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Z/’gggﬁas'ﬂo YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT
DOCUMENT CHANGE NOTICE (DCN) RECORD Page 1 of 3
' Document Title: 2 Document Numoer:
Site Characterization Program Baseline YMP/CM-0011
NOTE: This document is revised by Section.
— T . R ——
The document identified in Blocks 1 and 2 has been changed. The chan ' i ifi
. _ . ged pages attached to this DCN are identified
in Blgck 7 opposite the latest DCN‘number in Block 3. The onginal issue of this document as modified by all applicabie
DCN's constitutes the current version of the document identified in Biocks 1 and 2.
P — I ————
3 4 5 6 7 g W |8
DCN NO.| CR NO, | DOCUMENT CR AFFECTED | 219|&| pate
Rev./ICN # TITLE PAGES I{<|3
%]
0 91/018 0 Initial Issue All X 2/22/91
1 91/052 1 Submit SCPB, Rev. 1 All X 4/5/91
for CCB Control
(complete revision
of information
related to ESF
design)
2 91/110 2 Revision to Section Table of X 10/2/91
8.3.1.14 of the SCPB Contents
to Reflect Updated pages iii
Plans in Study Plan through xii
8.3.1.14.2 Pages
8.3.1.14-1
through
8.3.1.14-52
3 91/096 3 Surface Dust Suppres- Table of Con- X 2/07/92
sion water will not be |tents pages
tagged with chemical iii through
tracers xii for all
5 vols.
8.4.2-87
3 91/113 3 Addition of three 8.3.1.2-251 X 2/07/92
large hydraulic 8.3.1.2-253 X
1 gradient boreholes
to the Yucca Moun-—-
tain SCPB and add
map (attachment 1)
3 92/009 3 Change in objectives 8.3.1.2-124 X
for Activities 1 and 4 |8.3.1.2-128 X
of YMP-USGS Study Plan
8.3.1.2.1.4 (Regiomnal
Hydrologic System
Synthesis and Modeling)
3 92/010 3 Change in title of 8.3.1.2-156 (X 2/07/92
Study 8.3.1.2.2.2 in
: SCPB : '
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DOCUMENT CHANGE NOTICE (DCN) RECORD

' Document Title:

YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT

Page 2 of 3

Site Characterization Program Baseline

R

3 4

DCN NO. [ CR NO.

5
DOCUMENT
Rev./ICN #

R

2 Document Numoer:
YMP/CM-0011

6
CR

TITLE

-

AFFECTED
PAGES

\|

CHANGE
ADD

N

The document identified in Blocks 1 and 2 has been changed. The changed pages attached to this DCN are identified
in quck 7 opposite the latest DCN number in Block 3. The original issue of this document as modified by ail applicabie
DCN's constitutes the current version of the document identified in Blocks 1 and 2.

DATE

DELEIEI

3 92/020

3 92/021

4 92/018
4 92/019

5 92/093

6 92/095

7 92/094

3

NOTE:

1Change of editorial

Thig document is revised by

Change title of activity
8.3.1.2.3.2.3

Change in objectives

of YMP-USGS Study Plan
8.3.1.3.2 (Saturated
zone hydrochemistry)

Change in objectives
for Activity

8.3.1.2.3.2.3 of YMP-USQ
Study Plan 8.3.1.2.3.2

Change in objectives
for activity
8.3.1.2.3.2.1

Change title of activity
in SCP 8.3.1.17.4.3.1 ta
SCP Activity

8.3.1.4.2.1

Change Site Character-
ization Program Baseling
(SCPB), Revision 6

(editorial corrections)
to the SCPB, Sections
8.3.1.4.2.1.2 and
8.3.1.4.2.1.6

for activity 8.3.1.2.3.2.

8.3.1.2-285

8.3.1.2-286

8§.3.1.2-285

.2-281

.14-92

.17-99

All ESF
related pages

8.3.1.4-39
thru
8.3.1.4-54

section.

X

02/07/92

02/07/92

03/13/92

03/13/92

07/15/92

07/15/92

07/15/92




YMP-035-R0  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT

4229 DOCUMENT CHANGE NOTICE (DCN) RECORD Page 3 of 3.
! Document Title: 2 Document Numoer:
YMP/CM-0011

Site Characterization Program Baseline

p—— AR RN MR R

The document identfied in Blocks 1 and 2 has been changed. The changed pages attached to thus DCN are identitied
in Blgck 7 opposite the latest DCN number in Block 3. The onginal issue of this document as modified by all applicanie
DCN's constitutes the current version of the document identified in Blocks 1 and 2.

| e
y ) %OCUMENT ° 7 2 zl°
DCNNO.| CR NO. CR AFFECTED g|u
Rev./ICN # TITLE PAGES § lg| PDATE
8 92/110 8 Change SCPB to Separate| 8.3.4.2-1- X 9/24/92
Man-Made material 8.3.5 10-38
effects from near- :
Field Geochemistry |
Table of Contents Table of X 9/24/92 ,
change generated by Contents: z
above listed CR Changes noted i
In Revision
Column
9 92/140 9 , revisions to the SCPB All X 10/2/92
NOTE: ISION 9 STREAMLINES VOLUMES I THROYGH V OF THE SCPB [INTD

NE VOLUME.




YMP-034-R2  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 82/140

11/13/91 ' CHANGE DIRECTIVE (CD) Page 1 of 2
SECTION I. IDENTIFICATION
2 Title of Change: 3 Change Classification:
Revisions to the SCPB ao &2
mR BK]

SECTION Il. DISPOSITION

4 CR Disposition:
Approved (J Approved with Conditions (3 Disapproved

5 Conditions: (if applicable)
None

(See Change Documentation Continuation Page ___ )}

6 Implementation Direction: (if applicable)

1. This Change Request (CR) is approved to revise the Yucca Mountain Site
Characterization Program Baseline (SCPB), YMP/CM-0011, Revision 9.

2. The CCB Secretary shall ensure that the Cover Page and the Title Page
for Document Number YMP/CM-0011, Revision 9, are prepared.

3. The Document Originator shall provide a Print Ready Copy of YMP/CM~-0011,
Revision 9, to the CCB Secretary. The document number and revision
number will be identified on each page of the Publication Ready Document
(See Change Documentation Continuation Page 2)

Procedur ICN # &/ _, in accomplishing my responsibilities in this procedure.

SECTION lll. CONCURRENCE Ak sagnmwnst ocedur mpliance. | have read, understood, and complied with
ov.

7 Quality Assurance Organization Concurrence

Name: R. E. Spence - Org.: YMQAD

(Print) (Print)
Signature: 24,8 Date: ;4-2’44 (4 g

8 Disposition Authority 9 CD Effective Date

Name: M. B. Blanchard Title: CCB Chrprsn 4])' lqy

(Print) {F?n'nt)
Signature: \N\ ?7 %L@MVQ"WLL Date: 9-11 vy

QMP-03-09



YMP-036-R0  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CR No, 92/ 140
4/23/91 CHANGE DOCUMENTATION CONTINUATION PAGE  Page 2_of2 _

6 Implementation Direction (continued)

YMP/CM-0011, Revision 9. The Document Originator shall also provide a
Document Change Notice (DCN) identifying changes made to Document

YMP/CM-0011.
4, The CCB Secretary shall ensure that YMP/CM-0011, Revision 9, is prepared
in accordance with this Change Directive (CD). The CCB Secretary shall

prepare a Controlled Document Issuance Authorization (CDIA) to transmit
this CD and YMP/CM-0011, Revision 9 to the Project Document Control
Center (DCC) in accordance with AP-1.50Q.

5. Per AP-3.3Q, each Project Participant and Project Office Division
Director will complete an Affected Document Notice (ADN) as notification
of completion of implementation planning for this CD.

6. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Document Register are updated to reflect this approved
revision of Document YMP/CM-0011, Revision 9,

7. Any changes to Document YMP/CM-0011, Revision 9, will require submittal
of a CR to the Project CCB.

8. Upon release of YMP/CM-0011, Revision 9, all Project Participants will
be required to use YMP/CM-0011, Revision 9, in performing duties
applicable to this document.

AP-3.3Q



lYMP-034-R2 YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 92/110

11/13/91 CHANGE DIRECTIVE (CD) Page 1 of 2
“— SECTION I. IDENTIFICATION
2 Title of Change: 13 Change Classification:
Change SCPB to Separate Man-Made material from Near-Field Qo & 2
Geochemistry 01 03

SECTION Il. DISPOSITION

4 CR Disposition:
Approved O Approved with Conditions (] Disapproved

§ Conditions: (if applicable)
None

(See Change Documentation Continuation Page ___ )

—

6 Implementation Direction: (if applicable)
1. CR:92/110, to the "Yucca Mountain Site Characterizarion Program Baseline
(SCPB) ", Dpcument Number YMP/CM~0011, is approved. This change constitutes
Revision 8i

2. The CCRB Secretary shall ensure that the Cover page and Title page for
Document YMP/CM-0011 are updated to reflect this approved change.

3. The document originator shall provide a publiction ready copy of

YMP/CM-0011, to the CCB Secretary for processing. A revised Table of Contents
(See Change Documentation Continuation Page 2 )

TION Iii. All signatures below constitute ocedural compliance. | have read, understood, and complied with
SECTION Iii CONCURRENCE Procedur%ﬂ, Rev. , ICN #_Z, in accomplishing my responsibilities in this procedure.

7 Quality Assurance Organization Concurrence

Name: R. E. Spence Org_: YMQAD

(Print) / C(\ ) (Prin .
Signature: __ZL, . y T Date:

8 Disposition Authority S CD Effective Date
S—r d&me; M. B. Blanchard Title: CCB Chrprsn
(Prin (Prin
Signature: Date: g 2% sz%z 9/2% Z

NRAD N ST




YMP-036-R0 YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CR No. 22/110
4/23/91 CHANGE DOCUMENTATION CONTINUATION PAGE  Page 2_ofz__

. )

—”

6 Implementation Direction (continued)

and Document Change Notice will also be included. The Docuemnt number and
revision number will be identified on each page of the Publication Ready
Document YMP/CM-0011.

4. The CCB Secretary shall ensure that YMP/CM-0011, Revision 8 is prepared in
accordance with this Change Directive (CD). The CCB Secretary shall prepare a
Controlled Document Issuance Authorization (CDIA) to transmit this CD and
YMP/CM-0011, Revision 8, to the Project Document Control Center (DCC) in
accordance with AP-1.5Q.

5. Per AP-3.3Q, each TPO and Project Office Division Director will complete an
Affected Document Notice (ADN) as notificaion of completion of implementation
planning for this CD.

6. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect this approved revision.

7. Any changes to Document YMP/CM-0011 will require submission of a CR to the
Project CCB.

8. Upon release of YMP/CM-0011, Revision 8, all Project Pariticipants will be
required to use this revision in performing duties applicable to this
document.

AD 22"




ympP-033-R2 - YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT 'CRNo. 22 (3¢

111391 CHANGE DIRECTIVE (CD) Page = of 2 _
SECTIONI. IDENTIFICATICN '
2 Title of Change: 3 Change Classification:
Si-z CTraracterizatizn Program 2assline (SCEB) Revisiin ¢ 0o =2
mR 3

SECTION It. DISPOSITION

4 CR Disposition:
2] Approved (0 Approved with Conditions (3 Disapproved

5 Conditions: (if applicabie)
NCNE

(See Change Documentation Continuation Page __ )

6 Implementation Direction: (if applicable)

1. CR:92/095, is approved as Revision 6 to the "Yucca Mcuntain Site
Characterization Program Baseline (SCPB)"™ Document Number YMP/CM-0011.

2. The CCB Secretary shall ensure that the Cover page and Title page for Document
YMP/CM~0011 are updated to reflect this approved change.

3. The document originator shall provide a print ready copy of YMP/CM-0011, to the

CCB Secretary for processing. A revised Table of Contents and Document Change

Noctice will also be included. The document number and revision number 6 wiil be
(See Change Documentation Continuation Page ___ )

SECTION Iiit. All signatures below constitute procadural compliance. | have read, understood, and complied with
0 CONCURRENCE Procedure G3-09  Rev. 3 ICN# 3~ in accomplishing my responsibilities in this procedure.

7 Quality Assurance Organization Concurrence

Name: _R. E. Spence Org.: TMQAD
(Print) (Pring)
Signature: ;.imim..%oaﬂp Date: _ﬁﬂﬁ_"——
8 Disposigion Authority ' 9 CD Effective Date
Namgs0 M. B. Blanchard Title: CCB Chrprsn

(Print) (Print) . / /
Signature: Date: _m G f’ ?2’




YMP-036-R0 YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 22_°
4/23/31 CHANGE DOCUMENTATION CONTINUATION PAGE Page 2 ofl

¢ Implamentation Dizscticn (continuad)

sdznpifisd on zach page of the Fuflicaticn Ready Tcooument TME CM=00ILL
Y,Yﬁf,_:_.I-g .

4. Tha CZ2 Sscrstary shall ensure that YMF CTM-TJ1L1, Revisicn 6 1s preparsd in
azcordancs with this Change Dirsctive (CD). The ITB Secretary shall prerars a
Controlled Documen: Issuance Authorization (COIA) to transmit this CD and
MP/ZM-0011, Revisizn 6, to the Project Dcoccument Control Center (DCC) in acccrdance
with AP-1.50
S. Per AF-3.3Q, =ath TPO and Prcject Office Divisicn Director will complete an
2ffzzted To-ument Notize (ACN) as notificzatisn of completicn of implamentaticon
planning f£cr this CD.
6. The CC3 Sacrstary shall ensure that the Configuratizn Infcrmation System (CIS)
and the CCB Register ars updated te reflect this approved additisn of Deccument

YMP/CM-0C11.
7. Any changes to Document YMP/CM-0011 will require submission cf a CR to the Prject

CCB.

8. Upon relesase of YMP/CM=-0011, Revision 6, all Project Participants will be
required to use YMP/CM-0011, Revision 6, in performing duties applicable to this

document .




wmp.034-R2  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo 21 034
1113/91 CHANGE DIRECTIVE (CD) Page __ of - _
\_/SECTION |, IDENTIFICATION

2 Title of Change: 3 Change Classification:

T4ie-rial Corracticns to the SCP3, 3=sctions 3.3:...4.2.0.2 So =2

and 5.3.1.4.2.1.6 01 73
SECTION Il. DISPOSITION
4 CR Disposition:

1 Approved T Approved with Conditions [ Disapproved

5 Conditions: (if applicable)
NONE

(See Change Documentation Continuation Page )

6 implementation Direction: (if applicable)

1. CR:92/094, is approved as Revision 7 to the "Yucca Mountain Site
Characterizarion Brogram Baseline (SCPB)" Document Number YMP/CM-0011.

2. The CCB Secretary shall ensure that the Cover page and Title page for Dccument
YMP/CM-0011 are updated to reflect this approved change.

3. The document originator shall provide a print ready copy of YMP/CM-0011, to the

CCB Secretary for processing.-A revised Table of Contents and Document Changs

Notice will also be included. The Docuemnt number and revision number 7 will be
(See Change Documentation Continuation Page ___ )

R Al signatures below constitute procedural compliance. ! have read, understood, and complied with
CONCURRENCE Procedure (3-69  Rev. 3  ICN# 2  in accomplishing my responsibilities in this procedure.

SECTION il

7 Quality Assurance Organization Concurrence

Name: _R. _E. Spence

(Print)
Signature: A_\m&y&aﬂ%

Org.: IMOAD

(Print)
Date: L.Zi’.ﬁ’-__

Tittle: CCB Chrprsn

(Print)
Date: M&

8 DispAsition Authority
s e M. B. Blanchard
(Print) =
Signature:

9 CD Effective Date

§/3/92




CCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CR No. #2234

YMP-036-R0 - YU

4/23/91 CHANGE DOCUMENTATION CONTINUATION PAGE Page = of2
" ; -mnlzmencazicn Direction (sontinued)
Lizp-ifisd cn zach page of the Publiczaticin Ready Document YMN,CM-0CIl.
4. The °CB2 Secratary shall ensurs that YMP/CM-0011, Revisicn 7 is preparad in
ac-srdance with this Change Dirsctive (ZL). The CCB Secretary shall preparz a

]
z ~~1led Document Issuance Authcrizatizn (CDIA) to transmit this CD and
yMP/CM-0011, Revision 7, ts the Proiect Document Control Center (DCC) in accordance

with AF-1.5Q.

Division Director will ccmplets an
on cf completicn cf implemenzaticn

planning for this CD.

6. The CCB Secretary shall ensure that the Configuration Information System (CIS)

-

and the CCB Register are updated to reflect this approved additicn of Document
vMP/CM=-0011.

7. Any changes to Document YMP/CM-0011 will require submission of a CR to the

[

Prcject CCB.

8. Upon release of YMP/CM-001l, Revision 7, all Project Pariticipants will be
required to use YMP/CM-0011, Revision 7, in performing duties applicable to this

document .
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| vMP-034-R2  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 32,093

-

111391 CHANGE DIRECTIVE (CD) Page 1 of 2
“~—"3ECTION |. IDENTIFICATION
2 Title of Change: 3 Change Classification:
2dd Activity in SCP 8.2.1.17.4.3.1 to SCP Activity oo &2
8.3.1.4.2.1 1 03

SECTION ll. DISPOSITION

4 CR Disposition:
& Approved O Approved with Conditions {J Disapproved

5 Conditions: (if applicable)
NONE

“ (See Change Documentation Continuation Page )

8 implementation Direction: (if applicable)

1. CR:92/093, is approved as revision 5 to the "Yucca Mountain Site
Characterization Program Baseline (SCPB)" Document Number YMP/CM-0011.

2. The CCB Secretary shall ensur that the Cover page and Title page for Document
Number YMP/CM-0011 are updated to reflect this approved change.

3. The document originator shall provide a print ready copy of YMP/CM-0011, to the

CCB Secretary for processing. A revised table of Contents and Document Change

Notice will also be included. The document number and revision number 5 will be
(See Change Documentation Continuation Page )

ECTION IIl. CON RENCE Al signatures below constitute procedural compliance. | have read, understood, and complied with
S l ONCUR c Procedure 02 =0 9 . Rev. 3 , ICN # _Z—, in accomplishing my responsibilities in this procedure.

7 Quality Assurance Organization Concurrence

Name: R. E. Spence Org_: YMQAD

(Print) (Print
Signaturer:m - XM;@Q'«/\OM ’L_. Date: gnnz ’gz at

8 Dispo:‘tion Authority 9 CD Effective Date

"\M. B. Blancpard, , / y, Title: CCB Chrprsn
(Print) =7, é/ g ?%

N
(Print)
Signature: Date: _&ZZ/ZZ_




[YMP03s-RO YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CR No. 92/093
4/23/91 CHANGE DOCUMENTATION CONTINUATION PAGE ~ Page 2 _of2 _

S’
& Implementation Directicn (continued)

identified on each page of the Publication Ready Document YMP/CM-0011.

4. The CCB Secretary shall ensure that YMP/CM-0011, Revision 5 is prepared in
accordance with this Change Directive (CD). The CCB Secretary shall prepare a
Controlled Document Issuance Authcrization (CDIA) to transmit this CD and
YMP/CM-0011, Revision £, to the Project Document Control Center (DCC) in accordance

with AP-1.5Q.

5. Per AP-3.3Q, each TPO and Project Office Division Director will complete an
Affected Document Notice (ADN) as notification of completicon of implementation
planning for this CD.

6. The CCB Secretary shall ensure that the Configuration Information System (CIS)
and the CCB Register are updated to reflect this approved addition of Document

YMP/CM-0011.

