6 -0.155 -0.157 1.16 506 
7 -0.104 -0.105 1.43 507 
8 -0.0725 -0.0735 1.43 507 
9 -0.0527 -0.0533 1.02 505 
10 -0.0396 -0.0396 -0 (a) 500 

(a) Zero error at three significant digits.

V



Appendix C. Expert Opinion Validating the Use of the Conduction Model which is 
the Basis of the GWf Code



S--. United States Department of the Interior 
GEOLOGICAL SURVEY 

BOX 25046 M.S. 964 
DENVER FEDERAL CENTER 
DENVER. COLORADO 80225 

IN REPLI REFER TO: Mail Stop 964 

W'S: 1.2.3.2.2.6 
QA: I 

August 7, 1989 

Richard C. Lee 
SAIC, Suite 3407 
101 Convention Center Dr.  
Las Vegas, Nevada 89109 

Re: Judgement as to validity and limitations of GWL Code for 

3-D DC Resistivity Studies 

Dear Mr. Lee: 

In response to your request of 10 July, 1989, I offer the following opinion 
regarding the use of the GWI computer code for modeling the effects of offaxis topography and resistivity contrasts on dipole-dipole DC resistivity data 
in the vicinity of Coyote Wash.  

The computer code is generally valid for the purposes stated in your letter 
based on the following considerations: 

Code GWI was developed for ground-water flow models* The theoretical 
foundation of this code is also applicable to DC resistivity models 
because the fundamental equations have the same form (LaPlace or Poisson 
equation).  

The numerical foundation of code GWl, the finite element method, is also applicable and has been well established in the professional literature 
for DC and AC resistivity problems.  

Limitations in application of the code are related to the implimentation of mesh design, use of symmetry conditions, and establishment of boundary 
conditions. Under proper useage the computer code should not be limited in any fundamental way. Hovever, I point out possible limitations related to symmetry conditions inasmuch as such conditions are often invoked for practical reasons. For first-order evaluation of the significance of off-axis topography and resistivity contrasts, the use of symmetry conditions should provide no major limitation. However, more detailed modeling may require the 
following considerations: 

1. If bilateral symmetry is used to simplify model geometry, then 
topographic or buried resistivity contrasts will not be fully 3-D.  
The 3-0 representation may be further degraded if symmetry conditions 
require that current sources be along the plane of bilateral 
sy etry. The lack of full 3-dimensionality will require careful 
model planning to minimize over- or under-estimations of off-axis 
effects.



-2

2. Inasmuch as the observed resistivity lines of Coyote Wash are located 
on the edges of the Wash, an approximation of bilaterally symmetric 
models along the lines may serve primarily to set extreme limits on 
possible off-axis effects of topography on this data.  

Sincerely, 

Dou as P. Klein 

Geo*hysicist 

cc: E. L. Hardin



Appendix D. Analytical Solutions for Monopole and Dipole-Dipole Potential Field Variation in An Infinite Quarter-Space



The analytical solution for the potential field caused by a steady, monopole current source of strength I 
applied to the surface of a half-space is 

UI/2 = PI 
2•7" 

where p is the resistivity and r is the distance from the source (Keller and Frischknecht, 1966). For 3-D problems with all source and potential poles on an edge of a symmetry plane as described in the text. the nominal current is conducted through half a quarter-space, so the right-hand-side is multiplied by two 

U1/4 = PI 

This is the expression used with nominal values for current in the text. The polar dipole-dipole potential response for a half-space may be derived from Keller and Frischknecht (1966. Equation 71). and reduces to 

A' = -p11 2 

rz~z - 1)(z - 21) 
where z and I are the dipole separation (between closest poles). and dipole length. respectively. For 3-D problems with all source and potential poles on a symmetry plane as described in the text. the nominal current is conducted through a quarter-space. so the right-hand-side is multiplied by two 

AU4 = -2plil 
S-z~ ., l)z -21) 

This is the expression u.-.. with nominal values for current in the text. Finally, the apparent resistivity p.  
may be found algebraically from the quarter-space result 

•r'n(n - 1)(n -- 2)AU 1/4 
= 921 

where -z = 1, 2. 3, ... is the minimum separation distance, in dipole lengths, between current and potential 
dipoles.

1



Appendix E. Lists of Archived Computer Files.



