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Y-AD-057 YUCCA MOUNTAIN PROJECT 1 CR No. 91/045 
9/90 CHANGE DIRECTIVE (CD) Page 1 of 2 

SECTION I. IDENTIFICATION 
S2 Title of Change: 3 Change Classification: 

RIB Item 1.2.11, Rev. 1; 1.2.12, Rev. 0; 1.2.13, Rev. 0; I 0 Class 1 F0Class 3 

1. 2.14, Rev. 0 [] Class 2 

SECTION II. DISPOSITION 

4 CR Disposition: 

C3 Approved [] Disapproved 

N Approved with Conditions 

5 Conditions: (if applicable) 

1. Information needed during the Title II phase to determine impacts of 

engineering practice and in situ testing on the ability to characterize the site 

will be identified and added to the RIB before the first ESF design review.  

2. Information needed during the Title II phase to assess the impact of the 

exploratory shaft construction and in situ testing on the isolation of nuclear 

waste will be identified and added to the RIB before the ESF first design review.  

3. Bounding calculations developed during the Title II phase for engineering/ 

testing impacts to the site (e.g., how much water per unit area can be applied 

during a particular event) that effect either the ability to characterize the site 

(See Change Documentation Continuation Page 2) 

6s Implementation Direction: (if applicable) 

Upon completion of the following implementation directions, Version 4, Revision 

4 of the Reference Information Base (RIB) shall be issued as a Project CCB 

Controlled Document. Version 4, Revision 4 of the RIB supersedes the CCB 

Controlled RIB, Version 4, Revision 3. Version 4, Revision 4, shall accommodate 

approved changes from Change Directive for CR 91/045.  

RIB, Version 4, Revision 4 is assigned document number YMP/CC-0002 (Rev 4) and 

shall be released to Document Control for issue to controlled copy holders of 

the RIB.  
(See Change Documentation Continuation Page 2) 

SECTION II1. CONCURRENCE 

7 Quality Assurance Organization Concurrence 

Name: D. G. H1rton Org.: Proj. QA 
(prin // .(print) 

Signature: I /<- L A Date: 0/ 

8 Disposition Authority 9 Effective 

Name: M. B. Blancharo f / Title: CCB Chrprsn 

(print) (prin/ Date: ) 

Signature: Date:

i
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Y-AD-055 YUCCA MOUNTAIN PROJECT 1 CR No. 91/045 

L=9 CHANGE DOCUMENTATION CONTINUATION PAGE Page 2 of 2

5 Condition (continued) 

or the ability to isolate nuclear waste will be completed and added to the RIB 

before that engineering/testing event can begin.  

6 Implementation Direction (continued) 

1. The Document Originator, shall revise the individually submitted pages of 

the RIB with Revision Bars (this includes the Table of Contents and Topic 

Index) to identify changed text.  

2. The Document Originator, shall submit to the CCB Secretary a completed 

Document Change Notice (DCN) within 10 working days from the date of this 

Change Directive.  

3. The CCB Secretary shall ensure that the Cover Page and Title Page for the 

RIB Version 4, Revision 4 are updated to reflect this approved change.  

Additional implementation directions include the following: 

4. The CCB Secretary shall update the Configuration Information System (CIS) to 

reflect these approved changes to the RIB.  

5. The Directors of EDD, P&OCD, RSED, QA, Site Manager, Project Control Branch 

Chief, and Project Participants shall each prepare an Affected Document Notice 

(ADN) for implementation planning in accordance with AP-3.3Q.  

6. Any changes to RIB Version 4, Revision 4 will require submission of a CR to 

the Project CCB.  

7. The RIB Administrator shall take appropriate actions to coordinate activities 

to ensure the completion of Conditions 1, 2 and 3 listed in Block 5 of this CD.  

8. Upon release of this Change Directive, all project participants will be 

required to use this version of the RIB in performing duties applicable to 

the RIB.

I E- --
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Y-AD-057 YUCCA MOUNTAIN PROJECT C CR No. .2E 9/90 CHANGE DIRECTIVE (CD) Page 1 of 

WCTION I. IDENTIFICATION 

-- 'lTitle of Change: 3 Change Classification: 

RIB Item 1.5.1, Rev 1, and Item 1.5.2, Rev 0I 1 Class 1 .Class 3 

[1 Class 2 

SECTION I1. DISPOSITION 

4 CR Disposition: 

El Approved [I Disapproved 

0] Approved with Conditions

5 Conditions: (if applicable) 

1. Information needed during the Title II phase to determine impacts of 

engineering practice and in situ testing on the ability to characterize the site 

will be identified and added to the RIB before the first ESF design review.  

2. Information needed during the Title II phase to assess the impact of the 

exploratory shaft construction and in situ testing on the isolation of nuclear 

waste will be identified and added to the RIB before the ESF first design review.  

3. Bounding calculations developed during the Title II phase for engineering/ 

testing impacts to the site (e.g., how much water per unit area can be applied 

during a particular event) that effect either the ability to characterize :he site 

(See Change Documentation Continuation Page 2) 

6 Implementation Direction: (if applicable) 

Upon completion of the following implementation directions, Version 4, Revision 3 

of the Reference Information Base (RIB) shall be issued as a Project CCB 

Controlled Document. Version 4, Revision 3 of the RIB supersedes the CCB 

Controlled RIB, Version 4, Revision 2. Version 4, Revision 3, shall accommodate 

approved changes from Change Directive for CR 91/026.  

RIB, Version 4, Revision 3 is assigned document number YMP/CC-0002 (Rev 3) and 

shall be released to Document Control for issue to controlled copy holders of the 

RIB.  
(See Change Documentation Continuation Page 2_) 

SECTION III. CONCURRENCE 

7 Quality Assurance Organization Concurrence 

Name: D. G. Horton Org.: Proj. QA 

(print) (print) 

Signature: -i'•-• Date: h/___i 

8 Disposition Authority Effective 

Date: 

,,Name: M. B. B.aa, rd Title: CCB Chrprsn 

Signature: Date:

A�- � 3 5A4ckez'�-d
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LY-AD-055 YUCCA MOUNTAIN PROJECT 'CR No. 9 ,"'26 
9/90 CHANGE DOCUMENTATION CONTINUATION PAGE Page 2 of 2 

o Condition (continued) 

or the ability to isolate nuclear waste will be completed and added to the RIB 
before that engineering/testing event can begin.  

6 implementation Direction (continued) 

1. The Document Originator, shall revise the individually submitted pages of the 

RIB with Revision Bars (this includes the Table of Contents and Topic Index) to 

identify changed text.  

2. The Document Originator, shall submit to the CCB Secretary a completed Document 
Change Notice (DCN) within 10 working days from the date cf this Change Directive.  

3. The CCB Secretary shall ensure that the Cover Page and Title Page for the RIB 
Version 4, Revision 3 are updated to reflect this approved change.  

Additional implementation directions include the following: 

4. The CCB Secretary shall update the Configuration Information System (CIS) to 
reflect these approved changes to the RIB.  

5. The Directors of EDD, ?&OCD, RSED and Project Participants shall each prepare an 

Affected Document Notice (ADN) for implementation planning in accordance with 
AP-3.3Q.  

6. Any changes to RIB Version 4, Revision 3 will require submission of a CR to the 
Project CCB.  

7. The RIB Administrator shall take appropriate actions to coordinate activities to 
ensure the completion of Conditions 1, 2 and 3 listed in Block 5 of this CD.  

8. Upon release (see block 9) of this Change Directive, all project participants 
will be required to use this version of the RIB in performing duties applicable to 

the RIB.

3



YUCCA MOUNTAIN PROJECT Y-AD-057 
CHANGE DIRECTIVE (CD) 01/89 I 1 Title of Change: 2 CR No.:90/028 

Revisions to RIB, Version 4, Item 1.2.5 3 Change Classification: 
0 Class 1 0 Class 3 
F]X Class 2 0 Class 4 

W 0 Non-Baseline CCB 
Controlled Document

4 CR Disposition: 

0 Approved 
M Approved with Conditions

0 Disapproved

5 Conditions (if applicable): 

1. Conditions on the Change Directive approving the Reference Information Base 
(RIB), Version 4 (Ref: CR: 89/018) are carried forward as follows: 

a. CR: 89/018 condition #1 (page 1) 
information needed during the Title I: phase to determine impacts of 
engineering practice and in situ testing on the ability to characterize 
the site will be identified and added to the RIB before the first ESF 
design review.  

b. CR: 89/018 condition #2 (page 1) 
Information needed during the Title II phase to assess the impact of the 

(See CR Continuation Page2)

6 Implementation Direction (if applicable):

Upon completion of the following implementation directions, Version 4, Revision 
2 of the Reference Information Base (RIB) shall be issued as a Project CCB 

Controlled Document. Version 4, Revision 2 of the RIB supersedes the CCB 
Controlled RIB, Version 4, Revision 1. Version 4, Revision 2, shall accomodate 
approved changes from Directives for CR: 90/026, 90/027, and 90/028.  

RIB, Version 4, Revision 2, is assigned document number YMP/CC-0002 (Rev. 1), 

and shall be released to Document Control for issue to controlled copy holders 
of the RIB.  

1. The CR Originator, shall revise the RIB Table of Contents in accordance 

with condition number 1 (item e) listed in (block 5) of this Change 

(See CR Continuation Page 2)

7 Directive Issued By Disposition Authority: 

Name: •" L. Wiot 

Signature:

Title: Dep Proj Mgr 

Date: -7/?/V-6.

8 Release Date: 
(Optional)

9 Division Director Concurrence in Classification (Class 4 Change Only):

Division Director Name: Division:

Sian atu re: Date:

10 Quality Assurance Organization Concurrence (Class 1 & 2 Changes Only): 

Name: D. G. HpJrton - Org.: Proj QA 

Signatureoee- Sýýý Date: 11/9'ý

Sionature

Page 
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YUCCA MOUNTAIN PROJECT Y-AD-055 
CHANGE DOCUMENTATION CONTINUATION PAGE 4/89 

1 Title of Change: 2 CR No.: 

Revisions to RIB, Version 4, Item 1.2.5 90/028 
3 Originator's Control No.: 

4 Originating Org.: SNL 5 Prepared By: j. Schelling 6 Date: 7/30/90 

5 Condition (continued) 

exploratory shaft construction and in situ testing on the isolation of 

nuclear waste will be identified and added to the RIB before the first 

ESF design review.  

c. CR: 89/018 condition #3 (page 2) 
Bounding calculations developed during the Title II phase for engineer

ing/testing impacts to the site (e.g., how much water per unit area can 

be applied during a particular event) that effect either the ability to 

characterize the site or the ability to isolate -.uclear waste will be 

completed and added to the RIB before that engineering/testing event can 
begin.  

d. CR: 90/018 condition #5 (page 5) 
The document originator will provide a revised Table of Contents and 

Topic Index identifying the changed pages to the RIB.  

e. CR: 90/018 condition #6 (page 5) 
Revision bars will be added to the right margin on the individual pages 
submitted as required by AP-3.3Q.  

f. CR: 90/018 condition #7 (page 5) 
The Document Originator will provide a Document Change Notice (DCN) to 

accompany these pages.  

6 Implementation Direction (continued) 

Directive.  

2. The CR Originator, shall revise the individually submitted pages of the RIB, 
with Revision Bars to identify changed text in accordance with condition 
listed in (block 5, item e) of this Change Directive (including the table 
3f contents).  

3. Submit a completed Document Change Notice (DCN) within 10 working days from 

the date of this Change Directive (block 5, item f).  

4. The CCB Secretary shall update the Configuration Information System (CIS) to 

reflect these changes to the RIB.  

Page 

2P of 3. _



YUCCA MOUNTAIN PROJECT Y-AD-055 

CHANGE DOCUMENTATION CONTINUATION PAGE 4/89 

Title of Change: 2 CR No.: 

Revisions to RIB, Version 4, Item 1.2.5 90/028 

3 Originator's Control No.: 

4 Originating Org.: SNL 5 Prepared By: j. Schelling 6 Date: 7/30/90

6 Implementation Direction (continued) 

Upon release, (see block 8 of Change Directive) all Project Participants will 

be required to use this version of the RIB in performing duties applicable to 

FPage 

3 ofof..._3
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YUCCA MOUNTAIN PROJECT Y-AD-057 

CHANGE DIRECTIVE (CD) 01/89 

-"1 Title of Change: 2 CR No.:90/027 

Revisions to RIB, Version 4, Item 1.2.2 3 Change Classification: 
0l Class 1 0l Class 3 

SEl Class 2 13 Class 4 

f] Non-Baseline CCB 
Controlled Document

4 CR Disposition: 
0l Approved 
IM Approved with Conditions

El Disapproved

5 Conditions (if applicable): 

1. Conditions on the Change Directive approving the Reference Information Base 

(RIB), Version 4 (Ref: CR: 89/022) are carried forward as follows: 

a. CR: 89/018 condition #1 (page 1) 
:nformation needed during the Title II phase to determine impacts of 

engineering practice and in situ testing on the ability to characterize 

the site will be identified and added to the RIB before the first ESF 

design review.  

b. CR: 89/018 condition #2 (page 1) 
Information needed during the Title II phase to assess the impact of the 

(See CR Continuation Page2_)

6 Implementation Direction (if applicable):

Upon completion of the following implementation directions, Version 4, Revision 

2 of the Reference Information Base (RIB) shall be issued as a Project CCB 

Controlled Document. Version 4, Revision 2 of the RIB supersedes the CCB 

Controlled RIB, Version 4, Revision 1. Version 4, Revision 2, shall accomodate 

approved changes from Directives for CR: 90/026, 90/027, and 90/028.  

RIB, Version 4, Revision 2, is assigned document number YMP/CC-0002 (Rev. 1), 

and shall be released to Document Control for issue to controlled copy holders 

of the RIB.  

1. The CR Originator, shall revise the RIB Table of Contents in accordance 

with condition number 1 (item e) listed in (block 5) of this Change 

(See CR Continuation Page 2_)

7 Directive Issued By Disposition Authority: 

Name: 
Signature:"---"

I�. .-. - - -

n, 2 n 0 o �eieas� LJ�.W.

Title: - .  

Date: ,

(eOpase lu)e: 
(Optional)

9 Division Director Concurrence in Classification (Class 4 Change Only):

Division Director Name: Division:

Date:

10 Quality Assurance Organization Concurrence (Class 1 & 2 Changes Only): 

Name: D. G. Horton Org.: Proj QA 

Signature •---.---- Date:

I Page 1 of 3
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YUCCA MOUNTAIN PROJECT Y-AD-055 

CHANGE DOCUMENTATION CONTINUATION PAGE 4/89 

Title of Change: 2 CR No.: 

• Revisions to RIB, Version 4, Item 1.2.2 90/027 

3 Originator's Control No.: 

4 Originating Org.: SNL 5 Prepared By: j. Schelling 6 Date: 7/30/90 

5 Condition (continued) 

exploratory shaft construction and in situ testing on the isolation of 

nuclear waste will be identified and added to the RIB before the first 

ESF design review.  

c. CR: 89/013 condition #3 (page 2) 
Bounding calculations developed during the Title II phase for engineer

ing/testing impacts to the site (e.g., how much water per unit area can 

be applied during a particular event) that effect either the ability to 

characterize the site or the ability to isolate nuclear waste will be 

completed and added to the RIB before that engineering/testing event can 

begin.  

d. The document originator will provide a revised Table of Contents and 

Topic Index identifying the changed pages to the RIB.  

e. CR: 90/018 condition #6 (page 5) 
Revision bars will be added to the right margin on the individual pages 

submitted as required by AP-3.3Q.  

f. CR: 90/018 condition #7 (page 5) 
The Document Originator will provide a Document Change Notice (DCN) to 

accompany these pages.  

g. Publication of original source document to include changes in tabulated 

RIB values. The RIB Item will be modified to incorporate these changes 

and to update the source citations.  

6 Implementation Direction (continued) 

Directive.  

.The CR riaiatcr, s•hall -evi•e the divid,,,aliv cubmitted c•aes -F- the RIB, 

with Revision Bars to identify changed text in accordance with condition 

listed in (block 5, item e) of this Change Directive (including the table 

of contents).  

3. Submit a completed Document Change Notice (DCN) within 10 working days from 

the date of this Change Directive (block 5, item f).

IPage



YUCCA MOUNTAIN PROJECT Y-AD-055 

CHANGE DOCUMENTATION CONTINUATION PAGE 4/89 

Title of Change: 2 CR No.: 

Revisions to RIB, Version 4, Item 1.2.2 90/027 

3 Originator's Control No.: 

4 Originating Org.: SNL 5 Prepared By: J. Schelling 6 Date: 7/30/90

6 Implementation Direction (continued) 

4. The CCB Secretary shall update the Configuration Information System (CIS) to 

reflect these changes to the RIB.  

Upon release, (see block 8 of Change Directive) all Project Participants will 

be required to use this version of the RIB in performing duties applicable to 

the RIB.  

Page 

3~ of 3.



YUCCA MOUNTAIN PROJECT Y-AD-057 

CHANGE DIRECTIVE (CD) 01/89 

1 Title of Change: 2 CR No.:90/026 

\ Revisions to RIB, Version 4 3 Change Classification: 

0 "Class 1 0 Class 3 
Li.. Ii Class 2 E Class 4 

Z [] Non-Baseline CCB 
.u Controlled Document 

4 CR Disposition: 

[I Approved 0 Disapproved 
0 Approved with Conditions 

5 Conditions (if applicable): 

1. In CR 45, p. 2 of 6, delete the last sentence of the section on Quality 

Assurance Information and replace with the following: 

"Data from National Weather Service sources, e.g., NWS (1977) is publicly 

available open literature data and conditionally accepted for use on the 
YMP with no additional verification required at this time. Subsequent 

validation of the above data for use in eventual licensing action(s) will 

be performed prior to such licensing action(s) in accordance with a process 

Z consistent with the requirements of NUREG-1298." 
0 
- 2. In CR 44, p. 1 of 6, delete the last sentence of the section on Quality 

"(See CR Continuation Page 2) 

S6 Implementation Direction (if applicable): 

Upon completion of the following implementation directions, Version 4, Revision 

2 of the Reference Information Base (RIB) shall be issued as a Project CCB 

Controlled Document. Version 4, Revision 2 of the RIB supersedes the CCB 

Controlled RIB, Version 4, Revision 1. Version 4, Revision 2, shall accomodate 

approved changes from Directives for CR: 90/026, 90/027, and 90/028.  

RIB, Version 4, Revision 2, is assigned document number YMP/CC-0002 (Rev. 1), 

and shall be released to Document Control for issue to controlled copy holders 

of the RIB.  

1. The CR Originator, shall revise the RIB Table of Contents in accordance 
with condition number 3 (item d) listed in (block 5) of this Change 

(See CR Continuation Page 2) 
7 Directive Issued By Disposition Authority: 18 Release Date: 

N-'me: ý. L. ,i].ot , Title: Dep Proj Mgr (pin ) 

S ign ature: •'• ./•Date: Z;),•Ai"c 

9 Division Director Concurrence in Classification (Class 4 Change Only): 

Division Director Name: Division: 

L Signature. Date: 

Cc__



YUCCA MOUNTAIN PROJECT Y-AD-055 

CHANGE DOCUMENTATION CONTINUATION PAGE 4/89 

Title of Change: 2 CR No.: 

- Revisions to RIB, Version 4 90/026 

3 Originator's Control No.: 

4 Originating Org.: SNL 5 Prepared By: j. Schelling 6 Date: 7/30/90 

5 Condition (continued) 

Assuarance Information and replace with the following: 

"The California Administrative Code (1981) is publicly available open 

literature material and conditionally accepted for use on the YMP with no 

additional verification required at this time. Subsequent validation of 

the above material for use in eventual licensing action(s) will be con

sistent with the requirements of NUREG-1298." 

3. Conditions on the Change Directive approving the Reference Information 

Base (RIB), Version 4 (Ref: CR: 90/018) are carried forward as follows: 

a. CR: 90/018 condition #1 (page 1) 
Information needed during the Title II phase to determine impacts of 

engineering practice and in situ testing on the ability to characterize 

the site will be identified and added to the RIB before the first ESF 

design review.  

b. CR: 90/018 condition #2 (page 1) 
Information needed during the Title II phase to assess the impact of the 

exploratory shaft construction and in situ testing on the isolation of 

nuclear waste will be identified and added to the RIB before the first 

ESF design review.  

c. CR: 90/018 condition #3 (page 2) 
Bounding calculations developed during the Title II phase for engineer

ing/testing impacts to the site (e.g., how much water per unit area can 

be applied during a particular event) that effect either the ability to 

characterize the site or the ability to isolate nuclear waste will be 

completed and added to the RIB before that engineering/testing event can 

begin.  

d. CR: 90/018 condition #5 (page 5) 
The document originator will provide a revised Table of Contents and 

Topic Index identifying the changed pages to the RIB.  

e. CR: 90/018 condition #6 (page 5) 
Revision bars will be added to the right margin on the individual pages 

Page 

2 of 3



YUCCA MOUNTAIN PROJECT Y-AD-055 

CHANGE DOCUMENTATION CONTINUATION PAGE 4/89 

Title of Change: 2 CR No.: 

Revisions to RIB, Version 4 90/026 

3 Originator's Control No.: 

4 Originating Org.: SNL 5 Prepared By: j. Schelling 6 Date: 7/30/90

5 Conditions (continued) 

submitted as required by AP-3.3Q.  

f. CR: 90/018 condition #7 (page 5) 
The Document Originator will provide a Document Change Notice (DCN) to 

accompany these pages.  

6 Implementation Direction (continued) 

Directive.  

2. The CR Originator, shall revise the individually submitted pages of the RIB, 

with Revision Bars to identify changed text in accordance with condition 

listed in (block 5, item e) of this Change Directive (including the table 

of contents).  

3. Submit a completed Document Change Notice (DCN) within 10 working days from 

the date of this Change Directive (block 5, item f).  

4. The CCB Secretary shall update the Configuration Information System (CIS) to 

reflect these changes to the RIB.  

Upon release, (see block 8 of Change Directive) all Project Participants will 

be required to use this version of the RIB in performing duties applicable to 

the RIB.  

Page 

3_ of 3
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9 Division Director Concurrence in Classification (Class 4 Change Only):

Division Director Name:

Signature:

Division:

Date:

10 Quality Assurance Organization Concurrence (Class 1 & 2 Changes Only): 

Name: Donald G, Horton_, Org.: Proj. QA 

Signature _ _ _ Date: _'/__'____

Page 

1 of 5___

w 

Z 
0 
0
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YUCCA MOUNTAIN PROJECT Y-AD-057 
CHANGE DIRECTIVE (CD) 01/89 

I Title of Change: 2 CR No.: 90/018 

SEditorial correction to RIB item 1.2.9 3 Change Classification: 
o l]Class 1 DEClass 3 

Up. [Class 2 C3Class 4 

z M Non-Baseline CCB 
Wa Controlled Document 

4 CR Disposition: 

0 Approved El Disapproved 
0 Approved with Conditions 

5 Conditions (if applicable): 

Conditions on the Change Directive approving the Reference Information Base 

(RIB), Version 4 (Ref: CR:89/022) are carried forward as follows: 

1. CR:89/022 condition #1 (page 1) 
Information needed during the Title II phase to determine impacts of 
engineering practice and in situ testing on the ability to characterize 
the site will be identified and added to the RIB before the first ESF 
design review.  

Z 
O 2. CR:89/022 condition #2 (page 1) 
H- Information needed during the Title II phase to assess the impact of the 
09 
D (See CR Continuation Page 2) 

S6 Implementation Direction (if applicable): 

Upon completion of the following implementation directions, Version 4, Revision 
1 of the Reference Information Base (RIB) shall be issued as a Project CCB 

Controlled Document. Version 4, Revision 1 of the RIB supersedes the CCB 
Controlled RIB, Version 4, Revision 0.  

RIB, Version 4, Revision 2, is assigned document number YMP/CC-0002, and shall 
be released to Document Control for issue to controlled copy holders of the 
RIB.  

1. The CR Originator, shall revise the RIB Table of Contents in accordance 
with condition number 5 listed in (block 6) of this change directive.  

(See CR Continuation Page 5) 

7 Directive Issued By Disposition Authority: 8 Release Date: 

Name: Edwin L. Wilmot Title: Dep Proj Mgr (Optional) 

Signature: Ia"'- CU-, Date: 71_!7O O/ 0



YUCCA MOUNTAIN PROJECT Y-AD-055 
CHANGE DOCUMENTATION CONTINUATION PAGE 4/89

i Title of Change: 2 CR No.: 

Editorial correction to RIB item 1.2.9 90/018 
3 Originator's Control No.: 

4 Originating Org.: SNL 5 Prepared By: J. Schelling 6 Date: 6/6/90

5 Condition (continued) .  

exploratory shaft construction and in situ testing on the isolation of 

nuclear waste will be identified and added to the RIB before the first ESF 

design review.  

3. CR:89/022 condition #3 (page 2) 
Bounding calculations developed during the Title 17 phase for engineering/ 

testing impacts to the site (e.g., how much water per unit area can be 

applied during a particular event) that effect either the ability to 

characterize the site or the ability to isolate nuclear waste will be 

completed and added to the RIB before that engineering/testing event can 

begin.  

4. CR:89/022 condition #4 (page 2) 
That the introduction be revised as follows: 

Yucca Mountain Project Reference Information Base 
Version 4 

Introduction 

The Reference Information Base (RIB) is a Project approved, controlled 

document that provides summary data and information to the Project. It is 

an evolving document that represents the best currently available technical 

information. Since this version of the RIB does not yet contain adequate 

information to complete many activities, including Title II ESF design, 

updates will be required. Information concerning the reference site, 

design, performance, and socioeconomic and environmental characteristics 

of the proposed Mined Geologic Disposal System at Yucca Mountain, Nevada 

will be entered in the developing RIB.  

The purpose of the RIB is to identify reference information to Project 

participants and to establish the consistent use of data for Project 

activities. With the exception of standard handbook information, use of the 

RIB is required for all :echnical data used in design and analysis 

activities that may be used in the licensing process. Project personnel are 

responsible for ensuring that the RIB information is used appropriately, and 

that the use of the RIB is documented, tracked, and controlled so that the 
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CHANGE DOCUMENTATION CONTINUATION PAGE 4/89 

1 Title of Change: 2 CR No.: 

Editorial correction to RIB item 1.2.9 90/018 

3 Orginator's Control No.: 

4 Odginating Org.: SNL 5 Prepared By: J. Schelling I Date: 6/6/90 

5 Conditions (continued) 

impacts of future RIB changes can be evaluated. Use of sources other than 

the RIB requires written authorization by the Project Manager or his 

designee. Since the content of the RIB continues to evolve for design 
and analysis purposes, it is important that Project personnel recognize 

their responsibility for identifying needed additions and modifications to 

the RIB. Project personnel may propose a change to the RIB by submitting a 

RIB Change Request (RIBCR) in accordance with AP-5.3Q, "Information Flow 

into the Project Reference Information Base". A RTBCR is used both to 

request data which is needed to conduct an activity and to submit data (from 

the Project Site and Engineering Properties Data Base (SEPDB) and other 
sources) for incorporation into the RIB. Approved changes, which are pro

cessed in accordance with Project configuration management procedures, are 

periodically released for updating the RIB content.  

The RIB has three chapters: (1) Site Characteristics, (2) Design Configura
tion, and (3) Performance Assessment Results. Each chapter is divided into 

sections of general topic areas. The sections are further subdivided into 

information Items. An Information Item is entered in the RIB following 
Project Change Control Board approval. The most recent revision of each 

information Item is indicated in the Table of Contents. The Topic Index is 
the primary means of locating specific information within the body of the 

RIB. The use of Information Items and the Topic Index allows the RIB to 

change and expand without disrupting the structure of the document.  

The basic unit of the RIB is the RIB Information Item. A RIB Information 
Item, is a complete unit of closely related information for a single topic, 

which is summarized in several pages. Revisions of the RIB between release 

of base versions will be made by the addition or replacement of RIB Infor

mation Items. Each RIB Information Item consists of (1) header change 

control identification, (2) a list of topic index keywords ("Keywords"), 
(3) a descriptive summary ("Description and Methodology"), (4) a description 

of the quality assurance associated with the information ("Quality Assurance 

information"), (5) a listing of information sources ("Sources"), and (6) 
tabular and graphic summary information pertaining to the technical topic.  

Any reference to RIB information should include the base version, item 

revision number, chapter, section, and item number, which are given in the 

IPage 
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7itle of Change: 2 CR No.: 

Editorial correction to RIB item 1.2.9 90/018 

3 Originator's Control No.: 

4 Originating Org.: SNL 5 Prepared By: j. Schelling 6 Date: 6/6/90

5 Conditions (continued) .... .. .  

header of each page of an Information Item. For example, Yucca Mountain 

stratigraphic information is referenced in the initial release of the 

fourth base version as RIB Version 4, Revision 0 of Item 1.1.1. A new 
base version of the RIB will be released either annually or at the initia
tion of major Project phases.  

Keywords are listed on the first page of each Information Item to identify 

the information topics included in the Item and to establish a connection to 
the ToDic Index.  

The descriptive summaries, "Description and Methodology" and "Quality 

Assurance Information", are as important as the tabular and graphic inforrma

tion because they give relevant background information such as important 
assumptions, and usage limitations. Because of the summary nature of the 

RIB, sources of more detailed data on which the RIB information is based are 
identified and pointed to by the RIB. These sources include specific SEPDB 

data, reference design drawings, and other interpretive reports. These more 

detailed data may be used subject to the limitations described in the RIB.  

However, if the use of these data would lead to a different interpretation 

than is presented in the RIB, submittal of a RIB Change Request is required 
to prorpse that the new information be added to the RIB.  

Users cf the RIB should recognize that many of the existing Project data 
were collected under procedures for which satisfaction of the requirements 

of 10 CFR 60, Subpart G, has not been demonstrated. The descriptions assist 
the user in determining the suitability of the information for specific uses 

and indicate the relationship of the summary information to the listed 
sources.  

Information in the RIB is derived from a variety of sources, including 
published reports, and information developed for the RIB in accordance 

with documented development strategies as described in AP-5.3Q. The nature 

of these sources is identified and traceable to the supporting documentation 
record identified by the RIB Control Number given in the header.  

In addition to conditions carried forward from the Change Directive for 

Change Request 89/022 for the RIB, the following conditions are listed on 
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Editorial correction to RIB item 1.2.9 90/018 
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5 Conditions (continued) 

the Change Directive for CR 90/018.  

5. The document originator will provide a revised Table of Contents identifying 
the changed pages to the RIB.  

6. Revision bars will be added to the right margin on the individual pages 

submitted as required by AP-3.3Q 

7. The Document Originator will provide a Document Change Notice (DCN) to 

accompany these pages.  

6 Implementation Direction (continued) 

2. The CR originator shall revise the individually submitted pages of the RIB, 

with Revision Bars to identify changed text in accordance with condition 

number 6 listed in (block 5, item 5) of this change directive (including 

the table of contents).  

3. Submit a completed Document Change Notice (DCN) within 10 working days from 

the date of this Change Directive (block 5, item 7).  

4. The CCB Secretary shall forward the revised pages to Project Document 

Control for controlled distribution.  

5. The CCB Secretary shall update the Configuration Information System (CIS) to 

reflect these changes to the RIB.  

Upon release, (see block 8 of Change Directive) all Project Participants will 

be required to use this version of the RIB in performing duties applicable to 

the RIB.  
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YUCCA MOUNTAIN PROJECT REFERENCE INFORMATION BASE 
VERSION 4 

INTRODUCTION 

The Reference Information Base (RIB) is a Project approved, controlled document that provides 

summary data and information to the Project. It is an evolving document that represents the best 

currently available technical information. Since this version of the RIB does not yet contain adequate 

information to complete many activities, including Title II ESF design, updates will be required.  

Information concerning the reference site, design, performance, and socioeconomic and environmental 

characteristics of the proposed Mined Geologic Disposal System at Yucca Mountain, Nevada, will be 

entered in the developing RIB.  

The purpose of the RIB is to identify reference information to Project participants and to establish the 

consistent use of data for Project activities. With the exception of standard handbook information, use 

of the RIB is required for all technical data used in design and analysis activities that may be used in the 

licensing process. Project personnel are responsible for ensuring that the RIB information is used 

appropriately, and that the use of the RIB is documented, tracked, and controlled so that the impacts of 

future RIB changes can be evaluated. Use of sources other than the RIB requires written authorization 

by the Project Manager or his designee.  

Since the content of the RIB continues to evolve for design and analysis purposes, it is important that 

Project personnel recognize their responsibility for identifying needed additions and modifications to 

the RIB. Project personnel may propose a change to the RIB by submitting a RIB Change Request 

(RIBCR) in accordance with AP-5.3Q, "Information Flow Into the Project Reference Information Base". A 

RIBCR is used both to request data which is needed to conduct an activity and to submit data (from the 

Project Site and Engineering Properties Data Base (SEPDB) and other sources) for incorporation into 

the RIB. Approved changes, which are processed in accordance with Project configuration 

management procedures, are periodically released for updating the RIB content.  

The RIB has three chapters: (1) Site Characteristics, (2) Design Configuration, and (3) Performance 

Assessment Results. Each chapter is divided into sections of general topic areas. The sections are 

further subdivided into Information Items. An Information Item is entered in the RIB following Project 

Change Control Board approval. The most recent revision of each Information Item is indicated in the 

Table of Contents. The Topic Index is the primary means of locating specific information within the body 

of the RIB. The use of Information Items and the Topic Index allows the RIB to change and expand 

without disrupting the structure of the document.  

The basic unit of the RIB is the RIB Information Item. A RIB Information Item is a complete unit of closely 

related information for a single topic, which is summarized in several pages. Revisions of the RIB 
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between release of base versions will be made by the addition or replacement of RIB Information Items.  

Each RIB Information Item consists of (1) header change control identification, (2) a list of topic index 

keywords ("Keywords"), (3) a descriptive summary ("Description and Methodology"), (4) a description of 

the quality assurance associated with the information ("Quality Assurance Information"), (5) a listing of 

information sources ("Sources"), and (6) tabular and graphic summary information pertaining to the 

technical topic.  

Any reference to RIB information should include the base version, item revision number, chapter, 

section, and item number, which are given in the header of each page of an Information Item. For 

example, Yucca Mountain stratigraphic information is referenced in the initial release of the fourth base 

version as RIB Version 4, Revision 0 of Item 1.1.1. A new base version of the RIB will be released either 

annually or at the initiation of major Project phases.  

Keywords are listed on the first page of each Information Item to identify the information topics included 

in the Item and to establish a connection to the Topic Index.  