7. Any changes to Document YMP/CM-0011 will require submission of a CR to the
Project CCB.

8. Upon release of YMP/CM-0011, Revision 5, all Project Participants will be
required to use YMP/CM-0011, Revision 3, in performing duties applicable to this

document .
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yMP-034-R2  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 82/021

11/13/91 CHANGE DIRECTIVE (CD) Page 1 of 2
- SECTION I. IDENTIFICATION
2 Title of Change: 3 Change Classification:
Change in objectives for activity 8.3.1.2.3.2.4 of YMP-USGS 0o = 2
SP 8.3.1.2.3.2 (saturated-zone hydrochemistry) 01 03

SECTION {l. DISPOSITION

4 CR Disposition:
Approved [J Approved with Conditions (] Disapproved

5 Conditions: (if applicable)
None

(See Change Documentation Continuation Page )

6 Implementation Direction: (if applicable)

1. CR:92/021, is approved as the "Yucca Mountain Site Characterization Program
Baseline (SCPB)" Document Number YMP/CM-0011.

2. The CCB Secretary shall ensure that the Cover page and Title page for
Document YMP/CM-0011 are updated to reflect this approved change.

3. The Director, RSED shall provide a print ready copy of YMP/CM-0011, to the
CCB Secretary for processing. A revised Table of Contents and Document
Change Notice will also be included. The document number and revision
(See Change Documentation Continuation Page 2_ )

E IIl. CONCURRENCE Al signatures below constitute procedural compliance. | have read, understood, and complied with
SECTION O Procedure {-oj-ch ,Rev. 2 ICN# _‘IL in accomplishing my responsibilities in this procedure.

7 Quality Assurance Organization Concurrence

Name: R. E. Spence Org': YMQAD
(Print) LN (Pring)
Signature: t -AJ/@MML : Date: ///' (74 72
8 Dispgéition Authority 9 CD Effective Date
Nare: M. B. Blanchardg yi qé*, y7i Title: CCB Chrprsn {
(Print) (Pring %"f 9z
Signature: Date:

OMP.HA.0Q




| YMP-036-RO YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CR No. 32/021 _
4/23/91 CHANGE DOCUMENTATION CONTINUATION PAGE  Page 2_of2__

—
6 Implementation Direction (continued)
nurber will be identified cn each page of the Publicaticn Ready Document

YMP/CM-0011.

4. In addition to all affected Project Participants, the PCB Chief, the
Directors of EDD, P&0OCD, RSED and YMSO will complete an Affected Document
Notice (ADN) for implementation planning.

5. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect this approved addition of
Document YMP/CM-0011.

6. Any changes to Document YMP/CM-0011 will require submission of a CR to the
Project CCB.
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YMP-034-R2  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 92/020

11/13/91 CHANGE DIRECTIVE (CD) Page 1 of 2
SECTION |. IDENTIFICATION
2 Title of Change: 3 Change Classification:
Activitv 8.2.1.2.3.2.3 Title Change Jjo x2
O 3

SECTION Il. DISPOSITION

4 CR Disposition:
Approved (I Approved with Conditions (] Disapproved

5 Conditions: (if applicable)
None

(See Change Documentation Continuation Page __ )

6 Implementation Direction: (if applicable)

1. CR:92/020, is approved as the "Yucca Mountain Site Characterization Program
Baseline (SCPB)" Document Number YMP/CM-0011.

2. The CCB Secretary shall ensure that the Cover page and Title page for
Document YMP/CM-0011 are updated to reflect this approved change.

3. The Director, RSED shall provide a print ready copy of YMP/CM-0011l, to the
CCB Secretary for processing. A revised Table of Contents will also be
included. The document number and revision number will be identified
(See Change Documentation Continuation Page 2 )

ION I, ONCURRENCE Al signatures below constitute procedural compliance. | have read, understood, and complied with
SECTIO CONC c ProcedureJ@-2.23 , Rev. 4_, ICN # _2 , in accomplishing my responsibilities in this procedure.

7 Quality Assurance Organization Concurrence

Name: R. E. Spence Org.: YMQAD
(Print) //C(‘ / (Print)
Signature: < l//.MML/ Date: /3,/ 5"/ Vi
¢ Dispogjtion Authority 9 CD Effective Date

M. B. Blanchards <— 7 Title: CCB Chrprsn

et

(Print) < ' : (Print)

Signature: Date: _Z&éé,&l_. /3’/50/‘}'

QMP-03-09




YMP-036-R0  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ! CR No. $2/020
4/23/91 CHANGE DOCUMENTATION CONTINUATION PAGE  Page 2 of2 _

~— 6 Implementation Direction (continued)
on each page of the Publication Ready Document YMP/CM-0011.

4. In addition to all affected Project Participants, the PCB Chief, the
Directors of EDD, P&OCD, RSED and YMSO will complete an Affected Document

Notice (ADN) for implementation planning.

5. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect this approved addition of
Document YMP/CM-0011.

6. Any changes to Document YMP/CM-0011 will require submission of a CR to the
Project CCB.

AP-3.3Q



YMP-034-R2  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 82/0:9

11/13/91 CHANGE DIRECTIVE (CD) Page 1 of 2
SECTION I. IDENTIFICATION
2 Title of Change: 3 Change Classification:
Change in objectives for activity 8.3.1.2.3.2.1 of YMP-USGS 0o (2
SP 8.3.1.2.3.2 (saturated-zone hydrochemistry) 01 0os

SECTION II. DISPOSITION

4 CR Disposition:
& Approved O Approved with Conditions O Disapproved

5 Conditions: (if app//cable)
None

(See Change Documentation Continuation Page )

8 Implementation Direction: (if applicable)

1. CR:92/019, is approved as revision to the "Yucca Mountain Site
Characterization Program Baseline (SCPB)" Document Number YMP/CM-0011.

2. The CCB Secretary shall ensure that the Cover page and Title page fecr
Document YMP/CM-001l are updated to reflect this approved change.

3. The Director, RSED shall provide a print ready ccpy of YMP/CM-0011, to the
CCB Secretary for processing. The document number and revision number will be
identified on each page of the Publication Ready Document YMP/CM-0011. A

(See Change Documentation Continuation Page 2 )

SECTION Hll. CONCURRENCE Al signatures below constttute procedural compliance. | have read, understood, and complied with
Procedure(yMP-+» <5, Rev. >, ICN #~ %  in accomplishing my responsibilities in this procedure.

7 Quality Assurance Organization Concurrence

Name: R. E. Spence Org.: 1MOAD
(Print) - ' . ﬂ?mqﬁ -
Signature: Mot Date: %
8 Dispgsition Authority 9 CD Effective Date
Né:’ M. B. Blanchard Title: CCB Chrprsn

(Print)=,_ (Print) P // 0 /q r
Signature: Date: _ML




YMP-036-R0  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' GR No. 92/019
4/23/91 CHANGE DOCUMENTATION CONTINUATION PAGE  Page 2_of2 _

6 Implementation Direction (continued)
revised Table of Contents and Document Change Notice will also be included.

4, In additiocn to all affected Project Participants, the PCB Chief, the
Dirsctors ¢f EDD, P&0CD, RSED and YMPO will complete an Affected Document

Notice (ADN) for implementation planning.

5. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect this approved revision to
Document YMP/CM-0011.

6. Any changes to Document YMP/CM-0011 will require submission of a CR to the
Project CCB.
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YMP-034-R2  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 92/018
11713731 CHANGE DIRECTIVE (CD) Page I of 2

SECTION |. IDENTIFICATION

2 Title of Change: 3 Change Classification:
Change in cbjectives for activity 8.3.1.2.3.2.3 of YME-USGS 0o &2
SP £.3.1.2.3.2 (saturated-zone hydrochemistry) 1 03

SECTION Il. DISPOSITION

4 CR Disposition:
Approved (] Approved with Conditions (J Disapproved

§ Conditions: (if applicable)
None

(See Change Documentation Continuation Page )

6 Implementation Direction: (if applicable)

1. CR:92/018, is approved as revision to the "Yucca Mountain Site
Characterization Program Baseline (SCPB)" Document Number YMP/CM-0011.

2. The CCB Secretary shall ensure that the Cover page and Title page for
Document YMP/CM-0011 are updated to reflect this approved change.
3. The Director, RSED shall provide a print ready copy of YMP/CM-0011, to the
CB Secretary for processing. The document number and revision number will be
identified on each page of the Publication Ready Document YMP/CM-0011. A
(See Change Documentation Continuation Page 2 )

SECTION IIl. CON R AII signaturgs below constitute procedural compliance. | have read, understood. and complied with
ONCURRENCE Procedure gMP-v3-03, Rev. @, ICN # 12, in accomplishing my responsibilities in this procedure.

7 Quality Assurance Organizatiori Concurrence

Name: R. E. Spence Org.: YMQAD
GRS (Print)
Signature: - //H Date: _/_/%Lci

8 Dispogition Authority 9 CD Effective Date
4 M. B. Blanchard Title: CCB Chrprsn

(Print) (Print) 2 / /0 / 92
Signature: Date:




YMP-036-R0  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CR No, 32/018
4/23/91 CHANGE DOCUMENTATION CONTINUATION PAGE  Page 2 of2 _

6 Implementation Direction (continued)

revised Table of Contents and Document Change Neotice will also be included.

4. In addition to all affected Project Participants, the PCB Chief, the
Directors cf EDD, 2&0CD, RSED and YMSO will complete an Affected Document
Notice (ADN) for implementation planning.

5. The CCB Secretary shall ensure that the Configuration Information System

(CIS) and the CCB Register are updated to reflect this approved revision to
Document YMP/CM-0011.

6. Any changes to Document YMP/CM-001l will require submission of a CR to the
Project CCB.




" SECTION I. IDENTIFICATION

1 ﬁ:\*wd’r s TSI Ry

ymP-034-R2  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 92/010
113/31 CHANGE DIRECTIVE (CD)

Page 1 of 2

2 Title of Change:
Change of Title of Study 8.3.1.2.2.2 in SCPB

gao
O 1

3 Change Classification:

&2
K]

SECTION Il. DISPQSITION

4 CR Disposition:
Approved (1 Approved with Conditions

(O Disapproved

5 Conditions: (if applicable)
None

(See Change Documentation Continuation Page ___ )

6 Implementation Direction: (if applicable)

change.

1. °R:92/010, is approved as the "Yucca Mountain Site Characterization Program
3aseline (SCPB)" Document Number YMP/CM-0011, Revision 3.

2. The CCB Secretary shall ensure that the Cover page and Title page for
Document YMP/CM-0011, Revision 3, are updated to reflect this approved

3. The Director, RSED shall provide a print ready copy of YMP/CM-0011, Revision
2, to the CCB Secretary for processing. A revised Table of Contents will
(See Change Documentation Continuation Page 2 )

SECTION Ill. CONCURRENCE All signatures below constitute pr

Proceduregj_&g_ﬁf Rev. 3

ocedural compliance. | have read. understood. and complied with
ICN #Q[g,nn accomplishing my responsibilittes 1n this procedure

7 Quality Assurance Organization Concurrence

Name: R. Spence

Org.: YMOAD

(Print)
Date:

(Print) (_(\ Iy
Signature: / : %ﬂw

8 Disposition Authority

Title: CCB _Chrprsn

N 77 M. B. Blanchard , , p
(Print)
Signature:

(Print)
Date: M&ﬂ

9 CD Effective Date

12 :9,/71

QMP-03-09
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& Implementation Direction (continued)

o

YMP-036-R0 YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CR No. 227019

also be included. The document number and revision number will be identified

on each page of the Publicaticn Ready Document YMP/CM-CCll, Revision 3.

. In addition to all affected Project Participants, the PCB Chief, the

Directors of EDD, P&OCD, RSED and YMSO will complete an Affected Document
Notice (ADN) for implementation planning.

. The CCB Secretary shall ensure that the Configuration Information System

(CIS) and the CCB Register are updated to reflect this approved addition of
Document YMP/CM-0011, Revision 3.

Any changes to Document YMP/CM-0011, Revision 3, will require submission of a
CR to the Project CCB. ‘

AP-3.3Q
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YMP-034-R2  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 92/009

rLHNATION

e e w6

11/13/91 CHANGE DIRECTIVE (CD) Page 1 of 2 _
SECTION I. IDENTIFICATION
2 Title of Change: 3 Change Classification:
Change in Objectives for Activities 1 and 4 of YMP USGS do &2
Study Slen 8.3.1.2.1.4 (Regional Hydrologic 3System Synthesis 01 03
and Modeling)

SECTION Il. DISPOSITION

4 CR Disposition:
Approved

O Approved with Conditions

(0 Disapproved

5 Conditions: (if applicable)

None

(See Change Documentation Continuation Page ___ )

! 6 Implementation Direction: (if applicable)

1. CR:92/009, is approved as the "Yucca Mountain Site Characterization Program
Baseline (SCPB)"™ Document Number YMP/CM-0011, Revision 3.
2. The CCB Secretary shall ensure that the Cover page and Title page for
Document YMP/CM-0011, Revision 3, are updated to reflect this approved
change.
3. The Director, RSED shall provide a print ready copy of YMP/CM-0011, Revision
3, to the CCB Secretary for processing. A revised Table of Contents will
(See Change Documentation Continuation Page z )
SECTION Il CONCURRENCE Ali signatures below constitute procedural compliance. | have read, understood, and compiied with
) Procedure ,Rev. | ICN# __ _ inaccomplishing my responsibilities in this procedure.
7 Quality Assurance Organization Concurrence
Name: R. Spence Org.: YMQAD
(Print)

P =
Signaturerzm ) ’\]zC(\ ,!/’_ﬂfmrl —

Date: £ -?///&/‘7/

8 Dispogiion Authority

Naf g .

B, Rlanchard ,, —2 7
(Print) >k

9 CD Eftective Date

Title: CCB Chrprsn

Date: (P/ri%// 2/7/

QMP-03-09
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M B ey |

¢ Implementation Direction (continued)

also be included. The document number and revision number will be identified
sn each page of the Publication Ready Document YMP/CM-0011, Revision 3.

4. Tn addition to all affected Project Participants, the PCB Chief, the
Directors of EDD, P&OCD, RSED and YMSO will complete an Affected Document
Notice (ADN) for implementation planning.

5. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect this approved addition of

Document YMP/CM-0011, Revision 3.

6. Any changes to Document YMP/CM-0011, Revision 3, will require submissicn of a
CR to the Project CCB.

AP-3.3Q



YMP-034-R1  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT "CRNo. i 112 }
1% CHANGE DIRECTIVE (SD) S S
-~ SECTION . IDENTIFICATION
2 Title of Change: 3 Change Classification:
Additicn of Three Largs Hydraulic Gradisnt Boreholes to ths B¢ 2
Yuzca Mountain Site Characterization Program Baseline 1 03
SECTION ll. DISPOSITION
4 CR Disposition:
] Approved Approved with Conditions ] Disapproved

;%{;:Zﬁﬂfxé

& oen .t

Sy

aas g
. 7

5 Conditions: (if applicable)

1. Cost and Schedule impacts and changes to planning documents for
implementing the proposed work shall be prepared and approved prior to
commencement of werk.

2. Grading Packages for proposed work must be prepared a

the commencement of proposed work.

and arpreved pricr to

(See Change Documentation Continuation Page

—)

NG implementation Direction: (if applicable)

1. CR:91/113, is approved with the above conditions as the "Yucca
Mountain Site Characterization Program Baseline (SCPB)" Document
Number YMP/CM-0011, Rev 5.

2. The CCB Secretary shall ensure that the cover page and Title page for
Dosument YMP/CM-0011, Rev 5 are updated to reflect this apprcved change.

3. The Director, RSED shall provide a print ready copy of YMP/CM-0011 to the:
CCB Secretary for processing upon the completion of condition #1. A

(See Change Documentation Continuation Page _2 _

)

SECTION ill. CONCURRENCE

7 Quality Assurance Organization Concurrence

Name: R. E. Spence Org.: PQA
(Print) -5 & (Print), .
Signature: v) \/—A .*f/é/ 74 é( Date: s 3’ s (»7/
> >

8 CD Effective Date

Title: CCB Chrprsn

8 Disposjtion Authority
‘%‘ M. B. Blanghard

(Print)=”", j
Signature:

(Pnn Y
Date: 3//?7

jo/31[9!

MRAD N2 .NO
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lzmentatizsn Dirsctizn (continued)

avised table of contents will also be included. The document number znd
svisicn number will be Identified cn each page ¢f the publicaticn ready

iocument YMP/CM-0011, Rev 3.

The Dirzctor, RSED will ensure the integration of the three new boreholes
into the integrated drilling schedule.

REECO and USGS will assess the cost and schedule impacts for the three new
boreheles and initiate C/SCRs as appropriate in accordance with AP-3.7

In addition to all affected Project Participants, the PCB Chief, the Directors
cf EDD, P&OCD, RSED and YMSO will complete an Affected Document Notice (ADN)
for implementation planning.

The CCB Secretary shall ensure that the Configuration Information System (CIS)
and the CCB Register are updated to reflect this approved additicon of Document
YMP/CM=-0011.

Any changes to Document YMP/CM-0011 will require submission of a CR to the
Project CCB.

AP-3.3Q



YMP-034-R1 YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT 'CRNo. 81110

B - CHANGEDIRECTIVE (CB)— — ———  Page lofZ -
SECTION I. IDENTIFICATION
2 Title of Change: 3 Change Classification:
Revision to Section 8.3.1.14 of the SCPB to Reflect Updated ao X2
Plans in Study Plan 8.3.1.14.2 a1 03
SECTION Il. DISPOSITION
4 CR Disposition:
& Approved O Approved with Conditions O Disapproved
§ Conditions: (if applicable)
None
(See Change Documentation Continuation Page )
8 Implementation Direction: (if applicable)
1. This Change Request (CR) for the Site Chararacterization Program Baseline,
Revision %, " Document Number YMP/CM-Q01l is approved.
’Z_ Wr l('"
2. The CCB Secretary shall ensure that the Title Page for Document YMP/CM-0011
Revision areﬁprepared
2 ‘el
3. The Document Originator shall provide a Print Ready Copy of YMP/CM-0011,
Revision A, t:/the CCB Secretary. The Document Number and Revision Number
Ser oo
o (See Change Documentation Continuation Page 2 )
SECTION ill. CONCURRENCE
7 Quality Assurance Organization Concurrence
Name: D. G. Horton Org.: PQA
it ] (Print)
Signature.L CANCAve %La S 6(\& Date: _.C z4y--al
8 Dispogition Authority 9 CD Effective Date

N .~ M. B. Blanchard . Title: CCB Chrprsn

soranver Liball) (e oue 22 | Y35/
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YMP-036-R0  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CR No. 3/110

{42381 — - . ——CHANGE DOCUMENTATION CONTINUATION PAGE  Page? ofZ

[ Implementation Direction (continued)

will be identified on each page of the Publication Ready Document,
YMP/CM-0011. The Document Originator shall also provide a Document Change
Notice (DCN) indicating changes made to the document.

2 z’zl// 74
4. The CCB Secretary shall ensure that YMP/CM-0011, Revision A, is prepared
in accordance with this Change Directive (CD). The CCB Secretary shall

prepare a Controlled Document Issuance Authorization (CDIA) to transmit
this CD, the DCN, and YMP/CM-0011, Revision A%< to the Project Document
Control Center (DCC) in accordance with AP-1.5Q. 2 §c7ﬂq4/§/

Per AP-3.3Q, each TPO and Project Office Division Director will complete an
Affected Document Notice (ADN) as notification of completion of
implementation planning for this CD.

n

6. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect Revision ¥ o YMP/CM~-0011.
SN, _ of o o
7. Any changes to document YMP/CM-0011, Revision Y, will require submittal of
a CR to the Project CCB.
2 E7nl

8. Upon release of YMP/CM-0011, Revision % all Project Participants will be
raquired to use YMP/CM-0011, Revisionzx‘ in performing duties applicable
to this document.