Listing of save set(s)

Save sot: 
Written by: 
UIC: 

to: 

K/SAVE 
Operating system: 
BACKUP versi.on: 
CPU ID register: 
Node name: 
written on: 
Block size: 
Group size: 
Buffer count:

WATER. ECK 
OPERATOR 
(000010, 0000011 
18-ArJG-1989 19:45:09.18 
BACKUP /IGNORE-LABEL t3SER$125: (GRDWATER. REVISED] M TAO :WATER. BC 

VAX/VHS version V5.1.  
V5.0 
018438E8 

YMV1:: 
YMV1$MTAO: 

T2.92 
10 
3

[GRD WATER.REVISEDJ)SMBK.FOR;21 
(GRD WATER. REVISED) BOUND. FOR; 5 
[GRD -WATER.REVISEDICOALL ; 44 
(GRD -WATER..REV7SED1DECOMP.FOR; 6 
CGRD WATER. REVISED) DUMP.FOR; 7 
(GRD WATER. REVISED] ELE NT .FOR; 8 
(GRDWATER. REV! SED] GW1 .COMP; 2 
[GRD WATER.REV!SED)GW1.X; 9 
(GRD-WATER.REVISED] GW1 .FOR; 19 
[GRD WATER.REVISEDI GW1 .LINK; 2 
[GRD-WATER,. RV`ISED] KSUB. FOR; 1 
(GRD.WATER.REVISED] LOC.FOR; 1 
EGRD WATER. REVSED] MATERL .FOR; 8 re-wý_WATrR.RFV!SEDiNODES.FnR.;5 
'.-RDWATER. REVISED] SOLVE .FO'R; 2 

&i~~aI ~ VFLOrl*Tl .FOR; 4 
oRDWATER.- REV!ISED j VSUE . FOR; 1 

Total of 17 files, 528 blocks 
~-End of save set

9 

13 

76 

76 

1 
92 
5 
9 
9 
a 
86 
76

19 -JUN- 1989 
1 -JUN- 1989 

2 6-JUN- 1989 
219-JUN-1989 26-JLIN-1989 

1 -JUN- 1989 
30 -MAY- 1989 
26-JUN-1989 
26-JUN-1969 
30 -MAY- 1989 
2 6-MAY- 1989 
2 6-MAY -1989 

1-JUN-1989 
1-rTVN-19R9 
30-14AY-IM8 

26-MAY-198"9

11:37 
10:57 
12:56 
12:41 
12:24 
11:06 
14:48 
12:57 
12:24 
14:50 
1.6:52 
16:54 
10:53 
I'. : 

1.4:43 
!11: 015 
16:56



Listing of save set(s)

Save set: 
Written by: 
tJIC: 

te:

SAVE 
Operating system: 
BACKUP version: 
CPU ID register: 
Node na-e: 
Written on: 
Block size: 
Group size: 
Buffer count:

GVll. BCK 
OPERATOR 
[000010, 000001] 
18-AUG-1989 19:48:43.61 
BACUP/IGNORE-LABEL USER$5: tHARDIN. GW1.COMPLEX] HTAO : GWl.BCK/ 

VAX/VMS version V5.1 
V5 .0 
018438E8 
YMV1:: 
YMV1$MTAO: 

Ti 92 
10 
3

fHARDIN.GWi.COMPLEX]AF_2000.0;1 
(HARDIN.GWI.COMPLEX]AE_2000.OPOTS;1 
(HARflIN.GW1.COMPLEX]M ý2000.1; 1 
EHARDIN.GW1.COMPLZX]Az-200.lPOTs; 1 
£HARDIN.GW1.COMPLE.X]AY_2000.2;1 
EEARDIN.Gw1.COMPLEX]Ar 2000 .2POTS; 1 
tHARDIN.GW1 .COZQLEXJAF -2000.3; 1 
[HARDIN.GWl.COzeLEXJAz 2000 .3POTS; 1 
(HARDIN.GVI1.COMPLEX]AF-2000 .4; 1 
[NARDTN.GW . COMPLEX]AF 2000. 4POTS; 1 
CN.IRDIN.GW1 .CONPIZX]1M_2000.5; 1 
(HARDIN.GW1 .COM@LEX]AY_2000. 5POTS; 1 
C HARDIN. GW1. COMPLEX] AE 2000. .COM; 1 