The descriptive summaries, "Description and Methodology" and "Quality Assurance Information", are as 

important as the tabular and graphic information because they give relevant background information 

such as important assumptions and usage limitations. Because of the summary nature of the RIB, 

sources of more detailed data on which the RIB information is based are identified and pointed to by the 

RIB. These sources include specific SEPDB data, reference design drawings, and other interpretive 

reports. These more detailed data may be used subject to the limitations described in the RIB.  

However, if the use of these data would lead to a different interpretation than is presented in the RIB, 

submittal of a RIB Change Request is required to propose that the new information be added to the RIB.  

Users of the RIB should recognize that many of the existing Project data were collected under 

procedures for which satisfaction of the requirements of 10 CFR 60, Subpart G, has not been 

demonstrated. The descriptions assist the user in determining the suitability of the information for 

specific uses and indicate the relationship of the summary information to the listed sources.  

Information in the RIB is derived from a variety of sources, including published reports, and information 

developed for the RIB in accordance with documented development strategies as described in AP

5.30. The nature of these sources is identified and traceable to the supporting documentation record 

identified by the RIB Control Number given in the header.  

RIB Version 4 Introduction, Rev. 0 
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Absorption, borrow pit, 1.2.13, pp. 1-2; 

soil, 1.2.8, pp. 1 -2 

Accessible environment, 2.1.3, pp. 1,3 

Air flow, maximum, ramp and shaft, 2.4.2, pp. 1-6 

Allowable bearing pressure, soil,, 1.2.8, pp. 1,2,5 

Allowable waste concentration, 
thermal analysis, 3.1.1, p. 8 

Ambient saturation, 1.4.2, pp. 1,2 

Angle inclination, fractures, 1.2.11, pp. 1 ,5 ,6 

Angle of internal friction, 1.2.5, pp. 1,4 

Angle of repose, 1.2.13. pp. 1-2 

Anion concentration, groundwater chemistry, 
1.3.1, pp. 1,3 

Annual barometric pressure, 1.5.1, pp. 1,5 

Average monthly barometric pressure, 1.5.1, pp. 1,5 

Average natural moisture content, soil, 1.2.8, 
pp. 1,4,6 

Average wind speed, 1.5.1, pp. 1,6 

Axial strain, rock mechanical properties, 1.2.5, p. 1 

Axial stress, rock mechanical properties, 1.2.5, p. 1 

Barometric pressure 
annual, highest monthly, average 
monthly, and lowest monthly, 1.5.1, pp. 1,5 

Bearing pressure, soil, 1.2.8, pp. 1,2,5 

Borehole, USW G-4 
groundwater chemistry, 1.3.1, pp. 1,3 
mineralogy, 1.1.3, pp. 1,2 
saturated matrix hydraulic conductivity, 1.4.3, 

pp. 1-7 
stratigraphy, 1.1.2, pp. 1-3 
temperature, 1.2.7, pp. 1,3 

Borehole stratigraphy 
thermal/mechanical stratigraphy, USW G-4, 

1.1.2, pp. 1 -3

RIB Version 4

Borrow pit soil properties, 1.2.13, pp. 1-2 

Boundaries, reference, 2.1.3, pp.1-4 
repository, 1.2.12, p. 1 

Bulk density, in situ, rock physical properties, 
1.2.1, pp. 1 ,4 

Burnup, thermal analysis, 3.1.1, pp. 1-8 

California Bearing Ratio, 1.2.13, pp. 1-2 

Cation concentration, groundwater chemistry, 

1.3.1, pp. 1 ,3 

Chemical composition, groundwater chemistry, 

1.3.1, p.3 

Chemistry, water. See groundwater chemistry.  

Climate, future. See meteorology, 

regional conditions.  

Clinoptilolite, 1.1.3, pp. 1,2 

Coating, fracture characteristics, 1.2.11, p. 1 

Cohesion, rock mechanical properties, 1.2.5, pp. 1,4 

Compaction curve, soil, 1.2.8, pp. 1,6 

Composition, mineral, 1.1.3, pp. 1,2 

Compressive strength, unconfined. See rock mass 

failure.  

Conductance, specific, groundwater chemistry, 

1.3.1, p.3 

Conductivity 
rock thermal conductivity, 1.2.2, pp. 1-4 
saturated matrix hydraulic conductivity, 
1.4.3, pp.1 -7 

Control motion values, 2.1.1, pp. 1,3 

Controlled area, 2.1.3, pp.1,3 

Coulomb parameters, rock mechanical properties, 
1.2.5, pp. 1 ,4 

Cristobalite, 1.1.3, pp. 1,2
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Decay curve coefficients of spent fuel, 
3.1.1, pp. 1,3,4,5 

Density 
borrow pit #3, 1.2.13, pp. 1-2 
in situ bulk, rock physical properties, 1.2.1, pp. 1,4 

loose, borrowpit, 1.2.13, pp. 1-2 
maximum dry, soil, 1.2.8, pp. 1,4 
test, in situ, soil, 1.2.8, pp. 1,4 

Design basis UNE values 
seismic design, basis for ESF, 2.1.1, pp. 1,3 
seismic design, basis for repository, 2.1.2, pp. 1,2 

Design configuration, ramp and shaft, 2.4.1, pp. 1-3 

Design underground nuclear explosion, (DUNE), 
seismic design, basis for ESF, 2.1.1, pp. 1,3 

seismic design, basis for repository, 2.1.2, pp. 1,2 

Dimensional parameters, ramp and shaft, 
2.4.1, pp. 1-3 

Dip, fracture characteristics, 
1.2.11, pp. 1,2,5,6 

Displacements, fault, 1.2.13, p. 1 

Drill Hole Wash, repository boundary, 1.2.12, p. 1 

Drillhole. See borehole.  

Dry density, maximum, soil, 1.2.8, pp. 1,4 

Dynamic deformation modulus, seismic design, ESF, 
2.1.1, pp. 2,4 

Dynamic Poisson's ratio, seismic design, ESF, 
2.1.1, pp. 2 ,4 

Earthquake 
natural, 2.1.1, pp. 1,3 
preclosure design, 2.1.2, pp. 1,2 
return period, 2.1.2, pp. 1,2 

Elastic settlement, soil, 1.2.8, pp. 1,2 

Environmental conditions 
regional meteorological conditions, 1.5.1, pp. 1-6 

Equivalent peak temperature, concept of, 
thermal analysis, 3.1.1, pp. 1,2,4,5,7,8 

ES-1 thermal/mechanical stratigraphy, 

1.1.1, pp. 1,6 

Failure criterion, rock mass, 1.2.6, pp. 1,2

RIB Version 4

Fault 
ages, 1.2.13, pp. 1,2 
displacements, 1.2.13, p. 1 
location, 1.2.13, pp. 1,2,4

Feldspar, 1.1.3, pp. 1,2

Filling, fracture characteristics, 1.2.11, p. 1 

500-yr flood, 1.4.1, pp. 1,5 

Floods, maximum conditions, 
clear water PMF values, 1.4.1, p. 4 
local storm, 1.4.1, p. 1,4 
general storm, thunderstorm, 1.4.1, p. 1,4 

peak flood discharge, 1.4.1, p. 5 
peak flood flows, ranges for, 1.4.1, p. 5 
probable maximum flood, 1.4.1, pp. 1-6 
regional maximum flood, 1.4.1, pp. 1,2,5,6 
100-yr flood, 1.4.1, pp. 1,2,5 
500-yr flood, 1.4.1, pp. 1,2,5 

Fog, 1.5.2-, p.1

Fracture characteristics 
coating, 1.2.11, p. 1 
density, 1.2.11, p. 1 
dip, 1.2.11, pp. 1,2,5,6 
filling, 1.2.11, p. 1 
fractures, 1.2.11, pp. 1-6 
healed, 1.2.11, pp. 1,3 
inclination, 1.2.11, pp. 1,5,6 
orientation, 1.2.11, pp. 1,2,5,6 
spacing, 1.2.11, pp. 1-4 
strike, 1.2.11, pp. 1 -2 

Geochemistry 
groundwater chemistry, 1.3.1 

Geohydrology 
maximum flood conditions, 1.4.1 
saturation levels, 1.4.2 
saturated matrix hydraulic conductivity, 1.4.3 

Geologic stratigraphy, 1.1.1, pp. 1,3 

Geology, site 
borehole stratigraphy, 1.1.2 
mineralogy, 1.1.3 
Yucca Mountain stratigraphy, 1.1.1 

Geophysics 
fracture frequency, 1.2.11 
geothermal gradient, 1.2.7 
heat capacity and rock mass thermal 

capacitance, 1.2.4 
in situ stress near ESF, 1.2.10 
intact rock mechanical properties, 1.2.5 
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Geophysics (cont) 
rock linear thermal expansion, 1.2.3 
rock mass failure, 1.2.6 
rock physical properties, 1.2.1 
rock thermal conductivity, 1.2.2 
soil mechanical properties, 1.2.8 
vertical in situ stress near repository, 1.2.9 

Geothermal temperatures 
borehole temperature versus 
depth profile, representative, 1.2.7, pp. 1,2 

conductive heat flow, 1.2.7, p. 1 
nonconductive heat flow, 1.2.7, p. 1 
temperature profile, 1.2.7, pp. 1,3 

Glass, 1.1.3, pp. 1,2 

Gradation curve, soil, 1.2.8, pp. 1,7 

Gradient, geothermal.See geothermal temperatures.  

Grain density 
rock physical properties, 1.2.1, pp. 1,3 
heat capacity and rock mass thermal 

capacitance, 1.2.4, p. 1 

Gravity, specific, soil, 1.2.8, pp. 1,4 

Ground acceleration 
surface peak, 2.1.2, pp. 1,2 
seismic design, basis for ESF, 2.1.1, pp. 1,3 

Ground motion 
seismic design, basis for ESF, 2.1.1, pp. 1,3 

seismic design, basis for repository, 2.1.2, pp. 1,2 

Groundwater chemistry 
anion concentration, 1.3.1, pp. 1,3 
cation concentration, 1.3.1, pp. 1,3 
chemical composition, 1.3.1, p. 3 
physical parameters, 1.3.1, p. 3 
specific conductance, 1.3.1, p.3 
water chemistry, 1.3.1, pp. 1,3 

Hail, 1.5.2, p.1 

Healed, fracture characteristics, 1.2.11, pp. 1,3 

Heat capacity 
calculation, 1.2.4, p. 1 
temperature coefficients, 1.2.4, p. 3 

Heat flow 
conductive, 1.2.7, pp. 1,2 
nonconductive, 1.2.7, pp. 1,2 

Highest monthly barometric pressure, 1.5.1, pp. 1,5

RIB Version 4

Horizontal stress, in situ 
maximum, 1.2.10, pp. 1,3,5 
minimum, 1.2.10, pp. 1,3,5 

Humidity, relative, 1.5.1, pp. 1,5 

Hydraulic conductivity, saturated matrix, 1.4.3, pp. 1-7 

Hydrologic conditions, saturation levels, 
1.4.2, pp. 1,2 

Index property test, soil, 1.2.8, pp. 1,4 

In situ bulk density, rock physical properties, 
1.2.1, pp. 1,4 

In situ density test, soil, 1.2.8, pp. 1,4 

In situ saturation, 1.4.2, pp. 1,2 

In situ stress 
near ESF, 1.2.10, pp. 1-5 
near repository, 1.2.9, pp. 1-4 

In situ stress near ESF 
in situ stress, 1.2.10, pp. 1,3,5 
finite element analysis, 1.2.10, p. 1 ,4 
horizontal stress, maximum and minimum, 

1.2.10, pp. 1,3,5 
stress profile, 1.2.10, p.5 
vertical stress, 1.2.10, pp. 1,3,5 

In situ stress, vertical 
in situ stress, 1.2.9, pp. 1-4 
stress contour, 1.2.9, pp. 1-4 
stress profile, 1.2.10, p. 5 
vertical stress, 1.2.9, pp. 1-4 

Inclination, angle of, fractures, 1.2.11, pp. 1-3 

Index property tests, soil, 1.2.8, pp. 1,2,4-7 

Intact rock mechanical properties. See 
rock mechanical properties.  

LA Abrasion, borrow pit, 1.2.13, pp. 1-2 

Lateral strain, rock mechanical properties, 1.2.5, p. 1 

Lightning, 1.5.2, p. 1 

Linear thermal expansion. See rock linear 

thermal expansion.  

Lithologic equivalent 
geologic stratigraphy and 

thermal/mechanical units, 1.1.1, p. 2
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Lithology 
Yucca Mountain Stratigraphy, 1.1.1 

Local storm. See flood, maximum conditions.  

Locations, fault, 1.2.13, pp. 1 ,2 ,4 

Lowest monthly barometric pressure, 
1.5.1, pp. 1 ,5 

Matrix hydraulic conductivity, saturated, 
1.4.3, pp. 1-7 

Matrix porosity, rock physical properties, 
1.2.1, pp. 1 ,3 

Matrix thermal conductivity, 1.2.2, pp. 1,3 

Maximum air flow, ramp and shaft, 2.4.2, pp. 1,3,4 

Maximum dry density, soil, 1.2.8, pp.1 ,4 

Maximum flood conditions. See flood, 
maximum conditions.  

Maximum horizontal stress, 1.2.9, pp. 1,4 

Maximum temperature, 1.5.1, pp. 1,5 

Mechanical properties, intact rock. See 
rock mechanical properties.  

Meteorological conditions, 1.5.1, pp. 1-6 

Meteorology, regional conditions 
barometric pressure, annual, average monthly, 

highest monthly, and lowest monthly, 1.5.1, 
pp. 1 ,5 

precipitation, 1.5.1, pp. 1,4,5 
relative humidity, 1.5.1, pp. 1,5 
temperature, averages, extremes, maximum, and 

minimum, 1.5.1, pp. 1,3.5 
wind direction, resultant, 1.5.1, pp.1, 6 
wind speed, average, peak, and resultant, 1.5.1, 

p. 6 

Mica, 1.1.3, pp. 1,2 

Mineralogy 
abundance, mineral, 1.1.3, pp. 1,2 
clinoptilolite, 1.1.3, pp.1 ,2 

composition, mineral, 1.1.3, pp. 1,2 
cristobalite, 1.1.3, pp. 1,2 
feldspar, 1.1.3, pp. 1,2 
glass, 1.1.3, pp. 1 ,2 

mica, 1.1.3, pp. 1,2 
mordenite, 1.1.3, pp, 1,2

RIB Version 4

Mineralogy (cont) 
quartz, 1.1.3, pp. 1 ,2 

smectite, 1.1.3, pp. 1,2 
tridymite, 1.1.3, pp. 1,2 

Minimum temperature, 1.5.1, pp. 1,3,5 

Modulus of subgrade reaction, soil, 1.2.8, pp. 1,2,4 

Moisture content, soil 
average natural, 1.2.8, pp. 1,4,6 
optimum, 1.2.8, pp. 1,4 

Mordenite, 1.1.3, pp. 1,2 

Motion, seismic design, basis for ESF 
peak ground, 2.1.1, pp. 1,3 
control, 2.1.1, pp. 1,3 
design, 2.1.1, pp. 1,3 

Natural earthquake, seismic design, ESF, 
2.1.1, plp.1,3 

Natural moisture content, soil, 

1.2.8, pp. 1,4,6 

100-yrflood, 1.4.1, pp. 1,5 

Optimum moisture content, soil, 1.2.8, pp. 1,4 

Orientation, 1.2.13, pp. 1,4 

Overall facility 
seismic design, basis for ESF, 2.1.1 
seismic design, basis for repository, 2.1.2 

P-wave velocity, seismic design, ESF, 2.1.1, pp. 2,4 

Particle size distribution, soil, 1.2.8. p. 7 

Peak flood flows, ranges for, 1.4.1, p. 4 

Peak ground acceleration, 2.1.2, pp. 1,2 

Peak ground motion, 2.1.1, pp. 1,3 

Peak wind speed, 1.5.1, pp. 1,6 

Permeability, soil, 1.2.8, p. 1 

Physical properties, rock. See rock physical 

properties.  

Poisson's ratio 
ESF seismic design, basis for, 2.1.1, pp. 2,4 
intact rock mechanical properties, 1.2.5, pp. 1,3 
soil mechanical properties, 1.2.8, pp. 1,5 
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Porosity, matrix 
rock physical properties, 1.2.1, pp. 1,3,4 
heat capacity and rock mass thermal 
capacitance, 1.2.4, pp. 1,2 

intact rock mechanical properties, 1.2.5, p. 1 

Postemplacement conditions 

thermal analysis parameters, 3.1.1 

Precipitation, 1.5.1, pp. 1,4,5; 1.5.2, p. 1 

Preclosure design earthquake (DE), 
seismic design, repository, 2.1.2, pp. 1,2 

Principal stress, ultimate. See rock mass failure.  

Probable maximum flood (PMF), 1.4.1, pp. 1-6 

Proctor Test, borrow pit, 1.2.13, pp. 1-2 

Quartz, 1.1.3, pp. 1,2 

Radioactive waste, thermal analysis, 3.1.1, pp. 1-8 

Ramp and shaft parameters 
air flow, maximum, 2.4.2, pp. 1 ,3 ,4 

dimensional parameters, 2.4.1, pp. 1-3 
maximum ventilation velocity constraints, 

by area, 2.4.2, pp. 1,3,4 
surface locations, 2.4.1, pp. 1,3 

Ramps, 2.4.1, pp. 1-3, 2.4.2, pp.1-6 

Regional maximum flood boundary, 1.4.1, pp. 1,2,5,6 

Regional meteorological conditions.  
See meteorological conditions, regional.  

Relative humidity, 1.5.1, pp. 1,5 

Reference boundaries, 2.1.3, pp. 1-4 

Repository boundary, 1.2.12, p. 1 

Representative borehole temperature, 
1.2.7, pp. 1,2 

Restricted area, 2.1.3, pp. 1,3 

Resultant wind direction, 1.5.1, pp. 1,6 

Resultant wind speed, 1.5.1, pp. 1,6 

Rock linear thermal expansion 
coefficients of linear thermal expansion, 

during heating, 1.2.3, pp. 1,3

RIB Version 4

Rock linear thermal expansion (cont) 
very near-field coefficients of linear thermal 

expansion, during heating, 1.2.3, pp. 1,3 

Rock mass failure 
rock mass failure criterion, 1.2.6, pp. 1,2 
rock mass rating, 1.2.6, pp. 1,2 
rock mass strength, 1.2.6, pp. 1,2 
ultimate principle stress, 1.2.6, p. 2 
unconfined compressive strength, 1.2.6, pp. 1,2 

Rock mass rating (RMR), 1.2.6, pp. 1,2 

Rock mass strength, 1.2.6, pp. 1,2 

Rock mass thermal capacitance, 1.2.4, pp. 1-5 

Rock mass thermal conductivity, 1.2.1, pp. 1,4 

Rock mechanical properties, intact 
angle of internal friction, 1.2.5, pp. 1,4 
cohesion, 1.2.5, pp. 1,4 
Coulonmb parameters, 1.2.5, pp. 1,4 
Poisson's ratio, 1.2.5, p. 1 
unconfined compressive strength, 1.2.5, pp. 1,3 
Young's modulus, 1.2.5, pp. 1,3 

Rock physical properties 
grain density, 1.2.1, pp. 1,3 
in situ bulk density, 1.2.1, pp. 1,4 
matrix porosity, 1.2.1, pp. 1,3,4 

Rock thermal conductivity 
matrix thermal conductivity, 1.2.2, pp. 1,3 
rock mass thermal conductivity, 1.2.2, pp. 1,4 

S-wave velocity, seismic design, ESF, 2.1.1, pp. 2,4 

Saturated matrix hydraulic conductivity 
borehole, 1.4.3, pp. 1-7 
permeametry, 1.4.3, p. 1 

Saturation. See saturation levels.  

Saturation levels 
ambient (in situ) saturation, 1.4.2, pp. 1,2 
hydrologic conditions, 1.4.2, pp. 1,2 

Seismic design, basis for ESF 
control motion values, 2.1.1, pp. 1,3 
design basis UNE values, 2.1.1, pp. 1,3 
design motion values, 2.1.1, pp. 1,3 
dynamic deformation modulus, 2.1.1, pp. 2,4 
dynamic Poisson's ratio, 2.1.1, pp. 2,4 
natural earthquakes, 2.1.1, pp. 1,3 
P-wave velocity, 2.1.1, pp. 2,4 
peak ground motion, 2.1.1, pp. 1,3 
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Seismic design, basis for ESF (cont) 
S-wave velocity, 2.1.1, pp. 2,4 
seismic design parameters, 2.1.1, pp. 1-4 
underground nuclear explosions, 2.1.1, pp. 1-4 

Seismic design, basis for repository 
design underground nuclear explosion, 

2.1.2, pp. 1,2 
earthquake return period, 2.1.2, pp. 1,2 
peak ground acceleration, 2.1.2, pp. 1, 
preclosure design earthquake, 2.1.2, pp. 1,2 
seismic ground acceleration, 2.1.2, pp. 1,2 

Seismic design parameters, 2.1.1, pp. 1-4 

Seismic ground acceleration, 2.1.2, pp. 1,2 

Settlement, elastic, soil, 1.2.8, pp. 1,2 

Severe weather events, 1.5.2, pp. 1-4 

Shafts, 2.4.1, pp. 1-5 

Shear strength, soil, 1.2.8, pp. 1,2,4 

Sieve analysis, borrow pit, , 1.2.13, pp. 1-2 

Smectite, 1.1.3, pp. 1,2 

Snow, 1.5.1, pp. 1,4,5 

Soil mechanical properties 
absorption, 1.2.8, pp. 1,4 
angle of response, 1.2.13, pp. 1-2 
average natural moisture content, 1.2.8, pp. 1,4,6 
bearing pressure, allowable, 1.2.8, pp. 1,2,5 
borrow pit #3,1.2.13, pp. 1-2 
California Bearing Ratio, 1.2.13, pp.1-2 

in situ density tests, 1.2.8, pp.1 ,4 
index property tests,1.2.8, pp.1 ,2,4-7 
LA Abrasion, 1.2.13, pp. 1-2 
loose density, 1.2.13, pp. 1-2 
maximum dry density, 1.2.8, pp. 1,2,43 
modulus of subgrade reaction, 1.2.8, pp. 1,2,4 
optimum moisture content, 1.2.8, pp. 1,4 
particle size distribution, 1.2.8, p.7 

permeability, 1.2.8, p. 1 

Poisson's ratio, 1.2.8, pp. 1,5 
Proctor Test, 1.2.13, pp. 1-2 
rodded test, 1.2.13, pp. 1-2 
shear strength, 1.2.8, pp. 1,5 
sieve analysis, 1.2.13, pp. 1-2 
soil classification, 1.2.8, pp. 1,3,4 
specific gravity, 1.2.8, pp. 1,4 
Young's modulus, 1.2.8, pp. 1,2,5 

Soil classification, 1.2.8, pp. 1,3,4

RIB Version 4

Spacing, fracture characteristics, 1.2.11 

Specific conductance, groundwater chemistry, 
1.3.1, p.3 

Specific gravity, soil, 1.2.8, pp. 1,4 

Spent fuel decay curve coefficients, 

thermal analysis, 3.1.1, pp. 1-8 

Spent fuel thermal power output, 

thermal analysis, 3.1.1, pp. 1-8 

Stratigraphy, Yucca Mountain 
borehole ES-1, thermal/mechanical and geologic, 

1.1.1, p. 1 ,3 ,6 

borehole USW G-4, thermal/mechanical and 
unit thickness, 1.1.2, pp. 1-3 

classification schemes, 1.1.1, pp. 3,4 
lithology, 1.1.1, p. 3 
representative thickness, 1.1.1, pp. 1,3 
terminoibgy, 1.1.1, pp. 4 ,5 

thermal/mechanical stratigraphy and 
geologic stratigraphy, comparison between, 

1.1.1, p. 2 

Strength, rock mass 1.2.6, pp. 1,2 

Strength, shear, soil, 1.2.8, pp. 1,2,4 

Strength, unconfined compressive, rock mass 
failure, 1.2.6, pp. 1,2 

Stress, horizontal in situ, maximum and 

minimum, 1.2.10, pp. 1,3,5 

Stress, ultimate principal. See rock mass failure.  

Stress, vertical, in situ 
near ESF, 1.2.10, pp. 1,3,5 
near repository, 1.2.9, pp. 1-4 

Strike, fracture characteristics, 1.2.11, pp. 1-2 

Surface locations, ramp and shaft, 2.4.1, pp. 1,3 

Tectonics. See seismic design.  

Temperature 

averages, extremes, maximum, and minimum, 
regional meteorology, 1.5.1, p. 1,3,5 

borehole, representative, 1.2.7, pp. 1,3 

Thermal analysis parameters 
allowable waste concentrations, 3.1.1, pp. 1,6,7,8 
areal power density, 3.1.1, p. 2 
boiling water reactor, 3.1.1, pp. 1,2,3,5,6
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Thermal analysis parameters (cont) 
bumup, 3.1.1, pp. 1-8 
decay curve coefficients of spent fuel 

3.1.1, pp. 1,3,4,5 
equivalent peak temperature rise, concept of, 

3.1.1, pp. 1,2,6,7,8 
pressurized water reactor, 3.1.1, pp. 1,2,4,5,7,8 
thermal loading, 3.1.1, pp. 1,2 
thermal power output of spent fuel, 

3.1.1, pp. 1,2,3,4,5 
waste age, 3.1.1, pp. 1,2,6,7,8 

Thermal capacitance, rock mass 
calculations, 1.2.4, pp. 1,2 
equations, 1.2.4, pp. 4-11 
values, 1.2.4, p. 3 

Thermal conductivity 
matrix thermal conductivity, 1.2.2, pp. 1,3 
rock mass thermal conductivity, 1.2.2, pp. 1,4 

Thermal decay. See thermal analysis parameters.  

Thermal loading, 3.1.1, pp. 1,2 

Thermal power output of spent fuel, 
3.1.1, pp. 1,2,3,4,5 

Thermal/mechanical stratigraphy. See stratigraphy, 
Yucca Mountain; borehole stratigraphy.  

Thermal/mechanical units. See stratigraphy, 
Yucca Mountain.  

Thunderstorms. See maximum flood conditions, 

general storm; Severe weather events.  

Topography, 1.2.12, pp. 1,3 

Tornadoes. See severe weather events.  

Tridymite, 1.1.3, pp. 1,2 

Ultimate principal stress, rock mass, 1.2.6, p. 2 

Unconfined compressive strength 
intact rock mechanical properties, 1.2.5, pp. 1,3 
rock mass failure, 1.2.6, pp. 1,2 

Underground nuclear explosions 
seismic design, basis for ESF, 2.1.1, pp. 1,3 
seismic design, basis for repository, 2.1.2, pp. 1,2 

USW G-4 borehole thermal/mechanical 

stratigraphy, 1.1.2, pp. 1-3 

Ventilation. See ramp and shaft parameters.

RIB Version 4

Ventilation velocity, ramp and shaft, 2.4.2, pp. 1-6 

Vertical in situ stress 
near ESF, 1.2.10, pp. 1,3,5 
near repository, 1.2.9, pp. 1-4 

Vertical stress, 1.2.9, pp. 1,4 

Waste concentrations, allowable, 
thermal analysis, 3.1.1, pp. 1,6,7,8 

Water chemistry, 1.3.1, pp. 1,3 

Wind 
direction, resultant, 1.5.1, pp. 1,6 
speed, average, peak, 1.5.1, pp. 1,6 
maximum estimates, 1.5.2, pp. 1-4 

Young's modulus 
intact rock mechanical properties, 1.2.5, pp. 1,3 
soil mechanical properties, 1.2.8, pp. 1,2,5
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Description and Methodology 

Two stratigraphies have been defined to describe the geology of Yucca Mountain. The major difference 

between the formal geologic stratigraphy and the informal thermal/mechanical stratigraphy is that a 

geologic unit may contain two or more layers of rock types, each of which has different thermal and 

mechanical properties, whereas the t1,errnal/mechanical grouping strives to identify units that exhibit little 

variability of these properties. The original terminology used for thermal/mechanical units is defined in a 

report by Nimick, which is included in the associated RIB change request documentation (SNL, 1987b).  

This nomenclature was subsequently Tevised by Ortiz et al. (1985). Figure 1 shows the relationship 

between the formal geological stratigraphy and the informal thermal/mechanical stratigraphy for the units 

at Yucca Mountain, including the representative thicknesses of these units to a depth of 3,000 ft. The 

figure Is designed as a comparison between the types of stratigraphy; It does not portray any 

specific location of Yucca Mountain but Is typical of the region's geology. Table 1 illustrates the 

correlation between the original thermal/mechanical classification scheme and Ortiz et al. (1985). The 

scheme used by Ortiz et al. (1985) is considered to be the reference thermal/mechanical stratigraphy.  

The information in Table 2 represents the estimated thicknesses of the thermal/mechanical units at the 

Exploratory Shaft (ES-1) location; these thicknesses are reported by Nimick (SNL, 1987a). The 

thicknesses have been estimated, based on the three-dimensional model described in the Ortiz report, 

with the exception of the contact between units TSwl and TSw2, which has been re-evaluated based on 

data in Spengler and Chornack (1984). The depth of the water table below the Exploratory Shaft Facility, 

also given in Table 2, is reported by Nimick et al. (1988). The area designated as the potential subsurface 

repository horizon is the thermal/mechanical unit TSw2 in the lower portion of the Topopah Spring 

Member, which is located in the Paintbrush Tuff geologic stratigraphy. Unit TSw2 is "nonlithophysal" or 

contains sparse lithophysae, which are characterized by the hollow, bubblelike structures found in certain 

silicic volcanic rocks.  

Quality Assurance Information 

Table 2 was prepared as part of Task B.2 of WBS Element 1.2.4.2.1.3S, as a Quality Assurance Level III 

activity. The material presented in Figure 1 and Table 1 and the data used to prepare Table 2 were 

collected, analyzed, and interpreted under procedures for which satisfaction of the requirements of 

IOCFR60, Subpart G has notbeen demonstrated.
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WELDED, DEVITRIFIEO TUFF 
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CHnl ASHFLOWS AND BEDDED UNITS; UNITS CHni, 
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... S
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ZEOLITIZED BASAL BEDDED
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Tlý! ... WELDIED. DEVITRIPIED

FIGURE 1. COMPARISON BETWEEN THE THERMAL/MECHANICAL 
STRATIGRAPHY AND THE GEOLOGIC STRATIGRAPHY
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TABLE 1. CORRELATION BETWEEN VARIOUS THERMAL/MECHANICAL CLASSIFICATION SCHEMES

Thermal/Mechanical Unit 
(Ortiz et al., 1985) 

Undifferentiated Overburden 

Upper Tiva Canyon Member 
(Devitrified; Welded) 

Upper Paintbrush Tuff Formation 
(Lowermost Tiva Canyon; Yucca 
Mountain; Pah Canyon; and 
Uppermost Topopah Spring 
Members) (Vitric, Nonwelded) 

Upper Topopah Spring Member 
(Devitrified; Welded; 
Uthophysae-Rich) 

Middle Topopah Spring Member 
(Devitrified; Welded; 
Lithophysae-Poor) 

Lower Topopah Spring Member 
(Vitrophyre; Welded) 

Lowermost Topopah Spring 
Member and Upper Tuffaceous 
Beds of Calico Hills (Nonwelded) 

Lower Tuffaceous Beds of Calico 
Hills (Nonwelded) 

Uppermost Prow Pass Member 
(Nonwelded) 

Upper Prow Pass Member 
(Devitrified; Welded) 

Upper Crater Flat Formation 
(Lower Prow Pass and Uppermost 
Bullfrog Members) 
(Zeolitic; Nonwelded)

Designator 
(Ortiz et al., 1985) 

UO

TCw 

PTn 

TSwl 

TSw2 

TSw3

CHn1 
(CHnlv, CHnlz)*

CHn2 
(CHn2z)* 

CHn3 
(CHn3z)* 

PPw 

CFUn

Designator 
(SNL, 1987) 

IA1

IA2 

IB 

II-L 

1I-NL 

III

IVA or (IVA-v; IVA-z)

IVB or IVB-z 

IVC or IVC-z 

V 

VI
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TABLE 1. CORRELATION BETWEEN VARIOUS THERMAL/MECHANICAL CLASSIFICATION SCHEMES 

(concluded)

Thermal/Mechanical Unit 
(Ortiz et al., 1985) 

Upper Bullfrog Member 
(Devitrified; Welded) 

Middle Crater Flat Formation 
(Lower Bullfrog Member) 
(Zeolitic; Nonwelded) 

Middle Crater Flat Formation 
(Lowermost Bullfrog Member) 
(Zeolitic; Nonwelded) 

Middle Crater Flat Formation 
(Upper Tram Member) 
(Zeolitic; Nonwelded) 

Lower Tram Member (Welded) 

Older Tuff Units

Designator 
(Ortiz et al., 1985)

BFw

CFMn1 

CFMn2 

CFMn3 

TRw

Designator 
(SNL, 1987)

VII

VILLA or VIIIA-z 

VIIIB or VlIIB-z 

VIIIC or VIIIC-z 

Ix

OT

*The suffixes "v" and "z' are occasionally used with these unit designators and refer to the vitric and 

zeolitized components of these units, respectively.
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TABLE 2. THERMAL/MECHANICAL STRATIGRAPHY AT ES-1 LOCATION

Depth Range 
(ft) 

absent

0 - 156 

156 - 280 

280 - 693

693 -1,365 

1,365 - 1,399 

1,399 - 1,424 

1,424 - 1,757

Formal Stratigraphy/Lithology 

Quaternary alluvium and colluvium.  

Tiva Canyon Member; welded, 
devitrified ashflows.  

Lower Tiva Canyon Member; Yucca 
Mountain and Pah Canyon Members, 
Upper Topopah Spring Member; vitric, 
nonwelded ashflows and bedded tuffs.  

Topopah Spring Member; welded, 
devitrified ashflows; "lithophysal," 
(alternating lithophysae-rich and 
lithophysae-poor ashflows).  

Topopah Spring Member; welded, devitrified 
ashflows; "nonlithophysal" (sparsely 
distributed lithophysae).  

Topopah Spring Member; welded, 
vitric ashflow(s) (vitrophyre).  

Topopah Spring Member; nonwelded 
to partially welded, vitric ashflows.  

Lower Topopah Spring Member and Rhyolite 

of Calico Hills; zeolitized, nonwelded 
and partially welded ashflows and 
bedded tuffs.