N

R S ET S T I YU RN |

SpreTA LT g s igy ey 0 T TS
LTINS BN

Tod i . NP I “ 8

YMP-034-R0  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CRNo. 21/096

422191 CHANGE DIRECTIVE (CD) Page % of 2
SECTION |. IDENTIFICATION
2 Title of Change: 3 Change Classification:
SCPB Revision: Surface Dust Suppression Water will not be [Class 1 [IClass 3
tagged wtih a Chemical Tracer X Class 2
_ ]

_S.E.CTION il. DISPOSITK;N
4 CR Disposition:
(J Approved (] Disapproved
X! Approved with Conditions

5 Conditions: (if applicable)

1. The revision to the SCPB Document must undergo a QMP-06-04 Management, QA
and Technical review.

(See Change Documentation Continuation Page )

6 implementation Direction: (if applicable)

1. This Change Request (CR) for the Site Chararacterization Program Baseline,
Revision 3," Document Number YMP/CM-0011 is approved with the condition
listed in Block 5 of the CD.

2. The CCB Secretary shall ensure that the Title Page for Document YMP/CM-0011
Revision 3, are prepared.

3. The Document Originator shall provide a Print Ready Copy of ¥YMP/CM-0011,
(See Change Documentation Continuation Page 2 )

SECTION ill. CONCURRENCE

7 Quality Assurance Organization Concurrence

Name: D. G. Horton Org.: PQA

{print, (print)
Signature: Date: -2~ \

8 Disposition Authority 9 CD Effective Date

Name: M. B. Blanchard Title: CCB Chrprsn

(print) E R Q / {(print) '

9, /G

Signature: WA Date: _ T-2(=7( Q/o?///’

e ———————]
ARMD N2 NGO
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YMP-036-R0  YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT ' CR No. 31/0986
4/23/91 CHANGE DOCUMENTATION CONTINUATION PAGE Page 2 of2

6 Implementation Direction (continued)

Revision 3, to the CCB Secretary. The Document Number and Revision Number
will be identified on each page ¢f the Publication Ready Document,
YMP/CM-0011. The Document Originator shall also provide a Document Change
Notice (DCN) indicating changes made to the document.

4, The CCB Secretary shall ensure that YMP/CM-0011, Revision 3, is prepared
in accordance with this Change Directive (CD). The CCB Secretary shall
prepare a Controlled Document Issuance Authorization (CDIA) to transmit
this CD, the DCN, and YMP/CM-0011, Revision 3, to the Project Document
Control Center (DCC) in accordance with AP-1.5Q.

5. Per AP-3.3Q, each TPO and Project Office Division Director will complete an
Affected Document Notice (ADN) as notification of completion of
implementation planning for this CD.

6. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect Revision 3 to YMP/CM-001l.

7. Any changes to document YMP/CM-0011, Revision 3, will require submittal of
a CR to the Project CCB.

8. Upon release of YMP/CM-0011, Revision 3, all Project Participants will be
required to use YMP/CM-0011, Revision 3, in performing duties applicable
to this document.

AP-3.3Q



/90 CHANGE DIRECTIVE (CD) Page 1 of 2
. SECTION |. IDENTIFICATION
Z Title of Change: 3 Change Classification:
Submittal of the "Site Characterization Program Baseline, OClass 1 [Class 3
Rev. 1," for CCB Control X Class 2

Y-AD-057 YUCCA MOUNTAIN PROJECT ' CRNo. 91/052

SECTION il. DISPOSITION

4 CR Disposition:

(J Approved O Disapproved
& Approved with Conditions

5 Conditions: (if applicable)

The next revision of this document should incorporate the following items:

1. The term "Exploratory Shaft Facility" should be replaced by "Exploratory
Studies Facility" throughout the document.

2. The term "repository" should be replaced by "potential repository"
throughout the document.

(See Change Documentation Continuation Page ___ )

€ Implementation Direction: (if applicable)

1. This Change Request (CR) is approved for CCB Baselining as the "Site
Characterization Program Baseline, Revision i," and is assigned Contrclled
Document number YMP/CM=-0011.

2. The Director, Regulatory and Site Evaluation Division is responsible for
ensuring the above listed conditions are incorporated into the next
revision of Document YMP/CM-0011.

(See Change Documentation Continuation Page 2 )

SECTION Ill. CONCURRENCE

7 Quality Assurance Organization Concurrence

Signatu(r;;r:iny’!‘ / MW (/,4\011 -Qé) %73‘[7’7 Date: TE;?X&IZZL__

Name: D. G. H6It0n Org.' PQA

8 Disposition Authority 9 Effective
Date:
Name: M. B. Blanchagd /s , P Title: CCB Chrprsn
(print) < d

O o fo s/28/4

Signature: Date:




Y-AD-055 YUCCA MOUNTAIN PROJECT ! CR No. 81/052
. 9/90 CHANGE DOCUMENTATION CONTINUATION PAGE Page 2 of 2

~— 6 Implementation Direction (continued)

2. The CCB Secretary shall ensure that the Cover Page and the Title Page for
Document YMP/CM-0011, Revision 1, are prepared.

4. The Document Originator shall provide a Print Ready Copy of YMP/CM-0011,
Revision 1, to the CCB Secretary. The Document Number and Revision Number
will be identified on each page of the Publication Ready Document,
YMP/CM-0011.

5. The CCB Secretary shall ensure that YMP/CM-0011, Revision 1, is prepared
in accordance with this Change Directive (CD). The CCB Secretary shall
ensure the Document Change Notice (DCN), indicating changes made in the
document, is prepared. The DCN will be attached to the front of the Print
Ready Copy of the document. The CCB Secretary shall alsc prepare a
Controlled Document Issuance Authorization (CDIA) to transmit this CD, the
DCN, and YMP/CM-0011, Revision 1, to the Project Document Control Center
(DCC) in accordance with AP-1.5Q.

6. Per AP-3.30, each TPO and Project Office Division Director will complete an
Affected Document Notice (ADN) as notification of completion of
implementation planning for this CD.

7. The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect Revision 1 to YMP/CM-0011.

8. Any changes to document YMP/CM-0011, Revision 1, will require submittal of
a CR to the Project CCB.
$. Upon release of YMP/CM-0011, Revision 1, all Project Participants will be
required to use YMP/CM-0011, Revision 1, in performing duties applicable
to this document.
S’
I _




Y-AD-057 YUCCA MOUNTAIN PROJECT 1 CR No. 91/018

9/90 CHANGE DIRECTIVE (CD) Page 1 of 2
SECTION|. IDENTIFICATION
2 Title of Change: 3 Change Classification:
~— PROPOSED BASELINING OF THE YM SITE CHARACTERIZATION PROGRAM OClass 1 [dClass 3
(SCP CHP. 8, PART B, VOL. IV-VIII) X Class 2

SECTION ll. DISPOSITION
4 CR Disposition:

J Approved (0 Disapproved
& Approved with Conditions

5 Conditions: (if applicable)
1. Review of all Project Office controlled documents will be completed to
identify references to the:

- Technical Planning Basis (TPB): SCP Yucca Mountain Site, Nevada
Research and Development Area, YMP/CC-0005, Rev. 0, 9/90.

- Test and Evaluation Planning Basis (T&EPB), Volumes 1-4, YMP/90-23,
Rev. 0, 8/90.

The references will be replaced by references to the Site Characterization
Program Baseline (SCPB).

2. The Director, RSED will ensure, prior to issuance, that the following
changes have been incorporated into the SCPB:

(See Change Documentation Continuation Page 2 )
6 Implementation Direction: (if applicable)

g 1. CR 91/018 is approved with the above conditions as the "Yucca Mountain Site
Characterization Program Baseline (SCPB)" and is assigned document number
YMP/CM-0011, Rev. 0, (Configuration Identification number CI.13.0000).
YMP/CM-0011 supersedes YMP/CC-0005, Rev. 0 and replaces the need for the
T&EPB.

2. The CCB Secretary shall ensure that the Cover Page and Title Page for
Document YMP/CM-0011, Rev. 0 are updated to reflect this approved change.

(See Change Documentation Continuation Page 2 )
SECTION lll. CONCURRENCE

7 Quality Assurance Organization Concurrence

Name: D. G. Horton Org.: PQA

(print) (print)
Signature: /;}/W [))(M Date: _@Z/ﬁ&__

8 Disposition Authority 9 Effective

Date:
. M. B. Blanchard ie. Acting DPM
Name: Title:

(print (print) .
Signatur‘:er:m <'\X MM@&‘MM Date: \ZT 14-40 /2/ "’/ 7¢




Y-AD-055 YUCCA MOUNTAIN PROJECT 1 CR No. 91/018

9/90

CHANGE DOCUMENTATION CONTINUATION PAGE Page 2 of 2_

5 Condition (continued)

- SCP Sections 8.5 and 8.6 will be excluded.

- All milestones, schedules, decision points, and procedures in the SCP
will be excluded.

- Changes identified in CR 90/031 will be incorporated.

- The errata sheet for references to the SCP will be incorporated.

- The Glossary in Volume VIII of the SCP will be appended to the SCPB
prior to controlled distribution.

6 Implementation Direction (continued)

3.

The RSED Director will provide a print ready copy of YMP/CM-00ll to the
CCB Secretary for processing upon completion of Condition #2. A revised
Table of Contents will also be included. The document number and revision
number will be identified on each page of the publication ready document
(YMP/CM-0011, Rev. 0).

In addition to all affected Project Participants, the PCB Chief will
complete an Affected Document Notice [(ADN) Form Y-AD-001, 4/90] after
review of all project plans, APs, QMPs, and BTPs to meet Condition 1.

In addition to all affected Project Participants, the Directors of EDD,
P&OCD, and RSED will complete an ADN after review of all technical
requirements documents under their cognizance to meet Condition 1.

The CCB Secretary shall ensure that the Configuration Information System
(CIS) and the CCB Register are updated to reflect this approved addition

of Document YMP/CM-0011.

Any changes to Document YMP/CM-0011 will require submission of a CR
to the Project CCB.
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8.1 INTENTIONALLY OMITTED
8.2 INTENTIONALLY OMITTED
8.3 PLANNED STUDIES AND PERFORMANCE ALLOCATION TABLES
8.3.1 SITE PROGRAM
8.3.1.1 Ovcrview

This section describes the site characterization investigations currently thought to be nccessary to
adequately characterize the Yucca Mountain site. The investigations are subdivided into studies and
activitics. The studies and activities will be described in further detail in study plans. The site data
base dcveloped by the planned studies will be used to meet the requirements specified for the
performance and design issucs prescnted in Sections 8.3.2 through 8.3.5. The site information to be

collccted in this program will serve as a part of the basis for determining if the regulatory require-
ments for licensing a geologic repository can bc met at the Yucca Mountain site.

8.3.1.2 Obijectives of the geohydrology program

The performance issues that require data from this site characterization program are discussed,
together with the current strategy that the YMP intends to use in the conduct of this site
characterization program. The investigations and studies to be conducted are identified.

The major part of Section 8.3.1.2 provides the objcctives of the studies and activitics that have
been chosen to provide the information required by the characterization investigations. The test
program directly relates to performance requirements identified in 40 Code of Federal Regulations
(CFR) Part 191 and 10 CFR Parn 60, specitically the following:

40 CFR 191.13(a)

Disposal systcms for spent nuclcar fuel or high-level or trans-uranic radioactive wastes shall
be designed 10 provide a rcasonablc expectation, bascd upon performance asscssment, that
the cumulative rcleases of radionuclides to the accessible cnvironment for 10,000 yr after
disposal from all significant processcs and events, that may affect the disposal sysiem shall:

(1) Have a likelihood of lcss than one chance in 10 of excecding the quantities
calculated according to Tablc 1 (Appendix A); and

(2) Have a likelihood ol less than onc chance in 1,000 of cxceeding ten times the
quantities calculaicd according to Table 1 (Appendix A).

40 CI'R 191.16(b)

Disposal systems for spent nuclear fucl or high-level or transuranic radioactive wastes shall
be designed to provide a rcasenable cxpectation, that for 1,000 yr after disposal, undisturbed
performance of the disposal system shall not cause the radionuclide concentrations averaged
over any year in water withdrawn lrom any portion of a special source ol ground water L0

cxceed:

8.3.1-1
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(1)  Five picocuries per liter of radium-226 and radium-228;

(2)  Fiftcen picocurics per liter of alpha-emitting radionuclides (including radium-226
and radium-228 but excluding radon); or

(3) The combined concentrations of radionuclides, that emit either beta or gamma
radiation that would produce an annual dose equivalent to the total body or any
internal organ >4 rems/yr if an individual consumed 2 L/day of drinking waler
from such a sourcc of ground water.

10 CFR 60.113 (a)(1)(ii)(A)

Containment of high-level wastc within the waste package will be substantially complete for
a period to be detcrmined (TBD) by the Commission taking into account the factors
specified in Part 60.113(b) provided that such period shall be not less than 300 yr nor more
than 1,000 yr after permanent closure of the geologic repository.

10 CFR 60.113 (a)(1)(iiXB)

The release rate of any radionuclide from the enginecred barrier system (EBS) following the
containment period shall not exceed one part in 100,000/yr of the inventory of that
radionuclide calculated to be prescnt at 1,000 yr following permanent closure, or such frac-
tion of the inventory as may bc approved or specified by the Commission; provided, that this
rcquirement does not apply to any radionuclide which is relcased at a rate <0.1 percent of
the calculated total release ratc limit. The calculated total release rate limit shall be taken to
be one part in 100,000/yr of the inventory of radioactive waste, originally emplaced in the
underground facility, that remains after 1,000 yr of radioactive dccay.

10 CFR 60.113 (a)2)

The geologic repository shall be located so that pre-waste-emplacement ground water travel
time along the fastest path of likely radionuclide travel from the disturbed zonc to the
accessible cnvironment shall be at least 1,000 years or such other travel time as may be
approved or specified by the Commission.

Regulations 40 CFR 191.13(a) and 10 CFR 6().113(a)(2) are associated with the movement of
ground water in the immediatc vicinity of the proposed repository. Rcgulations 40 CFR 191.16(b), 10
CFR 60.113(a)(1)(ii)(A), and 10 CFR 60.113(a)(1)(ii)(B) are associated with the existence of ground
walcr around the repository; in particular, 10 CFR 60.113(a)(1)(ii)(A) and 10 CFR 60.113(a)(1)(i1)(B)
dircctly depend on the emplacement cnvironment, because ground-water moisturc is presumed 1o be
the primary mechanism for wastc puckage degradation and for releases from the EBS.

Although 40 CFR 191 has been vacated by judicial action, performance allocation in the SCP
was completed on the basis of the current U.S. Eavironmental Protection Agency (EPA) dose limits,
and will be revised at a later date, il appropriate.

In addition to the performance requirements just identified, hydrologic informaiion provided by

the geohydrologic test programs is also required 10 address the favorable conditions identificd in 10
CFR 60).122(by and the potentially adverse conditions of 10 CFR 60.122(c).

8.3.1-2
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An understanding and a quantitative assessment of the hydrologic conditions at Yucca Mountain
are also required to address the higher level findings required by 10 CFR Part 960 for the qualifying
conditions on the postclosure system guidcline and the disqualifying and qualifying conditions on the
technical guidelines for geohydrology. geochemistry, climatic changes, and human interference.

Three investigations are identified for the geohydrology program:

8.3.1.2.1 (Description of the regional hydrologic system); 8.3.1.2.2 (Description of the
unsaturated-zone hydrologic system at the site); and 8.3.1.2.3 (Description of the saturated-zone
hydrologic system at the site) Thesc investigations will develop an understanding of the present and
expected geohydrologic characteristics of each of the saturated and unsaturated flow regimes, and of
the gascous and water-vapor flow process.

The regional hydrologic flow system surrounding Yucca Mountain (Investigation 8.3.1.2.1) must
be understood to define the following: 1) the boundary conditions (present and expected) for the site
unsaturated and saturated zone ground-water models (Information Needs 1.1.4 (Section 8.3.5.13.4),
1.6.2 (Section 8.3.5.12.2), and Investigations 8.3.1.2.2 and 8.3.1.2.3), and 2) the hydrogeologic sctting
in which the site occurs.

The hydrogeologic conditions and processes of the unsaturated and saturated zonc must be
understood to develop models of the current and potential future flow paths and fluxes (Investigations
8.3.1.2.2 and 8.3.1.2.3), and to calculate ground-water travel time (Information Needs 1.1.4 and 1.6.2).
The hydrologic characteristics 1o be obtained in the studies of Investigations 8.3.1.2.2 and 8.3.1.2.3
will be complemented by the data from studies of watcr chemistry (Investigation 8.3.1.3.1), geologic
stratigraphy and structure (Investigation 8.3.1.4.1), and paleohydrology (Investigation 8.3.1.5.2).

8.3.1.2.1 Investigation: Studies to provide a description of the regional hydrologic system

Purpose and objectives of the investigation

The objective of this investigation is to develop a conceptual modcl of the regional hydrologic
system to assist in assessing the site’s suitability to contain and isolate waste. A consistent regional
model of ground-water flow will be constructed, so that rcliable boundary conditions can bc assigned
to the more critical sitc arca embedded within the regional model. To do so, fluxes and hydraulic
hcads at boundarics of the regional system are requircd. as well as regional transmissivitics.
Scnsitivity analyscs pertaining to thesc variables arc nceded to prioritizc additional datu collection.

8.3.1.2.1.1  Study: Characterization of the metcorology for regional hydrology

The objectives of this study arc 1) to characterize the arca surrounding Yucca Mountain in tcrms
of precipitation and its relationship to surlace runoff, with particular emphasis on the Fortymile Wash
drainage basin, and 2) to provide input into the raintall-runotf model development clfort. Onc activity
is planncd to collect the data required to satisly these objectives.

8.3.1-3
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8.3.1.2.1.1.1 Activity: Precipitation and meteorological monitoring

Objectives

The objective of this study is to provide site-specific information on storm precipitation at, and
near, the network streamflow-measurement sites.

8.3.1.2.1.2 Study: Characterization of runoff and streamflow

The objectives of this study are to 1) collect basic data on surface-water runoff at, and
peripherally to, Yucca Mountain and its hydrologic flow system: 2) use the streamflow data 10
describe the runoff characteristics of the area and assess the responsc of runoff to precipitation; 3)
assess the potential for flood hazards and relatcd fluvial-debris hazards to the YMP; and 4) provide

basic data and interpretations of surface-water runoff to investigations that evaluate the amounts and
processes of ground-water recharge at Yucca Mountain and surrounding areas.

8.3.1.2.1.2.1 Activity: Surface-water runoff monitoring
Objectives
The objectives of this activity are as follows:
1. To develop necded basic data on the characteristics, magnitudes, frequencics. and timing ol
surfacc-water runolf to develop an understanding of the relationships betwecen specitic runoft

events and the characteristics of the storms and associated precipitation.

2. To develop a streamflow data base adequale to provide the necessary calibration data for
precipitation-runoff modeling efforts for the regional study area.

8.3.1.2.1.2.2 Activity: Transport of debris by scvere runoff

Objectives

The objective of this activity is to document, both quantitatively and qualitativcly, the
characteristics of debris transported by intensc surface runolf.