CHARDIN. GW1 .CON@LEX]B F_2 00 0.1;3: 
rHARDIN,.Gwil.COmWLEx]BYý2001o~o; 1 
LAARDIN.GWI.COM@LEXJBF_2000.2;3 
(NARDIN.GWl.COMPLEXI BY 2000 .2P0?S; 1 
(N.ARDIN.GW1.COI.WLEX]BF_2000.3;3 
(HARDIN . Gil. COI@LZX3 BY 2000 . 31TS; 1 
(NARDIN . GWIl.CO3LEX] 31-2000.4; 3 
(NARDIN.GW1.COI@LEXJBYr 2000.4POTS;1 
(NARDIN.Gw1 .C0,fLEX BF:2000.5;2 
(NARDZN.GWl .COiPLEX]31ý2000.5POTS;1 
(NARDIN.GW1.COR.WLEX3Bt_2000.CO;2.  
£NARDZN.GW1 .COMWLEX]BF 2000.5PT; 1 
[NARDIN. Gil. COWPLEX] Eý2000 .0; 2 
[HUM IN. GW1. COMPLEX] ci 2000 .OPO; 1 
(HARDIN.Gv1.COIWLZXX Ck 2000 .1,2 
(HARDZN.GW1.COMWLEX CY -2000.1POTS;1 
(HARD IN. Gll COMPLEX] Ct2000 .2;2 
EHARDIN.G111.COMPLhXJ Ck2000 .2POTS; 1 
CHARDZN.GMll.CC0WLEX Il20O0.2;2 
[HARDIN .MGl COMPLEX CI 2000 .30T8; 1 
[HARDIN. Gill. C0PL3XI Cf2000 .4;2 
IHARD IN.GlM .COWL3X Ct 2000 .410?S; 1 
(HARDIN. Gill. COWLZX C12 000.5;2 
[HARDIN.GOn. COSWLNX]Ck2000 .40T5; 1 
EHARDIN. ll. CONWLEX] C:02000.CO; 2 
(HARDIN.Gl .CO1MLZX] Ck 2000 .5PD;1 
[.ARDIN.GW1.COIWLEX CD12000.0O;2 
(HARDIN.Gifll.COIWLEX]IC ý2000. OOT; 1 
(HARDIN.GV1 .COSWLEXJ DIY2000. 1;2 
(BARDZN.Gil1 CCPLEX] DI 2000. iPOTS; 1 
[HARDIN . GKIl. CONPLEX1 Dt 2000 .2; 2 
(HARDIN.GW1.COIWLEX]DI_2000.2POTS;1 

(HARDIN. GW1.COMPLEX] DI_2000.3; 2

1193 
4 

1193 
4 

1193 
4 

1193 
4 

1193 
4 

1193 
4 
2 
18 

1196 
4 

1196 
4 

1196 
4 

1196 
4 

1196 
4 

1196 
4 
2 
i8 

1195 
4 

2.295 
4 

1195 
4 

1195 
4 

1195 
4 

1195 
4 
2 
2.8 

1192 
4 

11.92 
4 

1192 
4 

11292

13 -J7L- 1989 
14-JUL -1989 
13-JUL-1989 
14-JUL-1 989 
13 -JUL- 1989 
14-JUL -1989 
.3 -JUL- 1989 
14 -JUL- 1989 
13-JUL-1909 
14-JUL-1989 
13-JIJL-1989 
14-jUjL-1989 
14 -JUL- 1989 
14-JUL-1999 
25-JUL-19e9 
25-JUL-1989 
25-JUL-1909 
25 -JUL-i1989 
25-JUL-1969 
25-JUL-i1989 
25-JUL-1989 
2 6-JUL- 1989 
25-JUL-1989 
2 6-JUL-i 989 
25-JUL-1989 
26-JUL-1989 
25-JUL-1989 
25-JT3L-1989 
25-JTJL-1989 
26-JUL-1989 
25-JUL-1989 
26-JUL-1989 
25-JU3L-1989 
26-JUL-1989 
25-JUL-1989 
26-JUL-1909 
25-JUL-1969 
26-JUL-1989 
25-JUL-1989 
26-JUL-1989 
25-JUL-1989 
26-JUL-1989 
27-JUL-1909 
27-JUL-19899 
27-JUL-1 989 
27-JUL-1989 
27-JUL-1989 
27-JTJL-1989 
27-JUL-1989

23:02 
00:26 
23:07 
02:50 
23:11 
07:53 
23:13 
17:1.3 
23:15 
1.8:05 
23:17 
1.9:22 
16:10 
00:26 
16-:51 
2.9:42 
17:10 
21:14 
17:11 
22:40 
17:11 
00:10 
17:12 
01:11 
17:1.0 
02:06 
16:44 
19:42 
17:37 
03:01 
17:38 
03:53 
17:39 
04:46 
1.7:40 
05:38 
17:41 
06:31 
17:42 
07:25 
17:43 
03:01 
13:15 
15:03 
13:16 
16:29 
13:17 
17:28 
13:18
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Listing of save set(s)

Save set: 
Written by: 
UIC: 

te: 
-. zmand: 
VE 
Operating system: 
BACKUP version: 
CPU ID register: 
Node name: 
Written on: 
Block size: 
Group size: 
Buffer count:

GWI .BCK 
OPERATOR 
(000010,000001] 
18-AUG-1989 19:52:56.49 
BACKUP/ IGNORE-LABEL USER$5: [HARDIN. GW1. SLOPE] MTAO : GW1. BCK/SA 