Note: As reported by Nimick et al. (1988), the water table below the Exploratory Shaft Facility is 

approximately located at the base of the CHnlz unit at a depth of 1,734 ft (elevation 2396 ft).
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Keywords: USW G-4 borehole thermal/mechanical stratigraphy 

Description and Methodology 

Borehole stratigraphy and thermal/mechanical unit contact criteria for borehole USW G-4 are shown in 

Table 1 and are based on information used in the preparation of a three-dimensional model of the 

repository site (Ortiz et al., 1985). Borehole USW G-4 was drilled in the vicinity of the proposed 

Exploratory Shaft Facility. The reference information presented here is based primarily on information 

from Table B-6 of Appendix B of the Ortiz report, which describes the model.  

Nevada state plane coordinates (x,y) for the base of each thermal/mechanical unit identified have been 

corrected for the deviation of the borehole from the initial surface location. (The values of the "adjusted 

locations" tabulated in Table B-6 of the Ortiz report have been modified for the three-dimensional model 

through a "prefaulting" correction. Subtracting the faulting corrections yields the values listed here.) 

The corrected elevations were obtained by adding the vertical deviation correction to the unadjusted 

elevations, both sets of which are provided in Ortiz's report. The elevations were calculated in feet and 

converted to meters by multiplying by the correction factor 0.3048 and rounding to the nearest whole 

meter.  

The corrected depth is the run (i.e., the difference between the ground-level elevation and the 

unadjusted elevation at the base of a unit) minus the vertical deviation correction. The corrected depth 

represents a vertical depth from the starting elevation (i.e., ground level) of the drill rig; it is not a vertical 

depth from the surface at the map coordinates (x, y) corresponding to that contact/borehole intersection 

point because topographic changes between the drill rig and this point (x, y) have not been accounted 

for. Total borehole depth for USW G-4 was taken from Figure 5 of the Ortiz report.  

Criteria for the selection of contacts between thermal/mechanical units (Ortiz et al., 1985) are listed in the 

description of the respective stratigraphies. An uncertainty described by a "+" symbol indicates that the 

contact could be at a greater depth, while a "-" indicates that the contact could be at a shallower depth.  

Where mineralogy differs within a unit, the reference stratigraphic notation has been modified by the 

addition of an identifying symbol; e.g., the vitric and zeolitized regions within CHn1 of drillhole USW G-4 

are identified as CHnlv and CHnlz, respectively. The notation TZZ refers to the top of prevalent 

zeolitization. Additional bibliographic references for lithologic logs are included in the Ortiz report.  

Quality Assurance Information 

The information presented in Table 1 was collected, analyzed, and interpreted under procedures for 

which satisfaction of the requirements of 1 OCFR60, Subpart G has not been demonstrated.  

Source 

Ortiz, T. S., R. L. Williams, F. B. Nimick et al., 1985. "A Three-Dimensional Model of Reference 

Thermal/Mechanical and Hydrological Stratigraphy at Yucca Mountain, Southern Nevada," SAND84-1076, 

Sandia National Laboratories, Albuquerque, NM.
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TABLE 1. THERMAL/MECHANICAL STRATIGRAPHY FOR BOREHOLE USW G-4a

Nevada State 
Plane Coordinates 
(X) (y) 

E563082 N765807 

E563082 N765807 

E563082 N765807 

E563081 N765806 

E563076 N765803 

E563046 N765766 

E563042 N765761 

E563041 N765760 

E563012 N765736 

E563007 N765733 

E563004 N765731 

E562988 N765720 

E562958 N765702 

E562906 N765682 

E562899 N765681 

E562896 N765680 

E562886 N765675

Unitb 

Ground Level 

UO 

TCw 

PTn 

TSwl 

TSw2 

TSw3 

CHnlv 

CHnlz 

CHn2 

CHn3 

PPw 

CFUn 

BFw 

CFMn1 

CFMn2 

CFMn3

Corrected 
Elevation-z 
(ft) (i) 

4,165 1,269 

4,135 1,260 

4,047 1,234 

3,922 1,195 

3,495 1,065 

2,874 876 

2,822 860 

2,805 855 

2,464 751 

2,409 734 

2,378 725 

2,211 674 

1,915 584 

1,495 456 

1,445 440 

1,422 433 

1,351 412

Unit Descriptionc

UO No data given.  

TCw Transition from devitrified to vitric tuff in lithologic log.  

PTn Transition from vitric tuff to devitrified tuff in lithologic. log.  

TSw1 Contact assigned at the bottom of the lowermost ashflow of the Topopah Spring 
Member, which contains "common" lithophysae, based on the lithologic log.  

a Total borehole depth = 3,001 ft.  
b The stratigraphy is only for those thermal/mechanical units identified in this borehole.  
r The description corresponds to the D= of each unit listed.

Run 
(ft) 

0 

30 

118 

243 

670 

1,293 

1,345 

1,363 

1,705 

1,761 

1,792 

1,960 

2,258 

2,682 

2,733 

2,756 

2,828

Corrected 
Depth 

(ft) 

0 

30 

118 

243 

670 

1,291 

1,343 

1,360 

1,701 

1,756 

1,787 

1,954 

2,250 

2,670 

2,720 

2,743 

2,814
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TABLE 1. THERMAL/MECHANICAL STRATIGRAPHY FOR BOREHOLE USW G-4 
(concluded) 

TSw2 Transition from devitrified tuff to vitrophyre in lithologic log.  

TSw3 Transition from vitrophyre to vitric ashflow in lithologic log.  

CHnl Transition from ashflow to basal-bedded unit of the Tuffaceous Beds of the Calico 
Hills in lithologic log.  

CHn2 Transition from bedded unit to ashflow in lithologic log.  

CHn3 X-ray data indicate a change from a mineralogy dominated by zeolites to a mineral 

assemblage indicative of devitrification at depths between 1,788 ft and 1,794 ft; 

contact assigned at the midpoint of the interval; uncertainty: +2 ft, -2 ft.  

PPw X-ray data show a change from a mineral assemblage indicative of devitrification to 

a mineralogy dominated by zeolites at depths between 1,952 ft and 1,968 ft; contact 

assigned at the midpoint of the interval; uncertainty: +8 ft, -8ft.  

CFUn X-ray data indicate a change from a mineralogy dominated by zeolites to a 

mineralogy assemblage indicative of devitrification at depths between 2,238 ft and 

2,263 ft; contact assigned at 2,258 ft, based on density log; uncertainty: +5 ft, 
-20 ft.  

BFw X-ray data indicate a change from a mineral assemblage indicative of devitrification 

to a mineralogy dominated by zeolites at depths between 2,681 ft and 2,716 ft; 

contact assigned at 2,682 ft, based on density log; uncertainty: +34 ft, -1 ft.  

CFMn1 Transition from ashflow to bedded tuff in lithologic log.  

CFMn2 Transition from bedded tuff to ashflow in lithologic log.  

CFMn3 X-ray data indicate a change from a mineralogy dominated by zeolites to a mineral 

assemblage indicative of devitrification at depths between 2,823 ft and 2,840 ft; 

contact assigned at 2,828 ft, based on density log; uncertainty: +12 ft, -5 ft.  

TZZ The base of TSw3 is at a depth of 1,345.4 ft, and x-ray data show zeolites present at 

a depth of 1,381 ft. An examination of the core suggests that the contact should be 

assigned at a depth of 1,363.5 ft; uncertainty: +2 ft, -2 ft (core examination); +17 ft, 

-19 ft (X-ray data).
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tridymite 

Description and Methodology 

Figure 1 is modified from Figure B-9 in the report by Bish and Chipera (in preparation) and is a schematic 

representation of the abundances of smectite, mica, clinoptilolite, mordenite, tridymite, quartz, cristobalite, 

feldspar, and glass in Drill Hole USW G-4. The length of the scale shown on Figure 1 can be used in a 

qualitative sense to estimate the weight percent of each mineral at a given depth; for more accurate 

abundance information, the section of Appendix A designated "USW G-4" in the report by Bish and Chipera 

(in preparation) should be used. Minerals (calcite, hematite, and cryptomelane) and the analyses of fracture 

and inclusion materials not shown in Figure 1 are also given in Appendix A.  

At the time the revised mineralogic summary was prepared, Drill Hole USW G-4 was the only deep cored 

hole close to the proposed site for the Exploratory Shaft Facility (ESF). Although future drilling will be 

performed under tighter quality assurance procedures, USW G-4 is the best representative of probable ESF 

mineralogy available as of January 1, 1989. Extrapolations of mineral abundances from this hole to other 

deep cored holes available at this time (e.g., UE-25a#1) should not be used to estimate ESF mineral 

abundances because the other nearby cored holes are situated near or in Drill Hole Wash, where mineral 

occurrences or abundances may be anomalous because of structurally related variations in alteration.  

Quality Assurance Information 

The material was originally collected, analyzed, and interpreted under procedures for which satisfaction of 

the requirements of 10CFR60, Subpart G has not been demonstrated. However, the information presented 

here is the result of a review of the original source material. The review was conducted under WBS Element 

1.2.3.4.2.1A as a Quality Assurance Level I activity.  

Source 

Bish, D. L, and S. J. Chipera, (in preparation). "Revised Mineralogic Summary of Yucca Mountain, Nevada," 

LA-11497-MS, Los Alamos National Laboratory, Los Alamos, NM.

---- T

ITEM 
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ROCK PHYSICAL PROPERTIES

Keywords: grain density, in situ bulk density, matrix porosity, rock physical properties 

Description and Methodology 

Bulk property (density, porosity) measurements have been made on samples from several drillholes and 

thermal/mechanical stratigraphic units at Yucca Mountain. (See RIB Version 4, Revision 0 of Item 1.1.1 for 

the reference thermal/mechanical unit designations.) Saturated bulk densities (Pb), dry bulk densities 

(Plb), and grain densities (p.) were measured using established techniques. Matrix porosities (4M) were 

calculated using one of the following equations: 

S= 1- (PddPg), (1) 

tM = (Pub - Pdb)/PI or (2) 

4M = (Pb - pg)/(1 - p 9), (3) 

where the density of water, p, is assumed to be 1.0 g/cm 3. Equation (1) was used for most of the 

calculations; Equation (2) or Equation (3) was used when measurements were not available for either grain 

density or dry bulk density.  

Table 1 presents data for the grain densities and porosities, which are the tabulated results of a statistical 

analysis of density and porosity data generated for the Yucca Mountain Project (Rutherford and Nimick, in 

preparation). These data have been combined with in situ saturation data from Montazer and Wilson (1984) 

and with data on lithophysal-cavity abundance from Nimick and Schwartz (1987) to calculate the in situ bulk 

densities (Pb) listed in Table 2. The following equation was used to calculate these values: 

Pb = (1 - M)(1 - L) Pg + 4M (1 - ':L) S, 
(4) 

where 4Zm is the matrix porosity (these values are given in Table 1), 1L is the volume fraction of lithophysal 

cavities, and s is the in situ saturation. Equation (4) was used under the assumptions that the density of 

water is 1.0 g/cm 3 and that the lithophysal cavities in a partially saturated rock are dry. Because the bulk 

properties often varied as a function of location, samples from different wells were grouped together only if 

they were statistically similar. The footnotes in Tables 1 and 2 indicate the spatial variability.  

Quality Assurance Information 

All drillhole data supported by documentation in the Data Records Management System at Sandia National 

Laboratories (SNL), as well as data from Lawrence Uvermore National Laboratory and the U. S. Geological 

Survey for which documentation has been verified, have been included in the analysis. Data for 

thermal/mechanical units above and including CHn2 have been analyzed. Results of the statistical analysis, 

which resulted in the values in Table 1, were originally submitted as internal SNL memoranda (Rutherford, 

May 27, 1988, and August 23, 1988); the results have been formalized in a report by Rutherford and Nimick 

(in preparation). The statistical analysis was performed as a Quality Assurance Level II activity under WBS 

1.2.4.2.1.3S. The values in Table 2 were produced using Equation 4 under WBS 1.2.4.2.1.3S as a Quality 

Assurance Level III activity. The data subjected to analysis are summarized in a report by Schwartz (in 

preparation). Data used to derive the reference values of grain density, porosity, and in situ bulk density 

were collected,'analyzed, and interpreted under procedures for which satisfaction of the requirements of 

10CFR60, Subpart G has not been demonstrated.
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Sources 

Montazer, P., and W. E. Wilson, 1984. "Conceptual Hydrologic Model Flow in the Unsaturated Zone, Yucca 
Mountain, Nevada," USGS-WRIR-84-4345, U. S. Geological Survey, Lakewood, CO.  

Nimick, F. B., and B. M. Schwartz, 1987. "Bulk, Thermal, and Mechanical Properties of the Topopah Spring 
Member of the Paintbrush Tuff, Yucca Mountain, Nevada," SAND85-0762, Sandia National Laboratories, 
Albuquerque, NM.  

Rutherford, B. M., May 27, 1988. "Statistical Analysis of Yucca Mountain Bulk Properties Data," 
memorandum to F. B. Nimick, Sandia National Laboratories, Albuquerque, NM.  

Rutherford, B. M., August 23, 1988. "Statistical Analysis of Additional Yucca Mountain Bulk Properties Data," 
memorandum to F. B. Nimick, Sandia National Laboratories, Albuquerque, NM.  

Rutherford, B. M., and F. B. Nimick, (in preparation). "The Density and Porosity of Tuffaceous Units at Yucca 
Mountain, Nevada," SAND88-2820, Sandia National Laboratories, Albuquerque, NM.  

Schwartz, B. M., (in preparation). "Physical Properties Data for Tuffs From the Unsaturated Zone at Yucca 

Mountain, Nevada," SAND88-081 1, Sandia National Laboratories, Albuquerque, NM.
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TABLE 1. GRAIN DENSITY AND POROSITY 

Grain Density (g/cm 3) Porosity 

Thermal/Mechanical Mean Standard Mean Standard 

Unit Value Deviation na Value Deviation n 

TCw 2.50 0.036 36 0.107 0.051 30 

PTn 2.39b 0.076b 12b 0.420b 0.114b 8b 

TSwl C C C d d d 

TSw2 2.55 0.032 100 0.121 0.036 94 

TSw3 2.40 0.051 18 ° 

CHnlv 2.32 0.047 21 I 

Chn2v 2.48 0.056 3 0.281 0.177 2 

CHnlz 9 9 9 h h 

CHn2z i i 1 0.216 0.018 3 

a The number of samples is indicated by the letter "n" or by the number in parentheses.  

b Data from USW G-2 are not included because of the lithologic variability in the unit in this drillhole.  

r Grain density varies with spatial location. The results are as follows: 

"* UE-25a#1, USW GU-3, USW G-4: 2.54 + 0.038 (52) and 
"* USW G-2: 2.47 + 0.043 (5).  

d Porosity varies with spatial location. The results are as follows: 

"* UE-25a#1, USW G-4: 0.144 + 0.034 (30), 
"• USW G-2: 0.059 + 0.027 (5), and 
"* USWGU-3: 0.170±0.034 (19).  

Porosity varies with spatial location. The results are as follows: 
"* UE-25a#1: 0.116 + 0.036 (4) and 
"* USW G-1, USW G-2, USW GU-3: 0.032 + 0.014 (10).  

Porosity varies with spatial location. The results are as follows: 
"* USW G-1, USW GU-3: 0.345 ± 0.092 (15) and 
"* USW G-4: 0.146 + 0.032 (2).  

Grain density varies with spatial location. The results are as follows: 
* UE-25a#1, USW G-4: 2.35 ± 0.076 (42) and 
• USW G-1: 2.43 ± 0.034 (6).  

Porosity varies with spatial location. The results are as follows: 
"• UE-25a#1, USW G-4: 0.324 + 0.037 (38) and 
"• USW G-1: 0.356 + 0.020 (6).  

Grain density varies with spatial location. The results are as follows: 
"* UE-25a#1, USW G-4: 2.39 ± 0.087 (4) and 
"* USW G-1: 2.62 (1).
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TABLE 2. IN SITU BULK DENSITY 

Bulk Density (g/cm 3)

Thermal/Mechanical 
Unit

TCw 

PTn 

TSwl 

TSw2 

TSw3 

CHnlv 

CHn2v 

CHnlz 

CHn2z

In Situ Saturation 

Mean Standard 
Value Deviation

2.200 

1.642 

2.146 

2.297 
a 

b 

2.036 

1.886 

2.070

0.171 

0.217 

0.161 

0.088

b

0.283 
0.062 

0.074

Dry 

Mean Standard 
Value Deviation

2.132 
1.386 

2.053 

2.219 

a

b

1.783 
1.577 

1.874

0.185 
0.276 

0.162 

0.104 

a 

b 

0.441 

0.081 

0.081

a Porosity varies with spatial location. The results are as follows:

UE-25a#1 
USW G-1, USW G-2, USW GU-3

In Situ Saturation 

2.197 + 0.081 
2.344 + 0.055

b Porosity varies with spatial location. The results are as follows:

USW G-1, USW GU-3 
USW G-4

In Situ Saturation 

1.830 + 0.136 
2.113 ± 0.061

Dry 

2.122 + 0.097 

2.323 + 0.060 

Dry 

1.520 + 0.216 
1.981 + 0.084

YUCCA MOUNTAIN PROJECT 
REFERENCE INFORMATION BASE

Unit
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Description and Methodology 

Information in Tables 1 and 2 have been updated in this revision to reflect the changes in the published 

versions of Nimick (1990 a and b).  

Thermal conductivity was measured in samples from several drillholes and thermal/mechanical 

stratigraphic units at Yucca Mountain. The transient-line-source technique was used for these 

measurements. An electric current was applied to an axial heater within a thick-walled cylindrical sample, 

and the temperature/time response was monitored. Measurements of this type were made at different 

temperatures for each sample. An empirical model was then used to analyze thermal conductivity data.  

Complete descriptions of the analysis and parameters are provided in two reports by Nimick (1990, a and 

b).  

Matrix (i.e., zero porosity) thermal conductivities (Kj) were calculated from the measured values using the 

following equation: 

Ko = [2(K)? - KK. (34)- 1)]/[K (2 -3D) + K.], (1) 

where K is the measured thermal conductivity, K. is the thermal conductivity of water at the temperature of 

measurement, and 4) is the total porosity expressed as a volume fraction.  

Values of rock mass thermal conductivity (Kj.) are based on a random mixture of two phases, solid and 

fluid, and are estimated using the following equation: 

K,. = (1/4) 1[3(l - 4,) - 1 ] K0 + (31ý -1) K, ± [{[3(l - 1) 1] Ko + (34ý- 1) IK}2 + 8K K] ,,(2 

where K, is the thermal conductivity of the fluid phase at the temperature of interest. If the sample is 

saturated, K, is equal to K.. If saturation is incomplete, the fluid phase is treated as a random mixture of 

air and water, and the thermal conductivity of the fluid phase is defined by the following equation: 

Kf = (1/4) J[3(1 - s) - 11 K. + (3s - 1) K. ±_ [I [3(l - s) -1 ] K, + (3s - 1) K,,}= + 8K, K,]"'2}. (3) 

In Equation (3), s is the saturation expressed as a volume fraction and K, is the thermal conductivity of air 

at the temperature of interest. For the calculations presented here, the in situ saturation values of 

Montazer and Wilson (1984) were used.  

Table 1 presents matrix thermal conductivities, K0, calculated for thermal/mechanical units above and 

including CHn2. Estimated rock-mass thermal conductivities, K,,, are given in Table 2. The conductivity 

values in Table 2 have been estimated assuming that initial in situ saturation values do not change during 

heating until a nominal boiling temperature of 95°C is reached, and that all pore water leaves the rock 

when the rock temperature is greater than 95 0 C. For other saturation histories, rock-mass thermal 

conductivity can be estimated using Equations (2) and (3), the matriA thermal conductivities from Table 1, 

and appropriate porosity data. Tabulated values shown in Tables 1 and 2 have been updated in Revision 1 

of this Item.
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The rock-mass thermal conductivities as calculated by Equation 2 are for nonlithophysal, unfractured 

material. Nimick (1990, a and b) demonstrated that the fracture porosity has a negligible effect on the 

thermal conductivity of a homogeneous fractured rock-mass (assuming that thermal conductivity does not 

occur across a single air-filled fracture). However, lithophysal cavities do contribute to the rock-mass 

thermal conductivities of thermal/mechanical units TSwl and TSw2 (and by inference, TCw). In these 

cases, Equation 2 was used with the following conditions: (1) Ko is defined as the thermal conductivity of 

the relevant nonlithophysal rock-mass, (2) K. is defined as equal to K., and (3) 4 is defined as equal to the 

lithophysal cavity abundance for the relevant unit. The data for cavity abundances are taken from Nimick 

and Schwartz (1987).  

Quality Assurance Information 

Satisfaction of 10 CFR 60, Subpart G, requirements has not been demonstrated for the information 

presented here. All thermal conductivity and porosity data included in the analysis are supported by 

documentation in the Data Records Management System at Sandia National Laboratories. Data for 

thermal/mechanical units above and including CHn2 were analyzed under WBS Element 1.2.4.2.1.3S as 

part of Task B.2 as a Quality Assurance Level III activity. Results of the analysis are summarized in the 

reports by Nimick (1990, a and b). The data subjected to analysis are presented in Nimick (1989).  

Sources 

Montazer, P., and W. E. Wilson, 1984. "Conceptual Hydrologic Model of Flow in the Unsaturated Zone, 

Yucca Mountain, Nevada," USGS-WRIR-84-4345, U. S. Geological Survey, Lakewood, CO (YMP CRF 

Accession Number. NNA.890327.005).  

Nimick, F. B., 1989. "Thermal-Conductivity Data for Tuffs from the Unsaturated Zone at Yucca Mountain, 

Nevada," SAND88-0624, Sandia National Laboratories, Albuquerque, NM (YMP CRF Accession Number 

NNA.890515.0133).  

Nimick, F. B., 1990a. "The Thermal Conductivity of Seven Thermal/Mechanical Units at Yucca Mountain, 

Nevada," SAND88-1387, Sandia National Laboratories, Albuquerque, NM (YMP CRF Accession Number 

NNA.891213.0201).  

Nimick, F. B., 1990b. "The Thermal Conductivity of the Topopah Spring Member at Yucca Mountain, 

Nevada," SAND86-0090, Sandia National Laboratories, Albuquerque, NM (YMP CRF Accession Number: 

NNA.890516.0183).  

Nimick F. B., and B. M. Schwartz, 1987. "Bulk, Thermal, and Mechanical Properties of the Topopah Spring 

Member of the Paintbrush Tuff, Yucca Mountain, Nevada," SAND85-0762, Sandia National Laboratories, 

Albuquerque, NM (YMP CRF Accession Number SRX.871014.6257).
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TABLE 1. ESTIMATED MATRIX THERMAL CONDUCTIVITES (Ko

Matrix Thermal Conductivity (W/m -K)

Mean Value 

2.20

2.20 

2.51 

1.32 

1.66 

>1.669 

1.85 

2.13

Standard Deviationb 

0.21

2 
8 

23 

3 

4

0.21 

0.17 

0.10 

0.10 

0.43 

0.16

7 
1

Values from Nimick (1990a), except as indicated.  
Values for standard deviation are calculated as described in Nimick (1990a), Appendix A.  

n = number of samples.  
The value for unit TCw is assumed to be the same as the value for unit TSwl.  

Matrix thermal conductivity of unit PTn is temperature dependent, and can be estimated by 

K0 = 1/(0.5414 - 3.38 x 10-'4), where T is absolute temperature ('K).  
Values from Nimick (1990b).  
The value for unit CHnlv is assumed to be a lower bound value for unit CHn2v.  

The data given here are for the repository area and are based on samples from drillholes USW G-1 and 

USW G-4. Values for USW G-2 are higher [see Nimick (1990a) for discussion].
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TABLE 2. ESTIMATED ROCK MASS THERMAL CONDUCTIVITIES (K•,)"

In Situ Saturatic

Rock Mass Thermal Conductivity (W/m 0 K) 

n Dry

Thermal/ 
Mechanical 
Unit 

TCwb 

Lithophysae poor 

Lithophysae rich

Mean Standard 
Value Deviation

1.73 

1.59

0.26 

0.21

Mean Standard 
Value Deviation

1.64 
1.51

0.26 
0.21

PTn 

Welded, devitrified 1.60 0.11 1.55 0.06 

Nonwelded or bedded 0.85 0.12 0.61 0.33 

TSw 1 l 

Uthophysae poor 1.7 0.3 1.6 0.3 

Lithophysae rich 1.6 0.2 1.5 0.2 

TSw2c 2.1 0.2 2.1 0.2 

TSw3 1.28 0.10 1.26 0.10 

CHnlv 1.20 0.12 0.84 0.21 

CHn2vd >1.20 0.12 >0.84 0.21 

CHnlz' 1.28 0.23 --0.561 

CHn2z 1.56 0.14 50.56

a Values from Nimick (1990a), Table 29, except as indicated.  

b These values are assumed to be the same as the values for unit TSwl.  

c Values from Nimick (1 990b), Table 7.  
d The values given are bounding values; these values should be used for the unit until additional data are 

obtained.  
9 Data for samples from USW G-1 and USW G-4 used for unit CHnlz; data from USW G-2 resulted in 

lower values.  
f Values for K., and therefore calculated values for Krm, could only be bounded for high temperatures.
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Keyword: rock linear thermal expansion coefficient 

Description and Methodology 

Measurements of linear thermal expansion have been made on samples from several drillholes and 

thermal/mechanical stratigraphic units at Yucca Mountain. Tables 1 and 2 present the coefficients of linear 

thermal expansion, which are the tabulated results of a statistical analysis of thermal expansion data 

generated for the Yucca Mountain Project (Rutherford and Nimick, in preparation). Table 1 presents 

coefficients of linear thermal expansion during heating; these coefficients should be used for calculations 

that do not involve very near-field regions. Table 2 presents coefficients of linear thermal expansion 

during heating for calculations involving very near-field regions. Table 2 coefficients apply only to welded, 

devitrified tuffs that are close to or at a free surface and are in an initial stress state that is essentially 

unconfined. Both tables give the mean coefficients of linear thermal expansion, Z; the standard deviation 

of the sample group, s; and the number of samples analyzed, n. These coefficients should not be used for 

calculations of displacements or stresses during cooling; thermal expansion behavior is hysteretic and 

depends on the maximum temperature reached by the material. Existing experimental results are not 

suited for determination of coefficients of thermal expansion for cooling material.  

Each sample that was tested for linear thermal expansion was heated to a maximum temperature and then 

allowed to cool (Rutherford, 1988). The length of each specimen was measured before it was heated and 

throughout the heating and cooling cycle. Average expansion (or contraction) rates were calculated for 

several temperature ranges during each heating and cooling cycle. Coefficients of linear thermal 

expansion, z, are assumed to be identical for both intact rock and the rock mass and are calculated as 

follows: 

n 
&=(1/n) Z [(AL,/L)/AT,] 

i=1 

The value for AL,/L is the incremental change in length, AL,, divided by the original specimen length, L.  

The quantity AT, is defined as the temperature range of the measurement.  

Quality Assurance Information 

All data included in the analysis are supported by documentation in the Data Records Management 

System at Sandia National Laboratories (SNL). Data for the thermal/mechanical units above and including 

CHnlz have been analyzed. Results of the statistical analysis were originally submitted as an internal SNL 

memorandum (Rutherford, 1988); the results have been formalized in a report by Rutherford and Nimick 
(in preparation). The data used in the analysis are summarized in a report by Schwartz (in preparation).  

The statistical analysis was performed under WBS Element 1.2.4.2.1.3S as a Quality Assurance Level II 

activity. Data used to derive the coefficients of thermal expansion were collected, analyzed, and 

interpreted under procedures for which satisfaction of the requirements of 10CFR60, Subpart G has not 
been demonstrated.
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TABLE 1. COEFFICIENTS OF LINEAR THERMAL EXPANSION 
DURING HEATING (10-8/°C)a

Temperature Range (0C) 
500100a 0u-~

500-100° 
n zz s n

1000-1500 
M S n a s n & s n

No data 

No data 

6.4 NAB 1 

9.1 1.3 9 

13.3 NA 1 

5.9 3.6 2 

9.6 2.1 5

No data 

No data 

6.1 NA 1 

8.2 0.8 9 

10.6 NA 1 

2.9 0.6 2

No data 

No data 

No data 

6.8 0.5 4 

8.0 NA 1 

-1.1 NA 1

9.3 2.8 2 -15.7 8.1 2

No data 
No data 

No data 

9.7 NA 1 

No data 

No data 

No data

a These linear thermal expansion coefficients should not be used for calculations that involve very near
field environments.  

b Coefficients for TCw may be approximated by those values calculated for TSwl.  
r Coefficients for PTn may be approximated by those values calculated for CHnlv.  
d Nonlithophysal material; data for lithophysal material are not available.  

e NA = not applicable.  

TABLE 2. VERY NEAR-FIELD COEFFICIENTS OF LINEAR THERMAL EXPANSION 

FOR UNIT TSw2 DURING HEATING (10-8/°C)* 

Temperature Range (°C) 

250-500 508-1000 1000-1500 1500-200° 2000-2500 250°-3000 
z s In & s n ? s n W s n a s n s s n

5.4 2.2 12 8.0 1.5 12 9.8 1.7 12 17.0 11.6 12 25.0 15.7 11 35.6 10.8 7

These coefficients of linear thermal expansion should be used for calculations involving very near-field 

environments. These data apply to welded, devitrified tuffs that are close to or at a free surface and are 
in an initial stress state that is essentially unconfined. Do not use these coefficients for the majority of 
the rock mass.
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Keywords: heat capacity, rock mass thermal capacitance 

Description and Methodology 

This revision of Item 1.2.4 presents updated and corrected information from Revision 0 of the same Item.  
These changes are necessary to bring the information presented in this Item into conformance with the 
source documents.  

Heat capacities have been estimated from bulk chemical analyses of 20 samples of the tuffaceous units at 
Yucca Mountain. The heat capacity of the solid portion of a sample (cv,,) is calculated from the heat 
capacities of the oxide components using the following equation: 

12 n 

c (' =(1/n) Z cP., ZX, = A + BT + CT 2 + DT2 + ET-/ 2 
+ FT- + GT-2. (1) 

i=1 j=1 

Equation (1) calculates the average value of c.., from multiple samples for each of three lithologies. X.,, 
represents the fraction of the ith oxide in the jtil sample, cp., is the heat capacity of the ill oxide, and n is the 
number of samples from a given lithology (12 devitrified samples, 3 vitric samples, and 5 zeolitic samples).  
The coefficients for the empirical relationship between cp,, and the absolute temperature (T) are defined as 
A = ZXA, B = DB,,.. ... and G = Z),G, and are given in Table 1 for each lithology.  

Values of the thermal capacitance for the rock mass [product of density (p) and heat capacity (cD)] are 
calculated using the following equation: 

(pcp),-, = p(" 4 0L)(1 4 M)C•P, + PH20 (14-L)$MSCDH20, (2) 

where p. is grain density, 4 L is lithophysal cavity abundance, 0M is matrix porosity, P, 20 is the density of 
water, s is natural state in situ saturation, cp,12o is the heat capacity of liquid water, and cp., is the heat 
capacity of the appropriate lithology for the thermal/mechanical unit of interest. The values of p,2o and 
c,., 2, at any given temperature have been determined by linear interpolation between the two textbook 
values that apply at the closest temperatures above and below the temperature of interest; tables of these 
data are provided in Nimick and Connolly (in preparation). Data for p, and 0M are taken from RIB Version 4, 
Revision 0 of Item 1.2.1. Data for OL and for s are taken from Nimick and Schwartz (1987) and from 
Montazer and Wilson (1984), respectively.  

Several other terms are relevant to the estimation of the thermal capacitance of the rock mass, (pc),.,. For 
devitrified units, transformations of tridymite and cristobalite are accounted for by adding a correction term 

to the (pcp),, values [as given by Equation (2)] at every degree within the relevant temperature range, as 
follows: 

&(Pcp)rm(trid) = 0.083543 Xp.(1-4M)( 1-•), (153"-172 aC), and (3) 

A(pcp),,(crist) = 1.1175127 XP(9p.1M)( 1 .L), (215 *234°C), (4) 

where X( and X, are average fractions of tridymite and cristobalite, respectively, in the unit of interest. Data 
for determining )X and X, are presented in Bish and Vaniman (1985) and Bish and Chipera (1986), and are 
discussed in Nimick and Connolly (in preparation).  

For zeolitic materials, the zeolites are assumed to lose 70% of their channel water between 95° and 
230 C; this loss is assumed to be linearly dependent on temperature.

YUCCA MOUNTAIN PROJECTSITE CHARACTERISTICS
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The boiling of pore water also is incorporated for every lithology by adding two correction factors to 

Equation (2). First, a portion of the enthalpy of boiling, AIHobO,, is added at every degree of temperature 

between 95° and 1140C, as follows: 

AHboi = PH2O(14L)0Ms(Hji/ 20), (5) 

where H,9 is the enthalpy of boiling at the temperature of interest. Values of H,, have been obtained in the 

same manner as described earlier for the density and heat capacity of water.  

Second, the saturation is assumed to decrease linearly from the initial value (so) to zero over a 20°C range 

beginning at 95 C, as follows: 

s = s'(20.3763- 0.0526T), (6) 

where T is the absolute temperature.  

Table 2 presents calculated values of (pc,),, for nine thermal/mechanical units at Yucca Mountain at 

various temperatures. The equations for (pcp),m are provided in Table 3. Figures 1 through 3 show the 

dependence of (pcp),m on temperature for the nine units. A complete description of the analysis process 

leading to recommended values of (pcp),r can be found in Nimick and Connolly (in preparation). Thermal 

capacitance is applicable only for the heating phase; the cooling process has not yet been evaluated.  

Far-field analysis of heat transfer may require a value of (pCP)rm for the material below Unit CHn2. A single 

value of 2.2 J/cm 3 K is recommended for this material. This value is the average of the nine entries in 

Table 2 for 25 C.  

Quality Assurance Information 

Satisfaction of 10 CFR 60, Subpart G, requirements has not been demonstrated for the information 

presented here. All bulk chemical data that are supported by documentation in the Data Records 

Management System at Sandia National Laboratories have been included in this analysis. Data for 

thermal/mechanical units above and including CHn2 have been analyzed; the data are summarized in 

Connolly and Nimick (1990). A description of the analysis process is provided in Nimick and Connolly (in 

preparation). The collection of bulk chemical data and the analysis performed to provide the 

recommended data for thermal capacitance were conducted as Quality Assurance Level III activities under 

WBS Element 1.2.4.2.1.3S.
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TABLE 1. TEMPERATURE COEFFICIENTS FOR HEAT CAPACITIES 
OF SOLID COMPONENTS OF THREE LITHOLOGIES' 

(Cp,' = A + BT + CTII2 + DT2 + ET-1/2 + FT-1 + GT-2) 

Lithology

Devitrified 

0.8586 

3.4954x0 0-' 

5.5807xl 0-3 

3.9099x1 0

-1.9925 

1.7945x1 0

-1.5786xl 0-=

Vitric 

1.1745 

1.8813x1 0-4 

3.4676xl 0-3 

9.2565x10-8 

-1.3223 

1.115x0 0-4 

-4.1386x1 0*4

Zeolitic 

1.0366 

2.7015x1 0-' 

6.9353xl 0-3 

4.8589x1 0

-3.8365 

2.23xl 0-' 

-1.4391x10*'

&Data from Nimick and Connolly (1990), equations 3, 6, and 7.  