8.3.1.2.1.3 Study: Charactcrization of the regional ground-walter flow sysicm
The objectives of this study are 1) to further define the distribution of hydraulic propertics of the

regional ground-water flow system, and 2) to usc hydrologic, hydrochemical, and heat-llow data to
determine the magnitude and direction ol ground-watcr ow.

8.3.14
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8.3.1.2.1.3.1 Activity: Assessment of the regional hydrogeologic data needs in the saturated zone

Objectives

The objective of this activity is to prioritize data needs for use in the regional ground-water flow
description.

8.3.1.2.1.3.2 Activity: Regional potcntiometric-level distribution and hydrogeologic framcwork
studies

Objectives

The objectives of this activity are 1) to determine the potentiometric distribution within the
regional ground-water flow sysicm, and 2) to characterize the hydrogeologic framework of the regional
ground-water flow system to support rcliable estimates of ground-water flow direction and magnitude
within the saturated zone.

8.3.1.2.1.3.3 Activity: Fortymile Wash recharge study
Obijeclives

The objective of this activity is to determine to what extent (quantitativcly, if fcasible) that
Fortymilec Wash has bcen a source of recharge to the saturated zone under present and past conditions.

8.3.1.2.1.34 Aclivity: Evapotranspiration studies

Objecclives

The objective of this activity is 10 improve estimates of ground-water discharge by
evapotranspiration in the Amargosa Descrt, in order to provide boundary-condition data for regional
ground-water flow modcls.

%.3.1.2.1.4 Swudy: Rcgional hydrologic systcm synthesis and modeling

The objectives of this study arc 1) to synthesize the available data into a modcl and make a
qualitative analysis of how the system is functioning and, 2) to represent quantitative obscrvations of
hydrogeologic data pertaining to the ground-water flow system in a comprehensive numcrical model ol
ground-water {low.
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8.3.1.2.1.4.1 Activity: Conceptualization of regional hydrologic flow models
Objcctives

The objectives of this activity are to synthesize available data into a conceptual model that
incorporates alternative hypothescs and/or existing hypotheses, and to make a qualitative analysis of
how the regional and subregional ground-water flow systems function.

The primary result of this activity will be a complete, concise, qualitative description of the

regional saturated-zone ground-waicr flow systcm, given the limitations of the data incorporated into
the conceptual model.

83.1.2.142 Activity: Subregional two-dimensional areal hydrologic modeling
Objectives
The objective of this activity is to improve estimates of regional ground-watcr flow, by updating

an existing two-dimensional, subregional, parametcr-estimation model through the incorporation of
additional hydrogeologic data.

8.3.1.2.1.4.3 Activity: Subregional two-dimensional cross-scctional hydrologic modeling

Objectives
The objective of this activily is to estimate the ground-water flow direction and magnitude along

a potential flow path through the repository block to the accessible environment, and extcnding into
the rcgion, to help test the assumption of horizontal flow.

8.3.1.2.1.44 Activity: Regional threc-dimensional hydrologic modcling
Obijectives

The objective of this activity is o construct a three-dimensional model of the regional
ground-water flow sysicm of Yucca Mountain and vicinity.

Subordinate objectives of the activity are:
I. to evaluatc altemative hypotheses of how the ground-watcr flow system functions;

2. to provide a synthesis ol the hydrogeological (ramcwork and boundary conditions for sitc
models;

3. to improve estimates of the dircction and magnitude of regional ground-water flow and
estimates of the hydraulic propertics of geologic materials using a numerical model; and
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4. to perform sensitivity analyses for the purpose of identifying key ground-water flow-system
parameters, for the purposc of directing future data-collection activities.

The three-dimensional hydrologic model will also be used, as part of other studies, for predictive
simulations that will be used to evaluate the response of the ground-water flow system to changes in
climate, human interference, and tectonic deformation.

8.3.1.2.2 Investigation: Siudics to provide a description of the unsaturated zone hydrologic system at
the site

Purpose and objectives of the investigation
The objective of this investigation is to develop a model of the unsaturated-zone hydrologic

system at Yucca Mountain that will assist in assessing the suitability of the site to contain and isolate
waste.

8.3.1.2.2.1 Study: Characterization of unsaturated-zone infiltration
The objectives of the unsaturated-zone infiltration study arc 1) to determinc the cffective
hydraulic conductivity, storage properties, and transport properties as functions of moisturc content or

potential, and 2) to detcrmine the present and estimate the future spatial distribution of infiltration ralc
over the repository block.

8.3.1.2.2.1.1 Activity: Characterization of hydrologic propertics of surficial materials

Obiectives

The objective of this activity is to characterize the infiltration-related hydrologic properties and
conditions of the surficial soils and rocks covcring Yucca Mountain.

8.3.1.2.2.1.2 Activity: Evaluation of natural infiltration
Objectives

The objective of this activily is to characterize present-day infiltration processes and
net-infiltration rates in the surficial soils and rocks covering Yucca Mountain.
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8.3.1.2.2.1.3 Activity: Evaluation of antificial infiltration

Objectives
The objectives of this activity are

1. To characterize the range and spatial variability of infiltration rates in approximatcly the
upper foot of unconsolidated surficial material using double-ring infiltrometer studies.

2. To characterize the range and spatial variability of infiltration rates, flow velocities, and flow
pathways in approximately the upper 15 ft of both consolidated and unconsolidated surficial
materials using ponding studies.

3. To characterize the complex relationship between rainfall, thickness of soil, and development
of perched water tables (WTs) in approximately the upper 3 ft of unconsolidated surficial
material using small-plot rainfall simulation tests.

4. To characterize the relationship between precipitation, runoff, infiltration, and evaporation, in
approximately the upper 15 ft, on at least one site, in each hydrogeologic surficial unit using
large-plot rainfall simulation tests.

8.3.1.2.2.2 Study: Water movemcnt tcst

The objective of this study is to obtain information from isotobic mcasurements of soil, wff, and
water samples collected from Yucca Mountain that is pertinent for assessing the performance ofa
nuclear waste repository.

8.3.1.2.2.2.1 Actlivity: Chlordc and chlorine-36 measurements of percolation at Yucca Mountain

Obijectives

The purpose of this aclivity is to help quantify the amount of percolation from precipitation into
the unsaturated zone at Yucca Mountain. The data will be used as part of the input to characterize the
movement of water through the unsaturated zonc at Yucca Mountain.

8.3.1.2.23  Study: Charactcrization of percolation in the unsaturaled zone--surfuce-based study

The objectives of the surface-based unsaturated zone pereolation study arc 10 1) determine the
present in situ hydrologic propertics of the unsaturated zone hydrogeologic units and structural
features. 2) determing the present vertical and lateral variation of percolation flux ihrough the hydro-
geologic units and structural [catures. 3) investigate the relationships between present flux and past
climatic conditions. and 4) determine the cffective hydraulic conductivity, storage propertics, and
transport propertics as functions ol moisturc content or potential.
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8.3.1.2.2.3.1 Activity: Matrix hydrologic properties testing

Objectives
The objectives of this activity are
1. To characterize the flux-rclated, matrix hydrologic properties of major unsaturated-zone
hydrogcologic units through laboratory testing of geologic samples obtained from surface
based boreholes and excavations and from corcholes in the ESF.

2. To use statistical and geostatistical methods to calculate, with known certainties, the values
of flux-related matrix hydrologic properties within large volumes of rock beneath Yucca
Mountain.

8.3.1.2.2.3.2 Activity: Site vertical borehole studies
Objectives
. The objectives of this activity are
1. To define the potential field.
. 2. To determine the in situ bulk permeability characteristics of the unsaturated media within the
et proposed repository host rock and surrounding units at Yucca Mountain, Nevada.
%.3.1.2.2.3.3 Activily: Solitario Canyon horizontal borchole study
Objcclives

The objectives of this activity are

1. To examine, on a local and limited scalc, the cxtent of fracturing, brecciation, and gouge
development associated with the Solitario Canyon fault.

2. To evaluate, locally, the hydrogeologic significance of fault-relatcd featurcs on water
movement within the Solitario Canyon (auit zonc.

3. To evaluatc, based on the findings developcd under the [irst two objectives, whether
additional information is necded to characterize adcquately hydrologic boundary conditions
along the Solitario Canyon fault zonc. should the results indicate potentially adverse cifccts
on rcpository perlormance.

Sa—”’
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8.3.1.224 Stdy: Characterization of Yucca Mountain percolation in the unsaturated
zone--Exploratory Studies Facility study

This study consists of hydrologic tests that will be conducted in the ESF. The ultimate purposcs

" of the ESF hydrologic tests are to 1) supplement and complement the surface-based hydrologic

information needed to characterize the Yucca Mountain site, and 2) provide information (or analyzing
fluid flow and the potential for radionuclide transport through unsaturated tuff. The intcgrated results
from the ESF hydrologic tests will be combined with data from the surface-based studies to provide an
overall understanding of the unsaturated-zone hydrologic system.

8.3.1.2.2.4.1 Activity: Intact-fracture test in the Exploratory Studies Facility

Objectives

The objective of this activity is to evaluate fluid-flow and chemical-transport properties of singlc,
relatively undisturbed fracturcs.

8.3.1.2.2.4.2 Activity: Percolation tests in the Exploratory Studies Facility
Objectives
The objectives of this aclivity are to determine the hydrologic conditions that control the

occurrence of fluid flow within fractures and matrix and to provide experimental data against which
the validity of numcrical and conceptual modcls can be tested.

8.3.1.2.24.3 Activity: Bulk-pcrmcability test in the Exploratory Studics Facility
Obicctives
The objectives of this activily are

1. To determine the scalc al which the host rock behaves as an equivalent anisotropic porous
medium.

2. To compare hydraulic test results against a distribution of simulated results calculated from a
large number of realizations ol the possible fracture networks conditioned on average
fracture oricntation and/or {racturc density data.

3. To use a numcrical fracturc-llow model to cstablish thc minimum dimensions at which other

rock masses with the same fracture characteristics behave as equivalent porous media and to
examine the dependence of rock-mass dimensions on changing saturation.
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8.3.1.2.2.44 Activity: Radial borehole tests in the Exploratory Studies Facility
Obijectives
The objectives of this activity are to

1. Detect vertical movement of water in both the vapor and liquid forms and to evaluate the
potential for lateral movement of water along the hydrogeologic contacts.

2. Evaluate the radial extent of excavalion effects on the hydrologic properties of unsaturated
hydrogeologic units.

8.3.1.2.2.4.5 Activity: Excavation cffects test in the Exploratory Studies Facility

Objectives
This activity will monitor changes to both the stress state and fractured rock permeability caused
by excavating. The objective is to usc these data, as well as other physical properties gathered during

the activity, to validate and calibrate a coupled hydraulic-mechanical finite-element model. The model
will be used to predict stress and ensuing permeability changes around excavation openings.

8.3.1.2.2.4.6 Activity: Calico Hills testing in the Exploratory Studies Facility

This activity intcntionally dcleted; testing in the Calico Hills (CH) will be described in revisions
to ESF Study Plans.

8.3.1.2.2.4.7 Activity: Perched-watcr test in the Exploratory Studics Facility

Objectives
The objeclives of this activity arc to 1) detect the occurrence of any perchcd-watcr zones. 2)

cstimate the hydraulic properties of the zoncs, and 3) determine the implication of the existence ol
such zones on flux, flow paths, and travcl times.

8.3.1.2.248 Activity: Hydrochemistry tests in the Exploratory Studies Facility
Obijcctives
The objectives of this activity arc 10

I. Understand the gas transport processes within the unsaturated zone and (o providc
independent cvidence of (low divection, flux, and travel time of gas.
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2. Design and implement methods for extracting uncontaminated pore fluid from rock
excavated during ramp construction.

3. Determine the flow direction, flux, and travel time of water in the unsaturated zone by
isotope geochemistry techniques.

4. Determine the cxtent of the water-rock interaction so that geochemical modeling can be

performed to deduce the flow path and to understand the geochemical evolution of the
unsaturated zonc water.

8.3.1.2.2.49 Activity: Multipurpose-borehole testing
Objectives
The planned objectives of this activity are

1. To monitor and evaluate potential hydrologic and engincering interference effects from ramp
construction on ESF tests and interference effects between ESF tests.

2. To identify possible occurrence of perched water and, if present, sample and test.

3. To conlirm engincering and hydrogeologic propertics on which thc ESF design is based and
identify anomalous conditions in the vicinity of the ESF.

8.3.1.2.2.4.10 Activity: Hydrologic properties of major faults encountered in main test level (MTL) of
the Exploratory Studics Facility

Obijcctive
The obijective of this activity is to investigate the permeability and flow conditions of the major

faults encountered in the ramps and in drifts at both the CH and Topopah Spring (TS) levels of the
ESF.

8.3.1.2.2.5 Study: Diffusion tests in thc Exploratory Studics Fucility
8.3.1.2.2.5.1 Activity: Diffusion tests in the Exploratory Studics Facility
Objectives
The objcclive of this activily is o dcterming in situ the extent to which nonsorbing tracers

diffuse into the water-filled pores of the wiffs ol the TS welded unit at the MTL of the ESF. A
diffusion test is also proposed in thc CH unit,
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83.12.2.6 Study: Characterization of gascous-phasc movement in the unsaturated zone

The objectives of this study are 1) to describe the pre-waste emplacement gas-flow field, 2) to
identify structural controls on fluid flow, 3) to detcrminc conductive and dispersive properties of the
unsaturated zone for gas flow, and 4) to modcl the transport of water and tracers in the gas phase.

8.3.1.2.2.6.1 Activity: Gaseous-phase circulation study

Obicctives

The objectives of this activity are

1.

To describe and model the pre-waste-emplaccment gas-flow field and its effect on net
watcr-vapor transport from the unsaturated zone by modeling the wesicm portions of Yucca
Mountain as a two-dimensional and/or three-dimensional boundary problem in compressible
nonisothermal flow.

To provide the parameters necessary for modcling gas flow from and to the rcpository and
the potential transport of radionuclides as well as the gaseous flux of moisture affecting deep
percolation after the repository is in place.

To rcconstruct the air circulation history at instrumented boreholes from the time of drilling
until stemmed and instrumented in order to estimate the time required for poststemming
recovery of ambient gas and moisturc conditions as an aid in interprcting gas composition
and thcrmocouple psychrometer data.

To determine, by flow and pressurc measurcments in single holes, and by cross-holc
interference tests, the ncar-field air conductivitics, storativity, and anisotropy of the unit
above the repository horizon. )

To detcrmine effective porositics and dispersivities of the fracture system by the
intcrpretation of natural and artificial gas tracer data as an aid in the modeling described in
items 1 and 2.

8.3.1.22.7 Swudy: Hydrochemical characicrization of the unsaturated zone

The objectives of this study are to 1) understand the gas transport mechanism, dircction, flux and
travel time within the unsaturated zone: 2) design and implement methods for extracting pore
fluids from the wif; 3) provide independent evidence of flow dircction, flux. and travel time of
walcr in the unsaturated zonc; 4) determine the cxicnt of the water-rock intcraction, and 5)
modecl geochemical evolution of ground water in the unsaiurated zone.
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8.3.1.2.2.7.1 Activity: Gaseous-phase chemical investigations

Obicctives

The objective of this activity is to understand the gas transport mechanism, and provide evidence
of gas flow direction, flux, and travel time within the unsaturated zonc.

8.3.1.2.2.7.2 Activity: Aqucous-phasc chemical investigations

Obijcctives
The objectives of this activily are
1. To design and implement methods for extracting pore fluids from unsaturated zone tuff units.
2. To provide evidence of flow direction, flux, and travel time of water in thc unsaturated zone.

3. To determine the extent of the watcer-rock interaction and to model geochcmical cvolution of
ground water in the unsaturated zone.

8.3.1.2.2.8  Swudy: Fluid flow in unsaturated, fractured rock

The objcctive of this study is to develop and refine conceptual and numerical models describing
both gas flow as wcll as liquid watcr and soluic movement in unsaturated, fractured rock.

-

8.3.1.2.2.8.1 Activity: Development of conceptual and numerical modcls of fluid flow in unsaturated,
fracturcd rock

Obicctives

The objective of this activily is to develop detailed conceptual and numerical models of fluid
flow and transport within unsaturatcd, fractured rock at Yucca Mountain.

8.3.1.2.2.8.2 Activity: Validation ol conceptual and numerical models of fluid flow through
unsaturated, fractured rock

Objectives
The objective of this activity is 10 cvaluate the rcasonablencss of the concepts on which the

models developed under Activity 8.3.1.2.2.8.1 arc based. by using the resulis of laboratory tests and
tests performed in the ESF o access the adequacy ol model performance.
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83.12.29  Study: Site unsaturated-zone modeling and synthesis

The purpose and activities of this study are to 1) develop appropriate conceptual models for the
site unsaturated-zone hydrogeologic system: 2) sclect, modify, or devclop numerical hydrologic models
capablc of simulating the hydrogeologic system and its component subsystems; 3) apply the models to
predict the system response to changing external and internal conditions; 4) cvaluatc the accuracy of
the modcls using stochastic modeling, conventional statistical analyses, and sensitivity analyses: and
5) integrate data and analyses to synthesize a comprchensive qualitative and quantitative description of
the site unsaturatcd-zone hydrogeologic system under present as well as probable, or possible, future
conditions.

8.3.1.2.29.1 Activity: Conceptualization of the unsaturated-zone hydrogeologic system

Obijectives

The objcctives of this activity are to: 1) develop conceptual models for the overall moisture flow
system within the unsaturated zone at Yucca Mountain, and develop an internally consistent set of
hypothcses that describe those aspects of the site hydrogcologic system that are needed to assess the
capability of the site to isolate nuclear waste for a period of 10,000 yr or longer.

8.3.1.2.2.9.2 Aclivity: Sclection, development, and testing of hydrologic-modeling computer codes

Objcctives

The objectives of this activity are twofold: 1) to selcct, evaluate, and adapt existing numerical
hydrologic-modeling codes for application to the site unsaturated-zone hydrogeologic system. and 2) to
modily existing codes or develop new codes, as nceded, to simulate particular problems or aspects that
arc unique to the Yucca Mountain system.

8.3.1.2.2.9.3 Activity: Simulation of the natural hydrogeologic systcm

Objectives
The objectives of this activity arc to construct appropriate hydrologic modcls for the natural sitc

hydrogcologic systcm to 1) simulate and investigate the present existing state of the system. and 2)
predict probable future and past states of the system under changes in the environmental conditions.
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8.3.1.2.294 Activity: Stochastic modeling and uncertainty analysis

Objectives

The objective of this activity is to assess the probable limits of unccrtainty of numcrical-model
predictions caused by uncertainties in the matcrial-property and boundary-condition data.

8.3.1.2.2.9.5 Activity: Site unsaturatcd-zone integration and synthesis

Obijective
The objective of this activity is to integrate all applicable site data and analyses in order to

synthesize a continually updated, comprehensive representation for the sitc unsaturated-zone
hydrogcologic system.

8.3.1.2.3 Investigation: Studies to provide a description of the saturated zone hydrologic system
at the site

Purposc and objectives of the investigation
The objective of this investigation is to develop a model of the saturated-zone hydrologic system

of Yucca Mountain, which will assist in assessing the suitability of the site to contain and isolate
waste.

8.3.1.2.3.1  Study: Charactcrization of the sitc saturated-zone ground-water flow system
The objectives of this study arc 1) to determine the internal and extcrnal boundary conditions

that can be applicd to the site saturaicd zonc model, and 2) to detcrmine the ground-water flow
magnitudes and directions at the site.

8.3.1.2.3.1.1 Activity: Solitario Canyon faull study in the saturated zone

Objcctives

The objcctive of this activity is to determine the hydrogeologic nature of the Solitario Canyon
fault and if it is a barricr to castward movement ol ground water through the repository biock.
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8.3.1.2.3.1.2 Activity: Site potentiometric-level evaluation

Obiectives

The objectives of this study are to

1.