VAX/VMS version VS.l 
VS.0 
01843818 

YMVI:: 
YWMt1 MTA0: 

T'192 
10 
3

[HARDIN.GW1.SLOPE]SLOPE.DD;1 
EHARDIN.GW1.SLOPE]SLOPETEST.1;7 
[HARDIN.GW1.SLOPE]SLOPETEST.2;4 
[HARDIN.GW1.SLOPE]SLOPETEST.3;4 
[HARDIN.GW1.SLOPE]SLOPETEST.4;4 
EHARDIN.GW1.SLOPE]SLOPETEST.5;2 
[HARDIN.GWI.SLOPE]SLOPETEST.COM; I 

Total of 7 files, 4382 blocks 
End of save set

15 
873 
873 
873 
873 
873 

2

25-JUL-1989 
26-JUL-1989 
26-JUL-1989 
26-JUL-1989 
26-JUL-1989 
25-JUL-1989 
26-JUL-1989

22:40 
08:45 
08:46 
08:47 
08:48 
15:55 
08:20



* Listing of save set(s) 

Save set: HARDIN.BCX 
Wr~itten by: OPERATOR 
UZC: 0010001 
Date: 25-JvUL-1989 1.8:45:36.58 

Commnd:BAC XP /IGNOREinLABEL/LIST=HARD
1 N.LIS; 9 USERS 5: [HAADIN.GW . BEYE JSE] Y ~MV $MTiO0: HARD IN. BCK/ SAVE 

.-erat2.ng system: VAX/VMS version V5., 
BACKUP version: V5.0 
CPU ID register: 018438E8 
Node name: _Y)M i* 
Written on: YMVI$MTAO: 
Block size:'Fg 
Group size: 1 
Buffer count: 3

(HARDIN.GW2..BEYERCJ.E)AI_2000.0;2 
(HARDIN.GW2..sEYERCA

1 1IA
2 000.OPOTS;2.  

[HARDIN.GWI.BEYEPCASEJAI_2000.1;2 
(HARDIN.GW1.BEXWPE]MEAI2000.2.pOTS;.1 
(HARDIN.GW1 BZYERCASE]AI_2000.2;2 
[ HARD IN. GWI. BEYERSE IAI 2 0 0.2POTS; I 
(HAPDIN.GW1.BEYERCASE1AI_2000.3;2 
(HARDIN.GW1.BEYERCASE]IM_2000.3POTS;2.  
(HARDIN.GWl.BEYZRCASEJAI_2000.4;2 
(HAPDIN.G.W1.3EYERCA

1JA._2000.4POTS;2.  C HARD IN.-GWI. BEYERCASg31 I_2 0 00.5; 2 C HARD IN. GW1. BEYZRCASEIA.1- 0 0 0.5POTS; 1.  (IAPIN.GW2..BZYERCASE]IM2000.COM;2 
(HARDIN.GW1.BEYERCASEJI Z00 .DD; 1 

±0+Mai -f :! .2~eq, ?13C blocks 
End of save set

1192 
4 

12.92 
4 

1.192 
4 

1.192 
4 

12.92 
4 

11.92 
4 
2 

is8

13-JUL-2.989 
2.3-JUL-12989 
1.3-JUL-1989 
1.3-JUL-1989 
2.3-JUL- 1989 
13-JUL-1989 
1.3-JUL-1989 
13-JLIL-1999 
13 -JLTL-12989 
2.3-JLTL- 1989 
1.3-JUL-1989 
13-JUL-1.989 
13 -JUL- 1989 
2.3-JUL-12989

--..sting of save set(s) 

'- Save set: HARDIN.BCK 
Written by: OPERATOR 
Date: (000010, 000001] 

Date:25-JUL-1989 2.8:46:41.71 Command: BAXPINR-ABLLS-A~N LIS; 7 U53ZR$5: [HARDIN. GW . DZYC ASE] YNV1SMTA : HARDIN. BCK/ SAVE 
Operating system: VAx/vmS version v5.1 
BACKUP version: V5.0 
CPU ID register: 01843838 
Node name: -YMV1:: 
Written on: YMVI$MTAO: 
Block size: T192 
Group size: 10 
Buffer count: 3