TABLE 2. VALUES OF THERMAL CAPACITANCE, OF THE ROCK MASS 
AT SELECTED TEMPERATURES FOR NINE THERMAL/MECHANICAL UNITSb 

Thermal/Mechanical Unit

T(°C) TCw PTn 

25 1.9263 2.1164 

50 2.0183 2.2196 

94 2.1494 2.3498 

95 9.6274 30.3260 

105 9.3665 29.2767 

114 9.1306 28.3302 

115 1.9278 1.3695 

155 2.0272 1.4612 

195 2.1053 1.5358 

235 2.1802 1.5986 

275 2.2492 1.6529 

£ Units are J/cm3K.

TSwl 

1.9779 

2.0654 

2.1891 

12.6294 

12.2534 

11.9138 

1.8555 

1.9641 

2.0264 

2.0985 

2.1649

TSw2 

2.0324 

2.1280 

2.2638 

10.7683 

10.4690 

10.1984 

2.0065 

2.1114 

2.1912 

2.2692 

2.3410

TSw3 

1.8443 

2.0315 

2.2831 

4.5590 

4.5188 

4.4800 

2.2953 

2.4489 

2.5740 

2.6792 

2.7702

CHnlv 

2.4436 

2.5557 

2.6960 

36.6013 

35.3263 

34.1764 

1.5013 

1.6018 

1.6836 

1.7525 

1.8120

CHn2v 

2.4030 

2.5384 

2.7121 

30.3289 

29.3015 

28.3743 

1.7617 

1.8796 

1.9756 

2.0564 

2.1262

CHnlz 

2.6032 

2.6647 

2.7447 

36.6069 

35.3440 

34.2053 

2.7914 

2.7419 

2.6707 

1.5814 

1.6320

CHn2z 

2.4588 

2.5386 

2.6484 

25.6449 

24.8091 

24.0548 

3.3671 

3.3074 

3.2214 

1.9075 

1.9685

t Data from Nimick and Connolly (1990), Table 9.

Coefficient 

A 

B 

C 

D 
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F 

G
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TABLE 3. EQUATIONS FOR THERMAL CAPACITANCE OF ROCK MASS& 

Unit TCw 

25*-4OC:. 1.8306 +7.4523x10-T+ 1.1898xl102TI'2 + 8.3361x10-$T2.4.2481T"' 2 + 3.8259xlO4T-1 

- 3.3656x1 0'T-2 + .O7 l6 9 PN2OCpHm2o

950-114OC: 

1150-1 52C: 

153 -1 720 C: 

1730 .2140 C: 

2150 -234"C: 

2350-275*C:

1.8306 + 7.4523x1O04T + 1.1898x1O-2Tl/ 2 + 8.3361xl10$T 2 - 4.2481T-' 2 + 3.8259x10OAT'T 

- 3.3656x1 04T-2 + 0.071 69p H2OCp, N2O(20.3763 - 0.0526T) + 3.5845x1 0-3p H2oAHbo,, 

1.8306 + 7.4523x1 0-4T + 1.1 898x1 0-2T' 2 + 8.336lxl10T 2 - 4.2481T-112 + 3.8259x1 0-, T-1 

- 3.3656x1 0*4T-2 

1.8306 + 7.4523x1 0-T + 1.1 898x1 0-2T¶2 + 8.33611 0lO8T2 -4.2481T-112 + 3.8259x1 0-' T- I 

- 3.3656xl 0*4T-2 + 0.0049 

1.8306 + 7.4523x 0-4T + 1.1 898x 0-2T'12 + 8.3361 x1 O-T2 - 4.248 1T- 1 + 3.8259x100- T

- 3.3656x1 0*"T-2 

1.8-306 + 7.4523x1 0-4T + 1.1 898x10O-T" 2 + 8.3361 x1 0-T 2 - 4.2481 T-112 + 3.8259x1 0-4 T- I 

- 3.3656x1O*4T-2 + 0.5432 

1.8306 + 7.4523x 0-4T + 1.1I898x1 0-7V/2 + 8.3361x 0-6T2 -4.2481 T-112 + 3.8259x1 0- T

- 3.3656xl10"T-
2

I i
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TABLE 3. EQUATIONS FOR THERMAL CAPACITANCE OF ROCK MASS 

(continued) 

Unit PTn 

250-94"C: 1.6281 + 2.6079x10-4T + 4.8068x103T,12 + 1.2831x10-2 - 1.8330T-1/2 + 1.5456x10-"T 1 

-5.7369x1 0,T-2 + 0. 3 538p1 20c1.?2o

95°-114° C: 1.6281 + 2.6079x10-'T + 4.8068x1O"3T'/2 + 1.2831x10-7T2 - 1.8330T-1i/2 + 1.5456x10-'T-1 

- 5.7369x10"T"2
+ 0.3538pH2oCp.H20(20.3763 - 0.0526T) + 1.281X10" 2pM 2otAHo,,

115°-275°C: 1.6281 + 2.6079x10"T + 4.8068x1 0-T'12 
+ 1.2831x1 0-72 - l1.8330T"-/2 + 1.5456x1 0-'T- 1 

- 5.7369x104T-2
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TABLE 3. EQUATIONS FOR THERMAL CAPACITANCE OF ROCK MASS 

(continued) 

Unit TSwI 

251194*C: 1.7620 +7.1731xl104T+ 1.1452x10-zT¶12 +8.0237x10-6T2-4.0889T- 112 +3.6826x10-4T-1 

- 3.2395x1 0*4T? + 9.5596x1 0-2p120CpH20 

5~ "114 "C 1.7620 + 7.1 731 xi 0'IT + 1. 1 452x1 0-2T112 + 8.0237x10.8T2 - 4.0889T-1 12 + 3.6826x 1 04AT

- 3.2395x 0*4T-? + 9.5596x10-2p,2OcPM11o(20.3763 - 0.0526T) + 4.7798xl10IpM2oAHbO,, 

15*-152*C: 1.7620 + 7.1731x10-T + 1.1452x10-2T112 + 8.0237x10-OT2 - 4.0889T-12 + 3.6826x10-'T-1 

- 3.2395x 0*4T-2 

53*-172*C: 1.7620 + 7.1731x1O0-T + 1.1452-x10-2T,/2 + 8.0237x10-OT2 - 4.0889T-11 + 3.6826x10'4T-1 

- 3.2395x1 0"T-2 + 0.0177 

173*-214*C: 1.7620 + 7.1731x 0-4T + 1.1452x10-zT11 2 +4 8.0237x10'VT - 4.0889T- 11 1 + 3.6826x1O0-T-<' 

- 3.2395xl O-T-2 

? 5*-234*C: 1.7620 + 7.1 731x10-IT + 1 .1452-x1 -2T¶12 + B.0237x1 0-OT2 - 4.0889T-112 + 3.6826x1 0'T-' 

-3.2395x1 O+4T-2 + 0.2993 

?35*75*C: 1.7620 + 7.1 731x10-4T + 1 .1452-x1 0.2T,/2 + 8.0237x1 0-ST? - 4.0889T-112 + 3.6826x1 0-4T

- 3.2395x1 04T-2

26-JUL-90 7:33:00
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TABLE 3. EQUATIONS FOR THERMAL CAPACITANCE OF ROCK MASS 

(continued) 

Unit TSw2 

250-94OC 1.9053 +7.7564x10-4T +1.2384x10zTfl/+ 8.6762xlO-GT2 
-4.4214T-

112 +3.9821x 0-4T-1 

- 3.5O30xl0O+T-2 + 7.7864x1 0-2p,2Oc, x20

950.1 14*C: 

11 5 01520 C: 

1530.1720 C: 

173*-214*C: 

2150-234OC:

1.9053 + 7.7564x00-T + 1.2384x10-2T'12 + 8.6762xlo08T2 -4,4214T-1 /2 + 3.9821x1 0-IT-1 

- 3.503Ox1O04T-2 + 7.7864xl 0- 2p M2OCp H2O(20.3763 - 0.05261) + 3.8932x1O03p M1o0Hb,I,, 

1.9053 + 7.7564x1 0-4T + 1.2384x10-2T¶I2 + 8.6762x100-T2 - 4.4214T-112 + 3.9821x10'T'

- 3.5030x1 0*"T-2 

1.9053 + 7.7564xl 0-4T + 1.2384x 0-2T'/2 + 8.6762x1 0-T2 - 4.4214T- 112 + 3.9821 x1O0-T- I 

- 3.5030x10+4T-2 + 0.0066 

1.9053 + 7.756410'-T + 1.2384x00-T,12 + 8.6762100'8P - 4.4214T- 112 + 3.9821xl10'T' 

- 3.5030x1 0-4T-2 

1.9053 + 7.7564x10)-4T + 1.2384x10-2T112 + 8.6762010-6T2 - 4.4214T-1/2 + 3.982101&'T-1 

- 3.5030x1 0+4T-2 + 0.3539 

1.9053 + 7.7564x10'4T + 1.2384x10-2T,12 + 8.6762x10-OT2 - 4.4214T-1/2 + 3.9821x10-4T-1 

- 3.5030010"T-2

I
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TABLE 3. EQUATIONS FOR THERMAL CAPACITANCE OF ROCK MASS 

(continued) 

Unit TSw3 

25°-94°C: 2.7286 + 4.3706x10"T + 8.0559x1O-3T1 r + 2.1505x10"'r 2 - 3.0720T' 11 2 + 2.5904x10-4T

- 9.6148xl 0-T-2 + 2.08xl 0-
2
p 1 2 0 CPH 2 0

2.7286 + 4.3706x10-'T + 8.0559x10-3Tr•2 + 2.1505x10-IT2 - 3.0720T'112 + 2.5904x10-4T-1 

- 9.6148xl 0*4T-2 + 2.08xlO-2 po 20 Cp, 2O(2 0 .3 7 6 3 - 0.0526T) + 1.04xl 0-3p 120AHo,,

115°-275°C: 2.7286 + 4.3706x1O-'T + 8.0559x10"3T''2 + 2.1505x10-1T2 - 3.0720T'12 + 2.5904x10"'T

- 9.6148x10"T"2

95o.114oC:
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TABLE 3. EQUATIONS FOR THERMAL CAPACITANCE OF ROCK MASS 

(continued) 

Unit CHnlv 

25-4*Q: 1.7848 +2.8588x10'4T +5.2694xlO-3T'12 +1.4O66x10-rT- 2.0094T"12 +1.6944xl1'T-
1 

- 6.289Oxlo-T-2 + O.3 lOSPl 2 OCp.H20 

950.1 14*0C 1.7848 +2.8588xl10'T +5.2694x1O-3T¶/2 +1.4O66x107'T2 -2.0094T-h"
2 +1.6944x10'4T-1 

- 6.2890x1 0.4T-2 + 0.31 O5pH20cP M20( 2 0 . 3 7 6 3 - 0.0526T) + 1 .5525xl O-2PH 2oL.Hbo,I 

1150.2750 C: 1.7848 +2.8588x1 0-'T +5.2694x1 0-3T112 +1 .4066x1 Q-rT~2-2.0094ThI2 + 1 .6944x1 O"T-' 

- 6.2890x1 0-6 T-
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TABLE 3. EQUATIONS FOR THERMAL CAPACITANCE OF ROCK MASS 

(continued) 

Unit CHn2v 

25,-94°C: 2.0943 + 3.3546x10'-T + 6.1831x10T-3T'" + 1.6505xl0-p'- 2.3578T 112 + 1.9882x10 4-T'

- 7.3796x10*4T-2 + 0. 2 5 2 9pM20CP,H2o

950-1140C: 2.0943 + 3.3546x1 0-'T + 6.1831x1 0-3T'1/2 + 1.6505xl 0-T2 - 2.3578T-1/2 + 1.9882x1 0-'T

.7.3796x10-,T-2 + 0.2529pH2oCp,H2O(20. 3 7 6 3 - 0.0526T) + 1.2645xl102pH 20AHbo,I

115°-275°C: 2.0943 + 3.3546x104T + 6.1831x10-3T1I2 + 1.6505x10'-T2 " 2.3578T-112 + 1.9882x10-'T-' 

- 7.3796x10*4T-2
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TABLE 3. EQUATIONS FOR THERMAL CAPACITANCE OF ROCK MASS 

(continued) 

Unit CHnlz 

25"-94°C: 1.6440 + 4.2844x10'T + 1.0999x10-rT" 2 + 7.7058x1O-OT 2 - 6.0844T 112 + 3.5366xl10"T' 

-2.2823x10*4T"2 + 0.2 9 8 5pM20Cp,H2O

95-1 140C: 

115*-230°C: 

231 °-275°C:

1.6440 - 0.2390(-2.7270 + 7.4074xl 0-3T) + 4.2844xl 0-"T + 1.0999x1 0"2T11 + 7.7058xl 08-T2 

"+ (-6.0844 + 1.1079(-2.7270 + 7.4074x10-3T))T-1/2 + 3.5366x10-'T"1 - 2.2823xl0"4T-2 

"+ 0.2985pM2oCP.H20(20.3763 -0.0526T) + (1.4924x1 O"P H20 + 0.00056)AHbO,, 

1.6440 - 0.2390(-2.7270 + 7.4074xl 0- 3T) + 4.2844x1 0-'T + 1.0999xl 0"2Tl2 + 7.7058xl 0-T 2 

+ (-6.0844 + 1.1079(-2.7270 + 7.4074x10"3T))T-h12 + 3.5366xl0-'T' 1 - 2.2823x10 4T'2 + 

0.00056t•bH, i 

1.4050 + 4.2844x 0-'T + 1.0999x 0-2T"1/2 + 7.7058x10T2 - 4.9764 T-112 + 3.5366xl 0-T-1 

- 2.2823x1 0-T 2

I

26*J•J;-9o 7-13 t0
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TABLE 3. EQUATIONS FOR THERMAL CAPACITANCE OF ROCK MASS 

(concluded) 

Unit CHn2z 

25*-94°C; 1.9830 + 5.1679x10-'T + 1.3267x10-T 1' 2 + 9.2949x10"-T2 - 7.3391T" 2 + 4.2659x10-'T-1 

- 2.7529x1 0"T-2 + 0.19 6 6PH2oCp,M20

95°-114°C: 

1150-2300C: 

231 °-275*°C:

1.9830 - 0.2883(-2.7270 + 7.4074x1 0-3T) + 5.1679x1 0-'T + 1.3267x1 0-2T 1f2 

+ 9.2949x10-sT2 + (.7.3391 + 1.3364(-2.7270 + 7.4074x10-3T))T-,/ 2 + 4.2659x10-'T-h 

- 2.7529x10*'T- 2 + 0.1966pM2OCp,120(20.3763 - 0.C526T) 

+ (9.828x10-3pH 20 + 6.755xl0-4 )AHbO,, 

1.98-30 - 0.2883(-2.7270 + 7.4074x10-3T) + 5.1679xl 0-'T + 1.3267xl 0-2T112 

+ 9.2949x10-8T2 + (-7.3391 + 1.3364(-2.7270 + 7.4074x10"3T))T"1/2 + 4.2659x10'-T'

-2.7529x10*4T-2 + 6.755x10- OHboI 

1.6391 + 5.1679x1 04T + 1.3267x1 0-2T,/ 2 + 9.2949x1 0-8T 2 - 6.0027T-112 + 4.2659x1 0-'T-' 

- 2.7529x1 0*4T-2

Data from Nimick and Connolly (1990), Appendix A.
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TEM 

INTACT ROCK MECHANICAL PROPERTIES

Keywords: angle of internal friction, cohesion, Coulomb parameters, Poisson's ratio, unconfined 

compressive strength, Young's modulus 

Description and Methodology 

Measurements of the stress/strain response to axial loads have been made on samples from several 

drillholes and thermal/mechanical stratigraphic units at Yucca Mountain. Each sample was tested in 

unconfined compression; axial strain was increased at a constant rate of approximately 10-5 s-1. All 

samples were cylindrical with diameters of 2.54 cm and length to diameter ratios of 2:1. The tests were 

conducted at ambient pressure and temperature in a nominally fully saturated state. By monitoring axial 

stress, axial strain, and lateral strain, the following three mechanical properties were obtained from the test 

results: 

Young's modulus: E = c./c,, (1) 

Poisson's ratio: v = -Jc.,, and (2) 

unconfined compressive 
strength: (*a)u, (3) 

where a; is axial stress, (a,), is the axial stress at failure (given in MPa), or the ultimate axial stress, c, is 

axial strain, C, is lateral strain, and E is expressed in units of GPa. The reference unconfined compressive 

strengths, Young's moduli, and Poisson's ratios, as presented in Table 1, are the tabulated results of a 

statistical analysis of mechanical property data generated for the Yucca Mountain Project (Price, 1985; 

Rutherford et al., in preparation).  

Experimental results were insufficient to directly obtain the failure parameters (cohesion and angle of 

internal friction). In order to estimate these two parameters for intact rock, the following two empirical 

relationships have been used: 

angle of internal friction: 0 = sin-, {0.079n_10 /(2+0.079n -1.86)1 and (4) 

cohesion: -ro = 51.14 tan 0, (5) 

where 6 is expressed in degrees, r., is expressed in MPa, and n is the functional porosity (the sum of void 

space and clay content). Discussion of these two equations and of the sources of data on clay content, Xc, 

is presented by Rutherford et al. (in preparation). Matrix porosity (0M) data are taken from RIB Version 4, 

Revision 0 of Item 1.2.1. Data on the abundance of lithophysal cavities (0L) are taken from Nimick and 

Schwartz (1987). Note that n = 4L + (1 - L)(X +DM) 

Table 2 presents the estimated values for cohesion and for the angle of internal friction. No data are given 

for Unit TSw3 because Equations 4 and 5 are not valid for this unit (see Rutherford et al. (in preparation) for 

discussion].

26-JUL-90 5:30:00
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Quality Assurance Information 

Satisfaction of 10 CFR 60, Subpart G, requirements has not been demonstrated for the information 

presented here. All data supported by documentation in Sandia National Laboratories' Data Records 

Management System have been included in the analysis; data for the thermal/mechanical units above and 

including CHnlz have been analyzed. Results of the statistical analysis were originally submitted as an 

internal memorandum (Rutherford, 1988); the results have been formalized in a report by Rutherford et al.  

(in preparation). The data subjected to analysis are summarized in Price (in preparation). The statistical 

analysis was performed under WBS Element 1.2.4.2.1.3S as a Quality Assurance Level II activity.  

Sources 

Nimick, F. B., and B. M. Schwartz, 1987. "Bulk, Thermal, and Mechanical Properties of the Topopah Spring 

Member of the Paintbrush Tuff, Yucca Mountain, Nevada," SAND85-0765, Sandia National Laboratories, 

Albuquerque, NM (YMP CRF Accession Number SRX.871014.6257).  

Price, R. H., (in preparation). "Mechanical Property Data From Compression Experiments on Samples of 

Tuff From the Unsaturated Zone at Yucca Mountain, Nevada," SAND88-1361, Sandia National Laboratories, 

Albuquerque, NM.  

Price, R. H., F. B. Nimick, J. R. Connolly, K Keil, B. M. Schwartz, and S. J. Spence, 1985. "Preliminary 

Characterization of the Petrologic, Bulk, and Mechanical Properties of a Lithophysal Zone Within the 

Topopah Spring Member of the Paintbrush Tuff," SAND84-0860, Sandia National Laboratories, 

Albuquerque, NM (YMP CRF Accession Number. NNA.870406.0156).  

Rutherford, B. M., June 29, 1988. "Statistical Analysis of Yucca Mountain Mechanical Properties Data," 

memorandum to F. B. Nimick, Sandia National Laboratories, Albuquerque, NM.  

Rutherford, B. M., F. B. Nimick, and R. H. Price, (in preparation). "Results of Statistical Analysis of 

Mechanical Properties Data from Unconfined Compression Tests on Samples of Tuff from Yucca Mountain, 

Nevada," SAND88-2822, Sandia National Laboratories, Albuquerque, NM.  

SNL (Sandia National Laboratories), (in preparation). "Yucca Mountain Project Reference Information Base 

Change Request (RIBCR) 38," Albuquerque, NM.

26-JUL-00 5:30:00
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TABLE 1. MECHANICAL PROPERTIES OF INTACT ROCK,

Thermal/ 
Mechanical 

Unit

Unconfined 
Compressive 

Strength 
(MPa)b

TCw 

PTn 

TSwl (lithophysae-rich)g 

TSwl (lithophysae-poor) 

Well USW G-2 

Well USW GU-3 

TSw2

No Data' 

No Data' 

16.2 + 5.0 (10)

175 + 26 (5) 

69 + 5 (2) 

155 + 59 (21)

No Data@ 

No Data' 

15.5 _+ 3.2 (10) 

19.9 + 3.0 (2)

No Datae 

No Data'

0.16 + 0.03 

0.17 + 0.04

32.7 + 4.6 (10)

Wells USW G-1, USW GU-3 

Well USW G-4 

TSw3 

Well USW G-2 

Well USW G-4 

CHnlv 

CHnlz 

Wells USW G-1, USW G-2 

Wells USW G-4

No Data'

52 + 22 (2) 

75 + NAh (1) 

90 ± NAh (1)

26

15.8 + NAh (1) 

6.0 + 1.8 (11)

0.22 + 0.03 

0.30 + 0.05 

No Data'

0.17 + NAh 

0.23 + 0.05

+ 8 (13)

14 + 4 (2)

a Data from four wells, USW G-2, USW G-4, USW GU-3, and USW G-1, were used to generate the values 
reported as mean + one standard deviation. Data from the different wells were analyzed together if 
statistically similar. However, because of spatial variability of the bulk properties, some values differ from 
well to well; these differences are noted. The number in parentheses refers to the number of samples.  

b Data from Rutherford (1988), Figure 4, except as noted.  
c Data from Rutherford (1988), Figure 2, except as noted.  
d Data from Rutherford ý1988), Figure 3, except as noted.  
s If data are necessary, use those listed for TSw1 (SNL, in preparation).  
SIf data are necessary, use those listed for CHnlv (SNL, in preparation).  
g Data from Price et al. (1985).  
" NA = not applicable.

26-JUL-00 $:30:00

Young's 
Modulus 
(GPa)c

Poisson's 
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(2)
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(3)
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TABLE 2. COULOMB PARAMETERS OF INTACT ROCKa

Cohesion 
(MPa)

Angle of 
Internal Friction

UE-25a#1 ,USW G-4, USW GU-3 

USW GU-3 
UE-25a#1, USW G-2, USW G-4 

USW G-4, UE-25a#1 
USW G-2 
USW GU-3 

USW G-2 
UE-25a#1, USW G-4, USW GU-3 

USW G-1, USW GU-3 
USW G-4 

USW G-4, UE-25a#1 
USW G-1

34.2 ± 19.4 

6.7 + 3.1 
4.9 + 2.7 

26.1 + 10.6 
31.0 + 15.7 
22.3 + 8.2 

18.3 + 5.2 

37.8 + 12.4 

No Datab 

11.5 + 4.6 
35.8 ± 9.3 

11.6 + 2.5 
10.1 + 1.6

33.80 + 15.00 

7.50 + 3.40 
5.40 + 3.00

27.00 + 
31.20 + 
23.6 * +

9.50 
12.90 
7.80

19.70 + 5.20 
36.50 + 9.0° 

No Datab 

12.60 4.90 
35.0Q + 7.00 

12.7* + 2.70 
11.20 + 1.70

a Data from SNL (in preparation). Values are reported as mean + standard deviation. Because spatial 
variability in the bulk properties is often evident, only data from wells that are statistically similar to each 
other are grouped and analyzed together.  

b If data are necessary, use those listed for CHnlv at drillholes USW G-1 and USW GU-3.

26-JUL-90 5:30:00

Thermal/ 
Mechanical 

Unit
Location 

(Well)

TCw 

PTn 

TSwl 

TSw2 

TSw3 

CHnlv 

CHn1z
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Keywords: rock mass failure criterion, rock mass rating, rock mass strength, unconfined compressive 
strength 

Description and Methodology 

Ehgartner (1987) developed an empirical rock mass failure criterion for TSw2 tuff in the Yucca Mountain 
region. The performance of the rock mass in TSw2 is considered more important than the performance of 
rock mass in the other units because the proposed repository site will be located entirely in this 
thermal/mechanical unit; only the ramps and shafts will penetrate other units.  

The criterion for the rock mass strength is used to predict the stability of the rock mass surrounding an 
excavation. The criterion, along with the predicted stress states of the rock mass, can be used to predict 
failure or overstressing as a result of compression or crushing, but it cannot be used to predict failure 
resulting from slippage or shearing along a dominant joint.  

Rock mass compressive strength is defined as the strength of a representative volume of intact and 
jointed rock matrix material. Estimates of the rock mass strength are based on the behavior of intact rock, 
the knowledge of joint characteristics, and the presence of applied stress or confinement. The rock mass 
strength criterion is a nonlinear empirical equation that shows the relationship between the rock mass 
strength and the confining stress. The equation is valid over the region of confinement between 0 MPa 
and 25 MPa. The rock mass strength under unconfined conditions can be found by setting the confining 
stress to zero (a 3 = 0).  

There are four published and accepted empirical relationships that are used to estimate the rock mass 
strength. These relationships depend upon various rock characteristics, field observations, and confined 
and unconfined compression tests, but all are a function of the rock mass rating (RMR). The RMR for the 
TSw2 unit was assigned a value of 61. A complete description of the analysis is given in the Problem 
Definition Memo (1987). From the results obtained from the empirical relationships, Ehgartner statistically 
determined the best-fitting curve. A simplified version of this curve is Ehgartner's recommended criterion 
for rock mass strength.  

Quality Assurance Information 

The data analysis and interpretation were conducted as a Quality Assurance Level III activity under WBS 
Element 1.2.4.6.2S. The data were collected, analyzed, and interpreted under procedures for which 
satisfaction of the requirements of 1OCFR60, Subpart G has not been demonstrated.  

Sources 

Ehgartner, B., September 24, 1987. "Empirical Rock Mass Strength Criteria," memorandum to distribution, 
Sandia National Laboratories, Albuquerque, NM.  

NNWSI Problem Definition Memo (PDM), August 31, 1987. "Empirical Analyses of Rock Mass Strength," 
NNWSI Analysis No. 75-07, Sandia National Laboratories, Albuquerque, NM.
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Rock Mass Strength Criterion 
for TSw2

(ou1),, = 16.0 + 10.2o.3,
0

-
802 0 <a 3 <25 MPa

(o1)uh = ultimate principal stress at rock mass failure (MPa)* 

a3 = confining stress (MPa) 

Rock Mass Rating: 61 

Unconfined Compressive Strength: 16.0 MPa 

* Equivalent to strength of rock mass (MPa).
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GEM EE 
GEOTHERMAL TEMPERATURES

Keywords: geothermal gradient, geothermal temperature, heat flow 

Description and Methodology 

This revision of Item 1.2.7 incorporates editorial modifications that have been suggested by the USGS.  

Figure 1 is a temperature-versus-depth profile recorded June 1984 in USW G-4. It is adapted from Sass et 

al. (1988), Figure 1-12, which presents four similar temperature logs recorded March 1983, October 1983, 

March 1984, and June 1984. USW G-4 is located near one proposed site of the Exploratory Shaft Facility 

(ESF).  

In general, the temperature data suggest that the thermal regimes of both the saturated and unsaturated 

zones near Yucca Mountain are strongly influenced by a complex hydrologic regime in the saturated tufts 

and in the underlying Paleozoic carbonate rocks. In the unsaturated zone of USW G-4 (depth <541 m), the 

temperature gradient is about 18°C/km between the depths of 150 and 400 m. Below 400 m there is an 

abrupt increase in geothermal gradient to about 30°C/km. The approximately linear segments of the 

temperature profile, both with similar values of calculated heat flow (about 34 mW/m 2), are evidence for 

primarily conductive heat flow, suggesting that the observed temperature profile closely represents the in 

situ geothermal profile within the unsaturated zone of USW G-4 (Sass et al., 1988).  

The temperature profile in the saturated zone (depth >541 m) is nonlinear, indicating that water movement 

within the tuffs and/or within USW G-4 influences the temperatures measured. Sass et al. (1988) 

estimated an upward seepage velocity of about 0.1 m/yr from the curvature of the temperature profile in 

the saturated zone.  

Temperature measurements were made in USW G-4 at regular discrete depths according to the technique 

described by Sass et al. (1971). The temperature measurement system consists of a cable, a thermistor 

probe, and a resistance-measuring system. The thermistor probe, which has a time constant of 

approximately 2 sec in still water, also contains a component that measures the depth of the probe with a 

level of accuracy of better than 0.2% of depth. Resistance of the thermistor probe is measured with a 

digital multimeter that is calibrated and traceable to standards specified by the National Institute of 

Technology and Standards (SNL, 1989).  

Ouality Assurance Information 

Satisfaction of 10 CFR 60, Subpart G, requirements has not been demonstrated for the information 

presented here. Borehole temperature data presented by Sass et al. (1988) were collected and 

interpreted as an activity for WBS Element 1.2.3.2.2.4G.
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Sources 

Sass, J. H., A. H. Lachenbruch, R. J. Munroe, G. W. Greene, and T. H. Moses, Jr., 1971. "Heat Flow in the 
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Description and Methodology 

Preliminary field investigations, including boring and test pits, have been performed around the area 

considered for the central surface facilities of the prospective Yucca Mountain repository. The results of 

these investigations are presented by Ho et al. (1986). Most of the major surface facilities for the repository 

will be located on alluvial soil of varying depths. Surface facilities located at the shafts will be founded on 

soil or rock. In general, the top 1- to 2-ft (0.3- to 0.6-m) layer is a loose, fine-grained sandy soil overlying 

approximately 6 ft (2 m) of material, which is partly to wholly cemented with caliche (calcium carbonate).  

Below the caliche layer is a 35- to 150-ft (11- to 50-m) thickness of alluvial material that is very dense, 

gravelly sand. This alluvium overlies the ashflow tuff bedrock.  

Field investigations were conducted during May and June 1984. The subsurface exploratory program 

consisted of excavating and logging one test pit at each of four potential sites to obtain a representative 

sample of local soil, obtaining bulk samples for laboratory testing, and performing field density testing. See 

Figure 1 for a geologic description for one of the test pits. Each of the four test pits had a maximum depth of 

13 ft (4 m). Using American Society for Testing and Materials (ASTM) standard sand cone and nuclear 

methods, investigators performed in situ density tests at selected depths in the test pits.  

Tables 1 and 2 present summaries of the physical and engineering (mechanical) properties of surface 

material from test pit SFS-3. Figures 2 and 3 demonstrate compaction and gradation curves for the same 

test pit. These summaries are based on the results of field investigations from test pit SFS-3 because of its 

proximity to the central surface facilities. Soil conditions at SFS-3 are similar to the conditions found at the 

other three test pits. Ho et al. (1986) describes the results of the other test pits.  

The physical properties of soil given in Table 1 are values originally presented by Ho et al. (1986).  

Preliminary engineering properties (Table 2) from the same report are based on index property tests 

performed on samples of the underlying cemented and uncemented surface materials. The index 

properties used to estimate these parameters include grain size, in situ density, moisture content, specific 

gravity, and absorption. The gravel/sand mixtures contain small traces of silt (2 to 7%) and occasional 

boulders (12 to 24 in. in size). The particles are subrounded to subangular in shape. In situ density tests 

were performed on deposits less than 2 in. (5 cm) in size. Results indicated that the gravel/sand deposits 

are in a dense to very dense state.  

Following ASTM standard methods, investigators performed laboratory tests to measure the index 

properties of the soil for classification purposes and to obtain compaction characteristics to determine the 

relative compaction of in situ deposits relative to maximum dry density (Table 1).  

Preliminary engineering properties (Table 2) are based on site conditions, the results of soil index property 

tests, and soil classifications. Ho et al. (1986) estimated that the permeability of the uncemented gravels is 

in the range of 1,000 to 100,000 ft/yr (10-3 to 10-1 cm/sec); much lower permeability was assumed for the 

cemented zone. Because the site soils are predominantly dense to very dense gravel/sand deposits with 

slight to moderate cementation, the elastic settlement is considered to be small. Also, there is no 

liquification potential of the soils because they are so dense and the ground water level is very deep. In 

agreement, Holmes and Narver (1983) stated that no clay was found; therefore, no problems should be 

expected with shrinking, swelling, freezing or thawing.

- 1.13 .. M....
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The bearing capacity of footings and piles, the stability of natural and cut slopes, and earth pressures 
against retaining walls and tunnels are all dependent on the shear strength of soils. Cohesion and an 
increase in shear strength are the result of cementation in the deposits. Although cemented soil is 
estimated to have a cohesion of 500 psf, Ho et al. (1986) assumed a conservative estimate of zero cohesion 
for preliminary design. The site soils provide a high bearing capacity and low compressibility for the load 
carrying of moderate- to high-capacity foundations. Because the cemented soil has both cohesion and 
internal friction, Ho et al. (1986) assumed a very high bearing capacity. In addition, because elastic 
settlement is directly proportional to footing pressure and footing width, footing pressure should be reduced 
for larger footings so that settlement can be reduced to an amount that falls within allowable limits; a 
minimum footing width of 2 ft (.6 m) should be used.  

The information presented here is from the report by Ho et al. (1986). However, the information presented 
in Table 2 is also located in the Site Characterization Plan Conceptual Design Report (SCP-CDR) (SNL, 
1987) as Table 2-3 of Section 2.2.5. The units for the modulus of subgrade reaction are erroneously 
reported in the SCP-CDR as "psi" and should be "pci" (pounds per cubic inch). Also. there is a decimal 
error in the conversion of units from English to metric for Young's modulus. These errors have been 
corrected in Table 2, and the conversion factors used are listed in footnote a of Table 2.  

Quality Assurance Information 

All the data presented in this Item were collected, analyzed, and interpreted under procedures for which 
satisfaction of the requirements of 1 OCFR60, Subpart G has not been demonstrated.  

Sources 

Ho, D. M., R. L Sayre, and C. L Wu, November 1986. "Suitability of Natural Soils for Foundations for Surface 
Facilities at the Prospective Yucca Mountain Nuclear Waste Repository," SAND85-7107, Sandia National 
Laboratories, Albuquerque, NM.  