)
o

Refine time and configuration of the spatial dependence of the potentiometric surface.

Measure water-level variations with time in existing borehole and calculate avcrage levels, as
input data for hydraulic gradient calculations.

Analyze the character and magnitudes of water-level fluctuations to determine their causcs.
and, if possible, to estimate formation elastic and fluid-flow propcrties.

8.3.1.2.3.1.3 Activity: Analysis of single- and multiple-well hydraulic-stress tests

Objectives

The objectives of this activity are to

1.

!\)

Determine intraborehole flow profiles for each of the C-holes during static conditions and
while pumping.

Correlate lithology, fractures, and intraborehole flow rates.

Characterizc the type of flow (lincar, radial, spherical, fracture, porous) that is occurring
between borcholes.

Determinc the causes of the apparent deviant pressure transients obscrved in slug tests in
UE-25c#1.

Identify the nature of significant hydraulic boundaries present at the scalc of the tests. This
information will be especially important in designing multiple-well interfercnce tests and
tracer tests at the C-holes.

Determine bulk estimates of aquifcr properties: transmissivity, storage cocfficicnt, specific
storage, and effective hydraulic porosity.

Determine to what extent the ground-water system responds to hydraulic stress as confined
or unconfined.

8.3.1.2.3.1.4 Activity: Multiple-wcll intcrierence testing

Obicctives

The objectives of this activity arc 10
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Determine hydraulic properties, including hydraulic conductivity and storage coeflicicnt,
needed for quantitative evaluation of groundwatcr tlow.

Determine if the fractured media of Yucca Mountain can be represented as an anisotropic
porous media at the scale of multiple-well tests or if a fracture-network model is more
appropriate.

Evaluate the relation between hydraulic propertics dcicrmined by single well tests and those
determined by multiple-well tests.

8.3.1.2.3.1.5 Activity: Testing of the C-holc sites with conscrvative tracers

Objectives

The objectives of this activity are o

1.

[N9]

Determinc the following properties by single-well and multiple-well tests at the C-holes: 1)
effective porosity, 2) longitudinal dispersivity, 3) regional pore-water velocity, and 4)
possibly matrix diffusion.

Evaluate the relation between aquifer properties estimated by porous-media techniques and
fracture characteristics used in fracture-nctwork modcling.

8.3.1.2.3.1.6 Activity: Well testing with conservative tracers throughout the site

Objcctives

The objcctive of this activity is to determine the following properties at the Yucca Mountain site:
1) cffective porosity, 2) longitudinal dispersivity, and 3) regional pore-water velocity.

8.3.1.2.3.1.7 Activity: Testing of the C-hole sitcs with rcactive tracers

Obijectives

The objective of this activity is to characterize the chemical and physical propertics of the
gcologic media in the saturated zonc in the vicinity of the C-holes that will affcct radionuclide
retardation during ground-waler flow within the saturated zonc.
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Obiectives

The objective of this activity is to characterize the chemical and physical properties of the
geologic media in the saturated zone throughout the sitc that will affect radionuclide retardation during
ground-watcr flow within the saturated zone.

8.3.1.2.3.2  Study: Characterization of the saturated-zone hydrochemistry
The objectives of this study arc to 1) describe the chemical composition of, and spatial
compositional variations in, saturated-zone ground waters using new and extant data; 2) identify the

chemical and physical processes that influencc ground-water chemistry; and 3) aid in the idcntification
and quantification of fluxes to, from, and within the saturated zone.

8.3.1.2.3.2.1 Activity: Assessment of saturated-zone hydrochemical data availability and needs

Obijectives
The objectives of this activity are to

1. Compile and evaluate extant hydrochemical data for the saturated zone at the sitc and
regional scales, and

2. Identify data deficiencics and potential sampling sitcs and asscmble rcquisitc material for
sample and field data colicction, and

3. Augment extant information by collccting and analyzing new hydrochemical samples and
data.

8.3.1.2.3.2.2 Activity: Hydrochemical characterization of water in the upper part of the
saturated-zone

Obijectives
The objectives of this activity arc
1. To describe the hydrochemistry of the upper part of the saturatcd- zonc by collecting

representative water samples from intervals within the upper 100 m of the saturated zong,
within and adjacent to the site arca, and studying their chemical and isotopic CONPOSItions.

t9

To estimate flux to or from the saturated-zonc by collecting interstitial water and gas
samplcs from immediatcly above the W'T and studying their chemical and isotopic
compositions.
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8.3.1.2.3.2.3 Activity: Regional hydrochemical tests and analyses

Obijectives
The obijective of this activity is to describe regional spatial variations in ground-water chemistry

by examining extant data and in the saturatcd zone by collccting represcntative water samples from
wells and springs within the region and by studying their chemical and isotopic compositions.

8.3.1.2.3.2.4 Activity: Synthesis of saturated-zone hydrochemistry
Objectives
The objectives of this activity are to
1. Describe the saturated-zone hydrochcmistry.
2. Identify the chemical and physical processes that influence groundwater chemistry.
3. Relate compositional variations to water/rock interactions and the physical nature of the
ground-water flow systcm to aid in the identification and/or quantification of ground-watcr

travel times; climatic conditions during periods or recharge; flow paths; and fluxcs to, from,
and within the saturated zone.

8.3.1.2.3.3  Study: Saturated-zone hydrologic system synthesis and modeling
The objectives of this study are to 1) synthcsize the available data into a model and make a

qualitative analysis of how the system is functioning, and 2) represent quantitative obscrvations of
hydrogeologic data pertaining 1o the ground-water flow system in a comprchensive flow model.

8.3.1.2.3.3.1 Activity: Conceptualization of saturated-zone flow models within thc boundaries of the
accessible environment

Objectives
The data objectives of this activity are to synthesize the available hydrogeologic data to develop

a conceptual model and make a qualitative analysis of how the site saturated-zone hydrogeologic
system is functioning.
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8.3.1.2.3.3.2 Activity. Development of fracture network model

Objeclives

The objectives of this activity are (o

I.

[

Develop and evaluate methods for simulating ground-water flow and conservativc solute
transport in saturated fractured rock beneath Yucca Mountain.

Relate results of hydraulic and conservative-tracer tests in wells to fracturc-network
characteristics at Yucca Mountain.

Develop methods for identifying transmissive fracture zones in rocks penetrated by
boreholes.

Identify gcohydrologic conditions at Yucca Mountain where ground-water flow and
conservative solute transport can be properly evaluated using the porous-medium assumption.

8.3.1.2.3.3.3 Activity: Calculation of flow paths, fluxes, and velocities within the saturated-zone to

the accessible environment

Obicclives

The objectives of this activity are to

1.

2.

§.3.1.3

Estimatc ground-watcr flow dircction and magnitude for input into travel-lime calculations.

Evaluatc the porous-mcdia concept and fracture-nciwork concept for detcrmining flow paths,
fluxes, and vclocitics.

Obicctives of the ecochemistry program

The specific data needs by the performance and design issues are as follows:

1.

j93)

Issue 1.1 (total system performance, Section 8.3.5.13) calls for retardation factors for
radionuclides in the rock units along thc flow paths under expected and uncxpected
conditions for 10,000 to 100,000 yr. Issuc 1.1 also calls for major ion water chemistry,
dispersion cocflicicnts, and matrix diftusion coefficicnts.

[ssuc 1.2 (individual protcction, Scction 8.3.5.14) calls for the same data as Issuc 1.1, cxcept
only for cxpected conditions and only for 1,04 yr. In addition, data on gas phasc transport

is requested.

Issuc 1.3 (ground-water protcction, Scction 8.3.5.15) again calls for the same data as Issue
1.1, cxcept only lor cxpected conditions and only for 1.000 yr.
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4. Issue 1.5 (engineered-barrier system rclease rates, Section 8.3.5.10) calls for changes in
geochemical conditions to serve as input (o scenarios, and for radionuclide sorptive and
transport propertics of the host rock.

5. Issue 1.6 (ground-watcr travel time, Section 8.3.5.12) calls for geochcmical data relevant to
determining the extent of the disturbed zone, specifically, data on silica mobilization as it
alfects permeability.

6. Issue 1.8 (Nuclear Regulatory Commission (NRC) siting criteria, Scction 8.3.5.17) calls for
data on geochemical conditions and processcs at the site for the evaluation of the presence or
absence of the favorable and potentially adverse conditions and analysis of geochemical
effects on subsystem/system performance.

7. Issue 1.9a (higher level findings--postclosure system and technical guidelines, Scction
8.3.5.18) calls for gcochemical data for making the higher level finding on the tcchnical
guideline on geochemistry.

8. Issue 1.10 (waste package characteristics--postclosure, Section §.3.4.2) requests data on the
vadose zone water chemistry to support the waste package design and testing programs.

9. Issue 1.11 (configuration of underground facilities--postclosure, Section 8.3.2.2) requests data
on mineral stability to support testing to detcrmine the stability of mincd opcnings and the
thermal response of the host rock.

10. Issuc 1.12 (seal characleristics, Scction 8.3.2.2) requcsts data on the vadose zone water
chemistry to support the testing of ground water-seals materials interactions.

8.3.1.3.1 Investigation: Studics to provide information on water chemistry within the potential
emplacement horizon and aiong potential flow paths

Purpose and objcctives of the investigation

The goal of this investigation is to provide a ground-water chemistry modcl that would 1)
cxplain the present ground-water composition as a result of interactions of the ground watcr with
mincrals, 2) be able to predict futurc variations in ground-water chemistry under anticipated and
unanticipated conditions that would alier radionuclide flux through the saturated and unsaturated zone,
and 3) support and be integrated with other modeling efforts within thc gcochemistry program.

8.3.1.3.1.1  Study: Ground-watcr chemistry modcel

Obicctives
The goal of this study is to develop a ground-water chemistry model that will initiaily describe

pre -emplacement conditions.  Futurc changes in these propertics and processes will then be considered,
including changes in inliltration as influcnced by climatic conditions; long-term mincralogic changes,
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particularly those influenced by the thermal pulse from emplaced waste; and changes in the material
properties due to the emplaced waste, or possible igncous activity.

8.3.1.3.2 Investigation: Studics to provide information on mineralogy. petrology. and rock chemistry
within the potential cmplacement horizon and along potential flow paths

Purpose and objectives of the investigation

This investigation will provide the baseline set of data and understanding of the natural
environment in which geochemical and other processes interact.

8.3.1.3.2.1  Study: Mincralogy, petrology, and chemistry of transport pathways
The goals of this study are 1) to determine thc three-dimensional distribution of mineral types,
compositions, abundances, and petrographic textures within the potential host rock, and 2) to determine

the three-dimensional distribution of mincral types, composition, and abundances in rocks beyond the
host rock that provide pathways to the accessible environment.

8.3.1.3.2.1.1 Activity: Pctrologic stratigraphy of the Topopah Spring Member

The goal of this activity is to determine the petrologic variability within the devitrified Topopah
Spring Member (PTn) at Yucca Mountain and to definc the stratigraphic distribution of variability.

8.3.1.3.2.1.2 Activity: Mineral distributions between the host rock and the accessible environment

Obiectives
Using the data provided as site characterization progresses, this activity will atiempt 0 determine

the three-dimensional distribution chemistry and the total abundance of all major rock-matrix minerals.
between the host rock and the accessiblc environment.

8.3.1.3.2.1.3 Activity: Fracturc mineralogy

Objectives

The objective of this activity is to detcrmiine the distributions of minerals within fractures at
Yucca Mountain, within all significant rock masses that might provide transport pathways with somc
component of fracturc flow.
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8.3.1.3.22  Study: History of mineralogic and gcochemical alteration of Yucca Mountain
The goals of this study are 1) to determine the timing, temperatures, and hydrologic conditions

of past alteration at Yucca Mountain, and 2) to study experimentally the dehydration of smectite,
zeolite, and glass.

8.3.1.3.2.2.1 Activity: History of mineralogic and geochemical alteration of Yucca Mountain

Objectives
The goals of this activity are 1) constrain the timing of deep-scated alteration of a hydrothermal
and cpigenetic nature, 2) estimate the long-term thermal stabilities of important sorptive phases, such

as clinoptilolite, and of the silica polymorphs that can influence water composition, precipitation, and
the stabilities of other silicate minerals.

8.3.1.3.2.22 Activity: Smectite, zeolite, manganese minerals, glass dehydration, and transformation

Objectives
The goal of this activity is to determine how mincrals and glasses important in the rocks at

Yucca Mountain will dehydrate and transform under anticipated thermal loads and to investigate the
abilily of zeolites and smectites to rchydrate after the peak in tempcrature.

8.3.1.3.3 Investigation: Studies to provide information rcquircd on stability of minerals and glasses

Purposc and objcctives of the investigation

The goal of this investigation is to determine the stability of minerals and glasscs along the flow
paths to the accessiblc environment in order o asscss impacts of waste emplaccment on mineral
stability and the resulting effect on radionuclide retardation.

8.3.1.3.3.1  Swudy: Natural analog of hydrothermal sysicms in tuff

Objectives

The goals of this study arc 1) to improve the reliability of long-term predictions regarding
hydrothermal rock alicration in devitrified welded ash-tlow wutl. 2) test the capabilities of the EQ3/6
gcochemical code (Section 7.4.4) through modceling of alicration mincral asscmblages in natural
systems, and 3) (o provide a better understanding of the origin ol alicration minerul assemblages found
in Yucca Mountain at present. This study will also help in development of the conceptual modcl for
mincral evolution in Yucca Mountain and will aid substantially in guiding the laboratory studics. This
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study will investigate the origin and evolution of secondary mincral assemblages produced in active
hydrothermal systems in rock types similar to those which compose Yucca Mountain.

8.3.1.3.3.2  Study: Kinetics and thcrmodynamics of mineral evolution

The goals of this study are 1) to investigate the kinetics of glass and silica polymorph transitions
and their relationship to aqueous silica activity, and 2) to provide thermodynamic data for
clinoptilolite/heulandite and albite and anaicimc.

8.3.1.3.3.2.1 Activity: Kinetic studies of zeolitc and relatcd framework silicates

Obijectives

The goal of this activity is to predict the rates of possible transformation of silica polymorphs in
Yucca Mountain and the effect such transformations would have on aqueous silica activity. This
information will be combined with information from other activities and studies, particularly Activitics
8.3.1.3.3.2.2 and 8.3.1.3.3.2.3 and Study 8.3.1.3.2.1 to assess the effects of silica polymorph evolution
on the stability of other minerals, particularly clinoptilolite, in Yucca Mountain.

8.3.1.3.3.2.2 Activity: Determination of end-member f{rce energics for clinoptilolite-heulandite, albite,
and analcime

Objectives

The goal of this activity is to delcrminc end-member free energies from solubility measurements.
This activity will provide enthalpy of formation data which will then be used to determine the
thermodynamic stability of these silicates.

8.3.1.3.3.2.3 Activity: Solid solution descriptions of clinoptilolite-hculandite and analcime

Obicctives

The goal of this activity is to provide d:scriptions of the thermodynamics of the clinoptilolite-
heulandite and analcime solid solutions in support of the development ol the mineral stability modcl.
The thermodynamic descriptions devetoped will be ticd to the thermodynamics of discrctc composi-
tions of clinoptilolitc and analcime determined in Activity 8.3.1.3.3.2.2 but will extend the thermo-
dynamic description to the entire range ol possible compositions.
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8.3.1.3.33  Swudy: Conceptual model of mincral evolution

Objectives

A conceptual model will be produced to explain the observed distributions of minerals in Yucca
Mountain. Emphasis will be placed on the evolution of framcwork silicates (feldspars, zcolites, and
silica polymorphs). The model will address the general chemical evolution of vitric tuffs. This model
will also be used to predict future mineral evolution in the mountain due to both natural proccsses and
as a result of a repository emplacement.

8.3.1.3.4 Investigation: Studies to provide the information required on radionuclide retardation by
sorption processes along flow paths to the accessible environment

Purposc and objectives of the investigation

The purpose of this investigation is to obtain data on the sorption behavior of key radionuclides
as requircd by Issue 1.1 (Section 8.3.5.13). Specifically, Issue 1.1 requires that, for each key
radionuclide species known to be chemically sorbing and for each rock unit in the controlled area
except for the overburden, estimates should be provided of the mean and standard deviation of the
distribution coefficients K,(i), under the range of water-rock chemical conditions expected for the unit
in question. The key radionuclides identificd by Issue 1.1 are isotopes of americium, carbon, cesium,
curium, iodine, neptunium, plutonium, strontium, technetium, uranium, and zirconium.

The objcctives of this investigation arc 1) to obtain laboratory batch sorption coefficients for the
key radionuclides as a function ol the parameters listed above, to statistically evaluate these
cocllicients, and Lo develop an understanding of sorption mechanisms for cach of the kcy
radionuclides; 2) to cvaluate the significancc of biological sorption and transport; and 3) to develop a
capability for the prediction of the sorption behavior of key radionuclides under conditions not
asscssed in the experimental program.

8.3.1.3.4.1  Study: Batch sorption studies

The goal of the batch sorption cxperiments is 1) to obtain sorption coefficicnts for key
radionuclides discusscd in the individual studies below, 2) to use statistical analysis to evaluate the
expcrimental results (Activity 8.3.1.3.4.1.5) and 3) to provide the data base for the development of
modecls to allow prediction of sorption cocfficients under conditions not directly addressed by the
experimental program. The valucs for sorption coetlicicnts obtained in this study will be used 10
interpret the results obtained in crushed-tulf columin cxperiments (Activity 8.3.1.3.6.1.1).
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8.3.1.3.4.1.1 Activity: Batch sorption measurcments as a function of solid phase composition

Obijectives

The purpose of this activity is to determine sorption coefficicnts for radionuclides on wffs of the
CH zeolitic and vitric units, on devitrified tuffs, and on purc minerals representative of the minerals
prescnt in the rock and fractures of the repository block. Further insight into sorption mcchanisms and
sorption kinctics will be provided by comparison of these results with the results of crushed-rock
column experiments (Activity 8.3.1.3.6.1.1). The expcrimental emphasis will be on the elements
americium, plutonium, neptuniun, uranium, and technctium.

8.3.1.3.4.1.2 Activity: Sorption as a function of sorbing element concentrations (isotherms)

Obijectives

The purpose of this activity is 1) to characterize the dependence of sorption coefficients upon the
concentration of the element being sorbed by developing isotherms for the radionuclide, 2) to compare
the measured values of K, with the requirements of Issuc 1.1 as they are developed, 3) to develop
isotherms for the radionuclides to be tested, and 4) to incorporate the isotherm data into the sorption
data base.

8.3.1.3.4.1.3 Activity: Sorption as a function of ground-water cdmposition

Objectives

The goal of this activity is 1) to measure sorption coeflicicnts as a function of ground-watcr
compositions anticipated along potential travel paths, and 2) to dctcrmine if the values of K, arc above
the goals set by Issue 1.1 (Scction 8.3.5.13) as they arc devcloped.

8.3.1.3.4.14 Activity: Sorption on particulaics and colloids
Objectives

The goal of this activity is to detcrmine if sorption of important radionuclides occurs on
particulates or colloids that may be present in ground watcrs along potential transport pathways.
Results of experiments on transport of radiocolloids and panticulates will direct the scope of baich
experiments performed in this activity.
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8.3.1.3.4.1.5 Activity: Statistical analysis of sorption data

Obijectives

The objectives of this activity arc 10 1) determine those variables (¢.g.. mincralogy, ground-water
composition. and atmosphere) having the most profound effect on the sorption coefficients: 2) predict
sorption coefficients as a function of mineralogy and, perhaps, ground-water composition; 3) estimate
errors associated with predicted sorption coefficients; and 4) identify gaps in the experimental data.