CHARDIN . Gl.-DEYCAMSZ]Y2. 0; 
(HARDIN. Gill.DZYCASZj DZY2.1; 3 
(HARDIN. G1 .DZYCASZI DZY2 .2; 3 
[HARDIN.G1 -.DZYC3LU)DUT2 .3; 3 
[ EAM IN.Gi1l .DZYCRAMIDXZ. 4; 3 
[HARDIN.GW1 .DIXC&SEDZY2 .5;3 
(HARDIN.oWl .DEYCASNjDZY2 .COK:2 
EHARDIN.GW1 .DZYCASZ1DZYz .DD;l2 '',ARDIN.GW1 .DZYCASE] DEY2 0.POTS; 1 
ARDIN.GW1.DEYCASEIDEY2_2..POTS;l 

(HARDIN.GWl.DE!C&SZ]D3Y2 2.POTS;l2 
[HARDZN.Glll.DZYCASZ]DZY2:

3 .POTS; 1 (HARDIN.GW2..DEYCASZIDEY2 4.POTS;1 
[HARDIN. GWI .DZYCASZI DZY2:5. POTS, 1

1192 
1192 
1192 
1192 
1192 
1192 

2 
18 
4 
4 
4 
4 
4 
4

21-JUL-1989 
21-JUL-1.989 
21-JUL-1.989 
21-JUL-1989 
21-JUL-1989 
21-JUL-1989 
18-JUL-1989 
18-JUL-1989 
18-JUL-1.989 
18 -JUL- 1989 
18 -JUL- 1989 
1.8-JUL-1989 
19-JUL-1989 
19-JUL-1989

07:37 
10:41.  
07:38 
12:04 
07:39 
1.3:211 
07:40 
14:49 
07:41 
1.6:28 
07:42 
17:32 
07:44 
10:41

12:07 
12:07 
12:07 
12:08 
2.2:08 
12:08 
18:37 
19:48 
19:48 
20:40 
21:44 
22:55 
00:27 
01:31



(HARDIN.GWI. 0EYCASE) DEY6. 0; 1 
CHARDIN.GW1.DEYCASEIDEY6.1;2 
[BARDZN.QW1.DEYCASEjDE!6 .2;2 
~IHARDIN. GWi. DEYCASEj D3Y6. 3; 2 
LHAflDIN.GW1.DtYCa.SEjDEY6. 4;2 
[KARDIN.GW1 .DEYCAsE]DEY6.5;2 
[HARDIN.GW1 .ZZYCASE]DEY6.COZ4;2 
nAPZIN.Gu1.DEYCA-SEj DEY6.DD; I 
APDIN.GW1.DEYCASE]DEY6 0.POTS;1 

CARADIN.GWI.DEYCA.SEJDEY6Th1.POTS; 1 
CHARDIN.GW1 .DEYCASEJDEY6-2.POTS; 1 
EHAPDZN.GW1 .DEYCASEJDEY6 3.POTS; 1 
(KARDIN.GW1.DEYCASE]DEY6_4.POTS;1 
(FKAP.DN.GW1 .DEYCASEIDEY6_5.POTS; 1 

Total of 28 files, 14392 blocks 

End of save set 

Listing of save set(s)

Save set: 
Written by: 
TJIC: 
Date: 
Command: 
I VM1SMTAO:HARDfl 
Operating system: 
BACKUP version: 
CPU ID register: 
Node name: 
Written on: 
Block size: 

Buffer count:

1192 
1192 
1192 
1192 
1192 
1192 

2 
18 
4 
4 
4 
4 
4 
4

24 -JUL- 1989 
24-JtJL-1989 
24 -JUL- 1989 
24-JUL-1909 
24 -JTL- 1989 
24 -JUL- 1989 
24 -JJL-1989 
24-JUL-1989 
24-JUL -1989 
24-JTJL-1989 
25-Jr3L-1989 
25 -JUL- 1989 
25-JULI-1989 
25 -JUL- 1989

18:04 
18: 05 
18:06 
18:07.  
18:08 
18:09 
18:11 
20:10 
20:10 
22:07 
00:04 
02 :01 
03:58 
05:55

HPPD IN. SCK 
OPERATOR 
(000010, 000001] 
25-JUL-1989 18:49:18.62 
BACKUP/IGNORE-LABEL/LIST-HARWIN.LIS; 5 USERS5: £HARDIN.GiM.TOPO 
* BCK/ SAVE 
VAX/VMS version V5.1 
V5.0 
0184 38E8 
YMVl..  
XMwlsMTA0O: 