SNL (Sandia National Laboratories), September 1987. "Nevada Nuclear Waste Storage Investigations 
Project Site Characterization Plan Conceptual Design Report," SAND84-2641, compiled by H. R.  
MacDougall, L W. Scully, and J. R. Tillerson, Albuquerque, NM.  

Holmes and Narver, Inc., July 1983. "Soils Investigation Area 25 Nevada Test Site," Las Vegas, NV.
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FIGURE 1. GEOLOGIC DESCRIPTION OF SOIL TEST PIT SFS-3

Test Pit Number: 
Ground Elevation: 
Method of Excavation:

SFS-3 
3641 ft 
Bantam 4-26 Backhoe

Depth (ft)

Location: 
Depth of Pit:

N 764,850 E 570,941 
12 ft

Description

Sand, light brown, fine-grained, silty, with some gravel, cobbles and boulders; 
uncemented, firm, nonbedded, bottom contact undulatory.  
0 - 1.5: Loose, less gravel.  

Gravel, light gray to tan, with fine sand, volcanic cobbles and boulders to 20 in. in 
diameter; hard, well cemented with caliche; boulders break apart on excavation; 
bedding indistinct.  

Brownish gravelly sand, poorly bedded; lamina of white caliche marks prominent 
bedding plane at 7 ft. Gravels mostly subangular.  

Gravel, light brown to tan, with fine sand, cobbles and boulders to 20 in. in diameter; 
dense, slightly cemented with caliche; bedding indistinct.

Distance in ft. (approx.)

25-JAN-89 1 1:35:00
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TABLE 1. IN SITU AND LABORATORY DENSITY TEST RESULTS 
FOR TEST PIT SFS-3a 

Test Depth (ft) 

Test Parameter 4.5-5.5 8 12 

Average Natural Moistureo (%) 7.2 9.2 5.1 

Soil Classificationc GP-GM GP-GM GP 

Specific Gravity 
* Coarse Aggregated 2.32 2.39 2.39 
* Fine Aggregatee 2.53 2.52 2.50 

Absorption 
-Coarse Aggregated 7.8 10.5 4.6 
* Fine Aggregatee 9.6 7.1 8.4 

In Situ Density Tests 
"* Sand Cone Method' 

-Dry Density (pcf) 101.0 110.2 111.6 
-Moisture (%) 8.2 7.7 6.0 

"* Nuclear Methodg 
-Dry Density (pcf) 95.4 107.3 105.4 
-Moisture (%) 10.5 9.3 7.6 

Laboratory Compaction Testsh 
* Maximum Dry Density (pcf) 108.1 110.1 114.0 
-Optimum Moisture Content (%) 14.7 14.7 12.0 

a Test Pit SFS-3 is approximately located at Nevada state coordinates N764,850 
and E570,941.  

b ASTM C-566-84.  
c Soils classified as GP include poorly graded gravels, gravel and sand mixtures, 

and few or no fines; soils classified as GM include silty gravels and 
gravel/sand/silt mixtures, which may be poorly graded. Soil classifications are 
given by the ASTM standards C-i 17-84, C-1 36-84a, and D-2487-85.  

d ASTM C- 12 7-84.  
* ASTM C-128-84.  
SASTM D-1556-82.  
9 ASTM 0-2922-81, Method B.  
"h ASTM D-1557-78, Method D.
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TABLE 2. SUMMARY OF ENGINEERING PROPERTIES FOR FOUNDATION DESIGN'

Parameter

Young's Modulus 

Poisson's Ratio

Value 

10,000 - 20,000 psi 
(0.07 - 0.14 GPa) 

0.3 - 0.35

Modulus of Subgrade Reaction 200 - 300 pci 
(54 - 81 MPa/m) 

Shear Strength 
"* Internal Friction Angle 330-370 
"* Cohesion 

- No Cementation 0 psf 
- Cemented Soil 500 psf 

(0.02 MPa) 

Allowable Bearing Pressure (for spread footings wider than 4 ft)b 

"* Uncemented Soil 6 ksf 
(0.29 MPa) 

"• Cemented Soil 10 ksf 
(0.48 MPa) 

Permanent Slopes in Cut 
- Cemented Soil 1.5 horizontal:1 vertical 
- Uncemented Soil 2:1

Fill Slopes 

Conversion factors:

2:1

1 psi= 6.89x10- 6 GPa 
1 psf= 4.79x10-SMPa 
1 pci = 2.71 x 10-1 MPa/m 
1 ksf = 4.79 x 10-2 MPa

b Bearing pressures are subject to the verification that settlements are tolerable in the 

case of large structures; the minimum footing width should be 2 ft.

23-JAN-89 19:32:00



SITE CHARACTERISTICS YUCCA MOUNTAIN PROJECT 

ISECTION GEOPHYSICS REFERENCE INFORMATION BASE 
',TEM CHAPTER IS EC:T. 0N iTEM RAG E 

SOIL MECHANICAL PROPERTIES 1 2N 8 1 6 of 7 I VERSION REVISION RELEASE DATE RIB CONTROL NUMBER 

4 0 2/1 /89 DR8

FIGURE 2. COMPACTION CURVES OF SITE SOIL FOR TEST PIT SFS-3
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Description and Methodology 

This revision of Item 1.2.9 includes minor changes to the text of the original Item developed as DR22 (SNL, 
1989). Calculations of the magnitude of the vertical in situ stress have been made at three selected 
horizons. The horizons are located at the interface between the thermal/mechanical units of TSw1 and 
TSw2 (Figure 1), at the center of the repository (Figure 2), and at the base of TSw2 (Figure 3).  

In principle, the magnitude of the vertical in situ stress at a point is calculated by: 

a = pgh, (1) 

where p is the in situ density of the rock, g is the acceleration of gravity, and h is the depth to the point.  
Since Yucca Mountain is composed of various thermal/mechanical units with variable densities, the 
calculation of a, as described by Equation (1), is valid only if the average value of density is used for the 
entire depth to the point of interest.  

To account for variable density, the magnitude of the vertical stress was determined using the following 
expression: 

n 
a=g Z pt, (2) 

i=1 

where p is the bulk density at in situ saturation of unit i, t is the thickness of unit i, and n is the number of 
units to a depth h.  

For the figures presented, the calculations described by Equation (2) were performed at approximately 
1,600 grid points equally spaced at 250 ft apart. Not all of the grid points were located inside the boundary 
of the underground facilities. After the vertical stress values were calculated at the grid points, the values 
were contoured using a 1 MPa contour interval at each horizon.  

Quality Assurance Information 

Data for the bulk density at in situ saturation, which are reported in Item 1.2.1 of RIB Version 4, Rev. 0, were 
collected, analyzed, and interpreted under procedures for which satisfaction of the requirements of 10 

CFR 60, Subpart G has not been demonstrated. The information presented in this Item was provided by 
WBS Element 1.2.4.2.1.1 (In Situ Thermal/Mechanical Tests), which obtained the stress contour figures 
(IGIS, 1988a, b, and c) prepared under WBS Element 1.2.1.3.2 (Interactive Graphics Information System).  
Satisfaction of 10 CFR 60, Subpart G quality assurance requirements has not been demonstrated for this 
work.

5-JUL-90 10:51:00
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IGIS, 1988b. Yucca Mountain Project Interactive Graphics Information System Product No. CAL0251, 
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Description and Methodology 

Figure 1 is a vertical profile of the estimated vertical, minimum horizontal, and maximum horizontal 

stresses in the vicinity of ES-1 given to a depth of 600m. The values from which the profiles are 

constructed are given in Table 1. The given depths do not represent any physical boundaries; they are 

simply integration points used in the stress calculations.  

The stress values were estimated using two-dimensional finite element analysis similar to those presented 

in Bauer et al. (1985), where the gravitational stress is the only loading mechanism modeled. The close 

match between the calculations of Bauer et al. (1985), Bauer and Holland (1987), and in situ stress 

measurements at Yucca Mountain (Stock et al., 1985) lends credence to the validity of this analysis 

method and the assumptions which were made. Assumptions used in the calculations include plane 

strain conditions and linear elastic material response. The values of the vertical stress calculated using 

this method are also consistent with the values of vertical stress calc•,lated using the method described in 
RIB Version 4, Revision 0 of Item 1.2.9, which produced in situ vertical stress contours at various horizons.  

The cross section used to perform the analysis is C-C' (Bauer et al. 1985), which is approximately 300 m 
from the planned location of ES-1.  

The vertical stress is calculated throughout the model by allowing the model to deform and equilibrate to a 

solution under the force of gravity. Effects of topography and thermal/mechanical stratigraphy are 

included in the model. In general, the vertical stress at a point at depth is determined by the product of 

the average density of the overburden, the depth, and the gravitational acceleration. The minimum 

horizontal stress is a function of the vertical stress, the material constitutive model, and the loading and 

boundary conditions. The maximum horizontal stress is assumed everywhere to be equal to twice the 

minimum horizontal stress. The values of in situ bulk density and elastic properties for the rock mass used 
in the finite element analysis are shown in Table 2.  

Quality Assurance Information 

The work was performed as described in the Problem Definition Memo (71-39) under WBS Element 
1.2.4.2.1.1S as a Quality Level I activity. The input data given in RIB Version 03.001 were collected, 
analyzed, and interpreted under procedures for which satisfaction of the requirements of 10CFR60, 
Subpart G has not been demonstrated. The Quality Assurance information about the input data given in 
RIB Version 4 is described in the appropriate Item.

vr.
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TABLE 1. STRESS VS. DEPTH

Minimum 
Horizontal 

Stress (MPa) 

1.71 
1.31 
0.57 
0.63 
0.88 
1.08 
2.66 
2.86 
3.06 
3.19 
2.47 
2.76

Maximum 
Horizontal 

Stress (MPa) 

3.42 
2.61 
1.15 
1.27 
1.76 
2.16 
5.32 
5.71 
6.12 
6.38 
4.93 
5.51

Vertical 
Stress (MPa) 

0.31 
1.34 
2.28 
2.51 
3.03 
4.79 
6.46 
7.65 
8.85 
9.97 

10.98 
12.24

25-JAN-89 8:18:00

Depth 
(in) 

11.4 
65.4 

110.4 
127.4 
161.4 
245.4 
323.4 
378.3 
433.4 
481.4 
534.6 
607.3
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TABLE 2. INPUT VALUES FOR THE FINITE ELEMENT ANALYSIS 

Thermal/Mechanical In Situ Young's Modulus 
Units Density(g/cm3 ) (GPa) Poisson's F 

TCw 2.20a 20.0b 0.1Ob 

PTn 1.642a 1.9b 0.19b 

TSwl c 2.146a 7.8d 0.16a 
TSw2 2.297a 16.4d 0.264 
TSw3 2.2971 16.41 0.261 
CHnlv 1.972, 7.9d 0.17a 

CHnlz 1.979 4.3g 0.189 
CHn2z 1.979 4.39 0.189 
CHn3z 1.97g 4.39 0.189 
PPw 2.20b 8.2b 0.19b 

CFUn 2.00b 3.8b 0.16b 

BFw 2.22b 5.4b 0.13b 

CFMnl 2.09g 7.59 0.15g 
CFMn2 2.09g 7.5g 0.15g 
CFMn3 2.099 7.59 0.15g 
TRw 2.32b 8.8b 0.19b 

Basement 1 2.32h 8.8h 0.19h 

(Next 350m) 
Basement 2 2.80' 22.5, 0.22' 

(Rest of model) 

a given in RIB Version 4, Rev. 0.  
D given in RIB Version 03.001.  
t lithophysae rich.  
d 50% of intact values as given in RIB Version 4, Rev. 0.  
e arithmetic mean of values from at least two wells as given in RIB Version 4, Rev. 0.  
f assumed equal to TSw2.  
9 arithmetic mean of combined units as given in RIB Version 03.001.  
' assumed equal to TRw.  
I assumed.
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Description and Meth6dology 

USW G-4 is the closest drill hole to one proposed location for the Exploratory Shaft Facility (ESF) for which 

information on fracture characteristics is available. Spengler and Chornack (1984) reported fracture 

characteristics of core from USW G-4, i.e., fracture density, fracture filling, and fracture orientation. They 

categorized many of the characteristics within each of the following five lithostratigraphic units (the depths 

of the units are in parentheses): (1) the densely welded tuff of the Tiva Canyon Member (12.5-36.0 m); (2) 

the non to moderately welded tuffs of the Tiva Canyon, Yucca Mountain, Pah Canyon, and Topopah Spring 

Members (36.0-72.8 m); (3) the densely welded tuff of the Topopah Spring Member (72.8-410.1 m); (4) the 

non to partially welded tuff of the Topopah Spring Member and the tuffaceous beds of Calico Hills (410.1

536.9 m); and (5) the Crater Flat Tuff (536.9-914.7 m). RIB Version 4.0, Item 1.1.2 shows the correlation of 

depth to thermal/mechanical stratigraphy for this drill hole. Table 1 shows some general fracture 

characteristics of the five lithostratigraphic units. Table 1 also shows the percentages of healed fractures 

found in each of the five lithostratigraphic units. Healed fractures are defined as those that remained 

sealed after coring and handling operations.  

Fracture density is defined as the number of fractures per unit volume. Related parameters include 

fracture frequency (the number of fractures per unit length) and fracture spacing (the inverse of fracture 

frequency). Table 2 shows the fracture densities of the stratigraphic units identified in the core samples 

from USW G-4. Spengler and Chornack (1984) assumed that the fractures in the core extend throughout 

the surrounding rock mass and that all fractures are planar. The fracture density, F, may be determined 

from the equation 
i = 900 

F (d/z) Z (fi/cos6i) (1) 
i=10 

where d is the diameter of the unit volume (d = 1.24 m for a sphere with a unit volume of 1 M 3 ), z is the 

thickness (m), 0, is the dip angle in degrees (acute angle from horizontal to the fracture), and fi is the 

number of fractures measured for each inclination interval i. (See Scott et al., 1983 for derivation of this 

relationship.) The thickness was defined to correspond to changes in welding characteristics. Horizontal 

fractures were assigned an inclination angle of 1 *.  

Spengler and Chornack (1984) identified fracture fillings by visual inspection and x-ray analyses for 

selected samples. Basic types of coatings include, in order of abundance, 

"* manganese oxides (pyrolusite), manganates (cryptomelane and hollandite), iron oxides 

(hematite, maghemite), and iron hydroxides (geothite); 
"* silica (quartz, cristobalite, opaline silica, and tridymite); 
"* zeolites (mordenite and clinoptilolite); 
"• smectites (montmorillonite and illite); and 
"* carbonates (calcite and siderite).  

Fractures in the Tiva Canyon, Yucca Mountain, and Pah Canyon Members are commonly coated with 

manganese and iron oxides. In the densely welded Topopah Spring Member, most fractures are either 

free of any coating or coated with silica. Below the densely welded zone of the Topopah Spring Member, 

dominant coatings include manganese oxides, manganates, iron oxides and hydroxides, and zeolites.  

See Spengler and Chornack (1984) for detailed x-ray analyses of the mineral content of 42 selected 

samples. Detailed discussions of mineral coatings of fractures in core from USW G-4 can be found in 

Carlos (1985) and Carlos (1987).
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Figure 1 shows the percent of fractures per 100 increment of dip from the horizontal for each defined unit 

in the form of rose diagrams. Because the dip measurements were not corrected for borehole vertical 

drift, they may be in error by as much as 50, 60, and 90 between depths of 0-305 m, 305-610 m, and 610

914 m, respectively.  

Strike directions were measured for 204 prominent fractures (obtained from TV camera log) between the 

depths of 40 and 1549 feet (12-472 m) in USW G-4. In general, most of the fractures strike between N 20° 

W and N 600 E. Within the predominantly densely welded zone of the Topopah Spring Member through 

the upper part of the tuffaceous beds of Calico Hills, 65% of the fractures strike northeast and 35% 

northwest. In the Tiva Canyon Member, preferential strike direction was not apparent.  

Quality Assurance Information 

It has not been demonstrated that the requirements of 10 CFR 60, Subpart G (NRC,1986), have been 

satisfied for the original information presented here.  

Sources 

Carlos, B.A., 1985. "Minerals in Fractures of the Unsaturated Zone from Drill Core USW G-4, Yucca 

Mountain, Nye County, Nevada," LA-10415-MS, Los Alamos National Laboratory, Los Alamos, NM (YMP 

CRF Accession Number: HQS.880517.1112).  

Carlos, B.A., 1987. "Minerals in Fractures of the Saturated Zone from Drill Core USW G-4, Yucca Mountain, 

Nye County, Nevada," LA-10927-MS, Los Alamos National Laboratory, Los Alamos, NM (YMP CRF 

Accession Number: NNA.870708.0026).  

Scott, R.B., R.W. Spengler, S. Diehl, A.R. Lappin, and M.P. Chornack, 1983. "Geologic Character of Tufts in 

the Unsaturated Zone at Yucca Mountain, Southern Nevada," in Role of the Unsaturated Zone in 

Radioactive and Hazardous Waste Disposal, Ann Arbor Science, Butterworth Group, p. 289-335.  

SNL (Sandia National Laboratories), in preparation. "RIB CR33, 'Fracture Characteristics' Record 

Package," Albuquerque, NM.  

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," OFR-84-789, U.S. Geological Survey, Denver, CO (YMP CRF Accession Number.  

NNA.870519.0105).
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TABLE 1. FRACTURE CHARACTERISTICS OF LITHOSTRATIGRAPHIC UNITS OF USW G-4&

Densely Welded 
Part of the Tiva 
C']. nvnn Member

Depth 
(meters) 

12.5 

t 
36.0

Number of 
Measured 
Fractures

197

Percent of 
Total 

Fractures

9.6%

Average 
Number of 
Fractures 
(per 3m 
Interval)

25.6

Percent of 
Healed 

Fractures

7.6%

Non to Moderately 36.0 
Welded Parts of , 
the Tiva Canyon, 5 
Yucca Mountain, 53 2.6% 4.4 3.8% 

Pah Canyon and 
Topopah Spring 
Members (includes 
bedded tuff) 72.8 

72.8 
Densely Welded 1 

Part of the Topopah 1472 71.5% 13.3 16.6% 
Spring Member 

410.1 

Non To Partially 410.1 
Welded Part of 
the Topopah Spring 3 
Member and 36 1.7%b 0.9 19.4% 
Tuffaceous Beds of 
Calico Hills 
(includes bedded 536.9 
tuff)

Crater Flat Tuff 
(includes bedded 
tuff)

536.9 

14 
914.7

300 14.6% 2.4 35.0%

a Values from Spengler and Chornack (1984), Figure 13.  
b This value is a correction to Spengler and Chornack (1984), and has been confirmed by the USGS 

(SNL, in preparation).
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TABLE 2. FRACTURE DENSITY ESTIMATED 
FROM USW G-4a

Stratiqraphy 

Alluvium

Tiva Canyon 
(9.1-42.1 m) 

Yucca Mountain 
and Pah Canyon 
(42.1-69.5 m) 

Topopah Spring 
(69.5-429.6 m) 

Calico Hills 

Prow Pass 
(536.9-684.0 m) 

Bullfrog 
(684.0-839.9 m) 

Tram 
(839.9-914.7 m)

Thickness (ml

9.1

20.4 
6.5 
6.1 

3.0 
12.2 
12.2 

3.3 
1.2 
7.0 
5.7 

41.3 
61 
18 

187.3 
7.2 
8.8 

18.7 
0.8 

107.2 

145.1 

2.0 

38.4 
8.4 

39.9 
1.7 

14.5 
30.1 
16.1 

6.8 

74.1 
0.7

Degree of Welding 

densely 
moderately 
non- to partially 

bedded tuff 
bedded tuff 
bedded tuff 

non- to partially 
vitrophyre 
densely 
moderately to densely 
densely 
densely 
moderately to densely 
densely 
moderately to densely 
densely, vitrophyre 
non- to partially 
non-, bedded tuff 

bedded tuff 

non- to partially 

bedded tuff 

partially 
moderately 
partially 
ash fall tuff 
non- to partially 
moderately to densely 
non- to partially 
bedded tuff 

non- to partially 
moderately

Fracture Density 
(fractures/m3)

33.5 
41.3 
34.3 

0.9 
1.3 
0.5 

29.1 
23.2 
16.3 
3.5 

28.3 
33.8 
10.5 
35.6 

1.6 
2.0 

1.1 

4.4 

2.3 

2.5 
0.9 
2.9 

2.9 
2.7 
2.3 
7.0 

3.5 
6.4

a Values from Spengler and Chomack (1984), Appendix and Figure 14.
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0
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Figure la. 12.5-36.0 m
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Figure lb. 36.0-72.8 m Figure 1c. 72.8-410.1 m

Note: Figures la, 1b, and ic represent the densely welded tuff of the Tiva Canyon Member, the non- to 
moderately welded tuffs of the Tiva Canyon, Yucca Mountain, Pah Canyon, and Topopah Spring Members, 
and the densely welded tuff of the Topopah Spring Member, respectively.  

FIGURE 1. ROSE DIAGRAMS OF FRACTURE INCLINATIONS FROM USW G-4 
(Figure 13, Spengler and Chornack, 1984)
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Figure 1d. 410.1-536.9 m
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Figure le. 536.9-914.7 m

Note: Figures 1 d and 1 e represent the non- to partially welded tuff of the Topopah Spring 
tuffaceous beds of Calico Hills, and the Crater Flat Tuff, respectively.

Member and the

FIGURE 1. ROSE DIAGRAMS OF FRACTURE INCLINATIONS FROM USW G-4 
(Figure 13, Spengler and Chornack, 1984) 

(concluded)
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Keywords: Drill Hole Wash, repository boundary, topography 

Description and Methodology 

This RIB Item gives currently available topographic information for the vicinity of the potential repository.  

Users of this information should consult the maps cited in the Sources because the figure included here 

has limited detail and is only appropriate for qualitative visualization.  

The map of the area of the potential repository that is presented here (Figure 1) was adapted from a map 

generated by the Yucca Mountain Project Interactive Graphics Information System (IGIS) (1990) using the 

data of Wu (1985). The grid on the map references the Nevada Coordinate System, Central Zone and 50-ft 

contours are shown. The area that comprises the proposed high-level waste repository has been 

administered by the U. S. Government as parts of Nellis Air Force Base, the Nevada Test Site, and Bureau 

of Land Management domain. Potential surface facilities, the boundary of the potential underground 

facility, and some existing boreholes are indicated for the viewer's reference. The eastern boundary of the 

potential repository site runs alongside Drill Hole Wash; Coyote Wash is within the boundary of the 

potential site just south of the northeast boundary.  

Wu (1985) compiled a series of topographic maps from digitized stereoscopic aerial photographs, which 

include a portion of the area shown in the United States Geological Survey 7.5 minute series Busted Butte 

and Topopah Spring NW Quadrangle Maps (USGS, 1983 and 1961). Surveying errors are present in the 

Wu data, but are of minor consequence for maps generated with 20 foot or larger contours. The 

topography portrayed in Wu (1985) tracks well with that of USGS (1983). Both maps reference the grid of 

the Nevada State Plane Coordinate System, Central Zone. The area was originally mapped by the USGS 

from aerial photographs taken in 1959, was field-checked, and was published as the Topopah Spring SW 

7.5-minute quadrangle in 1961 (USGS, 1961). The Topopah Spring SW Map subsequently was revised 

with information compiled from aerial photographs taken in 1980, and from other sources, and was 

republished in 1983 as the Busted Butte 7.5-minute quadrangle (USGS, 1983).  

The USGS maps discussed above are polyconic projections, with a standard latitude/longitude grid in 

degrees, minutes, and seconds. Grids of the Nevada Coordinate System, Central Zone, which the Yucca 

Mountain Project typically uses, and grids of the Universal Transverse Mercator are also shown. Sources 

cited in Project-related studies, such as Scott and Bonk (1984) and Squires and Young (1984), have used 

this topographic information from the USGS.  

Quality Assurance Information 

It has not been demonstrated that the requirements of 10 CFR 60, Subpart G (NRC, 1986), have been 

satisfied for the original information or for the process used in generating the map presented here.  

The IGIS map which was used as the basis for Figure 1, was produced under WBS Element 1.2.1.3.2S, 

using data generated by the USGS under WBS Element 1.2.3.2.6.1G.  

Maps generated by the USGS, such as the quadrangle maps referenced here, are based on publicly 

available open literature data and conditionally accepted for use on the Yucca Mountain Project with no 

additional verification at this time. Subequent validation of the above data for use in eventual licensing 

action(s) will be performed prior to such licensing action(s) in accordance with a process consistent with 

the requirements of NUREG-1298.
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Sources 

IGIS, 1990. Yucca Mountain Project Interactive Graphics Information System Product No. CAL0424, 

Sandia National Laboratories, Albuquerque, NM.  

NRC (U.S. Nuclear Regulatory Commission), 1986. "Disposal of High-Level Radioactive Wastes in 

Geologic Repositories," 10 CFR 60, U.S. Government Printing Office, Washington, DC.  

NRC (U.S. Nuclear Regulatory Commission), June 1987. "Generic Technical Position on Qualification of 

Existing Data for High-Level Nuclear Waste Repositories," NUREG-1 298.  

Scott, R. B., and J. Bonk, 1984. "Preliminary Geologic Map of Yucca Mountain, Nye County, Nevada with 

Geologic Sections," USGS-OFR-84-494, U.S. Geological Survey, Denver, CO.  

SNL (Sandia National Laboratories), in preparation. "RIB CR41, T'opographic Maps' Record Package," 

Albuquerque, NM.  

Squires, R. R., and R. L Young, 1984. "Flood Potential of Fortymile Wash and Its Principal Southwestern 

Tributaries, Nevada Test Site, Southern Nevada," USGS-WRIR-83-4001, U.S. Geological Survey, Carson 

City, NV (YMP CRF Accession Number NNA.89051 1.0110).  

USGS (U.S. Geological Survey), 1961. "Topopah Spring NW Quadrangle, Nye County, Nevada," 7.5

Minute Series (topographic), 1:24,000.  

USGS (U.S. Geological Survey), 1961. "Topopah Spring SW Quadrangle, Nye County, Nevada," 7.5

Minute Series (topographic), 1:24,000.  

USGS (U.S. Geological Survey), 1983. "Busted Butte Quadrangle, Nye County, Nevada," 7.5-Minute 

Series (topographic), 1:24,000.  

Wu, S. S.C., 1985. "Topographic Maps of Yucca Mountain Area, Nye County, Nevada," 1:5,000, USGS

OFR-85-620, U.S. Geological Survey, Denver, CO.
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Description and Methodology 

This RIB Item gives currently available fault information for the vicinity of the proposed repository. The map 

of the proposed repository area presented here (Figure 1) was adapted from a map generated by a 

Technical Data Working Group for Fault Locations and Ages [SNL RIB CR 56 (in prep)]. The map is for 

orientation only and to depict the areas different authors are responsible for. Figure 1, "Index Map 

Showing Areas Studied by Source," outlines the areas within five kilometers of the proposed Yucca 

Mountain Repository for which published studies are available. The figure included here has limited detail 

and is appropriate only for reference purposes. Users of this information should consult the text and maps 

cited in the sources for more detailed information. The boundary of the proposed underground facility is 

provided for the viewer's orientation.  

Yucca Mountain is broken by a complex intersecting network of faults. Movement is evident as late as the 

Quaternary (Fox and Carr, 1989). Yucca Mountain consists of east-dipping structural blocks bounded by 

major west-dipping, high-angle normal faults that offset strata more than 100 m. Two zones are evident: a 

western zone with gently dipping strata (5 to 200) and few faults and an eastern zone with steeper dipping 

strata and abundant west-dipping, high-angle, imbricate normal faults with less than 1 0-m offset (Scott and 

Rosenbaum, 1986). A northerly-trending series of high angle normal faults are characteristic of the Yucca 

Mountain area. These tend to tilt gently eastward and are downthrown on the west. The major faults tend 

to be two to three km apart and have average displacements of about 250 m (810 ft) to rarely more than 

450 m (1,480 ft) (Carr, 1984). Because Yucca Mountain is located close to major volcanic complexes, Carr 

(1988) suggests that many of the faults may be segments of ring fractures of the buried Crater Flat

Prospector Pass caldera complex.  

The Yucca Mountain faults have been recognized as being in one of two fault sets. There are the Basin 

and Range style normal faults striking north-northwest to north-northeast with a dominant north-northwest 

strike. The other fault set strikes northwest and is a strike-slip type (Scott and Castellanos, 1984). Scott 

and Whitney (1987) have suggested that a detachment system underlies a 10- by 25-km segment of Yucca 

Mountain, and that this detachment system provides the best explanation for the structural features and 

tectonic evolution of Yucca Mountain.  

Major normal faulting at Yucca Mountain is about 12 million years old based on hundreds of meters of 

displacement of the Tiva Canyon Member, which was emplaced 13 million years ago but only displaces 

the younger Rainier Member emplaced (1.5 million years ago) by tens of meters or less. Minor normal 

fault movement and minor oblique- and strike-slip displacements on the normal faults continued to occur 

into the Pleistocene (Scott and Castellanos, 1984). Whitney et al. (1986) have suggested that, based on 

examination of trenches dug across three faults, faulting probably occurred as early as 6.5 to 3.0 thousand 

years ago.  

Scott et al. (1984) suggested that the strike-slip faults in the northeastern part of Yucca Mountain will affect 

the stability of mined openings where brecciated or highly fractured zones are encountered. The 

proposed repository is planned to be constructed above the water table in unsaturated rocks, and such 

faults may be favorable features where they allow recharge to drain rapidly from the repository. But they 

could also provide potential hydrologic conduits through unsaturated sorptive zeolitized nonwelded tuffs 

below the potential repository.  

Other recommended sources of information on fault locations and ages include: Christian and Lipman, 

1965; Cornwall and Kleinhampl, 1961; Lipman and McKay, 1965; Maldonado, 1985; Scott and Bonk, 1984; 

Scott, 1986; Scott, 1989; Snyder and Carr, 1984; Spengler and Fox, 1989; Swadley and Hoover, 1983; 

Swadley, Hoover, and Rosholt, 1984; Szabo and O'Malley, 1985; Taylor and Huckins, 1986; and U.S.  

Geological Survey, 1984.  
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Quality Assurance Information 

It has not been demonstrated that the requirements of 10 CFR 60, Subpart G (NRC, 1986), have been 

satisfied for the original information presented here.  

Sources 

Carr, W. J., 1984. "Regional Structural Setting of Yucca Mountain, Southwestern Nevada, and Late 

Cenozoic Rates of Tectonic Activity in Part of the Southwestern Great Basin, Nevada and California," U.S.  

Geological Survey Open-File Report 84-854, p. 109 (YMP CRF Accession number: NNA.870325.0475).  

Carr, W. J., 1988. "Volcano-Tectonic Setting of Yucca Mountain and Crater Flat, Southwestern Nevada," in 

M. D. Carr and J. C. Yount, eds., Geologic and Hydrologic Investigations of a Potential Nuclear Waste 

Disposal Site at Yucca Mountain, Southern Nevada, U. S. Geological Survey Bulletin 1790, pp. 35-49 

(YMP CRF Accession number: NN1.881128.0011).  

Christian, R. L. and Lipman, P.W., 1965. Geologic Map of the Topopah Spring NW Quadrangle, Nye 

County, Nevada, U.S. Geological Survey Geologic Quadrangle Map GQ-444, scale 1:24,000 (YMP CRF 

Accession number: HQS.880517.1118).  

Cornwall, H. R. and Kleinhampl, F. J., 1961. Geology of the Bare Mountain Quadrangle, Nevada, U.S.  

Geological Survey Geologic Quadrangle Map GQ-157, scale 1:62,500 (YMP CRF Accession number:.  

HQS.880517.1129).  

Fox, K. F., Jr. and Carr, M. D., 1989. "Neotectonics and Volcanism at Yucca Mountain and Vicinity, 

Nevada," Radioactive Waste Management and the Nuclear Fuel Cycle, v. 13 (1-4), pp. 37-50 (YMP CRF 

Accession number: NNA.900614.0534).  

Lipman, P. W. and McKay, E. J., 1965. Geologic Map of the Topopah Spring SW Quadrangle, Nye County, 

Nevada, U.S. Geological Survey Quadrangle Map GQ-439, scale 1:24,000 (YMP CRF Accession number: 

NNA.900720.0032).  

Maldonado, F., 1985. Geologic Map of Jackass Flats Area, Nye County, Nevada, U.S. Geological Survey 

Miscellaneous Investigations Series Map 1-1519, scale 1:48,000 (YMP CRF Accession number: 
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Description and Methodology 

Three borrow pits were evaluated to estimate aggregate properties and availability, as discussed in 

Holmes and Narver (1989). The purpose of this study was to evaluate borrow areas close to the 

YMP-ES (Yucca Mountain Project - Exploratory Shaft) location and to provide aggregate materials 

for the YMP-ES construction activity. Borrow Pit #3 is located approximately 3000 ft northwest of 

one proposed location of the ES, at N766600, E562200. The results of the investigation of this pit 

are discussed in this Item.  

Borrow Pit #3 is approximately 240 ft wide by 2000 ft long. It is located close to the Area 25 access 

road, in a wash adjoining a small hill on its east side. The area slopes generally in a southerly 

direction.  

A total of 12 samples from 5 test pits within the borrow pit were obtained by backhoe. The depths of 

these test pits ranged from 4 to 6 ft. The sampled materials ranged in size from silt and sandy silt to 

gravel. Gravel size varied from 4 to 12 in.; large boulders were encountered in all of the test pits.  

Some of the gravel layers were cemented, and a layer of caliche was present in test pit 5.  

All properties were measured utilizing ASTM procedures, except the angle of repose, which was 

measured with a scale and protractor. Table 1 presents the weighted averages and average 

property values. Individual sample test results can be found in the source document.  

Quality Assurance Information 

Satisfaction of 10 CFR 60, Subpart G, requirements has not been demonstrated for the information 

presented here. Holmes and Narver (1989) was prepared as an activity for WBS Element 

1.2.6.2.1.2.  

Source 

Holmes and Narver, 1989. "United States Department of Energy, Yucca Mountain Project: Borrow 

Pit Evaluation ES Auxiliary (sic) Pads, Area 25," Holmes and Narver Materials Testing Laboratory, 

Mercury, Nevada (YMP CRF Accession Number. NNA.890920.0226).  

SNL (Sandia National Laboratories), in preparation. "RIB CR32, 'Borrow Pit #3 Soil Properties' 

Record Package," Albuquerque, NM.
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Table 1. Borrow Pit #3 Test Result Summary

Estimated volumes: 
Approximate pit size 
Calculated total borrow material 
Type I or II aggregate portion (approx.) 