8.3.1.3.4.2  Study: Biological sorption and transport

Objectives

The objectives of this study arc 1) to determine what effects microorganisms have on the
movement of radioactive waste (i.c, cffects on sorption), 2) to detcrmine if microbial activities play a
role significant enough to be included in a performancc calculation for Yucca Mountain, 3) to identify
the quantity, location, and characteristics of past and future organic materials used at the site and their
susceptibility to microbiological degradation, and 4) to determine the effect that these microorganisms
will have on the movement of actinides through analysis of their effect on ground-water quality,
colloid formation, effect on solubility, or by direct sorption of the actinides.

8.3.1.34.3  Siudy: Devclopment of sorption models
Objectives
The objcctive of this study is to 1) model the sorption experiments on rocks and mincrals

representing the proposed repository block, and 2) to derive a capability to predict sorption coefficients
for key radionuclides under water-rock conditions not included within the experimental program.

8.3.1.3.5 Investigation: Studics to providc the information required on radionuclide rctardation by
precipitation processes along flow paths to the accessible environment

Purpose and objectives of the investigation

The purposc of this investigation is to supply input data for calculations of radionuclide transport
along potential transport pathways from the repository to the accessible environment at the Yucca
Mountain sitc. These calculations arc required to address the overall system performance objective for
radionuclide rclease in 10 CFR 60.112 (Issuc 1.1, Scction 8.3.5.13) and in making [indings on the
postclosure system guidcline and the technical guidelines for geochemistry in 10 CER 960.4 (Issuc 1.9,
Scction 8.3.5.18), and in the siting critcria ol 10 CFR 60.122 (Issuc 1.8, Scction 8.3.5.17).
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8.3.1.35.1  Study; Dissolved species concentration limits
The goal of this study is to provide solubility or concentration limits for dissolved species of

important waste elements under conditions that are characteristic of the rcpository and along flow
paths toward the accessible environment.

8.3.1.3.5.1.1 Activity: Solubility measurcments

Obijcctives

The goal of this activity is first to specify the conditions under which solubility experiments will
be carried out and then to measure solubilitics or concentration limits of important waste elements
under these conditions.

8.3.1.35.1.2 Activity: Speciation measurements

Obicctives

The goal of this activity is to identily important aqueous specics of waste elcments under
conditions described in Activity 8.3.1.3.5.1.1 and dctermine their formation constants.

8.3.1.2.5.1.3 Activity: Solubility modcling

Obijectives

The goal of this activity is 1o develop the thermodynamic models and data needed to calculale
wastc clement solubilitics over the range of conditions expected at the site.

8.3.1.3.5.2  Swdy: Colloid bchavior
The goal of this study is to determine the stability of waste elcment colloids under expected

site-specific conditions that might be encountered at the repository or along flow paths toward the
accessible environment.

8.3.1.3.5.2.1 Activity: Colloid formation characterization and stability
Objectives

The objective of this activity is (o determine the formation and stability of wasic element
colloids.
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8.3.1.3.5.2.2 Activity: Colloid modeling

Objectives

The objective of this activity is to develop models and model parametcers to calculate natural
colloid concentrations and stability and to describe the disposition of the wastc elcment species as the
colloids break up.

8.3.1.3.6 Investigation: Studics to provide the information requircd on radionuclide retardation by
dispersive, diffusive, and advective transport processcs atong flow paths to the accessible
cnvironment

Purpose and objectives of the investigation

The goal of this investigation is to experimentally determine the rate of movement and effective
retardation of radionuclides by dispersive, diffusive, and advectivc processes. Specifically, Issue 1.1
(Section 8.3.5.13) needs experimental evidence that could confirm or deny the theory of advective-
diflusive coupling of solute concentrations in matrix and fracturc flow. This theory is embodied in the
transport model for fracture flow currently used in the transport model of TOSPAC (described in Issue
1.1). Issue 1.1 states that this information is crucial in establishing the credibility of transport
phcnomenology embodicd in any models used to assess the consequences of the release scenarios
associated with the water pathways.

8.3.1.3.6.1  Study: Dynamic transpon column cxperiments

Objective

All the experiments in the dynamic transport column experiment study measure the breakthrough
or clution curve for tracers through tuff columns.

8.3.1.3.6.1.1 Activity: Crushcd wff column experiments
Obieclive

The purpose of this activity is 10 measurc the ratc of movement of radionuclides through crushed
tuff columns relative to tritiated water and other well-defined chemical species or colloids.  Sorption
ratios will be determined by comparing the crushed tull column results with the batch sorption results
from Investigation 8.3.1.3.4. Comparison of column and batch techniques using pure minerals will
alsu be conducted.
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8.3.1.3.6.1.2 Activity: Mass transfer kinetics

Obijectives
The goal of this activity is to determinc the elution rate of radionuclides as a function of water

velocity for crushed wff columns (homogeneous sysiem), solid rock columns (heterogeneous system),
and for purc mineral samples.

8.3.1.3.6.1.3 Activity: Unsaturated tuff columns

Objectives
This activity will measure the relative migration rate of radionuclides through partially

unsaturated rock columns and will investigate the effects of varying rock-water ratios on the rate of
migration of radionuclidcs.

8.3.1.3.6.1.4 Activity: Fractured tuff column studies

Obijectives
The objectives of this activity are 1) to measure the transport and diffusion of radionuclides

through naturally fractured tuff, and 2) to cxaminc the movement of tracers through naturally fractured
Yucca Mountain cores to test the transport models.

8.3.1.3.6.1.5 Aclivity: Filtration
Obijcclives

This study will attempt to quantify the filtration of colloids and particulatcs by the wif as a
function of particle or porc size using solid tufl cores and fractured cores.

8.3.1.3.6.2 Study: Diffusion

The objectives of this study are 1) to measurc the diffusivity and kinetics of adsorption in a
purcly diffusive sysiem (i.e., no advection) from the uptake of radionuclides on intact tutt as a
function of time, and 2) to conduct scaling studies to dctermine up to what scale the matrix diffusion
modcl can be applicd with confidence.
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8.3.1.3.6.2.1 Activity: Uptake of radionuclides on rock beakers in a saturated system

Objectives

This activity will measure the uptake of radionuclides by rock beakers as function of time.
These results will provide a baseline for the following activities on diffusion through a saturated tuff
slab and diffusion in an unsaturated tuff block.

8.3.1.3.6.2.2 Activity: Diffusion through a saturated tuff slab

Objcctives

This activity is dcsigned to measure the diffusion of radionuclides in a purely diffusivc system
(no advection), by varying the thickness of slabs of PTn tuff and CH zeolitic tuff.

8.3.1.3.6.2.3 Activity: Diffusion in an unsaturated tuff block
Objcctives

Thc objectives of this activity are 1) 10 determine the distribution of radioactivity in the
unsaturated tuff matrix, using an unsaturatcd tuff block of the PTn or CH, and 2) to (it the uptake of
radionuclides as a function of time to a diffusion model with reactions (sorption) to detcrmine the
diftusivities and raic constants. In the cvent of more complex reaction mechanisms, higher order and
irrcversible reactions will be added to the computer code (Investigation 8.3.1.3.7).

8.3.1.3.7 Investigation: Studics to provide the information required on radionuclide retardation by all
processes along flow paths to the accessible cnvironment

Purposc and objectives of the investigation

The purpose of this investigation is to support the total systems performance calculations of
Issue 1.1 (Scction 8.3.5.13). The goal of this investigation is to usc the threc-dimensional transport
modcl and other multidimensional process codes 10 support Issue 1.1 and to determine, characterize,
and quantify the cumulative cffects of all significant processes, physical and geochemical, acting on or
controlling radionuclidc transport at Yucca Mountain.

8.3.1.3.7.1  Study: Rctardation scnsitivity analysis

The objectives of this study arc 1) to develop a conceptual geochemical-geophysical description
of Yucca Mountain based on the results. data, and information gencrated from the geochemistry,
mincralogy-petrology, hydrology, and other peniinent YMP tasks, and 2) to determine what data may
be inadequate or insuflicient 0 make the cumuiative, integrated transport calculations needed 1o mect
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the NRC and EPA regulations. The calculations will be made during the fulfillment of Information
Needs 1.1.4, and 1.1.5 (Sections 8.3.5.13.4 and 8.3.5.13.5).

8.3.1.3.7.1.1 Activity: Analysis of physical/chemical processes affecting transport

Obijectives

This activity will 1) analyze all the proccsses that may affect transport; geochemical transport
processes, physical transport processes, particulate transport, heat-load effects, and coupled phenomena,
2) support and develop those laboratory experiments designed to examine the physical and
geochemical processes affecting radionuclide transport and other experimental activities under this
program and the exploratory shaft tests (i.e., diffusion experiments), and 3) correlate and validate of
results obtained from laboratory, exploratory shaft, and field experimental results with transport
calculations.

8.3.1.3.7.1.2 Activity: Geochemical/geophysical model of Yucca Mountain and integrated
geochemical transport calculations

Objectives

The objective of this activity is to perform calculations of radionuclide transport from the
repository to the accessible cnvironment using, as a basis, an integrated, conceptual
gcochemical-geophysical model of Yucca Mountain.

8.3.1.3.7.1.3 Activity: Transport models and related support
Obijeclives

The objective of this activity is to verify the computer codes and to validate the modcls used in
this study and to identify important contributors to the uncertaintics in retardation calculations
(scnsitivity analyses).

8.3.1.3.72 Study: Demonstration of applicability of laboratory data 1o repository transport
calculations

The objectives ol this study are 1) to demonstratc the validity of luboratory gencratcd
radionuclide transport process data and the validity of transport calculations using that data; and 2) 10
Lest nodels of radionuclide transport for their applicability to Yucca Mountain. This study will
provide input as (o the adequacy of retardation values by sotption for ¢ Investigation 8.3.1.3.4),
rctardation by diflusive. dispersive, and advective transport processes (Investigation 8.3.1.3.6),
applicability of modcls used to describe water How and radionuclide transport at Yucca Mountain
(Study 8.3.1.3.7.1) and suppont rcsolution of Issue 1.1 and total systeias performance calculations
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described in Section 8.3.5.13. This study will usc controlled tests and analogues to achieve its goals.
The proposed field tests in this study will be conducted in the unsaturated zone. Saturated zone
testing for the same goals is presented in the Testing of the C-Hole Sites with Reactive Traccrs and
Well Testing with Reactive Tracers Throughout the Site (Activities 8.3.1.2.3.1.7 and 8.3.1.2.3.1.8,
respectively).

8.3.1.3.7.2.1 Activity; Intermediate-scalc experiments
Objectives
The goal of this activity is to conduct experimcents at a scale larger than laboratory but with

sufficicnt control on material and boundary conditions to test how increased spatial scale affects water
flow and radionuclide transport in unsaturated porous media.

8.3.1.3.7.2.2 Activity: Ficld-scale experiments to study radionuclide transport at Yucca Mountain
Obijectives
The goal of this activity is to cvaluate the validity of laboratory derived data and models for

radionuclide transport at the Yucca Mountain sitc by conducting tests in the bedded wifs of the CH
unit underlying the TS unit,

8.3.1.3.7.2.3 Aciivity: Natural analog studics of radionuclide transport
Obijeclives
The goal of this activity is to usc natural analog studies and data gencrated by natural analogue

studics 1o support long term calculations of radionuclide transport using laboratory data and
radionuclide transport models.

8.3.1.3.7.2.4 Activity: Data on radionuclidc transport from other U.S. Dcpartment of Encrgy sitcs
(Anthropogcenic Analogs)

The goal of this activity is to cvaluate the validity of laboratory derived data and miodels for

radionuclide transport at the Yucca Mountain site by obtaining data collected at other U.S. Depaniment
ot Encrgy (DOE) sites on radionuclide distribution in geologic systcms.
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8.3.1.3.8 Investigation: Studies to provide the required information on retardation of gaseous
radionuclides along flow paths to thc accessible environment

Purposc and objectives of the investigation

The purpose of this investigation is to supply input data for calculations of gaseous radionuclide
transport from the repository to the accessible environment at the Yucca Mountain site. The objective
of this investigation is to provide the data nccessary for developing a chemical model that can be uscd
to calculate this residence time. The residence time can then be used to calculate the rates of transport
of gaseous radionuclide species between the repository and the accessible environment, and to verify
experimentally the models of gaseous radionuclide transport and retardation that are used to assess
radionuclide release.

8.3.1.3.8.1 Swdy: Gaseous radionuclide transport calculations and measurcments

The goal of this study is (1) to calculate the rates of transport of gaseous radionuclide spccies
(Activity 8.3.1.3.8.1.1) between the repository and the acccssible environment considering the various
driving forces and retardation mechanisms that may exist and (2) to experimentally verify potential
existing models of gaseous radionuclide transport and retardation that are used to assess radionuclide
releasc to the environment.

8.3.1.3.8.1.1 Activity: Physical transport mechanisms and rates--retardation mechanisms and
transport with retardation

Objcclives

The goals of this activity are 1) to determine the manner in which gaseous specics are
transported in the unsaturated zonc and to calculate transport raics without retardation. and 2) o
identify the retardation mechanisms that can affect the transport of gaseous species through the unsat-
urated zone and model these processes so that the cffccts on transport rates can be evaluated.

8.3.1.3.8.1.2 Activity: Gas transport mcasurcments

Obijcctives

The goal of this activity is 1o measure experimentaily gas transport rates under typical
unsaturated zone conditions to verify calculational models of gas transport and retardation, if they
eXisl.
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8.3.1.4 Objectives of the rock characteristics program

Summary of performance and design requirements for rock characteristics information

Compliance with performance and design critcria for a geologic repository will require
information about the rock characteristics of the Yucca Mountain site. This information will be uscd
in the design of underground repository facilities and to support asscssments of site performance
related to ground-water travel time, waste-package lifetime, radionuclide relcases from the EBS, and
radionuclide rcleases to the accessible environment. The various regulatory requirements are
concerned with rock characteristics, conditions, and processes in differcnt subsurface regions within
and around Yucca Mountain. The rock characteristics are also an important component of model
validation, particularly for establishing the boundary and initial conditions and the geometry of the
model.

The siting critcria discussed in 10 CFR 60.122 must also be evaluated, including the favorable
condition for waste emplacement at a minimum depth of 300 m and characicrization of structural,
stratigraphic, and geomechanical conditions to determine if potentially adverse conditions are present.
Design criteria for the underground facility, seals of shafts and boreholes, and waste packages are also
evaluated in the context of the natural rock properties of the site. Assessments of whether the
performance objectives, siting criteria, and design criteria can be met will rely on information about
the stratigraphy and structure of the Yucca Mountain site, the properties of the rock units occurring at
the sitc, and the temperature and stress conditions before excavation of underground openings.

8.3.1.4.1 Investigation; Development of an intcgrated drilling Qro‘gram and integration of geophysical
activities

This investigation is composed of two planning and evaluation activitics. The first activity is
designed to provide a mechanism for overall integration of the surface-based activities to be conductcd
during sitc characterization. Intcgration is important (o cnsure that the data nceded to improve site
modcls for use in performance assessment and repository design arc obtainced in an eflicient and
cost-effective manncr. The second activity is designed to provide a focal point for integration of all
geophysical site characterization activities. Because geophysical activitics provide data to a number of
sitc programs, as wcll as to both performance and design issucs, it is important that the planncd
activitics are periodically revicewed to determinc if the data base beiny devcloped is adequate for the
range of planned uscs.

8.3.14.1.1  Aclivity: Development of an intcgraicd drilling program
Objcctives
The objectives of this activity are to
1. Ensurc rcpresentativeness of data acquired during surface-hased site characterization activilies

and that data represent the range of phenomena and structural characteristics nceded for
perfomiance assessment.

8.3.1-36



YMP/CM-0011, Rev. 9

2. Integrate and prioritize surface-based activities to produce a schedule that best addresses
representativeness and efficacy concems, given budgetary constraints. Monitor conformance
with plans, especially with respect to sitc performance impact (particularly the nature and
extent of surface disturbance, fluid usc, and penctrations of the unsaturated zone and the
rcpository horizon). Review planned activities with respect 1o methodology, monitor
activities in progress, and provide a means to effect changes if necessary. Address sample
and data requirecments through linkage and integration with other activities.

3. Maintain a system of technical element baseline approval and control. Such a system is
needed to cnsure conformance with planning and integration, and to control changes to plans
that have the potential to adverscly impact site performance; testing interference; or data and
samples exchanged between activities.

8.3.14.1.2  Activity: Integration of geophysical activities

Obijectives

This activity will provide a mechanism for information exchange, an analysis of data and other
technical information, and an overview of planned geophysical site characterization activities. The
objectives for geophysics integration are to increase 1) the effectiveness of planned geophysical
surveys through consideration of past efforts both within and outside the YMP and 2) the overall
effcctiveness of geophysical exploration by analysis of how cach planned survey addresses specific
information requirements for site licensing.

8.3.1.4.2 Investigation: Geologic framework of the Yucca Mountain sitc

Purposc and objectives of the investigation

The objectives of this investigation arc 1) to provide primary data on the lateral and vertical
variations in site stratigraphy through acquisition of borchole cores and cuttings and surface geologic
mapping, 2) to provide information that will allow three-dimcensional modeling (through the usc of
borchole and surface geophysical surveys) ol the variation in properties of interest belween poinis of
primary data, and 3) to providc information on the lateral and vertical variation of structural clements
that may affect in situ propertics of intcrest (c.g., fracturc-related flow) in conjunction with site
charactcrization investigations on geohydrology, gcochemistry, postclosure tectonics, and scismicity
(i.e., preclosure tectonics) (Scctions 8.3.1.2, 8.3.1.3, 8.3.1.8, and 8.3.1.17).

8.3.14.2.1  Stwdy: Characterization of thc vertical and lateral distribution ol stratigraphic units
within the site arca

The objective of this study is 1o determine the vertical and lateral variubility and emplacement
history of stratigraphic units and lithostraugraphic subunits within the Yucca Mountain sitc arca.
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8.3.1.4.2.1.1 Activity: Surface and subsurface stratigraphic studies of the host rock and surrounding
units

Obijectives
The objective of this activity is (0 determine the spatial distribution, history, and characteristics

of stratigraphic units within the Paintbrush Tuff, wffaccous beds ol CH, Crater Flat Tuff, and possibly
older volcanic rocks within the site arca.

8.3.1.4.2.1.2 Activity: Surface-based geophysical surveys

Obijectives

The objective of this activity is to improve confidence in stratigraphic models of Yucca
Mountain by incorporating geophysical constraints.

8.3.1.4.2.1.3 Activity: Borehole geophysical surveys

Objectives
The objectives for this activity are 1) to aid in the definition and refincment of the location and

character of lithostratigraphic units and contacts between units and 2) to determine the distribution of
rock properties within lithostratigraphic units.

8.3.1.4.2.14 Activity: Petrophysical propertics testing
Objeclives

The objective of this activity is to provide geophysical and rock property data 10 be used in the
interpretation of surfacc-based and borchole geophysical surveys.

8.3.1.4.2.1.5 Activity: Magnetic propertics and stratigraphic correlations
Obijcctives
The objectives of this activily are to

1. Providc magnetic properly data to aid the interpretation of volcanic stratigraphy and structure
of rock units within the Yucca Mountain site arca.

2. Usc paleomagnctic dircctions to provide orientations for drill core scgments.
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3. Assess the rotation of rock units in relation to the geologic structures of Yucca Mountain
from paleomagnetic indications.