'9192 
10 
3

, RDIN.GW1.TOPOITOPO10E. ;2 
[HARDlIN. Gil. TOPOI TOPODE . POTS; 1 
EEARDIN.GWI.TOPO]TOPO10W. ;2 
(EARDIN.GWl .TOPO] TOPO1OW.POTS; 1 
CHARDIN.GW1.TOPOJTOPO12Z. ;2 
[EARDIN. GWI.TOPO] TOPO12E.POTS; 1 
(NARDIN .GW1. TOPO] TOPO12W. ;2 
CHARDIN. GI. TOPO] TOPO12W.POTS; 1 
(KARDIN.GW1 .TOPOjTOPO14V. ;2 
CEARDIN. Gil.TOPO] TOPO14W. POTS;l1 
(NARDIN.GW1 .TOPO]TOPO16W. ;2 
[HARDIN. GWI. TOPO] TOPO16W.POTS; 1 
(HARDIN.GW1.TOPO]T0PO18W. ;2 
LH.ARDIN.GiI .TOPO3 TOPO18W.POTS; 1 
[HARDIN.GV1.TOPO]TOPO2OW. ;2 
[HARDIN. Gil .TOPO TOPO2OW. POTS; 1 
EHARDIN.Mi.TOPOJ?01023. ;2 
£HARDIN.Gi1.TOPOJ TOIOMZPOTS;1 
(HARDIN.GW1.TOIO3TO?02i. ;2 
[HARJDIN.GW1 .TOIO]T0P02i.POTS;1 
[HARDIN. Gil.TOPO)T0104Z. ;2 
[HARDIN.GfI1.TOIO]T01041.POS;l 
(HARDIN.GW1 . TOPO]T0P04W. ;2 
CHMRIN.GW1.TOPOI TOPO4W.POTS; 1 
CBARDIN.GW1.TOPO]TOPO6Z. ;2 
tP'NRDIN. GWi. TOPO] TOPO6E .POTS; 1 
[ UDZN.GWI.TOPOJTOPO6W.;2 
CHARDIN.GWI1.TOPO3 T0106WPOTS; 1 
[ffAPDIN.GW1.TOPO]010P85. ;2 
£HAPDIN.GWI1.TOPO] TOPO8E.POTS; 1 
(HARDIN.GWI.TOPOITOPOSW. ;3

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730 
4 

1730

8-JUL-1989 
9-JUL-1989 
8 -JUL- 1989 
8-JUL-1989 
8-JUL-1989 
9-JUL-1989 
8 -JUL- 1989 
8 -JUL- 1989 
8-JUL-1989 
8-JUL-1909 
8-JUL-1989 
8-JUI.-1909 
S-JUL-1989 
9-JTJL-1989 
8-JUL-1989 
9-JUL-1989 
O-JUL-1989 
B-JUL-1989 
8-JUL-1989 
8-JUL-1989 
O-JUL-19899 
8-JUL-1 989 
8-JUL-1969 
a-JTJL-1989 
O-JUL-1989 
8-JT3L-1989 
8-JUL-1969 
8-JUL-1989 
8-JUL-1969 
9-JUL-1989 
8-JUL-1989

16:16 
02:14 
16:01 
20:50 
16:17 
04:11 
16:02 
21:41 
16:04 
22:32 
16:05 
23:23 
16:06 
00:14 
16:08 
01:05 
16:10 
18:27 
15:53 
17:20 
16:12 
20:24 
15:55 
18:12 
16:13 
22:21 
15:56 
19:06 
16:14 
00:18 
16:00
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Appendix J 

TAR Team Member Concurrence Sheets

J-1



I, Richard C. Lee, hereby concur with the contents and recommendations 
contained in Chapter 7 (General Summary and Recommendations) of the Review 
Record Memorandum of the Technical Assessment Review of Geologic and 
Geophysical Evidence Pertaining to Structural Geology in the Vicinity of the 
Proposed Exploratory Shaft.

Subcommittee Member Name Signature Date

Richard C. Lee



cclICE SHEET 

I, Thomas E. Hinkebein, hereby concur with the contents and recommendations 
contained in Chapter 5 (Summary of Engineering Subcommittee- Performance 
Evaluation), Chapter 6 (Summary of Engineering Subcommittee
Construction-related Impacts) and Chapter 7 (General Summary and 
Recommendations) of the Review Record Memorandum of the Technical Assessmet 
Review of Geologic and Geophysical Evidence Pertaining to Structural Geology 
in the Vicinity of the Proposed Exploratory Shaft.

Subcommittee Member Name 

Thomas E. Hinkebein

Signature Date

_____________ /24 6�?



I, Richard Snyder, hereby concur with the contents and recommendations 
contained in Chapter 2 (Historical Perspective), Chapter 3 (Summary of Geology Subcommittee) and Chapter 7 (General Summary and Recommendations) of the Review Record Memorandum of the Technical Assessment Review of Geologic and Geophysical Evidence Pertaining to Structural Geology in the Vicinity of 
the Proposed Exploratory Shaft.