Properties: 
Moisture content 
Density 

loose 
rodded 

Moisture-density relationship (Proctor tests)b 

optimum moisture content 
maximum compaction density

California Bearing Ratioc 
@ moisture content 
% of 1000 psi standard

Absorption

LA Abrasion (% Ioss)d 

Angle of repose 

Sieve analysis 
Sieve size 

3" 
1 1//I" 

3/8" 

#4 
#10 
#40 

#100 
#200

240 x 2000 fta 
90,000 cubic yd 
63,000 cubic yd 

1.5% 

91.8 pcf 
104.32 pcf 

8.2 to 9.2% 
117.5 to 120 pcf

10.1 to 7.5% 
57 to 124

5.8% 

26.5%

340

% passing 
90 
80 
70 
57 
43 
33 
27 
15 

8.2

a A typographical error in the source document (Holmes and Narver, 1989) for the units of the 

approximate pit size has been corrected. (SNL, in prep.) 
b Determined from 2 samples from test pits 1 and 4.  
c Determined from composite samples from test pits 1 and 4.  
d Determined from samples from test pits 1, 2, and 5.
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water chemistry 

Description and Methodology 

The accompanying table presents groundwater chemistry from two sources: Well J-13 and Well USW G-4.  
Well J-13 is being used in Yucca Mountain Project studies on sorption, reactive tracers for C wells, and 
corrosion. It is a supply well located in the western Jackass Flats, near the east side of Fortymile Wash.  

The Nevada State Central Zone Coordinates for Well J-13 are N 749,209, E 579,651. Well USW G-4 is a 

test well located at Yucca Mountain, within the perimeter of the repository site. Its Coordinates are N 

765,807, E 563,082. Water chemistry from USW G-4 is included because the well is near the proposed site 

for the Exploratory Shaft Facility. The physical parameters of each well are given in the accompanying 
table.  

Both wells were drilled using air-hydraulic-rotary equipment. Drilling and sampling procedures can be 

found in Thordarson (1983) and Benson et al. (1983). Although other sources have also analyzed the 

water, the water chemistry was first determined in chemical and radiochemical analyses by the U. S.  

Geological Survey and was reported by Thordarson (1983), Bentley (1984), and Benson et al. (1983). The 

accompanying table was developed using the values and units as reported in Thordarson (1983) and 
Benson et al. (1983) for Well J-13 and in Bentley (1984) and Benson et al. (1983) for Well USW G-4. These 

values are representative of the water in the region. More recently, Kerrisk (1987) compiled and 

interpreted information from these and other analyses from many wells in the Yucca Mountain region.  

Water is collected from every part of the saturated zone that is penetrated by the wells. However, the 
water samples from Well J-13 are primarily from the Topopah Spring Member of Paintbrush Tuff, whereas 

the water samples from USW G-4 are from the Tram Member of Crater Flat Tuff. The water from both wells 

is typical of water from tuffaceous rocks. Sodium is the primary cation and bicarbonate is the principal 
anion. Other major species include calcium, potassium, magnesium, sulfate, and chloride.  

By interpretating the results of the water chemistry analysis such as the relative content of 13C to 12C, 6 '3C, 
or the percentage of modern carbon, information about the origin, history, and chemical processes of the 
Yucca Mountain water and the surrounding rock can be inferred.  

Quality Assurance Information 

All the water chemistry data were collected, analyzed, and interpreted under procedures for which 
satisfaction of the requirements of 1 OCFR60, Subpart G has not been demonstrated.
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Sources 

Benson, L V., J. H. Robison, R. K. Blankennagel, and A. E. Ogard, 1983. "Chemical Composition of Ground 
Water and the Locations of Permeable Zones in the Yucca Mountain Area, Nevada," USGS-OFR-83-854, 
U. S. Geological Survey, Denver, CO.  

Bentley, C. B., 1984. "Geohydrologic Data for Test Well USW G-4 Yucca Mountain Area, Nye County, 
Nevada," USGS-OFR-84-063, U. S. Geological Survey, Denver, CO.  

Kerrisk, J. F., February 1987. "Groundwater Chemistry at Yucca Mountain, Nevada, and Vicinity," LA
10929-MS, Los Alamos National Laboratory, Los Alamos, NM.  

Thordarson, W., 1983. "Geohydrologic Data and Test Results From Well J-13, Nevada Test Site, Nye 
County, Nevada," USGS-WRIR-83-4171, U. S. Geological Survey, Denver, CO.
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TYPICAL GROUNDWATER CHEMISTRY DATA 
FOR THE YUCCA MOUNTAIN AREA

WELL J-13 WELL USW G-4

Physical Parameters 

Location 
Sampling date 
Surface altitude (m) 
Well depth (m) 
Depth to water (m) 
Temperature (°C) 

Chemical Composition

Fortymile Wash 
03/26/71 
1,011.3 
1,063 

282 
31.0

Physical Parameters 

Location 
Sampling date 
Surface altitude (m) 
Well depth (m) 
Depth to water (m) 
Temperature (°C) 

Chemical Composition

Yucca Mountain 
12/09/82 
1,270.0 

915 
541 

35.6

pH(onsite)a 
pH(lab), 
Cab 
Mgb 
Nab 
Kb 
Clb 
SO,b 

Sio 2b 
Fb 
NO 3b 

Srb 
Lib

HC0 3(onsite)b 
HCO 3(lab)b 
Tritiumc 
6 3Cd 
PMC* 
SDf 
6 isOf 

Specific conductance (onsite)g 
Specific conductance (lab)g 
Apparent ageh

a 
b 

C 

d 

h 

h

7.2 
7.4 

12 
2.1 

42 
5.0 
7.1 

17 
57 

2.4 
7.2 
0.02 
0.04 

124 
<220 

-7.3 
29.2 

-97.5 
-13.0 

252 
9,900

pH(onsite)a 
pH(lab), 
Cab 
Mgb 
Nab 
Kb 
Cib 
SOb 

SiO2b 
Fb 
NO 3b 
Srb 
Lib 
HC0 3(onsite)b 
HC0 3(lab)b 
Tritiumc 
6 3Cd 
PMC* 
60, 

Specific conductance (onsite)Q 
Specific conductance (lab), 
Apparent age'

7.7 
7.5 

13 
0.20 

57 
2.1 
5.9 

19 
45 

2.5 

0.017 
0.067 

139 
143 

-9.1 
22.0 

-103 
-13.8 
312 
307 

12,160

pH of water.  
Units are expressed in milligrams per liter (mg/I).  
Units are expressed in picocuries per liter (pC/I).  
Units are expressed in parts per thousand (0/00) relative to Peedee belemnite (PDB).  
PMC = percentage of modern carbon.  
Units are expressed in parts per thousand (0/00) relative to standard mean ocean water (SMOW).  
Units are expressed in micromhos/cm at 250C and are equivalent to microsiemens/cm at 250C.  
Apparent age is determined by the PMC method. Age is expressed in years before present time.
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Description and Methodology 

Estimated values for the probable maximum flood (PMF), regional maximum flood (RMF), and for the 100

yr and 500-yr floods in the vicinity of one proposed location for the Exploratory Shaft Facility (ESF) are 

included in this reference information Item.  

The information on PMFs is taken from a computational study performed specifically for the Yucca 

Mountain Project by the U. S. Bureau of Reclamation (USSR) for the U. S. Geological Survey (USGS) 

(Bullard, 1986). The study uses PMF hydrographs computed with the USBR flood hydrology computer 

program FGRAPH. The report contains PMF calculations for two events-a local storm of 6-hr duration (i.e., 

a thunderstorm) and a general storm. Information is presented in Table 1 for the 15 locations in the vicinity 

of the proposed repository site for which these calculations were made. These locations include three 

relevant to the proposed ESF site current at the time of this study-the main exploratory shaft location (ES

1), the auxiliary exploratory shaft location (ES-2), and the main stem of Coyote Wash. The latter is a 

combined basin that receives flooding from the former two drainages.  

PMF calculations by Bullard (1986) for clear water flows were made with probable maximum precipitation 

(PMP) index values determined from Hydrometeorological Report No. 49 (HMR 49) of the National Weather 

Service (NWS, 1977). HMR 49 represents the current standard of practice for federal agencies involved in 

preparing PMF studies in the Colorado River and Great Basin drainages; American National Standard 

Institute (ANSI) standards reference this document for nuclear plant and facility design. Because all of the 

basins included in the Bullard (1986) study are small and close together, a central location (N 36°52'30", 

W 116°26'48") was used to determine the PMP values. PMP values for thunderstorm events, which were 

determined from HMR 49 for this study, were thought to be large enough to encompass more recent 

exceptional thunderstorms. The values determined are limited by present-day knowledge of future 

climatic changes (Bullard, 1986).  

In all cases, the local thunderstorm PMF values appear larger and more critical than those of the general 

storm; therefore, Bullard suggests using local thunderstorm values for design purposes. Assumptions 

used in the thunderstorm PMF calculations include a relatively low constant loss rate of 0.05 in/hr following 

a fairly large initial loss rate of 1 in, extremely rapid lag time values, and, in the absence of site-specific 

information, the use of a nondimensional S-graph originally developed from flood reconstitutions from the 

New River in Arizona by the Corps of Engineers for computing the PMF hydrographs. The hydrographs 

developed in the study represent clear water flows. Potential sediment and debris loads can represent a 

substantial portion of the PMF or lesser flows; however, these loads were not addressed. The 

consequences of climatic changes on the estimation of extreme rainfall and runoff potential were not 

examined thoroughly.  

Estimated flood characteristics for the 100-yr, 500-yr, and regional maximum floods, shown in Tables 2 and 

3 and Figure 1, are taken from the summary of a study of the flood potential of Fortymile Wash and its 

principal southwestern tributaries (Squires and Young, 1984), except as indicated. These flood recurrence 

intervals were chosen because they are especially significant for flood plain management. Standard 

hydrologic and hydraulic methods were used to determine areas of potential flood hazard, as shown in 

Figure 1, based on conditions existing at the time of the field surveys; however, future environmental or 

land surface changes may affect the conclusions of this study.

28ý-JUL-90 8:05:00
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Table 2 gives the drainage areas and peak flood discharges estimated for the farthest downstream cross 

section of each of the four areas included in the study by Squires and Young (1984), plus Coyote Wash 

(Fernandez et al., 1987), for the three flood events considered. Squires and Young (1984) analyzed 

stream flow data, which were collected from 12 USGS data sites located on the perimeter of the Nevada 

Test Site and the Nellis Air Force Gunnery Range, to derive a statistical relationship between floodflow 

characteristics and significant basin characteristics. The resultant equations for the 100- and 500-yr flood 

discharges, respectively, are 

0 = 482 A0.5S and (1) 

0 = 2,200 AO.'S1 , 
(2) 

where 0 is the peak flood discharge (ft3/sec) and A is the tributary drainage area (mi2 ). Relatively large 

standard errors in the linear regression estimates of peak discharges for the 100- and 500-yr floods result 

primarily from the limited amount of data available for the calculations. Fernandez et al. (1987) also used 

Equations 1 and 2 to estimate the 100- and 500-yr peak flood discharges in Coyote Wash. Data from 

observed maximum flood discharges in a region that includes the project area were used to estimate the 

RMF discharge values shown in Table 2.  

Table 3 summarizes the estimated ranges of maximum depth and mean velocity for each of the three flood 

events. The data presented in Table 3 were based on hydraulic analyses of natural flow conditions within 

the referenced streambeds, and neglect any effects of manmade alterations. Cross-section dimensions 

were obtained by field surveys made at several locations along each of the drainage areas; water surface 

altitudes were determined by the slope-conveyance method. Erosion and sediment movement are likely 

to be significant, but are not addressed quantitatively in the computations.  

Figure 1 shows the approximate areas that would be inundated by each of the three flood events, as 

estimated by the Squires and Young (1984) study. Along the 9-mi study area of Fortymile Wash, flood 

flows would remain within the incised channel. In the Busted Butte and Drill Hole Wash drainages, the 

500-yr flood would exceed stream-channel capacities at several places, and the regional maximum flood 

would inundate sizable areas in the central parts of the watersheds. In the Yucca Wash drainage, flood 

flows of all three magnitudes would remain within the stream channel.  

Figure 1 superimposes the flood inundation areas of Squires and Young (1984), Plate 1, onto a 

topographic map of the region (IGIS, 1988). Additional superimposed information shows the locations of 

proposed repository facilities and other geographic information. The improper labeling of Drill Hole Wash 

on Plate 1 from Squires and Young (1984) has been corrected in this figure. Other errors in topography 

and flood zones have been identified on similar figures appearing in, for example, the Site Characterization 

Plan and the Site Characterization Plan Conceptual Design Report; these errors also have been corrected 

in Figure 1.  

Quality Assurance Information 

Satisfaction of 10 CFR 60, Subpart G requirements has not been demonstrated for the information 

presented here. The WBS Elements under which the source documents were prepared include the 

following: Squires and Young (1984) - 1.2.3.6.2.2.1, Bullard (1986) - 1.2.3.3.1, Fernandez et al. (1987) 

1.2.4.2.3.3 (an activity assigned a Quality Assurance level of i1), and IGIS (1988) - 1.2.1.3.2. Information 

obtained from National Weather Service sources, e.g., NWS (1977), is based on publicly available open 

literature data and conditionally accepted for use on the Yucca Mountain Project with no additional 

verification required at this time. Subsequent validation of the above data for use in eventual licensing 

action(s) will be performed prior to such licensing action(s) in accordance with a process consistent with 

the requirements of NUREG-1298.
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Tributaries, Nevada Test Site, Southern Nevada," USGS-WRIR-83-4001, U.S. Geological Survey, Carson 

City, NV (YMP CRF Accession Number: NNA.890511.0110).
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TABLE 1. PROBABLE MAXIMUM FLOOD (PMF) 
CLEAR WATER VALUES FOR YUCCA MOUNTAIN PROJECT DESIGNSa,b 

Drainage 
Area Peak Volume 
(mi2 ) (ft3/s)c.d (acre-ft)c

Duration 
(hr)

PMF of local storm:

Main Exploratory Shaft (ES-1) 
Auxiliary Exploratory Shaft (ES-2) 
Main Stem Coyote Wash 
Central Surface Facility 

without Tuff Pileo 
with Tuff Pile* 
East Arm 
without Tuff Pile, with East Arm 
with Tuff Pile and East Arm 

Tuff Ramp 
Waste Ramp Portal 
Emplacement Area Exhaust Shaft 
Men-and-Materials Shaft 
Finished Tuff Pile 

West Drainage 
East Drainage 
East and West Drainages

0.09 
0.10 
0.19 

4.31 
2.99 
0.24 
4.55 
3.230 
0.23 
0.01 
0.06 
0.27 

0.36 
0.86 
1.22

1,611 
1,743 
3,354 

41,100 
28,600 
3,200 

43,400a 
30,800 
3,844 

245 
1,182 
4,634 

4,771 
8,853 

12,959

PMF of aeneral storm:

Main Exploratory Shaft (ES-1) 
Auxiliary Exploratory Shaft (ES-2) 
Main Stem Coyote Wash 
Central Surface Facility 

without Tuff Pile* 
with Tuff Pile@ 
East Arm 
without Tuff Pile, with East Arm 
with Tuff Pile and East Arm 

Tuff Ramp 
Waste Ramp Portal 
Emplacement Area Exhaust Shaft 
Men and Materials Shaft 
Finished Tuff Pile 

West Drainage 
East Drainage 
East and West Drainages

0.09 
0.10 
0.19 

4.31 
2.990 
0.24 
4.55 
3.230 
0.23 
0.01 
0.06 
0.27 

0.36 
0.86 
1.22

143.5 
159.3 
302.7 

6,076 
4,217 

376 
6,419 
4,560 

362.4 
16.8 
97.6 

429.1 

563 
1,243 
1,783

6 
6 
6 

6 
6 
6 
6 
6 
6 
6 
6 
6 

6 
6 
6

61 
68 

129 

2,923 
2,028 

163 
3,086e 
2,191 

155 
7 

41 
183 

244 
583 
827 

35 
40 
75 

2,054 
1,425 

115 
2,169 
1,540 

90 
4 

24 
107 

172 
410 
582

14 
14 
14 

30 
30 
28 
30 
30 
14 
16 
14 
14 

28 
28 
28

a From Bullard (1986), Table 10.  
b Of the two storm cases studied, Bullard (1986) recommends using the local storm (thunderstorm) 

PMFs for design purposes.  
C These values are estimates and are accurate to no mora than two significant figures.  
d Note that the peak flow value of a basin which receives flow from converging channels will not 

necessarily equal the arithmetic sum of the peak flow values of the individual channels.  
* These are corrections to Bullard (1986) and have been confirmed by the USBR (SNL, in preparation).
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TABLE 2. ESTIMATED PEAK DISCHARGE- OF FORTYMILE WASH 
AND ITS PRINCIPAL SOUTHWESTERN TRIBUTARIES 

Peak Flood Discharge 
(ft3/sec)

Wash 

Fortymileb 

Busted Butteb 

Drill Holeb

Yuccab 

Coyote

Drainage Area 
(mi2)

312

Regional 
Maximum 

1 00-yr 500-yr Flood

12,000 58,000

1,4006.6 

15.4

16.6 

0.19C

6,500

2,300 10,000 

2,400 11,000

190C 850r

540,000 

44,000 

86,000 

92,000 

3,000d

The peak discharge is estimated at the farthest downstream cross section included in the study.  

Values from Squires and Young (1984), p. 2.  
Values from Fernandez et al. (1987).  
Estimated from Figure 13 of Squires and Young (1984); however, it should be noted that the local storm 

PMF value as given in Table 1 (3,354 ft3/sec), is greater.  

TABLE 3. ESTIMATED RANGES FOR PEAK FLOOD CHARACTERISTICS OF FORTYMILE WASH 

AND ITS PRINCIPAL SOUTHWESTERN TRIBUTARIES

100-yr Flooda

Wash 

Fortymile

Maximum 
Depth 

(ft) 

3-8

Busted Butte 
and Drill Hole

Yucca

1-4 

3-5

Mean 
Velocity 
(ft/sec) 

6-9

4-8 

5-9

500-yr Floodb Regional Maximum Floodc

Maximum 
Depth 

(ft) 

6-11

3-10 

5-9

Mean 
Velocity 
(ftlsec) 

11-14

5-11 

8-12

Maximum 
Depth 

(ft) 

21-29

5-12 

9-23

Mean 
Velocity 
(ft/sec) 

23-28

7-16 

9-22

a Values from Squires and Young (1984), Table 2.  
b Values from Ibid., Table 3.  
c Values from Ibid., Table 5.

26-J.UL-90 0:05:00

a 
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FIGURE 1. REGIONAL MAXIMUM FLOOD BOUNDARIES 
(adapted from Plate 1, Squires and Young, 1984)
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Keywords: ambient (in situ) saturation, hydrologic conditions 

Description and Methodology 

Ambient (in situ) saturation is the degree to which the pores in rock mass are filled with water in the natural 
state. The in situ saturation values reported in the accompanying table are taken from Montazer and 
Wilson (1984). The table in Montazer and Wilson (1984) is a graphic representation of hydrologic 
properties that correlate to the stratigraphic units of Yucca Mountain. The introduction to the Montazer and 
Wilson report acknowledges that details of the hydrologic conditions in the unsaturated zone of the Yucca 

Mountain area are largely unknown. More extensive in situ testing will provide more accurate information 
about the characteristics of the unsaturated zone.  

The in situ saturation values presented by Montazer and Wilson (1984) are based on in situ core tests 
performed early in the Yucca Mountain Project. These values are known to be inaccurate; however, 
because this is the only published information available, it is currently being used for saturation values.  
The following problems may have caused inaccuracies.  

"* Some core was taken using air as the coolant in the drilling process. As a result, the in situ saturation 
values are low because of the drying action of the air.  

"* Other core was taken using a mud-drilling technique. As a result, the core shows higher than normal 
in situ saturation values because of the absorption of moisture by the core samples.  

Means and standard deviations for saturation were calculated from samples that originated in the same 
stratigraphic units, even if the samples were taken from different boreholes and different depths. This 
method is likely invalid or inappropriate for many cases because the saturation state of a sample is 

controlled by variables such as local boundary conditions, local geology, and hydrologic properties, not 
merely by the stratigraphy. It is possible that samples were averaged together even though they belonged 
to different distribution groups. Therefore, the mean and standard deviation values are highly uncertain 

and may not represent the true means and standard deviations.  

The water table is known to cross several of the stratigraphic units in the region of the proposed repository 
site. Currently, the proposed site is the Topopah Spring Member, which is well above the members that 
are partially below the water table. For purposes of current reference calculations, Prow Pass Member and 
the members below that unit are assumed to be saturated.  

A reference geohydrological stratigraphy has not been formally determined for the repository site. In 

general, geohydrologic reports present a comparison of geologic stratigraphy with related geohydrologic 
units used in the report. Designators for the geohydrological units are clearly similar, if not identical, in all 

reports. Where feasible, the reference designators, which are given in RIB Version 4, Revision 0 of Item 
1.1.1, have been used as a preliminary attempt at establishing consistency.  

Quality Assurance Information 

The information presented here and the data on which it is based were collected, analyzed, and 
interpreted under procedures for which satisfaction of the requirements of 10CFR60, Subpart G has not 
been demonstrated.  

Source 

Montazer, P., and W. E. Wilson, 1984. "Conceptual Hydrologic Model of Flow in the Unsaturated Zone, 
Yucca Mountain, Nevada," USGS-WRIR-84-4345, U. S. Geological Survey, Lakewood, CO.

23-JAN-99 19:49:00
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AMBIENT (IN SITU) SATURATION VALUESa

Thermal/Mechanical 
Unit 

UO 
TCw 
PTn 
TSwld 
TSw2 
TSw3 
CHnlv 
CHnlz 
CHn2z 
CHn3z

Ambient 
(In Situ) 

Saturationb

0.67 
0.61 
0.65 
0.65 
0.65 
0.90 
0.91 
0.91 
0.91

NAc 
* 0.23 
+ 0.15 
+ 0.19 
+ 0.19 
+ 0.19 
+ 0 

* 0.06 
+ 0.06 
+ 0.06

Number of 
Samples 

NAc 
6 
9 

44e 
440 
44e 

1 
25f 
25f 
251

Each value shown is based on samples taken from several boreholes. Because of spatial variability, 

samples from different locations but from the same stratigraphic unit may have different hydrologic 
properties, physical states, and/or boundary conditions, which introduces a high degree of uncertainty 
in the given values of saturation. The user should carefully consider the sensitivity of his calculations 
before using the data.  

SMean + one standard deviation.  
Not applicable.  
Lithophysal and nonlithophysal layers within Unit TSwl.  
The samples from units TSwl, TSw2, and TSw3 were grouped together when calculating the 

saturation value.  
The samples from units CHnlz, CHn2z, and CHn3z were grouped together when calculating the 
saturation value.

23-JAN-S9 17:03:00
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Keyword: saturated matrix hydraulic conductivity 

Description and Methodology 

In independent activities, Sandia National Laboratories (SNL) and the United States Geological Survey 
(USGS) determined the saturated hydraulic conductivity, K5 , of the matrix rock at various depths around 
Yucca Mountain. The matrix rock samples, obtained during the drilling of test wells, represent several 
thermal/mechanical units from both the saturated and unsaturated zones in the area of the proposed 
repository. Although other analyses have been done, only the USGS results from Wells USW H-1 and UE
25b#1 (Lahoud et al., 1984, and Rush et al., 1984) are presented in this item. SNL reported the results from 
Wells USW G-1, USW G-4, and USW GU-3 (Peters et al., 1984; Peters and Klavetter, 1985; Klavetter and 
Peters, 1987; and Rutherford et al., in preparation). All of these results are presented here.  

The hydraulic conductivity of the samples from SNL was determined using permeametry, a simple, 
accurate, and relatively inexpensive experimental technique. Saturated hydraulic conductivity is calculated 
by measuring the time necessary for a given volume of liquid at some temperature to pass through a 
sample that has a constant cross-sectional area under a fixed pressure gradient. A similar constant-head 
technique was used by the USGS. Unlike SNL, the USGS did not assume isotropy in the samples and, 
therefore, reported values for both horizontal and vertical conductivities. The results from the analysis of 
fractured samples or of samples under confinement or applied pressure and the results from other types of 
analyses are not reported here.  

Saturated hydraulic conductivity data are commonly reported in terms of a log normal distribution. Klavetter 
and Peters (1987) and Rutherford et al. (in preparation) assumed a log normal distribution within each 
thermal/mechanical unit and presented their results in terms of geometric means and variances. For 
consistency, the USGS results have been converted to the same form using the same assumptions and 
methods. It should be noted that high variability between samples within a stratigraphic unit (i.e., 2-3 orders 
of magnitude) is expected because of the variability of hydrologic properties and conditions. This 
phenomena is not as apparent in these USGS results as in the SNL results. Because of this variability, it 
may not be valid to average samples together based solely on the stratigraphic unit. However, because the 
samples were averaged, the values given are uncertain and may not represent the true means and standard 
deviations.  

The geometric mean, K,, is defined as the inverse of the log mean, log,0 mean K., which is calculated as 
follows: 

n (1) 
log,, mean K, = (1/n) Z log, 0 (KI).  

i=1 

A measure of the distribution of values is determined by adding or subtracting one standard deviation from 
the log mean value and then by inverting the resulting log values. The standard deviation, s, is the square 
root of the variance, s2, which is defined as follows: 

n (2) 
S2 = 1/(n-1) Z {Iog1 o(K.) - Iogl 0mean K,}2.  

i=1

23-JAN-89 17:13:00
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Tables 1 through 5 present the geometric means and distributions of the saturated matrix hydraulic 
conductivities for each thermal/mechanical unit and well. In all cases, the values are very low. As noted by 
Rutherford et al. (in preparation), the values for the welded tuffaceous samples range from 10-10 to 10-14 

m/sec. Low conductivities were also reported for most of the nonwelded, zeolitic samples. The nonwelded, 
vitric samples exhibited higher conductivities, 10-6 to 10-6 m/sec, which are comparable to the measured 
conductivities of silts and clay-type soils. Based on the low conductivity values as measured in the 
laboratory and on the results of field tests, both Lahoud et al. (1984) and Rush et al. (1984) concluded that 
the saturated conductivity of the rock mass through most of the thermal/mechanical units, particularly 
through the Calico Hills tuff, is controlled by faults and fractures rather than by the matrix rock.  

Quality Assurance Information 

The analyses as reported by Klavetter and Peters (1987) and Rutherford et al. (in preparation) are assigned 
a Quality Assurance Level III under WBS Elements 1.2.4.2.1.4S and 1.2.1.4.4S, respectively. The data from 
these reports as well as the collections, analyses, and interpretations of the data given in the remaining 
sources were collected, analyzed, and interpreted under procedures for which satisfaction of the 
requirements of 10CFR60, Subpart G has not been demonstrated.  

Sources 

Klavetter, E. A., and R. R. Peters, 1987. "An Evaluation of the Use of Mercury Porosimetry in Calculating 
Hydrologic Properties of Tufts from Yucca Mountain, Nevada," SAND86-0286, Sandia National Laboratories, 
Albuquerque, NM.  

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," USGS-WRIR-84-4253, U.S. Geological Survey, 
Denver, CO.  

Peters, R. R., and E.A. Klavetter, 1985. "Water Retention Characteristics and Saturated Hydraulic 
Conductivities for Tuffaceous Material from Yucca Mountain-FY85 Results," Keystone Document 6310-85
10, Sandia National Laboratories, Albuquerque, NM.  

Peters, R. R., E. A. Klavetter, I. J. Hall, S. C. Blair, P. R. Heller, and G. W. Gee, 1984. "Fracture and Matrix 
Hydrologic Characteristics of Tuffaceous Materials from Yucca Mountain, Nye County, Nevada," SAN084
1471, Sandia National Laboratories, Albuquerque, NM.  

Rush, F. E., W. Thordarson, and D. G. Pyles, 1984. "Geohydrology of Test Well USW H-i, Yucca Mountain, 
Nye County, Nevada," USGS-WRIR-84-4032, U.S. Geological Survey, Denver, CO.  

Rutherford, B. M., I. J. Hall, R. G. Easterling, R. R. Peters, and E. A. Klavetter, (in preparation). "Statistical 
Analysis of Hydrologic Data for Yucca Mountain," SAND87-2380, Sandia National Laboratories, 
Albuquerque, NM.
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TABLE 1. SATURATED MATRIX HYDRAULIC CONDUCTIVITY (m/sec) 
FOR WELL USW G-la

Thermal/Mechanical K, 
Unit K3 - sb (geometric mean) K, + sb 

TCw No Data 

PTn No Data 

TSwlC 1.8 x 10-12 9.1 x 10-12 4.5 x 10-11 

TSw2c 3.7 x 10-12 3.7 x 10-12 3.7 x 10-12 

TSw3c NAd 3.7 x 10-11 NAd 

CHnvc 5.0 x 10-12 5.0 x 10"' 5.1 x 10`0 

CHnzc 3.9 x 10-12 1.5 x 10-11 6.1 x 10-11 

PPw* 1.0 x 10-09 3.1 x 10-09 9.4 x 10-09 

a The Nevada State Central Zone Coordinates for USW G-1 are N 770,500 and E 561,000.  
s = geom etric standard deviaton.  

a Results from Rutherford et al. (in preparation).  
SNA = not applicable.  

e Results derived from data given in Klavetter and Peters (1987) and Peters et al. (1984).

Number of 
Samples 

3 

2 

1 

3 

7 

3

23-JAN-89 17:13:00
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TABLE 2. SATURATED MATRIX HYDRAULIC CONDUCTIVITY (m/sec) 
FOR WELL USW G-4a

Thermal/Mechanical 
Unit 

TCwc 

PTnd 

TSwl 

TSw2a 

TSw3* 

CHnv* 

CHnz° 

PPwc 

CFUn1 

BFw'

Ks - sb 

1.4 x 10-12 

1.2 x 10-12 

7.5 x 10-13 

6.3 x 10-12 

7.7 x 10-'3 

1.2 x 10-13 

3.5 x 10-12 

2.1 x 10-10 

1.1 x 10-11 

1.9 x 10-09

K.  
(geometric mean) 

4.3 x 10-'2 

5.0 x 10-10 

2.9 x 10-12 

9.9 x 10-12 

1.5 x 10-11 

3.4 x 10-12 

9.0 x 10-12 

1.0 x 10-09 

9.4 x 10-11 

3.8 x 10-09

K, + Sb 

1.35 x 10-11 

2.1 x 10-07 

1.1 x 10-" 

1.6 x 10-11 

2.8 x 10-10 

9.7 x 10-11 

2.3 x 10-11 

2.2 x 10-08 

8.2 x 10-10 

7.7 x 10-09

a The Nevada State Central Zone Coordinates for Well USW G-4 are N 765,807 and E 563,082.  
b s = geometric standard deviation.  
C Results derived from data given in Klavetter and Peters (1987) and Peters and Klavetter (1985).  
SResults derived from data given in Klavetter and Peters (1987), Peters and Klavetter (1985), and Peters 

et al. (1984).  
e Results from Rutherford et al. (in preparation).  

Results derived from data given in Klavetter and Peters (1987).

23-JAN-89 17:13:00

Number of 
Samples 

2 

7 

3 

8 

3 

2 

15 

5 

2 

2
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TABLE 3. SATURATED MATRIX HYDRAULIC CONDUCTIVITY (m/sec) 
FOR WELL USW GU-3&

Thermal/Mechanical 
Unit 

TCwv 

PTnd 

TSwl, 

TSw2e 

TSw3• 

CHnv* 

CHnz, 

PPwd

K1°sb 

3.7 x 10-13 

2.6 x 10-01 

7.0 x 10-13 

1.9 x 10-12 

9.5 x 10-13 

8.3 x 10-09 

8.05 x 10-10

K.  
(geometric mean) 

1.15 x 10-11 

6.1 x 10-07 

4.0 x 10-12 

2.3 x 10-11 

4.7 x 10-12 

5.5 x 10-06 

No Data 

2.2 x 10-09

Ks + sb 

3.6 x 10-10 

1.4 x 10-0o 

2.3 x 10-11 

2.7 x 10-10 

2.3 x 10-1I 

3.6 x 10-0" 

5.9 x 10-09

a The Nevada State Central Zone Coordinates for Well USW GU-3 are N 752,690 and E 558, 501.  
b s = geometric standard deviation.  
r Results derived from data given in Klavetter and Peters (1987) and Peters et al. (1984).  
d Results derived from data given in Klavetter and Peters (1987).  

a Results derived from Rutherford et al. (in preparation).

23-JAN-89 19:57:00

Number of 
Samples 

5 

3 

2 

4 

2 

5 

3
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TABLE 4. SATURATED MATRIX HYDRAULIC CONDUCTIVITY (m/sec) 
FOR WELL UE-25b#l, 

Horizontal

Thermal/Mechanical 
Unit 

TSw 

CHn 

PPw 

BFw 

TRw

Ks o sb 

NA' 

NA' 

3.9 x 10-12 

1.25 x 10-10 

2.7 x 10-10

K, 
(geometric mean) 

9.6 x 10-12 

2.0 x 10-09 

8.6 x 10-11 

7.5 x 10-10 

9.9 x 10-10

Ks + sb 

NAc 

NAc 

1.9 x 10-09 

4.5 x 10-09 

3-6 x 10-09

Number of 
Samples 

1 

1 

2 

4 

5

Vertical 

Thermal/Mechanical Ks Number of 
Unit K3 - sb (geometric mean) K5 + SO Samples 

TSw NAc 1.9 x 10-11 NA' 1 

CHn NAc 4.3 x 10-10 NAc 1 

PPw 1.2 x 10-11 6.4 x 10-11 3.4 x 10-10 2 

BFw 4.6 x 10-11 4.9 x 10-10 5.2 x 10-09 4 

TRw 2.5 x 10-10 8.2 x 10-10 2.6 x 10-09 5 

a Results derived from data given in Lahoud et al. (1984). Units were converted from (m/day) to (m/sec) 
using the conversion: 1 m/sec = 86,400 m/day. The Nevada State Central Zone Coordinates for Well 
UE-25b#1 are N 765,244 and E 566,416.  

b s = geometric standard deviation.  
c NA = not applicable.
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Thermal/Mechanical 
Unit 

TSw 

CHn 

PPw 

BFw 

TRw 

OT

Thermal/Mechanical 
Unit 

TSw 

CHn 

PPw 

BFw 

TRw 

OT
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TABLE 5. SATURATED MATRIX HYDRAULIC CONDUCTIVITY (m/sec) 
FOR WELL USW H-1& 

Horizontal

K3 - sb

7 

5 

2 

1

x 10-10 

x 10-10 

x 10-10 

x 10-11

K, 
(geometric mean) 

No Data 

No Data 

9 x 10-10 

2 x 10-09 

1 x 10-09 

3 x 10-10

Number of 
Samples

1 

9 

4

x 

x 

x

10-09 

10-09 

10-09 

10-09

3 

10 

9 

3

Vertical

K, - s 

5 x 10-10 

3 x 10-10 

1 x 10-10 

1 x 10-11

K.  
(geometric mean) 

No Data 

No Data 

6 x 10-10 

9 x 10-10 

6 x 10-10 

2 x 10-10

8 

3 

4 

5

x 10-10 

x 10-09 

x 10-09 

x 10-09

Number of 
Samples 

3 

10 

9 

3

a Results derived from data given in Rush et al. (1984). Units were converted from (m/day) to (m/sec) 
using conversion: I m/sec = 86,400 m/day. The Nevada State Central Zone Coordinates for Well USW 
H-1 are N 770,254 and E 562,388.  

b s = geometric standard deviation.
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Keywords: barometric pressure, meteorology, precipitation, relative humidity, snow, temperature, wind 

direction, wind speed 

Description and Methodology 

An adequate data base of site-specific measurements at the proposed Yucca Mountain repository is not 

yet available; therefore, most of the meteorological information is taken from the 17-yr climatological 

summary of regional data from the Yucca Flat weather station (NWS, 1989). Additional descriptive 

information was abstracted from Eglinton and Dreicer (1984).  