8.3.1.4.2.2  Study: Charactcrization of the structural features within the site area

The objective of this study is to determine the frequency, distribution. characteristics, and
relative chronology of structural fcatures within the Yucca Mountain site area.

8.3.1.4.2.2.1 Activity: Geologic mapping of zonal features in the Paintbrush Tuff

Objectives

The objectives of this activity are 1) to map zonal variations within exposed tffs that will aid in
the identification of structural displacements at a scale of 10 m or less, and 2) to detect subtle changes
in structural styles.

8.3.1.4.22.2 Activity: Surface-fracturc network studies

Objcctives

The objective of this activity is to provide mcasurements and analyses of fracturc networks to
support modeling of hydrologic potential flowpaths, particularly in unsaturated zones. Applications arc
also expected to aid development of tectonic models and determination of the mechanical response of
fractured rock to excavation and thermal loading. The analyscs will provide quantitative data for
determining spatial distribution of fractures, chronology of fracture devclopment, and parametric
characteristics of fracturcs. Applications are cxpecicd to aid in the development of tectonic modcls
and possibly to aid in the determination of the bulk responsc of fractured rock in the context of
cxcavation and loading.

8.3.1.4.2.23 Activily: Borehole evaluation of faults and fractures
Objeclives
The objectives of this activily are to

I. Assess the reliability and uscfulness of availablc borchole techniques for idenuifying and
characterizing the subsurface fracture distribution.

2

Dctermine vertical and lateral variability and characicristics ol subsurface fracturcs.

3. Identily subsurtacc characteristics of fault zones.
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8.3.14.2.24 Activity: Geologic mapping of the Exploratory Studies Facility

Obijectives

The objectives of this activity arc {0

1. Determine the vertical and horizontal variability of fracturc nctworks in the ESF ramps,
drifts, and boreholes. -

2. Characterize major faults and fault zones in the subsurface.

3. Map the lithostratigraphic features of the subunits, and the abundance and character of
lithophysal zones.

4. Assist in evaluation of test locations in the ESF.

8.3.1.4.2.2.5 Activity: Seismic tomography/vertical seismic profiling

Objectives
The objectives of this activity arc to

1. Investigate, and if successful, providc a means for broadly detecting and characterizing the
subsurfacc fracture network in regions between the surface, boreholes, and underground
workings.

2. Calibrate and relate the seismic propagation characteristics of thc host rock to the fracturc
patterns obscrved in borcholes and underground workings, and to extrapolate the observed
fracture patiemns to the surrounding region.

8.3.14.23 Study: Three-dimensional geologic modcl

Objcctives

The objective of this study is to devclop a three-dimensional geologic model of the site arca. In
doing so, much of the study will involve synihesis of the results of other studies in the investigation 10
develop a model that will be integrated into the three-dimensional rock characteristics model described
in Study 8.3.1.4.3.2 of Investigation 8.3.1.:1.3.
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8.3.1.4.2.3.1 Activity: Development of a three-dimensional geologic model of the site area

Objectives

The objective of this activity is to develop a three-dimensional geologic model of the Yucca
Mouniain site that incorporates stratigraphic. structural, geophysical, and rock properties information
pertinent to site characterization, and design and performance assessment activities.

8.3.1.4.3 Investigation: Development of three-dimensional models of rock characteristics at the
repository site

Purpose and objectives of the investigation

The purpose of developing three-dimensional, computer-based models of rock characteristics at
the Yucca Mountain site is two-fold: 1) to summarize information gained during the course of
Investigations 8.3.1.4.2 (geologic framework), 8.3.1.2.1 through 8.3.1.2.3 (hydrologic material
properties), (thermal/mechanical properties) and 2) to provide a mechanism for transfer of this
integrated information to the design and performance assessment issues.

Specifically, performance assessment and design issues have called for quantitative information
regarding the spatial distribution of various rock characteristics. Numerous investigations have been
designed to acquirc the basic quantitative data or to develop the geologic framework that must be
considered in the dcvelopment of a three-dimensional model of rock characteristics.

8.3.1.4.3.1  Study: Systematic acquisition of site-specific subsurface information

Only one activity is planned under this study.

8.3.1.4.3.1.1 Activity: Systematic drilling program
Objeclives

This activity will acquire physical rock samples, analytical data, and basic descriptions of the
subsurface geology of the repository sitc on a systematic basis. These samples and infomation are
important for characterizing the threc-dimensional distribution of rock characieristics, and hydrologic
and geochemical variables, for the unsaturated zone at Yucca Mountain.  Other inlormation and
samples will also be provided becausc of this access to the shatlow saturated zonc.

Borcholc locations and drilling methods uscd by this activity arc technically and
programmatically integrated with other activitics, including 8.3.1.2.2.3.2 (sitc vertical borcholcs study),
8.3.1.2.3.1.1 (Solitario Canyon lault study in the saturated zonc), and 8.3.1.2.3.1.2 (site
potentiometric-level evaluation).  Consistent with the requircments of 10 CFR 60(d) §). the location
and drilling of the borcholes in the systcmatic drilling program are being coordinated with the
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repository design. The integration and coordination of these activities will be accomplished in Activity
8.3.14.1.1, development of an intcgrated drilling program.

8.3.14.32 Swdy: Three-dimensional rock characteristics models

8.3.1.4.3.2.1 Activity: Development of three-dimensional models of rock characteristics at the
repository site

Objectives

The objective of this activity is to develop computer-based three- dimensional models that
integrate quantitative and semiquantitative data on rock characteristics in light of constraining
information developed by studics of the geologic framework of the Yucca Mountain site (Investi-
gation 8.3.1.4.2).

8.3.1.5 Obijectives of the climate program

Summary of performance and design rcquirements for climate information

Certain performance and design issues address requirements that climate and climate-related
tactors be determined for past, present, and future conditions (Investigation 8.3.1.5.1) and that the
cffects of future climatc on hydrology be determined (Investigation 8.3.1.5.2). The results of
Investigation 8.3.1.5.1 arc necessary inputs to Investigation 8.3.1.5.2. Morc data arc rcquired than are
presently available on the palcohydrology, palcoclimate, and modern climatc of the Yucca Mountain
area in order to adequately predict future climate and its possible effect on site hydrology relative to
repository performance.

Plans for two invcstigations making up the climatc program arce given in Sections 8.3.1.5.1 and
8.3.1.5.2. Other plans for site investigations requiring climate information include those for the
crosion program (Scction 8.3.1.6), the geochcmistry program (Section 8.3.1.3), the preclosure
hydrology program (Section 8.3.1.16), and thc geohydrology program (Scction 8.3.1.2).

The climate program consists of investigations designed to provide data on past, prescnt, and
future climate conditions and to dctermine the effects of climate change on surface, unsaturatcd-zone,
and saturated-zone hydrology. Specifically, determining the etfects of futurc climate on geohydrology
helps to satisfy the following performance and design issucs.

Issuc Short title SCP section
1.1 Total systcm pcrformance (the sysiecm 8.3.5.13
performance objective for limiting radio-
nuclide relcases to the accessible

cnvironment as required by 10 CFR Part 60
and 40 CFR 191.13)
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Issue Short title SCP section

1.8 NRC siting criteria (the favorable and 8.3.5.17
potentially adversc conditions of
10 CFR Pan 60)

1.9a Higher level findings (postclosure) of 8.35.18
10 CFR Part 960: (1) 960.4-2-1, qualifying
condition for geohydrology, (2) 960.4-2-4,
qualifying condition for climate

1.9b Comparative evaluation over next 100,000 yr 8.3.5.18

1.10 Waste package characteristics (postclosure) 8.342

1.11 Configuration of underground facilities 8.322
(postclosure)

1.12 Seal characteristics 8.3.3.2

For the 10,000-yr period (Issues 1.1, 1.8, 1.9a, 1.10, 1.11, and 1.12), it has been determined that
information nceded to satisfy Issue 1.1 will be sufficient to address Issucs 1.8, 1.92, 1.10, 1.11, and
1.12. However, to satisfy Issue 1.9b (the comparative evaluation over the next 100,000 yr), additional
information is required within the climate program, including additional data and slightly different
modeling stratcgies (Section 8.3.1.5.1.6.2).

The investigations, studies, and activitics within the climate program arc designed o provide
cstimates of fulure climatic conditions and estimates of the effects of future climaltc on hydrologic
conditions.

8.3.1.5.1 Investigation: Studics to provide the information required on nature and rates of change in
climatic conditions to predict futurc climates

Purposc and objectivcs of the investigation

Investigation 8.3.1.5.1 provides information to help satisfy performance and design Issues 1.1,
1.8, 1.9a and b, 1.10, 1.11, and 1.12. Rccent mcteorological data and Great Basin historical climatc
data will be used to calibrate (using present conditions) and validale (using past conditions) models of
futurc climate. A paleoclimate-palcocnvironmcit synthesis will be derived from lake. playa, and
marsh sedimenus, pack rat middens, vegetation calibrations, and soil and surficial deposits. This
synthesis will provide time-sequential reconstructions for the modeling activities as well as for
Investigation 8.3.1.5.2. These models will atlempt 10 forecast climatic variables for the next 100,000
yr to determine climatic conditions.
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8.3.1.5.1.1  Study: Characterization of modemn regional climate

The objective of this study is to provide a baseline and a background for the intcrpretation of
climatic variation. Characterization of the synoptic climate will result in the determination of modemn
spatial and temporal varialions in precipitation, air temperature, cloud cover, and other meteorological
variables. These data will be used in the development of modem vegetation-climate calibration
rclationships, in the assessment of lake-climate relationships, and in the development and testing of
climate circulation modcls and in specifying relationships between global-scale circulation patterns and
the regional and local climatc features of relevance to site performance coordinated by the overview
activity in Section 8.3.1.12.1.2.

In cooperation with meteorology program (8.3.1.12) and geohydrology program (8.3.1.2), efforts
will be made to relate modcm storms (and their trajectories) to the isotopic signaturcs of infiltrating
ground water. This analysis will be assisted by modeling of the carbon isotope systcmatics in ground

water. These data may provide insight into past air-mass trajectories and will be available to the
climatology program,

8.3.1.5.1.1.1 Activity: Synoptic characterization of regional climate
Objcctives
The objectives of this activity arc to

1. Provide the basis for developing vegetation-climate relaﬁonships, lake-climate relationships,
and climatc-circulation models (meteorological data).

2. Provide an understanding of spatial and temporal variation in climate (synoptic climatc).

3. Determine the climate conditions (i.e., time, temperature, seasonality, and air masses) under
which recharge occurs (isotopic data).

8.3.1.5.1.2  Study: Palcoclimate study: lake, playa, marsh dcposits
This study will establish the naturc, timing, duration, and amplitude of palcoclimatc changes

pased on analyses of palcontologic, gcochemical, and stratigraphic-sedimentologic data obtained from
lacustrine sediments in or near southerm Nevada.

$.3.1.5.1.2.1 Activity: Palcontologic analyscs

Objeclives

The objective of this activity will be to assemble and inierpret, in palcoclimatic terms. detailed
records of ostracodes, diatoms, and pollen, along with other types of fossils as warranted by specific
palcoclimatic questions. This record will involve collection, identification, enumeration, and
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interpretation of paleontologic data that cmphasizcs the past 50,000 yr in great detail, the past 200,000
yr in moderate detail, and the past 1,000,000 yr in some detail. Calcareous fossils will also be
collected for geochemical and age analyses of their carbonate.

8.3.1.5.1.2.2 Activity: Analysis of the stratigraphy-scdimentology of marsh, lacustrine. and playa
deposits

Objectives
The objectives of this activity are t0
1. Identify and characterize the general physical and chemical properties of sedimentary units
from outcrops, shore deposits, and cores. This information will providc a physical and

relative tcmporal framework within which various paleoenvironmental studies will be made.

2. Determine the specific environment of deposition for the sedimentary units using the
principles of clastic and chemical sedimentology.

8.3.1.5.1.2.3 Activity: Geochemical analyses of lake, marsh, and playa deposits

Objectives

The objective of this activity is to provide a detailed chemical and mineralogic characterization
of all sediments to provide information about the chemistry ol the water lrom which the minerals
precipitated and to detcrmine sediment provenance.

8.3.1.5.1.2.4 Activity: Chronologic analyses of lake, playa, and marsh deposits

Obijcctives

The objective of this aclivity is to obiain an accurate, precisc chronologic framework for the
palcoclimatic information acquircd in this study. Moreovcr, il age information should, whenever
possible, be tested with other techniques to reduce unceriaintics.

8.3.15.1.3  Swdy: Climatic implications of terresirial palcoccology

This study will provide guantitative estimates of changes in climatic variablcs (e.g., precipitation
and temperature) for the southemn Great Basin.  Plant macrolossils from pack rat middens will provide
coverage lor the fast 50,000 yr (Activity 8.3.1.5.1.3.1), whilc fossil pollcn from land plams rccovered
from cores of lacusiral scdiments will cover at least the last 150,000 yr (Activity 8.3.1.5.1.3.2).
Transter functions, responsc surfaces, or both will be developed through the statistical comparisons of
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modem climate to the vegetation data, and these equations will be used in the reconstructions of past
climates from the paleovegetation data (Activity 8.3.1.5.1.3.3).

8.3.1.5.1.3.1 Activity: Analysis of pack rat middens

Objectives

The obijective of this activity is to determine the nature, timing, duration, and magnitudc of past
vegetation change as recorded in plant macrofossil assemblages preserved in ancient pack rat middens.

8.3.1.5.1.3.2 Activity: Analysis of pollcn samples

Objeclives

The objective of this activity is to determine the natufe, timing, duration, and magnitude of past
vegetation change as recorded in the stratigraphic record of fossil pollen grains.

8.3.1.5.1.3.3 Activity: Determination of vegclation-climate relationships

Obijectives

The objcctive of this activily is to translate the vegetational rccords provided by pack rat midden
and palynological investigations and available dendroclimatological data into quantitative eslimates of
past climatic variables.

8.3.15.14  Study: Analysis of the palcoenvironmental history of the Yucca Mountain rcgion

The objcctive of this study is to evaluate the palcoenvironmental record at Yucca Mountain and
surroundings in the light of the infcrred palcoclimate history of the southern Great Basin. It also
provides information to distinguish betwcen effects resulting from surticial processes, as opposed to
tectonic activity, and to evaluate the age of tectonic events. The chronology of the erosional and
dcpositional responses to climatic changes at Yucca Mountain will be used to cross-check and
supplenicnt the reconstruction of paleoclimaic. A detailed palcoenvironmental history is needed to dis-
tinguish short- and long-tcrm tectonic cffects from local climatic controls on surlicial processes.
Theretore, dated deposits in this study will be used 1o constrain ages and recurrence intervals of fault
movements.

8.3.146



YMP/CM-0011. Rev. 9

8.3.1.5.1.4.1 Activity: Modeling of soil properties in the Yucca Mountain region

.\\/
Obiectives

The objectives of this activily are to

1. Determine the relations among properties of late Holocene soils and modemn climatic
paramcters.

2. Compare properties of sclected soils at Pahute Mesa and areas ncar Tonopah. which have
formed under conditions similar to those that may have existed at Yucca Mountain during
pluvial conditions of Plcistocene glacial climatic cycles.

3. Compare properties of early Holocene and Pleistocene soils to paleoclimatic models that are
reconstructed from other lines of evidence, such as paleolimnology and terrestrial
paleoecology, as a check on these modcls.

4. Frame climatic scenarios as a function of the depth, distribution, and quantity of pedogenic
carbonate and other soil parameters.

. 5. Quantify rates of soil development in specific climates for use as a dating tool for
Quatemnary deposits and ages of fault movemcnts.
‘.\_,/’ .
8.3.1.5.1.4.2 Activity: Surficial deposits mapping of the Yucca Mountain area
Objcctives

The objectives of this activity are to

l. Determine the distribution, age, gcnesis, soil properties, and physical properties of surticial
deposits al Yucca Mountain and surroundings.

2. Evaluate the influences of climate and tectonics on the gencsis of surficial deposits.

3. Provide a map of surficial deposits for facility placement planning, geomorphic studies,
engincering property studies, and surface infiltration studies.

4. Detcrmine the distribution of major concentrations of calcite-silica vein deposits at or near
the ground surface at Yucca Mountain.

8.3.1.5.1.4.3 Activity: Eolian history of the Yucca Mountain region
Objcctives
~ The objectives of this activity arc
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1. Document eolian erosion and deposition in the Yucca Mountain arca during the last
750,000 yr.

2. Determine paleoenvironmental conditions during times of eolian deposition and intervening
times of surface stability and soil formation.

3. Detcrmine source areas of sand and silt.

8.3.1.5.1.5  Study: Palcoclimate-paleoenvironmental synthesis
This study consists of one activity and will compare the palcoclimatic cstimates from the various

proxy data sets and provide data syntheses in the formats required for future climate and
paleohydrology investigations.

8.3.1.5.1.5.1 Activity: Paleoclimate-paleoenvironmental synthesis

Obijectives

The objective of this activity is to provide summarics of the palcoclimatic data in formats that
can be utilized by investigations of future climatic changes and palcohydrology.

8.3.1.5.1.6  Swudy: Characterization of the future regional climate and environments

The objective of this study is to estimate values for climatic parameters for the Yucca Mountain
area over the next 100,000 yr, with special emphasis on the next 10,000 yr. The values for these
paramcters will be used in the hydrologic modeling of the ground-waicr regime at Yucca Mountain
(Investigation 8.3.1.5.2) and in the investigation of the effects of future climate on erosion at Yucca
Mountain (Investigation 8.3.1.6.2). Estimates for future precipitation, temperature, evapotranspiration,
and other parameters will rcsult from the modcling of certain climate scenarios expected to occur in
the southem Great Basin ovcr the next 100,000 yr.

8.3.1.5.1.6.1 Activity: Global climate modcling
Obicctives
The objectives of this activity are to
1. Identity and cstimate factors controlling global climate.

a. Develop a scquence of "snapshots” of possible climate scenarios at intervals of up to
1.U00 yr over the next 10,000 yr.
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b. Develop a set of anticipated global climate scenarios over the next 100,000 yr.

2. Compute the configuration and extent of ice shects at regular intervals of time over the next
100,000 yr to determine the effects of such ice volume changes upon the climatic system.

3. Provide boundary conditions, including precipitation, temperature, cloud cover,

evapotranspiration, and wind velocity for regional climate models through the use of general
circulation models.

8.3.1.5.1.6.2 Activity: Regional climate modeling

Objectives

The objective of this activity is to establish the feasibility of using a regional scale numerical
climate model for predicting future climatic conditions at Yucca Mountain. If this task is
accomplished, the model will be calibrated against modem climatic data and validated with
paleoclimatic data.

8.3.1.5.1.6.3 Activity: Linked global-regional climate modeling
s Objectives
The objectives of this activity are to

1. Formulate reasonable hypothcses for scenarios of future climate in the southcrn Great Basin
and Yucca Mountain over the next 100,000 yr, with ecmphasis on the next 10,000 yr.

2. Model meteorological parameters of expected climate scenarios for the southem Great Basin.
3. Use the quantitative meteorologic descriptions resulting from the modeling of futurc climate
scenarios to derive measurements of climate parameters to be used in hydrologic modeling of

the Yucca Mountain arca and in investigating the effects of climate on erosion at Yucca
Mountain.

8.3.1.5.1.6.4 Activity: Empirical climate modcling
Obiectives
The objectives of this activity arc to

1. Formulate rcasonable hypotheses for scenarios of future climate in the southem Great Basin
and Yucca Mountain over the next 100.000 yr. with emphasis on the next 10,000 yr.