Subcommittee Member Name

Richard Snyder

Signature 
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I, Douglas P. Klein, hereby concur with the contents and recommendations contained in Chapter 4 (Summary of Geophysics Subcommittee) and Chapter 7 (General Summary and Recommendations) of the Review Record Memorandum of the Technical Assessment Review Of Geologic and Geophysical Evidence Pertaining to Structural Geology in the Vicinity of the Proposed Exploratory Shaft.

Subcommittee Member Name

Douglas p. Klein

Signature 
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I, David Cummings, hereby concur with the contents and recommendations contained in Chapter 4 (Summary of Geophysics Subcommittee) and Chapter 7 (General Summary and Recommendations) of the Review Record memorandum of the Technical Assessment Review of Geologic and Geophysical Evidence Pertaining to Structural Geology in the Vicinity of the Proposed Exploratory Shaft.  

Subcommittee Member Name S tur Date 

David C•m •,ings
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I, Gerald L. Shideler, hereby concur with the contents and recommendations 
contained in Chapter 2 (Historical Perspective), Chapter 3 (Summary of 
Geology Subcomittee) and Chapter 7 (General Summary and Recommendations) of 
the Review Record Memorandum of the Technical Assessment Review of Geologic 
and Geophysical Evidence Pertaining to Structural Geology in the Vicinity of 
the Proposed Exploratory Shaft.

Subcommittee Member Name 

Gerald L. Shideler

Signature Date



I, Terry A. Grant, hereby concur with the contents and recormendations 
contained in Chapter-2 (Historical Perspective), Chapter 3 (Summary of Geology Subcommittee) and Chapter 7 (General Summary and Recommendations) of the Review Record Memorandum of the Technical Assessment Review of Geologic 
and Geophysical Evidence Pertaining to Structural Geology in the Vicinity of 
the Proposed Exploratory Shaft.

Subcommittee Member Name Signature

Terry A. Grant

Date
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It Forrest Peters, hereby concur with the contents and recommendations contained in COapter 4 (Sumary of Geophysics Subcimuittee)an apr7 
(Gene• •~ sb~ tte•ad(hrral. Summary and andm~aios Chatpter 7 Technical As and c u,- ,atio--) of the Review Record Memorandum of the tReview of Geologic and Geophysical Evidence Pertaining to structural Geology in the Vicinity of the Proposed Exploratory Shaft.

Subcommittee meper Name Signature

Forrest Peters Date 
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I, David C. Dobson, hereby concur with the contents and recommendations 
contained in Chapter. 2 (Historical Perspective), Chapter 3 (Summary of 
Geology Subcomittee) and Chapter 7 (General Sumuary and Recomndations) of 
the Review Record Memorandum of the Technical Assessment Review of Geologic 
and Geophysical Evidence Pertaining to Structural Geology in the Vicinity of 
the Proposed Exploratory Shaft.

Subcommittee Member Name 

David C. Dobson

DateS5 nture _
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I, David F. Fenster, hereby concur with the contents and recommendations contained in Chapter 2 (Historical Perspective), Chapter 3 (Summary of Geology Subcommittee) and Chapter 7 (General Summary and Recommendations) of the Review Record Memorandum of the Technical Assessment Review of Geologic and Geophysical Evidence Pertaining to Structural Geology in the Vicinity of the Proposed Exploratory Shaft W4 4, aj• f.i. e t.J--+ o Ale.  

Subcommittee Member Name Signature Date 

David F. Fensater 
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additional investigations:

1. The conduct and interpretation of the proposed geophysical surveys.  
These surveys could confirm or refute the Smith and Ross (1982) 
apparent resistivity data; and possibly delineate the extent of any 
resistivity contrast that may be present. If a contrast is present, 
the combination of geoelectric soundings and shallow seismic data 
will substantially increase confidence in the interpretation of 
conditions at'depth.  

2. Clearing and mapping of the Tiva Canyon units exposed along the 
south slope of Dead Yucca Ridge would be conducted following the 
geophysics program, and should conclusively demonstrate the presence 
or absence of a significant fracture zone (greater than several feet 
in width) at the surface. This phase would be conducted prior to 
the start of the ESF pad construction, but could occur prior to or 
during the exploratory drilling program.  