The Yucca Flat weather station was operated by the National Weather Service (NWS) from January 1962 to 

May 1978. It is located approximately 25 mi northeast of Yucca Mountain at the Nevada Coordinate 

System (central) zone coordinates of 680,875 E and 803,600 N at an elevation of 3,924 ft. Data from the 

Yucca Flat station are provided because the elevation and environmental conditions at Yucca Flat are 
similar to those of one proposed location for the Exploratory Shaft Facility (ESF) site.  

Yucca Mountain is classified as a mid-latitude arid climate and has large diurnal and seasonal ranges in 

temperatures, low relative humidity, strong insolation, rapid radiation loss, sparse precipitation, and 

generally light wind velocities with diurnal reversal and seasonal shifts in wind direction.  

Table 1 gives the average temperatures and the extreme maximum and minimum temperatures.  

Temperature readings are based on thermographs or hygrothermographs placed 5 ft above the ground.  

Because the sun shines at Yucca Mountain 85% of the time, the amount of solar energy that penetrates the 

surface is very high. At night, the same clear skies permit rapid radiational cooling and loss of energy. As 

a result, diurnal temperatures vary over a wide range.  

Table 2 gives average and extreme precipitation values, including the values for snow. The measurements 

were taken using standard weighing rain gages and tipping bucket gages designed to identify the level of 

total precipitation, including the water content of melted snow. Half of the average annual precipitation 

occurs between November and February during storms that migrate from the Pacific or during tropical 

storms from the west coast of Mexico. In the summer, precipitation occurs as isolated showers and 

convective thunderstorms transported northward from the tropical Pacific Ocean off the west coast of 

Mexico. Freezing rain, hail, and sleet are uncommon. Snow is normally very light and melts quickly, 
seldom lasting for more than one day.  

Table 3 shows the monthly average frequency of weather events such as precipitation, temperature 
extremes, and thunderstorms.  

Table 4 gives the average monthly values of percent relative humidity at four different times during the day 

[0400, 1000, 1600, and 2200 hours Pacific Standard Time (PST)], and the monthly average, maximum, and 
minimum values of barometric pressure.  

Table 5 gives the average and peak wind speeds for each month, and the average wind direction and wind 

speed for two daily intervals-from 2300 to 0200 hours PST and from 1100 to 1400 hours PST. Wind 

measurements are based on analog records produced by wind sensors 96 ft above the ground at Yucca 

Flat. The equipment was not designed to measure wind speeds above 60 mph. Seasonal winds are 

predominantly southerly in the summer and northerly in the winter. Diurnal wind reversals also occur, 

which are characterized by northerly down-slope nighttime winds and southerly up-slope daytime winds.
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Quality Assurance Information 

Data from the NWS 17-yr climatological summary is publicly available open literature data and conditionally 

accepted for use on the YMP with no additional verification required at this time. Subsequent validation of 

the above data for use in eventual licensing action(s) will be performed prior to such licensing action(s) in 

accordance with a process consistent with the requirements of NUREG-1298. For Eglinton and Dreicer, 

satisfaction of 10 CFR 60, Subpart G, requirements has not been demonstrated due to release of 

publication prior to implementation of an approved QA program.  

Sources 

Eglinton, T.W. and R.J. Dreicer, 1984. "Meteorological Design Parameters for the Candidate Site of a 

Radioactive-Waste Repository at Yucca Mountain, Nevada, "SAND84-0440/2, Sandia National Laboratories, 

Albuquerque, NM (YMP CRF Accession Number: NNA.870407.0048).  

NWS (National Weather Service Nuclear Support Office). "1 7-Year Climatological Summary (January 1962

-April 1978) Yucca Flat, Nevada-Nevada Test Site," provided on request by John Hughes under a cover 

memorandum dated March 30,1989 (YMP CRF Accession Number: NNA.901127.0198).  

SNL (Sandia National Laboratories), in preparation. "RIB CR34A, 'Regional Meteorological Conditions' 

Record Package," Albuquerque, NM.
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TABLE 1. TEMPERATURE SUMMARY FOR YUCCA FLAT (1962-1978)a

Temperature Averages (OF) Temperature Extremes (*F)

Daily 
Maximum 

51.1 

56.9 

60.9 

67.7 

79.2 

88.9 

96.3 

94.3 

86.3 

75.1 

61.6 

51.8

72.5

Daily 
Minimum 

20.7 

25.6 

28.3 

34.0 

43.3 

50.4 

57.2 

56.5 

47.1 

36.7 

26.9 

20.1

37.1

Monthly 
35.9 

41.3 

44.6 

50.9 

61.3 

69.6 

76.8 

75.4 

66.7 

55.9 

44.3 

35.9

54.9

Hiahest 
73 

77 

87 

89 

98 

107 

108 

108 

105 

94 

83 

71

Year 
1976b 

1963 

1966 

1962 

1974 

1970 

1972 

1972 

1971 

1964b 

1976 

1975

Lowest 
-10 

5 

9 

13 

26 

29 

40 

39 

25 

12 

5 

-14

108 Aug 1972b -14 Dec1967

a Data from NWS (1989).  
b This date represents the most recent of multiple occurrences.

Month 
Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Annual

Year 
1973 

1971b 

1977b 

1966 

1962 

1971b 

1964b 

1975b 

1971 

1971 

1975 

1967

I
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TABLE 2. PRECIPITATION SUMMARY FOR YUCCA FLAT (1962-1978)a 

Total Precipitation (in.)

Month Average

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec

0.87 
1.05 
0.65 
0.41 
0.33 
0.31 
0.53 
0.45 
0.61 
0.40 
0.59 
0.68

Annual 6.88

Greatest 
Monthly Year 

4.02 1969 
3.60 1978 
3.50 1978 
2.57 1965 
1.62 1971 
2.66 1972 
1.87 1976 
2.52 1977 
2.38 1969 
1.69 1976 
3.02 1965 
2.66 1965 

4.02 Jan 1969

Least 
Monthly Year 

0 1976b 
0 1977b 
0 1972 
Tc 1977b 
0 1976 
0 1976b 
0 1963 
0 1962 
0 1968 
0 1967 
0 1976b 
Tc 1972b 

0 Feb 1977b

Greatest 
Daily Year 

1.25 1969 
1.51 1976 
0.99 1978 
1.08 1965 
0.86 1971 
1.03 1972 
1.10 1976 
2.18 1977 
2.13 1969 
1.65 1976 
1.10 1970 
1.31 1965 

2.18 Aug 1977

Precipitation as Snow (in.)

Month Average

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

Annual

2.9 
1.3 
1.9 
0.4 
0.0• 
0.0 
0.0 
0.0 
0.0 
0.0= 
0.7 
2.1 

9.3

Greatest 
Monthly Year 

29.1 1974 
17.4 1969 

9.0d 1973d 

3.0 1964 
0.2 1975 
0.0 
0.0 
0.0 
0.0 
Tc 1971 
6.6 1972 
9.9 1971 

29.1 Jan 1974

Greatest 
Daily Year 

10.0 1974 
6.2 1969 
7.5 1973b,d 
3.0 1964 
0.2 1975 
0.0 
0.0 
0.0 
0.0 
TC 1971 
6.6 1972 
7.4 1971 

10.0 Jan 1974

a Data from NWS (1989).  
b This date represents the most recent of multiple occurrences.  
c The symbol T represents trace amounts too small to measure.  
d These values are corrections to the climatological summary (NWS) and have been confirmed by the 

NWS (SNL, in preparation).  
e Although one or more snowfalls were recorded, the average is approximately 0.0 in.  
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TABLE 3. AVERAGE NUMBER OF DAYS WITH CERTAIN WEATHER CONDITIONS 
AT YUCCA FLAT (1962-1978)a

Maximum 
Month Temperature 

>_90 0F _32 0 F

Minimum 
Temperature 

<32 0 F _<0°F

Precipitation 

_01 in. Ž0.1 in. _0.5 in. _1.0 in.

Thunder
Snow storms 

_1.0 in.

0 
0 
0 
0 
4 

15 
29 
25 
11 

1 
0 
0

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1

29 
24 
23 
13 
2 
0 
0 
0 
1 
9 

24 
30

85 2 155

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

3 
4 
4 
3 
2 
2 
3 
3 
2 
2 
3 
3

2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
2 
1

1 
1 

Ob 
Ob 
0b 

Ob 
0b 
Ob 

Ob 
1b 
1

Ob 
0b 

0 
Ob 
0 
Ob 
0b 

0b 

Ob 
Ob 
Ob 
Ob

1 34 16 3 1

1 
1 
1 
0b 

0 
0 
0 
0 
0 
0 
0b 

1 

4

a Data from NWS (1989).  
b Although one or more occurrences were recorded, the average was less than 0.5 days.  

TABLE 4. RELATIVE HUMIDITY AND BAROMETRIC PRESSURE SUMMARIES 
FOR YUCCA FLAT (1962-1978)Y

Average Relative Humidity (%) 

0400b 100Qb 1600b 2200b

71 
69 
61 
53 
48 
39 
39 
43 
45 
52 
62 
68

53 
45 
34 
27 
22 
18 
19 
22 
22 
27 
39 
48

39 
32 
25 
19 
15 
13 
14 
15 
18 
21 
30 
39

65 
57 
47 
38 
32 
25 
27 
29 
33 
41 
53 
63

54 31 23 42

Barometric Pressure (in. Hg) 

Average Highest Lowest

26.09 
26.06 
25.98 
25.95 
25.93 
25.93 
26.00 
26.00 
26.00 
26.05 
26.08 
26.08

26.01

26.54 
26.47 
26.43 
26.39 
26.39 
26.26 
26.22 
26.22 
26.36 
26.40 
26.58 
26.59

26.59

25.42 
25.31 
25.47 
25.50 
25.42 
25.42 
25.67 
25.71 
25.56 
25.52 
25.31 
25.49

25.31

a Data from NWS (1989).  
b Hour (PST).
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TABLE 5. PREVAILING WIND SUMMARY FOR YUCCA FLAT (1962-1978)a

Month 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec

Average 
Speedc 

6.0 

6.8 

8.6 

9.1 

8.0 

7.9 

7.5 

6.8 

6.7 

6.5 

6.0 

6.2

Annual 7.2

Peak Wind 
Speedc Year 

58 1965 

60+ 1976 

56+ 1975 

60+ 1970d 

60+ 1967

60 

55 

60+ 

60 

60 

60+

1967 

1971 

1968 

1976 

1971 

1973

53 1970 

60+ Feb 1976d

Resultant Wind 
2300-0200 PSTb 

Azimuth Speedc 

233 1 

275 1

240 

250 

260 

272 

278 

222 

281 

286 

234

2 

2 

2 

2 

1 

2 

1 

1 

1

288 2

261 1

Resultant Wind 
1100-1400 PSTb 

Azimuth Speedc 

135 3 

118 3 

186 5 

198 5 

179 7 

185 8 

185 12 

182 12 

163 6 

138 4

152 4

109 1

174 6

a Data from NWS (1989).  
b Resultant wind directions and speeds were recorded between January 1962 to April 1978.  
c All speeds are in units of miles per hour (mph).  
d This date represents the most recent of multiple occurrences.
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Description and Methodology 

This Item presents possible severe weather events at Yucca Mountain, as reported by Eglinton and Dreicer 

(1984).  

Winter storms produce half of the annual precipitation; however, short-lived extremes of precipitation with 

maximum single-storm levels accompany summer thunderstorms, which can cause flash floods. In the 

decade from 1962 to 1971, records show that lightning was observed during thunderstorms on 143 days.  

The frequency of lightning flashes that do not reach the ground is about 10 times greater than cloud-to

ground flashes.  

From 1955 through 1967, the State of Nevada had 7 days of hailstones that were at least 0.75 in. in 

diameter. For design purposes, one such hailstorm per year can be expected. Two annual occurrences of 

heavy fog at a density that reduces visibility to less than 0.25 mi. can be expected from November through 

March, at night or in early morning.  

Table 1 gives estimates of high winds, which generally are associated with migrating storms from the 

Pacific that occasionally affect southern Nevada in the winter. The fastest-mile wind is defined as the 

highest average wind speed that occurs as 1 mile of air passes the monitoring station.  

Another form of localized high wind, known as a dust devil, can be generated. Dust devils are defined as 

local extreme wind currents that normally circulate vertically upward 100-300 ft., sometimes reaching up to 

3000 ft., and are produced as a result of unstable air at ground level. They occur primarily in the summer 

or at other times when surface temperatures are high. Dust devils generally are short-lived, and cause no 

significant pollution or visibility problems. In rare instances, dust devils could produce tornadic conditions.  

Tornadoes never have been observed on the Nevada Test Site (NTS), and only four have been observed 

within a 150 mi. radius. The potential for a tornado strike at NTS is estimated as 7.5 x 10-4 per year, or one 

tornado in 1,333 years. Eglinton and Dreicer (1984) describe two studies - one by Fujita and one by 

McDonald, Minor, and Mehta - that predict tornado magnitudes and probabilities. Figure 1, which 

compares the predictions of these two studies, was adapted from figure 24 in the Eglinton and Dreicer 

report (1984) and incorporates additional information from Table 36. McDonald, Minor, and Mehta (cited 

by Eglinton and Dreicer, 1984) suggest that for a recurrence interval of 106 years, the maximum wind 

speeds for tornadoes and high winds would be 63 and 210 mph, respectively. For the same recurrence 

interval, Fujita (cited by Eglinton and Dreicer, 1984) suggests that the maximum wind speed from 

tornadoes and peak gusts would be 103 and 135 mph, respectively. Based on these wind estimates, Fujita 

recommended the design parameters given in Table 2. The differences in the results between the two 

studies cited by Eglinton and Dreicer (1984) can be attributed to the different approaches used.
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Quality Assurance Information 

Satisfaction of 10 CFR 60, Subpart G requirements for the Eglinton and Dreicer report has not been 

demonstrated due to publication prior to implementation of an approved QA program.  

Sources 

Eglinton, T.W. and R.J. Dreicer, 1984. "Meteorological Design Parameters for the Candidate Site of a 

Radioactive-Waste Repository at Yucca Mountain, Nevada," SAND84-0440/2, Sandia National Laboratories, 

Albuquerque, NM (YMP CRF Accession Number: NNA.870407.0048).  

SNL (Sandia National Laboratories), in preparation. "RIB CR34B, 'Severe Weather Events' Record 

Package," Albuquerque, NM.
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TABLE 1. ESTIMATED MAXIMUM HIGH WINDS AT NTS* 

Return Period Fastest-Mile Wind Maximum Gust 
(years) (mph) (mph)

2 
5 

10 
50 

100

48 
55 
61 
75 
82

62 
72 
79 
97 

107

* Modified from Eglinton and Dreicer (1984), Table 32.

TABLE 2. PARAMETERS OF DESIGN-BASIS TORNADOES (DBTs) FOR NTSa 

Tornado Probability Per Year
10-s 10-B 10-7

Maximum Windspeed (mph) 

Maximum Tangential Velocity (mph) 

Core Radius (meters) 

Translational Velocity (mph) 

Maximum Pressure Drop (mbar)d 

Maximum Tangential Velocity 
of Center Vortex (mph) 

Core Radius of Center Vortex (meters) 

Translational Velocity of Center 
Vortex (mph) 

Maximum Pressure Drop of Center 
Vortex (mbar)

58.0 

DBT-77b DBT-78c 

44.3 41.2 

35.4 33.0 

14.8 13.7 

4.2 3.7 

-- 20.6 

-- 11.4 

-- 23.1 

-- 0.9

103.0

DBT-77b 

83.9 

67.1 

28.0 

15.1

DBT78c 

71.7 

57.4 

23.9 

11.9

35.8 

17.9 

42.3 

-- 2.7

152.0 

DBT-77b DBT-78c 

129.7 103.9 

103.8 83.1 

43.2 34.6 

36.3 23.2 

- 51.9 

- 23.4 

- 64.1 

-- 5.8

The values of the DBTs are based on results of the study by Fujita (cited by Eglinton and Dreicer, 1984, 
Table 33).  
DBT-77 is an axi-symmetric DBT.  
DBT-78 is an axi-symmetric DBT with suction. Air density = 1.098 kg/m 3 at 3,700 ft.  
mbar = millibars.

S-JAN-91 12:15:00
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FIGURE 1. TORNADO AND HIGH WIND PROBABiUTIES AT NTS 
(modified from Eglinton and Drelcer, 1984, Figure 24 and SNL, In preparation)
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Description and Methodology 

In the report by the working group for the Exploratory Shaft Design Basis (Subramanian, in preparation), 
recommendations are provided for seismic parameters for the design of the shafts associated with the 
Exploratory Shaft Facility (ESF) of the proposed nuclear waste repository at Yucca Mountain, Nevada.  
These design parameters should also apply to the more general repository design; however, 
discrepancies of the recommended seismic design basis between ESF and the repository (see RIB 
Version 4, Revision 0 of Item 2.1.2) have not yet been resolved. Based on the results of studies on the 
functional performance requirements of the shafts during the preclosure period, the working group 
concluded that the shafts need only be designed to adequately ensure worker safety and reasonably 
uninterrupted functions. The working group concluded that deterministic methods were appropriate for 
establishing conservative levels of ground motion for consideration in the ESF design, and probabilistic 
methods were appropriate for confirming that the resulting motions are unlikely to be exceeded during 
the operating lifetime of the ESF. The recommendations, which were based on available site specific 
seismic and geologic data, include design parameters for both natural earthquakes that may occur at or 
near the repository site and for underground nuclear explosions (UNEs) that may occur at the Nevada 
Test Site (NTS).  

The Bare Mountain fault, located 16 km west of the ESF, appears to be the most likely source of 
potentially severe ground shaking. Based on the probability that this fault may have an average 
Quaternary slip rate of up to 0.15 mm/yr, a magnitude 6.5 earthquake on the Bare Mountain fault was 
used as the deterministic basis for establishing earthquake ground motion conditions. The design basis 
UNE is a 700 kt weapons test at the closest practical point in the Buckboard area of the NTS, as 
described by Vortman (1980).  

Recommended surface control motion values that are used for the natural earthquake design are 
presented in Table 1. The working group recommends the use of control motions 1.67 times the design 
basis values presented in Table 1 for the performance evaluation of the ESF. Factors that influence 
ground motion include source magnitude, source distance, source type, rupture dynamics, transmission 
path effects, and site geology; the first two are considered the most important. Peak horizontal 
acceleration and velocity for the design basis earthquake were extrapolated from recent observational 
data combined with other considerations. Similar engineering judgement was used in recommending 
vertical, radial, and transverse component values.  

The prediction of peak ground motion of the design basis UNE was done using empirical equations that 
were based on measured ground motions from a number of UNEs conducted in the Pahute Mesa area of 
the NTS (Subramanian, in preparation). An evaluation of the data indicated that observed ground 
motions were greater than previously predicted but within the accuracy limits of the prediction equations.  
Conservative estimates of design UNE motions were determined for a nonexceedance probability of 95 
percent. Median predicted values and recommended motion parameters for the design basis UNE are 
given in Table 2.  

The working group further recommended that, for design purposes, until site characteristics are better 
quantified, surface control motion values apply at all depths (i. e., no attenuation of ground motion with 
depth is assumed).
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Dynamic rock properties important to seismic design analyses, such as the analysis of underground 
openings subjected to transient free-field strains, include compressive wave velocity (C,), shear wave or 
S-wave velocity (C,), dynamic deformation modulus (Ed), and dynamic Poisson's ratio (Vd). C, and Ed can 
be determined from the bulk density (D), CP, and vd by the following equations: 

C,= CP[(1- 2vd)/( 2 -2vd)]Os and 

Ed = DCP2(1+vd) (1-2 Vd)/(1-vd) 

The working group report recommends that values of the bulk density at in situ saturation and the rock 
mass Poisson's ratio may be used as representative values for D and vd, respectively. Compressive or P
wave velocities for each thermal/mechanical stratigraphic unit were either estimated or selected from 
available experimental values (Spengler et al., 1984; Anderson, 1984). Recommended values of these 
properties are presented in Table 3.  

Quality Assurance Information 

The data presented by Subramanian (in preparation) were analyzed and interpreted as a Quality Level II 
activity under WBS Element 1.2.4.3.7S (Seismic/UNE Design Analyses). Some of the data used in the 
analysis for determining recommended design basis parameters were collected, analyzed, and 
interpreted under procedures for which satisfaction of the requirements of 10CFR60, Subpart G has not 
been demonstrated.  

Sources 

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," USGS-OFR-84-552, U. S.  
Geological Survey, Denver, CO.  

Spengler, R. W., M. P. Chornack, D. C. Muller, and J. E. Kibler, 1984. "Stratigraphic and Structural 
Characteristics of Volcanic Rocks in Core Hole USW G-4, Yucca Mountain, Nye County, Nevada," USGS
OFR-84-789, U. S. Geological Survey, Denver, CO.  

Subramanian, C., (in preparation). "Working Group Report - Exploratory Shaft Seismic Design Basis," 
SAND88-1203, Sandia National Laboratories, Albuquerque, NM.  

Vortman, L J., April 1980. "Prediction of Ground Motion From Underground Nuclear Weapons Tests As It 
Relates to Siting a Nuclear Waste Storage Facility at NTS and Compatibility With the Weapons Test 
Program," SAND80-1020/1, Sandia National Laboratories, Albuquerque, NM.
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TABLE 1. RECOMMENDED CONTROL MOTION VALUES 
FOR NATURAL EARTHQUAKE DESIGN

Component

Horizontal acceleration 
Vertical acceleration 

Horizontal velocity 
Vertical velocity

TABLE 2. RECOMMENDED CONTROL MOTION VALUES 
FOR THE DESIGN BASIS UNE

Component
Median Predicted 

Values
Design Basis UNE 

Values*

Vertical acceleration 
Radial acceleration 
Transverse acceleration 

Vertical velocity 
Radial velocity 
Transverse velocity 

Vertical displacement 
Radial displacement 
Transverse displacement

0.05 g 
0.03 g 
0.03 g 

4 cm/sec 
4 cm/sec 
3 cm/sec 

1 cm 
1 cm 
1 cm

0.2 g 
0.1 g 
0.1 g 

9 cm/sec 
12 cm/sec 
12 cm/sec 

2 cm 
3 cm 
4 cm

In order to provide a conservative estimate of UNE design basis motions, the ground motion 
parameters for the design basis UNE, as specified, are given for a nonexceedance probability level of 
95 percent, which corresponds to 1.65 times the standard deviation for a normal or lognormal 
distribution that increases the most probable values by a factor ranging from 2 to 4.

23-,JAN-89 17:30:00

Maximum 
Values 

0.3 g 
0.3 g 

30 cm/sec 
20 cm/sec
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TABLE 3. DYNAMIC ROCK PROPERTIES FOR SEISMIC DESIGN

Input Values 

Bulk Density, 
(g/cm3) 

2.31 
1.58 
1.84 
2.25 
2.32 
2.32 
1.82 
1.92

Recommended Values

Dynamic 
Poisson's 

Ratiob 

0.10 
0.19 
0.16 
0.22 
0.22 
0.22 
0.15 
0.16

P-wave 
Velocity 
(m/sec) 

1680 
2940 
3078 
3400 
5100 
3850 
3010

S-wave 
Velocity 
(m/sec) 

1040 
1870 
1840 
2040 
3060 
2470 
1910

Dynamic 
Deformation 

Modulus 
(GPa) 

4.1 
14.9 
18.6 
23.5 
53.0 
25.5 
16.3

Values for bulk density (at in situ saturation) were taken from Item 1.3.1.2 of RIB Version 03.001, except 
for lithophysal-rich TSwl for which an assumed value was used.  

b Values for dynamic Poisson's ratio were assumed to be equal to the rock mass values taken from Item 
1.3.1.4.2 of RIB Version 03.001, except for TSw3 for which an assumed value was used.  
Lithophysal portions of Unit TSwl.  

SNonlithophysal portions of Unit TSwl.

23-JAN-89 20:01:00
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Keywords: design underground nuclear explosion (DUNE), earthquake return period, preclosure design 

earthquake (DE), peak ground acceleration, seismic ground acceleration 

Description and Methodology 

Ground motion at the Yucca Mountain site must be evaluated for two types of seismic events: (1) natural 
seismicity (earthquakes) and (2) underground nuclear explosions (UNEs), which are scheduled 
periodically at the Nevada Test Site (NTS). Based on available data, preliminary estimates of expected 
ground motions at the site from both earthquakes and UNEs have been made by Blume (1986). In the 
report of this work, a probabilistic analysis is performed to assess both earthquake and UNE ground 
motion. The probabilistic calculations use information on the rate and distribution of earthquake and UNE 
occurrences in the site region and give estimates of the average return periods of various site ground 
motion levels.  

For assessing natural seismicity, Blume (1986) established a seismogenic zonation of the site region, 

based on historic seismicity, late Quaternary strain rates, and the style of the late Cenozoic deformation.  
Earthquake recurrence rates estimated from historic seismic events of moderate magnitude were 
generally found to be compatible with data on paleoseismic fault scarps, which are a line of cliffs produced 

by faulting or erosion. Seismic activity rates in the Great Basin are characteristically of the order of 0.01 
event/yr/1 000 km 2 of magnitude 4 or greater on the Richter scale. The spatial frequency of identified 
Holocene scarps, which indicate the occurrence of major earthquakes (magnitude of 7+) over the past 
10,000 yr, is characteristically of the order of 1/10,000 km 2.  

Blume (1986) established a model of UNE occurrence from historic NTS testing before the Threshold Test 
Ban Treaty, which currently limits testing to a maximum yield of 150 kt. Testing was conservatively 
assumed to occur in the Buckboard Mesa area, which is located 21.3 km from the site. This area has not 
been used for UNE detonations in the recent past; however, it may be used in the future. A yield limit of 
700 kt was established on the basis of the potential for off-site damage.  

The preliminary peak ground accelerations estimated by Blume (1986) are based on a regional 
probabilistic approach, available data, and estimates of appropriate return periods for preclosure facility 
design. These data are summarized in Table 1. At the underground facility level, the peak accelerations 
are assumed to be half of those at the surface pending further investigation. Discrepancies between 
Blume's seismic recommendation for the design of the repository and other recommendations for the ESF 
(see RIB Version 4, Revision 0 of Item 2.1.1) have not yet been resolved.  

Quality Assurance Information 

The data presented by Blume (1986) were collected, analyzed, and interpreted under procedures for 
which satisfaction of the requirements of 1 OCFR60, Subpart G has not been demonstrated.  

Source 

Blume (URS/J. A. Blume and Associates, Engineers), February 1986. "Ground Motion Evaluations at 
Yucca Mountain, Nevada With Applications to Repository Conceptual Design and Siting," SAND85-7104, 
Sandia National Laboratories, Albuquerque, NM.

23-JAN-89 20:03:00
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TABLE 1. SURFACE PEAK GROUND ACCELERATIONS

Seismic Event 

Preclosure Earthquake 
Design Earthquake (DE) 

Underground Nuclear Explosion (UNE) 
Design UNE (DUNE)

Acceleration (g) 

Horizontal Vertical

0.40 

0.15

0.27 

0.18

Return Period (yr) 

2,000 

2,000

�U�JAN8� 1s:J�:uu
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RTEM 
REFERENCE BOUNDARIES

Keywords: controlled area, reference boundary, restricted area, accessible environment 

Description and Methodology 

Figure 1 (from Figure 9 of Rautman et al., 1987), illustrates the perimeter of the proposed repository, the 

outer limit or boundary of the controlled area, and the 5-km distance from the original location of the 

waste. The boundary limits of the controlled area and the 5-km distance from emplaced waste are defined 

in 40 CFR 191, 12(g) (EPA, 1987), and the initial determination of actual boundaries was made from 

thermal and site faulting considerations (Johnstone et al., 1984; Mansure, 1985).  

The maximum acreage requirement for the proposed repository was initially established as about 1,500 

acres (6.07 sq km*), (Mansure, 1985) based on a 1000C maximum drift temperature limitation (Johnstone 

et al., 1984). Table 6-6 of the Site Characterization Plan Conceptual Design Report (SCP-CDR) (SNL, 1987) 

proposes a repository of 1,400 acres (5.67 sq km*); Figure 1 indicates that the proposed repository is to be 

1,386.1 acres (5.61 sq km*). The figures from the SCP-CDR and-from Rautman et al. (1987) are in good 

agreement with the initial design requirements (Johnstone et al., 1984). For further discussion, consult the 

sources.  

40 CFR 191.12(g) (EPA, 1987) states that the boundary of the controlled area cannot be more than 5-km 

horizontally from the initial outer boundary of the emplaced waste, and that the area enclosed cannot be 

more than 100 sq km. Because the area enclosed by a 5-km boundary from the proposed repository area 

is larger than 100 sq kin, the controlled area boundary was based on waste isolation considerations 

(Rautman et al., 1987).  

According to Rautman et al. (1987), the water table slopes to the southeast. Therefore, the controlled area 

boundary to the southeast is the maximum distance, i.e., 5-km. The northeastern and northwestern 

boundaries of the controlled area are chosen to follow topographic high ground where permanent markers 

would be more stable than if placed in alluvial fill. The resultant boundary, which encloses an area of 88.93 

sq km, is illustrated in Figure 1.  

The restricted area refers to the area controlled by the licensee for purposes of protecting individuals from 

exposure to radiation and radioactive materials during preclosure activities, as defined by 10 CFR 60.2 

(NRC, 1986). Since the restricted area may include accidental releases as well as shipping and handling 

exposures to radiation, Rautman chose to define the restricted area as identical to the controlled area 

(Rautman et al., 1987).  

Figure 1 also defines the accessible environment for the proposed repository. In 40 CFR 191.12 (EPA, 

1987), accessible environment is defined as the atmosphere, land surfaces, surface waters, oceans, and 

lithosphere beyond the controlled area.  

The boundaries of the underground facility of the proposed repository are also defined by 10 CFR 960.2 

(DOE, 1986) to include the rock necessary to support the mined openings throughout the construction and 

retrievability periods. Figure 2, taken from Rautmen et al., (1987), Figure 4, illustrates the proposed upper 

and lower boundaries located 5-m beyond the mined openings of the underground facility for horizontal 

and vertical emplacement alternatives.  

* Conversion factor'. 4.047 x 10-3 sq km/acre

31-JUL-90 18:07:00
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Quality Assurance 

Satisfaction of 10 CFR 60, Subpart G, requirements has not been demonstrated for the information 

presented here. The report prepared by Rautman et al. (1987) was conducted under WBS Element 
1.2.1.3.2S.  

Sources 

DOE (U. S. Department of Energy), 1988. "General Guidelines for the Recommendation of Sites for 

Nuclear Waste Repositories," 10 CFR 960, U. S. Government Printing Office, Washington, DC.

EPA (U. S. Environmental Protection Agency), 1987. "Environmental Radiation Protection Standards for 

Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Wastes," 40 CFR 191, U. S.  

Government Printing Office, Washington, DC.  

Johnstone, J. K, R. R. Peters, and P. F. Gnirk, 1984. "Unit Evaluation at Yucca Mountain, Nevada Test 

Site: Summary Report and Recommendation", SAND83-0372, Sandia National Laboratories, Albuquerque, 

NM.  

Mansure, A. J., 1985. "Underground Facility Area Requirements for a Radioactive Waste Repository at 

Yucca Mountain," SAND84-1153, Sandia National Laboratories, Albuquerque, NM.  

NRC (U. S. Nuclear Regulatory Commission), 1986. "Disposal of High-Level Radioactive Wastes in 

Geologic Repositories," 10 CFR 60, U.S. Government Printing Office, Washington, D.C.  

Rautman, C. A., B. C. Whittet, and D. L. South, 1987. "Definitions of Reference Boundaries for the 

Proposed Geologic Repository at Yucca Mountain, Nevada," SAND86-2157, Sandia National Laboratories, 

Albuquerque, NM.  

SNL (Sandia National Laboratories), 1987. "Nevada Nuclear Waste Storage Investigations Project Site 

Characterization Plan Conceptual Design Report," SAND84-2641, compiled by H. R. MacDougall, L W.  

Scully, and J. R. Tillerson, Albuquerque, NM.
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Design Repository 
S13586.1 Acres 

5.61 Sq. Kilometers

Controlled Area 
7 21975.4 Acres 

LZ 88.93 Sq. Kilometers

Accessible Environment 

� Unlimited Surface and Subsurfoce Area Outside 
Controlled Area plus 
the Atmosphere. Land 
Surfaces and Surface 
Waters within the 
Controlled Area.

PROPOSED OUNDARY [BETWEEN CONTROLLED 
AREA AND ACCESSIBLE ENVIRONUENT TO SE 
MARKED WITH PERMANENT MONUMENTS 
toe..d On tepoeropIV. setutotd ZOO 
flew ditoctilSAo ofle men mum gedowbiCo 
extent of controIIod blowndory oft*.

UAXIUUM ALLOWABLE EXTENT OF CONTROLLED AREA BASED ON 40 CFft 191.  
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within 3 km radio, 131.44 S4.km .  

meulmum artoello wed . tO0 S4.ki.  

Nets: Sublect to Chsage upon roviBlon of 
refetenco locatlon of the ropeellery 
perimoter drilt.