3. Drilling and logging of the center-line ES boreholes. These data 
would provide direct evidence of the material properties for mining 
purposes, and provide additional stratigraphic control prior to ES 
pad construction. If the centerline boreholes are drilled, they 
would probably obviate the need for the currently planned pilot 
holes. In addition, the existence of these boreholes could 
necessitate a revisitation of the scientific testing currently 
planned for the miltipurpose boreholes. Although centerline holes 
would clearly provide better information (for ESF construction) on 
geomechanical properties, than the PM holes, their existence could 
compromise the quality of the hydrologic infor tion designed to be 
obtained from the I HM. Therefore, an evaluation would be required 
to develop an optimam test strategy for the revised drilling 
sequence and configuration. - " ý 

7.3 ON~.T~ S ON MITIGAa'I1 ACTIOM FCR KR6C~ERTN OR POOR ROCK 
PROPERTIES DISCOVERED IN THE CMRSE OF ECPLCRA2VRY SHAlT ECWAVATION 

Ground conditions should be known reliably before shaft sinking 
comnences, .and the shaft .center boreholes recomended in Section 7.2 and 
described in Table 6-1, Sheet 5 (item #4), should eliminate uncertainty in 
this respect. However, a near vertical minor or even moderate fault could 
conceivably rmin undetected until encountered during sinking. Such a fault 
could result in schedule delays resulting from changes to the excavation 
method, or could increase the amount of temporary support and the need to 
keep the concrete lining closer to the shaft floor, as described in Table 6-1 
(or Section 6.1.7). Worker safety is of paramount importance, and the 
measures described in Table 6-1 reduce to a minimum worker exposure to 
potentially hazardous situations and protect against the consequences of 
uncontrolled incidents.  

7.4 ADEQCY OF THE IMNM TICN OF THE BERTRAM (1984) REC~U4DAiTIONS CN 
THE CRIGINAL WLORAT1VY SHAFT LCATION

7-4



I, Jeffrey Kimball, hereby concur with the contents and recommendations 
contained in Chapter 4 (Sutmary of Geophysics Subcommittee) and Chapter 7 
(General Summary and Recommendations) of the Review Record Memrandum of the 
Technical Assesaent Review of Geologic and Geophysical Evidence Pertaining 
to Structural Geology in the Vicinity of the Proposed Exploratory Shaft.

Subccmittee Member Name Signature

Jeffrey Kimball "d-2,14 /fI

Date



1, Mohammed Mozumder, hereby concur with the contents and recomwendations 
contained in Chapter .4 (Summary of Geophysics Subcommittee) and Chapter 7 (General Summary and Recommlendations) of the Review Record Memorandum of the Technical Assessment Review of Geologic and Geophysical Evidence Pertaining 
to Structural Geology in the Vicinity of the Proposed Exploratory Shaft.

Subcommittee Member Name Signature

Mohammed Mozutder

Date
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I, Ernest L. Hardin, hereby concur with the contents and recomuendations contained in Chapter 4 (Suary of Geophysics Subcomittee) and Chapter 7 (General SuMary and Recommendations) of the Review Record Memorandum of the Technical Assessmnt Review of Geologic and Geophysical Evidence PertainjiW to Structural Geology in the Vicinity of the Proposed Exploratory Shaft.

Subcmmittee member Name 

Ernest L. Hardin

Signature
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I, J. Marshall Davenport III, hereby concur with the contents and recoimendatitn contained in Chapter 2 (Historical Perspective), Chapter 3 SU~ey of Geology Subcinittee) and Chapter 7 (General Stmary and .ec.. dations) of the Revie Record HnA, m of the T edmical Rhview of Geologic and CG*pircl Evidence ftrtainiq to Strucbta Gsompa in the Vicinity of. the Proposed Exploratory Shaft.
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J. Marshall Davenport III

Signature Date



I, Michael W. Parsons, hereby concur with the contents and recommendations 
contained in Chapter 2 (Historical Perspective), Chapter 3 (Summary of Geology Subcommittee) and Chapter 7 (General Summary and Recommendations) of the Review Record Memorandum of the Technical Assessment Review of Geologic and Geophysical Evidence Pertaining to Structural Geology in the Vicinity of 
the Proposed Exploratory Shaft.

Subcommittee Member Name Signature

Michael W. Parsons

Date



I, Maurice Grieves, hereby concur with the contents and recommendations contained in Chapter 6 (SumMary of Engineering SubcommitteeConstruction-related Impacts) and Chapter 7 (General Summary and Recommendations) of the Review Record Memorandum of the Technical Assessment Review of Geologic and Geophysical Evidence Pertaining to Structural Geology in the Vicinity of the Proposed Exploratory Shaft.

Subcommittee Member Name Signature

Maurice Grieves

Date
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r, Jonathan D. Istok, hereby concur with the contents and recoumnendations contained in Chapter 4 (Summary of Geophysics Subcommittee) and Chapter 7 (General Smuary and Recommendations) of the Review Record Memorandum of the Technical Assessment Review of Geologic and Geophysical Evidence Pertaining to Structural Geology in the Vicinity of the Proposed Exploratory Shaft.

Subcommittee Member Name Signature

Jonathan D. Istok /z/Zo /�ej

Date
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