3100 2fO.* • 2S00 $000 ? 1O0 tOOCO 12155f.Iret J 

GEOGRAPHIC GRIO IS NEVAOA STATE 
COORDINATE SYSTEM IN FEET

FIGURE 1. REFERENCE LOCATION OF BOUNDARIES 
(from Rautman et al., 1987, Figure 9)
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DIMENSIONAL PARAMETERS I 1 I , .  
VERSION REVISION RELEASE DATE RIB CONTROL NUMBE 

1 8/6/90 CR44 

Keywords: ramps, shafts 

Description and Methodology 

This RIB Item gives design information related to ramps and shafts. Some of the information originally 

presented in Rev. 0 of this Item has been transferred into Rev. 0 of Item 2.4.2. Exploratory shaft 

information has been deleted because the design for the exploratory shaits is currently being reevaluated.  

In both the vertical and horizontal emplacement concepts, access to the underground facility is provided 

by two ramps and four shafts. These routes also permit air intake and exhaust. Presented here is a 

tabulation of dimensional parameters, including excavated dimensions, elevations, lengths, slopes, and 

surface locations of the ramps and shafts.  

The dimensions of the ramps and shafts given in Table 1 are extracted from the drawings by Parsons 

Brinckerhoff Quade & Douglas (PBQ&D). These drawings are included in Volume 6 of the Site 

Characterization Plan Conceptual Design Repoit JSCP-CDR) (SNL, 1987). The surface locations for the 

ramps and shafts shown in Table 2 are given by their Nevada State Central Zone coordinates and are also 

taken from PBQ&D Interface Control Drawings (see Souwces).  

Quality Assurance tnformation 

Satisfaction of 10 CFR 60, Subpart G, requirements has not been demonstrated for the information 

presented here. The SCP-CDR was prepared under WBS Element 1.2.4.1.3S (Major Design Deliverables) 

as a Quality Assurance Level III activity.  

Sources 

"Nuclear Waste Repository in Tuff Subsurface Facility Conceptual Design Interface Control Drawing 20'-0" 

Men and Materials Shaft," Parsons Brinckerhoff Quade & Douglas, Inc., R07054, August 4,1987 (YMP CRF 

Accession Number: NNA.890130.0008).  

"*Nuclear Waste Repository in Tuff Subsurface Facility Conceptual Design Interface Control Drawing 20'-0" 

Diameter Waste Exhaust Shaft," Parsons Brinckerhoff Quade & Douglas, Inc., R07055, August 4, 1987 

(YMP CRF Accession Number: NNA.890130.0009).  

"Nuclear Waste Repository In Tuff Subsurface Facility Conceptual Design Interface Control Drawing Waste 

Ramp Portal,* Parsons Brinckerhoff Quade & Douglas, Inc., R07055, July 31, 1987 (YMP CRF Accession 

Number. NNA.890130.0010).  

"Nuclear Waste Repository in Tuff Subsurface Facility Conceptual Design Interface Control Drawing Tuff 

Ramp Portal," Parsons Brinckerhoff Quade & Douglas, Inc., R07057, August 4,1987 (YMP CRF Accession 

Number: NNA.890202.0061).  

SNL (Sandia National Laboratories), 1987. "Nevada Nuclear Waste Storage Investigations Project Site 

Characterization Plan Conceptual Design Report,* SAND84-2641, compiled by H. R. MacDougall, L W.  

Scully, and J. R. Tillerson, Albuquerque, NM (YMP CRF Accession Number: HQS.880517.0946-.0950).
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TABLE 1. DATA FOR RAMPS AND SHAFTS

Elevation at 
Opening Collar (ft) 

Waste Ramp 3,687 

Tuff Ramp 3,914 

Men-and-Materials Shaft 4,140b 

Emplacement Area 
Exhaust Shaft 3,960b

Length or 
Depth (ft) 

Not Available 

Not Available 

1,090C 

1,040

Excavated Dimensions

Vertical 
Emplacement Reference

Horizontal 
Emplacement Reference

Opening Diameter (ft) Drawing, uiameter t1i) Drawing" 

Waste Ramp 214 23' R06916 198 21, R07015 

Tuff Ramp 24 25 R06916 20 21 R07015 

Men-and-Materials 
Shaft 20 22.5 R07001 20 22.5 R07001 

Emplacement Area 
Exhaust Shaft 20 22.5 R07001 20 22.5 R07001 

a Reference drawings are included in Volume 6 of the SCP-CDR.  
b Final construction grade elevation.  
c This depth is to the bottom of the cleanout ramp.  
d Finished dimensions equal the inside dimensions of the opening after the ground support and lining 

are in place.  
* The excavated dimensions of the bored diameters may vary slightly because of local ground 

conditions and construction methods.

Slope 

8.9% 

17.9% 

Vertical 

Vertical

Reference 
Drawinga 

R06887 

R06886 

R07001 

R07001
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TABLE 2. SURFACE LOCATIONS OF RAMPS AND SHAFTS

Opening 

Waste Ramp Portal 

Tuff Ramp Portal 

Men-and-Materials 
Shaft 

Emplacement Area 
Exhaust Shaft

a Reference drawings are from the Interface Control Drawings of PBQ&D.

Northing 

765,251 

770,635 

767,284 

764,770

Easting 

570,034 

567,388 

563,470 

565,452

Reference 
Drawing, 

R07056 

R07057 

R07054 

R07055

I
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ITEM 

VENTILATION PARAMETERS

Keywords: airflow, ramp, shaft, ventilation velocity 

Description and Methodology 

This RIB Item gives design information related to ramp and shaft ventilation parameters. Some of the 

information presented here originally was included in Item 2.4.1, Rev. 0, "Ramp and Shaft Parameters" in 

RIB Version 4. Currently, the project is reevaluating design for the exploratory shafts, so the information in 

the tables reflecting exploratory shafts is not necessarily the most current information. However, since the 

information was used to perform calculations and create the totals, it is shown here for completeness.  

In both the vertical and horizontal emplacement concepts, access to the underground facility is provided 

by two ramps and four shafts. These routes also permit air intake and exhaust and are designed to ensure 

that the ventilation system for the waste emplacement area is entirely separate from the system for the 

development area. Presented here is a tabulation of ventilation parameters, including maximum airflow, 

maximum and minimum air velocities, and mean air velocities.  

Table 1, "Ventilation Velocity Constraints," is modified from Table 3-23 of Section 3.4.4 of the Site 

Characterization Plan Conceptual Design Report (SCP-CDR) (SNL, 1987). As discussed in more detail in 

the SCP-CDR, these constraints are derived primarily from consideration of dust abatement needs, fan 

operating costs, and personnel comfort.  

Table 2, "Predicted Maximum Airflows for Ventilation," gives the maximum airflow values adequate to 

support normal emplacement operations, drift inspection, and maintenance, as well as the selected 

removal of individual waste packages for performance confirmation. The values for both underground 

configurations are abstracted from the cited PBQ&D reference drawings in Volume 6 of the SCP-CDR 

(SNL, 1987).  

Tables 3 and 4 show the calculated mean air velocities in all the drifts, shafts, and ramps within the 

repository. The averages of the highest and lowest airflows, as reported in the SCP-CDR, for each airway 

and for each type of operation (i.e., mining, drilling, emplacement, and cooling), were used as the bases 

for the calculations. Because the ventilation requirements will change with time, predicted mean air 

velocities for both year 10 and year 20 were developed and are reported in Tables 3 and 4, respectively.  

The values given in Tables 1 and 2 represent design parameters, while those in Tables 3 and 4 are values 

that were derived for use in performance assessment calculations.  

Quality Assurance Information 

Satisfaction of 10 CFR 60, Subpart G, requirements has not been demonstrated for the information 

presented here. The information presented in Tables 1 and 2 taken from the SCP-CDR was developed 

under WBS Element 1.2.4.1.3S (Major Design Deliverables) as a Quality Assurance Level III activity. The 

information given in Tables 3 and 4 was developed under WBS Element 1.2.4.3.5S as a Quality Assurance 

Level II activity. The California Administrative Code (1981) is publicly available in the open literature and 

conditionally accepted for use on the Yucca Mountain Project with no additional verification required at this 

time. Subsequent validation of the above information for use in eventual licensing action(s) will be 

performed prior to such licensing action(s) in accordance with a process consistent with the requirements 

of NUREG-1298.

26-JUL-90 6:11:00
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Sources 

California Administrative Code, July 11, 1981. Title 8, "Industrial Relations," Part 1, "Department of 

Industrial Relations," Chapter 4, "Division of Industrial Safety," Subchapter 20, "Tunnel Safety Orders." 

PBO&D (Parsons Brinckerhoff Quade & Douglas, Inc.), June 29, 1989. "Mean Air Velocities in Shafts and 

Underground Openings, DIM 146," memorandum to R. E. Stinebaugh, Sandia National Laboratories, 

Albuquerque, NM (YMP CRF Accession Number NNA.890912.0539).  

SNL (Sandia National Laboratories), 1987. "Site Characterization Plan Conceptual Design Report," 

Volumes 1 and 6, SAND84-2641, compiled by H. R. MacDougall, L. W. Scully, and J. R. Tillerson, 

Albuquerque, NM (YMP CRF Accession Number HOS.880517.0946-950).
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TABLE 1. VENTILATION VELOCITY CONSTRAINTS& 

Maximum Velocityb 

Area (ft/min) 

Intake Shafts ................................................................................ 4,000 
Return Shafts ............................................................................... 4,000 
W aste Ram p ................................................................................ 1,500 
Tuff Ram p .......................................................................... , ......... 1,500 
Men-and-Materials Shaft ............................................................ 2,300c 
Perim eter Drift ............................................................................. 2,000 
M ain Entries .............................................................................. .1,500 
Main Return Drifts ..................................................................... 1,500 

Haulage Airways (no conveyor) ............................................... 1,200 
Haulage Airways (conveyor-homotropal) ............................... -1,000 
Haulage Airways (conveyor-antitropal) ...................................... 800 
Emplacement Drifts .................................................................... 1,500 

Development Areas ....................................................................... 600 

a Modified from Table 3-23, SCP-CDR (SNL, 1987).  
b Maximum shaft velocities are based on the assumption that the shafts are dry and obstructed.  

According to the Tunnel Safety Order Section 8437 (California Administrative Code, 1981), the minimum 

velocity of all airways must be 60 ft/min.  
c This value was incorrectly reported as 2,000 ft/min in Item 2.4.1, Rev. 0 of RIB Version 4.0.

26-JUL-90 6:11:00
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TABLE 2. PREDICTED MAXIMUM AIRFLOWS FOR VENTILATION& 
(ft3/mln)

VERTICAL EMPLACEMENT
For Development 

Operations 

Reference 
Drawing 
R07016

For Emplacement 
Operations 

Reference 
Drawing 
R07017

Intake 
Exploratory Shaft-1

Exploratory Shaft-2 
Men-and-Materials Shaft 
Waste Ramp 

Total 

Exhaust 
Tuff Ramp 
Emplacement Exhaust Shaft 

Total 

HORIZONTAL EMPLACEMENT

Intake 
Exploratory Shaft-1 
Exploratory Shaft-2 
Men-and-Materials Shaft 
Waste Ramp 

Total 

Exhaust 
Tuff Ramp 
Emplacement Exhaust Shaft 

Total

213,200 

42,100b 
411,800 
163,200 

830,300 

349,000 

481,300 

830,300

Reference 
Drawing 
R07018 

208,200 
42,200 

281,300 
152,700 

684,400 

238,000 

446,400 

684,400

399,300 

78,800 
209,400 
305,200 

992,700 

155,500 

837,200 

992,700

Reference 
Drawing 
R07019 

252,100 
51,000 

117,200 
185,200 

605,500 

88,300 

517,200 

605,500

a Reference drawings cited are included in Volume 6, SCP-CDR (SNL, 1987).  
b This value was incorrectly reported as 42,000 ft3/min in Item 2.4.1, Rev. 0 of RIB Version 4.0.

26-JUL-90 5:11:oo
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TABLE 3. PREDICTED MEAN AIR VELOCmES FOR YEAR 10a 
(ft/mmn) 

HORIZONTAL EMPLACEMENT 

Common For Mining For Drilling 
Area Operations Operations 

Service Main 690 -

Waste Main 601 -

Tuff Main 291 -
Waste Main as 

Development Return 170 -

Men-and-Materials Shaft 963 -- 

Exploratory Shaft-1 1,841 
Exploratory Shaft-2 1,491 -
Waste Shaft 1,421 
Tuff Ramp 960 -

Waste Ramp 696 -
Panel Access Drift - 196 88 

Perimeter Drift 384 118 

Emplacement Drift -- 97 

VERTICAL EMPLACEMENT 

Service Main 969 -

Waste Main 410 -

Tuff Main 384 -
Waste Main as 

Development Return 186 -

Men-and-Materials Shaft 1,410 -

Exploratory Shaft-1 1,885 -

Exploratory Shaft-2 1,488 -

Waste Shaft 1,532 -

Tuff Ramp 873 -

Waste Ramp 581 -

Panel Access Drift - 231 181 

Mid-Panel Access Drift - 271 165 

Perimeter Drift 574 233 
Emplacement Drift -- 66 

a Values from PBO&D, 1989.
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TABLE 4. PREDICTED MEAN AIR VELOCITIES FOR YEAR 20a 
(ft/mln) 

HORIZONTAL EMPLACEMENT 

Common For Drilling For Emplacement 
Area Operations Operations 

Service Main -- 
Waste Main 583 -
Tuff Main 102 -

Waste Main as 
Emplacement Intake 248 -

Tuff Main as 
Emplacement Intake 132 -

Men-and-Materials Shaft 401 -
Exploratory Shaft-1 2,228 -

Exploratory Shaft-2 1,802 -

Waste Shaft 1,645 -
Tuff Ramp 356 -

Waste Ramp 842 -

Panel Access Drift - 162 226 
Perimeter Drift - 120 506 
Emplacement Drift - 84 146 

VERTICAL EMPLACEMENT 

Service Main -
Waste Main 672 -

Tuff Main 189 -
Waste Main as 

Emplacement Intake 346 -

Tuff Main as 
Emplacement Intake 209 -

Men-and-Materials Shaft 717 -
Exploratory Shaft-1 3,530 -
Exploratory Shaft-2 2,784 -
Waste Shaft 2,665 -
Tuff Ramp 389 -
Waste Ramp 1,086 -
Panel Access Drift - 212 359 
Mid-Panel Access Drift -- 637 
Perimeter Drift 165 927 
Emplacement Drift 66 107 

a Values from PBO&D, 1989.
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Keywords: allowable waste concentration, burnup, equivalent peak temperature rise concept, spent fuel 

decay curve coefficients, spent fuel thermal power output, thermal loading 

Description and Methodology 

Reference information for this item includes decay curve coefficients and waste concentrations of spent 
fuel for determining allowable thermal loading.  

For Advanced Conceptual Design studies, the equation used for the thermal power output as a function 

of time in watts per MTIHM (Metric Ton of Initial Heavy Metal) is 

P(t) = Z• [A, exp(-Bi t)], (1) 

where the coefficients in the summation, A, and B, are given in Tables 1, 2, and 3 for boiling water reactor 
(BWR), pressurized water reactor (PWR), and a 60:40 mixture of PWR (33,000 megawatt day 
(MWd)/MTIHM burnup) and BWR (27,500 MWd/MTIHM burnup) spent fuel, respectively. The time (t) in 

Equation (1) is the number of years since the spent fuel was discharged from the reactor. To determine 
the values of the coefficients for a specific burnup and fuel type, exponential functions were fit to the 

thermal decay data for a wide range of spent fuel from light water reactors. The method for fitting the 

decay functions is documented and the exponential decay constants of the functions are tabulated in an 

appendix to a draft report on thermal loading calculations (Mansure and Petney, 1988). The purpose of 
the former study was to establish standard functions that can be used as input data for various thermal 
and thermomechanical computer codes. These standard functions approximate the decay 

characteristics of PWR and BWR spent fuel as tabulated by the National Waste Terminal Storage Program 
(Roddy et al., 1986).  

The decay data from each waste type and burnup were fit using the constrained nonlinear least squares 
method with a function represented as a sum of four exponential terms. If it is determined that the decay 

curves must be applicable beyond 1,000 years, refitting may require more than four exponential terms.  
The constraints were that the difference between exponential coefficients, B,, were larger than the inverse 
of the largest time value (1,000 years) and that the amplitudes, A, were to be nonnegative. RNORM, 
shown as the final column in Tables 1, 2, and 3, is the calculated square root of the sum of the squares of 
the residuals of the curve fit and indicates the nearness of the fitted curves to the original data points.  
The best fitting curve corresponds to the smallest value of RNORM determined for a series of 
approximations. A comparison of the original data with points from the fitted decay functions revealed 
variations from the original data of less than 3 %. The average of the absolute values of all the percent 
variations was 0.44 %, thus indicating an even better agreement for the majority of the data.  

The values for the amplitudes A, are based on the time since the spent fuel was discharged from the 
reactor, rather than the time since emplacement. The reference time can be converted to the time of 
emplacement by adjusting the amplitudes by multiplying each by an exponential factor of the form 
exp(-Bi tag.), as follows: 

P(t) = 2; [(A, exp(-Bi tag,)) exp(-Bi t)], (2) 

where tag, is the time interval between reactor discharge and emplacement, and t is now the time since 

emplacement.

,JAI'45� 1I:44:uu
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Using decay characteristics of 10-year-old spent fuel from a PWR, Johnstone established 57 kW/acre as 
an acceptable design basis for the initial thermal loading (Johnstone et al., 1984). A procedure, which is 
based on the equivalent peak temperature rise concept, has been developed to apply the design basis 
loading to waste with other characteristics (Mansure and Petney, 1988). The equivalent peak 
temperature rise concept is a method for ensuring that the maximum temperature rise produced by the 
decay of a specified waste type does not exceed the maximum temperature rise produced by the decay 
of the design basis waste. It was proposed that if the peak temperature rise at the center of the 
repository region was equivalent for both cases, the thermomechanical effects would be the same. A 
three-dimensional linear heat conduction model was used to estimate these temperature effects, and the 
allowable waste concentrations are determined as proportional to the ratio of estimated peak temperature 
rises.  

According to this concept, each time the waste characteristics are changed (e.g., if new decay rates are 
established), the areal power density and thermal loading concentrations might need to be converted to 
a new value that results in the same temperature rise. Applying the equivalent peak temperature rise 
concept to current waste characteristics results in estimates of waste concentration as a function of waste 
age and burnup for BWR spent fuel and for a mixture of PWR and BWR spent fuel (Table 4) and for PWR 
spent fuel (Table 5). For example, given the waste type, age, and burnup of 5-year-old 5,000 
MWd/MTIHM burnup BWR spent fuel, the waste concentration equivalent to the current design basis 
areal power density of 57 kW/acre is reported in Table 4 as 340 MTIHM/acre. Note that there is an 
essentially linear relationship between concentration and waste age for a given burnup. Higher burnup 
spent fuel requires a smaller waste concentration for an equivalent thermal loading because the initial 
power output of the waste is higher.  

Quality Assurance Level 

The information shown in Tables 1 through 5 was generated by WBS Element 1.2.4.6.2S (Repository 
Performance Assessment - Design Analysis) as a Quality Assurance Level III activity. The decay 
characteristics of PWR and BWR spent fuel were tabulated by the National Waste Terminal Storage 
Program, which was collected, analyzed, and interpreted under procedures for which satisfaction of the 
requirements of 1OCFR60, Subpart G has not been demonstrated.  

Sources 

Mansure, A. J., and S. V. Petney, (in preparation). "Determination of Equivalent Thermal Loading as a 
Function of Waste Age and Bumup," SAND87-2909, Sandia National Laboratories, Albuquerque, NM.  

Roddy, J. W., H. C. Claiborne, R. C. Ashline, et al., 1986. "Physical and Decay Characteristics of 
Commercial LWR Spent Fuel," ORNLIrM-9591, V1 & R1, Oak Ridge National Laboratory, Oak Ridge, TN.  

Johnstone, J. K, R. R. Peters, and P. F. Gnirk, 1984. "Unit Evaluation at Yucca Mountain, Nevada Test 
Site: Summary Report and Recommendation," SAND83-0372, Sandia National Laboratories, 
Albuquerque, NM.
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TABLE 1. COEFFICIENTS Ai AND Bi FOR ESTIMATING THE THERMAL POWER 
FOR BWR SPENT FUEL AS A FUNCTION OF BURNUP

Burnup 
(MWd/MTIHM-) (W/MTIHM)

Bi 
(yr") RNORM

5,000 

10,000 

15,000 

20,000 

25,000 

27,500

2.277 x 10-1 

2.942 x 10-1 

3.404 x 10-1 

4.348 x 10-1 

4.296 x 10-1 

5.077 x 10-1

1.127 x 101 
9.401 x 100 
1.669 x 102 
1.699 x 103 

3.136 x 101 
1.952 x 101 
3.181 x 102 
2.321 x 103 

7.153 x 101 
1.238 x 102 
3.591 x 102 
2.750 x 103 

1.038 x 102 
1.845 x 102 
4.576 x 102 
3.598 x 103 

1.307 x 102 
1.694 x 102 
6.386 x 102 
3.589 x 103 

1.457 x 102 
2.236 x 102 
6.819 x 102 
4.323 x 103 

1.358 x 102 
2.347 x 102 
7.593 x 102 
3.799 x 103 

1.640 x 102 
3.124 x 102 
8.701 x 102 
3.920 x 103 

1.876 x 102 
3.870 x 102 
1.027 x 103 
5.071 x 103

* Megawatt day/Metric Ton of Initial Heavy Metal.

23-JAN-89 17:44:00

4.305 x 10-4 
8.866 x 10-3 
2.470 x 10-2 
6.201 x 10-1 

6.138 x 10-' 
4.707 x 10-3 
2.398 x 10-2 
5.588 x 10-1 

9.483 x 10-4 
1.355 x 10-2 

2.683 x 10-2 
5.272 x 10-1 

1.021 x 10-3 
1.328 x 10-2 

2.740 x 10-2 
4.991 x 10-1 

1.048 x 10-3 
1.088 x 10-2 

2.617 x 10-2 
4.568 x 10-1 

1.074 x 10-3 
1.153 x 10-2 

2.723 x 10-2 
4.647 x 10-1 

1.057 x 10-3 
1.178 x 10-2 
2.688 x 10-2 
4.532 x 10-1 

1.101 x 10-3 
1.180 x 10-2 
2.755 x 10-2 
4.295 x 10-1 

1.128 x 10-3 
1.138 x 10-2 
2.846 x 10-2 
4.298 x 10-1

30,000 

35,000 

40,000

5.018 x 10-1 

4.820 x 10-1 

4.786 x 10-1
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TABLE 2. COEFFICIENTS A, AND Bi FOR ESTIMATING THE THERMAL POWER 
FOR PWR SPENT FUEL AS A FUNCTION OF BURNUP

Burnup 
(MWd/MTIHM*)

5,000 

10,000 

15,000 

20,000 

25,000 

30,000

33,000 

35,000 

40,000

A4 
(W/MTIHM)

9.853 x 100 
1.713 x 102 
5.710 x 101 
3.967 x 103 

1.294 x 101 
2.873 x 101 
3.334 x 102 
2.556 x 103 

6.528 x 101 
4.698 x 102 
2.061 x 102 
6.287 x 103 

9.806 x 101 
6.148 x 102 
3.067 x 102 
7.744 x 103 

1.307 x 102 
7.520 x 102 
3.138 x 102 
6.728 x 103 

1.590 x 102 
9.078 x 102 
4.795 x 102 
9.201 x 103 

1.772 x 102 
1.005 x 103 
5.397 x 102 
1.102 x 104 

1.763 x 102 
3.772 x 102 
8.085 x 102 
5.017 x 103 

1.746 x 102 
1.919 x 102 
1.209 x 103 
5.760 x 103

Bi 
(yr t )

4.367 x 10-4 
2.298 x 10-2 
1.677 x 10-1 
8.199 x 10-' 

4.435 x 10-5 
2.240 x 10-3 
2.386 x 10-2 
5.399 x 10-1 

9.795 x 10-4 
2.185 x 10-2 
1.795 x 10-1 
7.123 x 10-1 

1.069 x 10-3 
2.147 x 10-2 
1.780 x 10-1 
6.835 x 10-1 

1.134 x 10-3 
2.098 x 10-2 
1.479 x 10-1 
6.139 x 10-1 

1.176 x 10-3 
2.073 x 10-2 
1.481 x 10-" 
6.351 x 10-1 

1.204 x 10-3 
2.062 x 10-2 
1.415 x 10-1 
6.397 x 10-1 

1.133 x 10-3 
1.304 x 10-2 
2.879 x 10-2 
4.369 x 10-1 

1.011 x 10- 3 

6.958 x 10-3 
2.512 x 10-2 
4.179 x 10-1

RNORM

9.386 x 10-2 

4.704 x 10-1 

2.904 x 10-" 

3.565 x 10"1 

4.228 x 10-1 

5.661 x 10-'

6.405 x 10-1 

5.164 x 10-1 

7.114 x 10-1
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TABLE 2. COEFFICIENTS A4 AND B, FOR ESTIMATING THE THERMAL POWER 
FOR PWR SPENT FUEL AS A FUNCTION OF BURNUP 

(concluded)

Burnup 
(MWd/MTIHM*)

45,000 

50,000 

55,000

60,000

AW 
(W/MTIHM)

2.210 x 102 
6.041 x 102 
1.041 x 103 
6.344 x 103 

2.375 x 102 
7.223 x 102 
1.214 x 103 
7.213 x 103 

2.544 x 102 
8.138 x 102 
1.405 x 103 
7.201 x 103 

2.659 x 102 
8.237 x 102 
1.744 x 103 
8.166 x 103

Bi 
(yr-1)

1.173 x 10-3 
1.311 x 10-2 

3.186 x 10-2 
4.250 x 10-1 

1.180 x 10-3 
1.312 x 10-2 
3.336 x 10-2 
4.185 x 10-1 

1.193 x 10-3 
1.297 x 10-2 
3.386 x 10-2 
4.033 x 10-1 

1.186 x 10-3 
1.218 x 10-2 
3.326 x 10-2 
3.988 x 10-1

RNORM

7.077 x 10-1 

6.750 x 10-1 

7.304 x 10-1

7.069 x 10-1

* Megawatt day/Metric Ton of Initial Heavy Metal.  

TABLE 3. COEFFICIENTS A, AND Bi FOR ESTIMATING THE THERMAL POWER 
FOR 40% BWR / 60% PWR MIX OF SPENT FUEL

Burnup 
(MWd/MTIHM*)

40% 27,500 BWR, 
60% 33,000 PWR

AW 
(W/MTIHM)

1.560 x 102 
4.412 x 102 
5.716 x 102 
5.074 x 103

Bi 
(yr-1)

1.108 x 10-3 
1.467 x 10-2 
3.259 x 10-2 
4.674 x 10-1

RNORM

6.096 x 10-1

* Megawatt day/Metric Ton of Initial Heavy Metal.

23-JAN-49 11:44:0g



-HAPTER

PERFORMANCE ASSESSMENT

SECTION POSTEMPLACEMENT CONDITIONS 
"EM 

THERMAL ANALYSIS PARAMETERS

YUCCA MOUNTAIN PROJECT 
REFERENCE INFORMATION BASE

TABLE 4. ALLOWABLE BWR WASTE CONCENTRATION (MTIHM/ACRE) 
BASED ON EQUIVALENT PEAK TEMPERATURE RISE CONCEPT 

Burnup (MWd/MTIHM)

Waste 
Aae 5,000

5 340 
6 348 
7 357 
8 366 
9 375 

10 384 
11 393 
12 402 
13 410 
14 419 
15 428 
16 437 
17 446 
18 455 
19 464 
20 472 
21 481 
22 490 
23 499 
24 508 
25 517 
26 526 
27 534 
28 543 
29 552 
30 561

10,000 15,000 20,000 25,000 27,500 30,000 35,000 40,000

163 
166 
170 
174 
177 
181 
184 
188 
191 
195 
198 
202 
205 
209 
212 
216 
219 
223 
226 
230 
233 
237 
240 
244 
247 
251

105 
106 
108 
110 
111 
113 
115 
116 
118 
120 
121 
123 
124 
126 
128 
129 
131 
133 
134 
136 
138 
139 
141 
142 
144 
146

76.4 60.1 54.0 51.5 43.0 36.5 
77.5 60.9 54.8 52.4 43.8 37.1 
78.6 61.8 55.6 53.4 44.5 37.8 
79.7 62.7 56.4 54.3 45.3 38.4 
80.8 63.6 57.2 55.2 46.1 39.1 
81.9 64.5 58.1 56.2 46.8 39.7 
83.0 65.3 58.9 57.1 47.6 40.4 
84.1 66.2 59.7 58.1 48.4 41.0 
85.2 67.1 60.5 59.O 49.1 41.7 
86.3 68.0 61.3 59.9 49.9 42.3 
87.4 68.9 62.1 60.9 50.7 43.0 
88.5 69.7 62.9 61.8 51.4 43.7 
89.6 70.6 63.7 62.8 52.2 44.3 
90.7 71.5 64.5 63.7 52.9 45.0 
91.8 72.4 65.3 64.6 53.7 45.6 
92.9 73.3 66.2 65.6 54.5 46.3 
94.0 74.1 67.0 66.5 55.2 46.9 
95.1 75.0 67.8 67.5 56.0 47.6 
96.2 75.9 68.6 68.4 56.8 48.2 
97.3 76.8 69.4 69.3 57.5 48.9 
98.4 77.6 70.2 70.3 58.3 49.5 
99.5 78.5 71.0 71.2 59.1 50.2 

101 79.4 71.8 72.1 59.8 50.8 
102 80.3 72.6 73.1 60.6 51.5 
103 81.2 73.4 74.0 61.3 52.1 
104 82.0 74.3 75.0 62.1 52.8

a 60% 33,000 MWd/MTIHM PWR, 40% 27,500 MWd/MTIHM BWR, the average spent fuel mixture.

X ,JIfl@# I , .~. X

Combined 
Wastea

49.9 
50.7 
51.5 
52.4 
53.2 
54.0 
54.8 
55.6 
56.5 
57.3 
58.1 
58.9 
59.8 
60.6 
61.4 
62.2 
63.1 
63.9 
64.7 
65.5 
66.4 
67.2 
68.0 
68.8 
69.7 
70.5
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Waste 
Age 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30

YUCCA MOUNTAIN PROJECT 

REFERENCE INFORMATION BASE

TABLE 5. ALLOWABLE PWR WASTE CONCENTRATION (MTIHM/ACRE) 
BASED ON EQUIVALENT PEAK TEMPERATURE RISE CONCEPT 

Burnup (MWd/MTIHM) 

5,000 10,000 15,000 20,000 25,000 30,000 33,000

343 
352 
362 
371 
381 
390 
400 
409 
419 
428 
438 
447 
457 
466 
476 
485 
495 
504 
514 
523 
533 
542 
552 
561 
571 
580

163 
167 
171 
174 
178 
182 
186 
190 
194 
197 
201 
205 
209 
213 
216 
220 
224 
228 
232 
235 
239 
243 
247 
251 
255 
258

106 
108 
110 
112 
115 
117 
119 
121 
123 
125 
128 
130 
132 
134 
136 
139 
141 
143 
145 
147 
149 
152 
154 
156 
158 
160

77.3 
78.8 
80.2 
81.6 
83.0 
84.4 
85.9 
87.3 
88.7 
90.1 
91.6 
93.0 
94.4 
95.8 
97.2 
98.7 

100 
101 
102 
104 
105 
107 
108 
110 
111 
112

60.8 
61.9 
62.9 
64.0 
65.0 
66.1 
67.1 
68.2 
69.2 
70.3 
71.4 
72.4 
73.5 
74.5 
75.6 
76.6 
77.7 
78.7 
79.8 
80.8 
81.9 
82.9 
84.0 
85.0 
86.1 
87.1

49.7 
50.6 
51.5 
52.4 
53.4 
54.3 
55.2 
56.1 
57.0 
57.9 
58.8 
59.7 
60.6 
61.5 
62.5 
63.4 
64.3 
65.2 
66.1 
67.0 
67.9 
68.8 
69.7 
70.6 
71.6 
72.5

44.6 
45.4 
46.2 
47.0 
47.8 
48.7 
49.5 
50.3 
51.1 
51.9 
52.7 
53.6 
54.4 
55.2 
56.0 
56.8 
57.6 
58.5 
59.3 
60.1 
60.9 
61.7 
62.5 
63.3 
64.2 
65.0

(Continued on next page)
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TABLE 5. ALLOWABLE PWR WASTE CONCENTRATION (MTIHM/ACRE) 
BASED ON EQUIVALENT PEAK TEMPERATURE RISE CONCEPT 

(concluded) 

Bumup (MWd/MTIHM)

Waste 
Age 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30

35,000

42.4 
43.1 
43.9 
44.6 
45.4 
46.1 
46.8 
47.6 
48.3 
49.0 
49.8 
50.5 
51.3 
52.0 
52.7 
53.5 
54.2 
55.0 
55.7 
56.4 
57.2 
57.9 
58.7 
59.4 
60.1 
60.9

40,000

36.3 
37.0 
37.6 
38.2 
38.9 
39.6 
40.3 
40.9 
41.6 
42.2 
42.9 
43.5 
44.2 
44.8 
45.5 
46.1 
46.8 
47.4 
48.1 
48.7 
49.4 
50.0 
50.7 
51.4 
52.0 
52.7

45,000

31.8 
32.4 
33.0 
33.5 
34.1 
34.7 
35.3 
35.8 
36.4 
37.0 
37.5 
38.1 
38.7 
39.3 
39.8 
40.4 
41.0 
41.6 
42.1 
42.7 
43.3 
43.9 
44.4 
45.0 
45.6 
46.1

50,000

28.0 
28.5 
29.0 
29.6 
30.1 
30.0 
31.1 
31.7 
32.2 
32.7 
33.3 
33.8 
34.3 
34.8 
35.4 
35.9 
36.4 
37.0 
37.5 
38.0 
38.5 
39.1 
39.6 
40.1 
40.7 
41.2

55,000

24.9 
25.4 
25.9 
26.4 
26.9 
27.4 
27.9 
28.4 
28.8 
29.3 
29.8 
30.3 
30.8 
31.3 
31.8 
32.3 
32.7 
33.2 
33.7 
34.2 
34.7 
35.2 
35.7 
36.2 
36.7 
37.1
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60,000

22.3 
22.6 
23.1 
23.5 
24.0 
24.5 
24.9 
25.4 
25.8 
26.3 
26.8 
27.2 
27.7 
28.1 
28.6 
29.1 
29.5 
30.0 
30.4 
30.9 
31.4 
31.8 
32.3 
32.7 
33.2 
33.7