2. Model metcorological parameters ol cxpected climate scenarios for the southem Great Basin.
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3. Use the quantitative meteorologic descriptions resulting from the modcling of futurc climate
scenarios to derive measurements of climate parameters to be used in hydrologic modeling of
the Yucca Mountain arca and in investigating the effccts of climate on crosion at Yucca
Mountain.

8.3.1.5.2 Investigation: Studies to provide the information required on potential effccts of future
climatic conditions on hydrologic characteristics

Purpose and objectives of the investigation

This investigation provides information to help satisfy performance and design Issues 1.1, 1.8,
1.9a and b, and 1.10. Reconstructions from Investigation 8.3.1.5.1 along with past surface water, and
unsaturated- and saturatcd-zone characterizations will lead to an understanding of the Quaternary
rcgional hydrologic regime. This information along with models of future climate conditions and
estimates of future mcteorological conditions from Investigation 8.3.1.2.1, and modcls of the
unsaturated and saturated zones from the geohydrology program (Section 8.3.1.2) will help determine
the effects of climate change on geohydrology. This will require the development of a relationship
between climate, infiltration, and recharge.

8.3.1.5.2.1 Study: Characterization of the Qualcrnary regional hydrology
The objective of this study is to characterize the distribution of surface water, the unsaturated

zone inliltration and percolation raics, and the ground-water potentiomctric levels during the
Quatcmary Period in the vicinity of Yucca Mountain.

8.3.1.5.2.1.1 Aclivity: Regional palcoflood cvaluation
Objectives
The objectives of this activity arc to
1. Identify the locations and investigate the hydraulic characteristics of paleoflood events, and
compare this evidence with the locations and characteristics ol modem flooding and
geomorphic processcs. Thesce findings and comparisons will improve knowledge of the rela-

tionships between climate and flooding.

2. Assess the character and scverity of paleoflood and debris hazards to asscss the potential of
flood and debris hazards for the rcpository during the preclosurc period.
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8.3.1.5.2.1.2  Activity: Quaternary unsaturated zone hydrochemical analysis

This activity intentionally omitted: the proposcd scope of work will be performed in Activity
8.3.1.2.2.7.2 (Aqueous-phase chemical investigations).

8.3.1.5.2.1.3 Activity: Evaluation of past discharge arcas
Objectives
The objectives of this activity are to

1. Determine thc location, type, and extent of hydrogeologic units in the ground-water
discharge areas of the Amargosa Desert and Death Valley.

2. Understand the past quantity and quality of water in the discharge areas of Franklin Lake,
Amargosa Desert-River, and Peter’s Playa and to determine the paleohydrologic significance
of Peter’s Playa and Franklin Lake as discharge arcas.

3. Determine the location and hydrogeologic characteristics of paleospring deposits in the
discharge arca.

4. Determine the location and amount of discharge by evapotranspiration that has occurred at
past discharge sites.

5. Understand the past and present discharge areas of the rcgional hydrologic system in order o
predict the fuiure saturated zone hydrologic system at Yucca Mountain.

6. Determine past ground-water levels in carbonate cavems as cvidence of past hydrologic
conditions.

8.3.1.5.2.14 Activity: Analog recharge studies

Objcctives

The objective of this activity is to estimaic the conditions and rates of ground-water recharge
(infiltration) during the Quatcrnary in the vicinity of Yucca Mountain.

8.3.1.5.2.1.5 Activity: Studics of calcite and opalinc silica vein deposits
Obijectives
The objective of this activity is to detcrmine the ages, distribution, origin, and palcohydrologic

signilicance of calcite and opalinc silica deposits along laults and [racturcs in the vicinity ol Yucca
Mountain.

8.3.1-51



YMP/CM-0011. Rev. 9

8.3.1.5.2.2  Swudy: Characterization of the future regional hydrology due to climate changes
The objective of this study is to characterize the impacts of potential future climate changes on

the regional and site surface-water system, the site unsaturated-zone hydrology, and the regional and
site saturated-zone hydrology.

8.3.1.5.2.2.1 Activity: Analysis of future surface-water hydrology due to climate changes
Obijectives
The objectives for this activity arc to

1. Simulate past changes in runoff and surface-water storage (lakes) resulting from past climatic
change.

2. Use the relationship between paleoclimate and paleo surface-water conditions to predict the
impact of future climatic conditions on surface-water hydrology at the site.

8.3.1.5.2.2.2 Activity: Analysis of future unsaturated zonc hydrology due to climate changes

This activity was intentionally deleted; the scope of work for this activity will be performed in
Activity 8.3.1.2.2.9.5 (Site unsaturatcd-zone integration and synthesis).

8.3.1.5.2.2.3 Activity: Evaluation of possiblc future changes of the climate and regional gcologic
framework on the regional saturated zone hydrology.

Objectives
The objeclives of this activity are to
1. Reconstruct palcohydrologic conditions at Yucca Mountain and usc these conditions together

with the palcoclimatic conditions rcconstructed under Investigation 8.3.1.5.1 as a basis (o
predict the impact of future climatic conditions on the saturalcd-zone hydrologic system.

2. Synthcsize the existing palcohydrologic data through the usc of numerical simuiation
techniques to determine the cifects that greater recharge would have on water-table altitude,
ground-water flow paths, and hydraulic gradicnts betwecn Yucca Mountain and the
accessible environment.

3. Evaluate possible regional tectonic and thermal events that may producc prolonged or
nansicnt cftects on the rcgional water level.
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8.3.1.6 Obijectives of the erosion program

Summary of performance and design requirements for crosion information

The following summarizes the requirements for erosion data from the design and performance
issues:

1. The surface characteristics program (8.3.1.14) requires information on the expected
magnitudc and locations of erosion both on bedrock and alluvial-colluvial surfaces.

2. Issue 1.12 (Section 8.3.3.2, seal characteristics) requires information on the erosion potential
(rates) near shafts to support the design of seals.

3. The human interference program (8.3.1.9) requires information on erosion to determine the
most suitable locations for the surface markcrs and monuments of the warning system.

8.3.1.6.1 Investigation: Studies to determine present locations and rates of surface erosion

Objectives of the investigation

The objectives of this investigation are to obtain the site-specific data needed to calculate
average Quaternary hillslope erosion rates and accurate avcrage short-term erosion raes associated
with episodic erosion. This investigation will pcrform three activities and use information from the
climate (Section 8.3.1.5) and geohydrology (Section 8.3.1.2) programs to support thesc objcctives.
Three kinds ol data will be obtained to characterize past distribution of hillslope and alluvial deposits.
and surfaces ol different ages will be shown on a geomorphic map of Yucca Mountain.  First, the map
will show the extent to which modem crosion has affected an essentially Plcistocene landscape.
Sccond, local strcam incision rates will be calculated by dating incised stream terraces and sand ramps
by uranium-trend, uranium-scrics, radiocarbon, and cation ratio (rock vamish) dating methods. Third,
average crosion rates on hillslopes will be calculated from dated hillslope surfaces by the rock vamish
dating mcthod.

8.3.1.6.1.1 Study: Distribution and charactcristics of present and past crosion
The objectives of this study are to identify the erosional processes that have been operating in

the Yucca Mountain arca during the Quatcrmary, to identify the specific locations of past crosion, and
to quantify the rates of the different processes and asscss their relative importance.

8.3.1.6.1.1.1 Activity: Development of a gecomorphic map of Yucca Mountain
Objcetives

The objectives of this activity are to (1) determine the arcal distribution of active crosional arcus
and gcomorphically stable arcas and (2) determine the spatial distribution of the di fferent types of
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geomorphic processes and associated deposits. This activity will synthesize data collected in Studics
8.3.1.5.14 and 8.3.1.17.4.6.

8.3.1.6.1.1.2 Activity: Analysis of the downcutting history of Fortymile Wash and its tributarics

Obijectives

The objectives of this activity are to (1) detcrmine stream-incision rates on Fortymile Wash and
selected tributaries and (2) determine the cause(s) of the major downcutting episodc(s) on Fortymile
Wash. This activity will synthesize data collected in Studies 8.3.1.5.1.4 and 8.3.1.16.1.1.

8.3.1.6.1.1.3 Activity: An analysis of hillslope erosion at Yucca Mountain

Obijectives

The objectives of this activity are to (1) determine the average rates of Quaternary hillslop
erosion on Yucca Mountain in bedrock and surficial deposits and (2) determine the genesis and the
rates of movement of hillslope deposits. This activity will synthesize data collected in Study
8.3.1.5.14.

8.3.1.6.2 Invesiigation: Potential cffccts of future climatic conditions on locations and ratcs of erosion

Objectives of the investigation

A projected sequence of climatic episodes, including the timing for their initiation and duration,
will result from the climate modeling for Investigation 8.3.1.5.1. Studics for Investigation 8.3.1.6.1
will characterize prescnt and past locations and rates of crosion in the Yucca Mountain rcgion. Fitling
the projected future climate sequence with corresponding known crosion rates and past gcomorphic
responscs will allow the quantification of erosion effects at Yucca Mountain over the next 10,000 yr.

8.3.1.6.2.1  Study: Influence of future climalic conditions on locations and rates of erosion

The obijectives of this study arc to determine the cifects of future climatic conditions on the
locations and rates of crosion. This synthcsis study will usc climatc and crosion parameters gencraied
by Investigations 8.3.1.5.1 and 8.3.1.6.1 10 identify areas and rates of potential stream incision and
increased crosion.
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8.3.1.6.2.1.1 Activity: Synthesis and data evaluation of impact of future climatic conditions on
locations and rates of erosion

Objectives

The objectives of this activity are 1o integrate Quatemary climate conditions and rates of surfacc
erosion with predicted conditions of future climate, and to estimate significant changes in the
character, distribution, and ratio of surface erosion in the Yucca Mountain region over the next 1,000
to 100,000 yr.

8.3.1.6.3 Investigation: Studies to provide the information required to dctermine the potential effccts
of future tectonic activity on locations and ratcs of erosion

Objectives of the investigation

Estimates of the potential effects of futurc tectonic activity on locations and rates of erosion will
be derived in this investigation using information from Invcstigation 8.3.1.8.2, from Investigation
3.3.1.5.1, and from other activities performed within this program.

8.3.1.6.3.1  Swdy: Evaluation of the effccts of future tectonic activity on erosion at Yucca
Mountain

The objcctive of this study is to identily the potential effects of tectonic activity on crosion at
Yucca Mountain during the postclosure period. The study is aimed at (1) delining thosc componcnts
of erosion that are dependent upon tectonic activity, and (2) determining how futurc tectonic
adjustment might influence local incision ratcs.

8.3.1.6.3.1.1 Activity: Synthesis and data cvaluation of the impact of future uplift or substances and
faulting on erosion at Yucca Mountain and vicinity

Objectives

The objectives of this activity are to estimate (1) the effects of tectonic activity on crosion over
the rcpository postclosure period on the basis ol probablc future tectonic scenarios for the Yucca
Mountain region, (2) the locations and rates ol present and past erosion for present climatic conditions,
and (3) the effects of future climatic conditions on erosion.
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8.3.1.6.4 Development of a topical report to address the effccts of erosion on the hydrologic,
geochemical, and rock characteristics

. Obijectives of the investigation

The objective of this investigation is to develop a topical report on the effccts of erosion on the
ability of the site to isolate waste.

8.3.1.64.1 Study: Development of a topical report on the effects of erosion

The objective of this study is to compilc site specific data from other studies, including a
geomorphic map of Yucca Mountain (Studies 8.3.1.5.1.4 and 8.3.1.17.4.6); rates, locations and
processcs of erosion in Fortymile Wash and its tributaries (Studies 8.3.1.5.1.4 and 8.3.1.16.1.1); and
average rates of hillslope erosion at Yucca Mountain (Study 8.3.1.5.1.4). This information will be
uscd to develop a topical report on how the processes and rates of erosion in the Yucca Mountain area
bear upon the ability of the site (o isolate waste.

8.3.1.7 Overview of rock dissolution program: Description of rock dissolution required by the
performance and design issues

Because the findings made for the Yucca Mountain environmental assessment (DOE, 1986b) are
adcquatc to mect the rcquirements of Issue 1.8 (Section 8.3.5.17, NRC siting criteria) and 1.9 (Section
8.3.5.18, higher level findings--postclosure system and technical guidelines), no additional studics are
specifically planned to resolve this issuc. Further work related o chemical and mincralogical changes
in the post-emplaccment environment is discussed in Section 8.3.4.2.4.1. Studies on mincral stability
are described in Scction 8.3.1.3 (Geochemistry Program). These studics are being done 1o asscss
geochemical retardation along flow paths to support the assessments madc in Issuc 1.1 (total systcm
periormance, Section 8.3.5.13).

8.3.1.8  Objectives of the posiclosure teclonics program

Summary of performance and design requircments for postclosure lcctonics information

The performance and dcsign requirements that the postclosure tectonics program must address
arc 1o supply data on the probability and cflccts of tectonic "initiating cvents” that may alter cxisting
conditions at Yucca Mountain and advencly affect repository performance. These requirements for
tectonic information can be summarized as follows:

1. Data on the probability and effects of potentially significant tectonic relcasc-scenanio classes
addressing both anticipated and unanticipated conditions that arc necded [or pertommance
assessment calculations of radionuclide releascs 1o the accessible cnvironment (issuc L1,
Section 8.3.5.13, total system performance).
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Data required to perform the analysis to determine the degree to which each of the favorable
and potentially adverse conditions listed in 10 CFR 60.122 contributes to or detracts from
isolation (Issue 1.8, Section §.3.5.17, NRC siting criteria).

3. Data needed to accommodate requirements for knowledge of site-specific tectonic conditions
in design concepts for the geometry, layout, and emplacement borchole locations of the
underground facility (Issue 1.11, Scction 8.3.2.2, configuration of underground facilities
(postclosure)).

4. Data required so that the higher level findings of 10 CFR Part 960 can be evaluated (Issuc
1.9a, Section 8.3.5.18, higher lcvel findings (postclosure)).

8.3.1.8.1 Investigation: Studies to provide information required on direct releases resulting from
volcanic activity

Purpose and objectives of the investigation

The purpose of this investigation is to provide the data required for an assessment of repository
performance with respect to the possibility of direct releases resulting from volcanic events. The two
performance parameters for this investigation have been identified by Issue 1.1. The two studies in
this investigation will also supply the data required by Issuc 1.8 (Scction 8.3.5.17) to address the
favorable and potentially adverse conditions of 10 CFR 60.122. Investigations 8.3.1.8.2 through
8.3.1.8.4 will also usc the results of this investigation in their analyses of other intermediate
performance measures. )

8.3.1.8.1.1 Study: Probability of magmatic disruption of the rcpository

The purpose of this study is to assess the probability of disruption of a potential siting of a
repository for storagc of high level radioactive waste at Yucca Mountain by future volcanic activity.
The probability asscssment will be completed through a combination of studies and the results ot these
studies will bc compared for consistency (Crowe ct al., 1983a). The probability that volcanic activity
coudd intersect the repository and/or erupt at the surfuce will be estimated from the analysis of a
variety of data on the location and timing of volcanic events during the last 4 to 8 million yr, volcanic
recurrence models, structural controls on the location of volcanic activity, and evaluation of the
possible presence of magma bodies that could be the sources [or future events.

8.3.1.8.1.1.1 Activity: Location and timing of volcanic events
Objectives

The objective of this activily is to synthesize the data collected by other activitics on the age,
localion, cruptive history, and volume of late Cenozoic volcanic cvents in the region surrounding the

silc. These additional data will be used by Activity 8.3.1.8.1.1.4 to producc revised probability
estimates ot the disruption ol the repository by volcanic cvents,
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8.3.1.8.1.1.2 Activity: Evaluation of the structural controls of basaltic volcanic events

Obijectives

This activity will investigate the time-space patterns of past basaltic volcanic activity in the
Yucca Mountain region, the possible structural controls of volcanic centers, and the potential future
sites of volcanic centers at and adjacent to Yucca Mountain. These data will be combined with
alternative models of the tectonic setting of Yucca Mountain to bound the probability of rcpository
disruption. Analog data from other volcanic fields will be evaluated to constrain structural models and
10 test the limited data base of volcanic centers in the Yucca Mountain Region.

8.3.1.8.1.1.3 Activily: Presence of magma bodies in the vicinity of the site

Obijectives

The objective of this activity is to rcview geophysical and geochemical data collected in the
vicinity of the site to assess whether there are any indications of the presence of crustal magma bodies
that could be the source of future volcanic activity.

8.3.1.8.1.1.4 Activity: Probability calculations and assessment

Objectives

The objective of this activity is to revise the estimates of the probability of volcanic disruption
of a repository sitc at Yucca Mountain (Crowe et al., 1982) incorporating newly acquired data on the
age, location, eruptive history, and volume of volcanic centers in the Nevada Test Sitc (NTS) region,
the results from activities investigating the possibility of structural controls of sites ol volcanic activity
and the presence of magma bodies in the Yucca Mountain area. The data for these cvents will be
assembled to establish probability distributions which may be modificd to reduce bias by the
application of expert opinion.

8.3.1.8.1.2  Swudy: Physical processcs of magmatism and effects on the rcpository

The purpose of this study is to gather data on the surface and subsurfacc effects of a potential
volcanic eruption in a potential repository and the controlled area. The data will be used by Issuc 1.1
and the other investigations in this program to assess the consequences of such an cruption on
repository performance.
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8.3.1.8.1.2.1 Activity: Eruptive Effects

Obijectives

The objectives of this activity are to reevaluate previous studies of the physical processes of
hydrovolcanic and Strombolian eruptions of basaltic magma. These studies will be used to define and
describe potential eruption scenarios that assess the radiological consequences of magmatic disruption
of the repository. Analog studies will be used to attempt to constrain the amount of waste carried to
the surface from a repository that is disrupted by rising magma.

8.3.1.8.1.2.2 Activity: Subsurface cffects of magmatic activity

Objectives

The objective of this activity are to evaluate the subsurface effects of emplacement of basalt
dikes and intrusive bodies through and adjacent to a potential repository. This study will include an
asscssment of mechanisms of incorporation of waste in magma, the geometry of basalt intrusions, and
coupled effects on waste isolation of basalt intrusions through or near a repository.

8.3.1.8.1.2.3 Magma system dynamics

Objectives

The objectives of this activity are to evaluate thc dynamics of basaltic magmatism including tracing
the processes of formation of basalt magma through generation in the mantle, ascent through the
mantle and crust, potential storage in thc mantle and crust, and eruption at the earth’s surface.
Physically- and mathematically-bascd models of basaltic processes will be developed as a framework
for a process-bascd asscssment of the effects of basallic magmatic activity on a rcpository.

8.3.1.8.2 Investigation: Studics to provide information required on rupture of waste packages duc 1o
teclonic cvenis

Purpose and objectives of the investigation

The purposc of this investigation is to provide the data necessary for an analysis and assessment
of repository performance with respect to the possibility of tectonic processes and events aflecting the
lifetime of waste packages. The study and activitics in this investigation will take data gathered by
ficld studies in this and othcr programs and provide an analysis of the probability of the initiating
cvents and their effects on waste package performance for use in assessing layout and design of the
underground facilitics.

This investigation will also provide data on the naturc of tectonic processcs operating at the sitc
for use in analysis of favorable and potentially adverse conditions (NRC siting criteria).
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There is also a need for data on the ground motion that would be cxpected during the wasic
package lifetime. This parameter and its rclated initiating event respond to the nced identified in [ssuc
1.11 (Section 8.3.2.2, configuration of underground facilitics (posiclosure)) tor such data. Issue 1.11

_will usc the ground motion data to cvaluate the design of emplacement drifts and borcholes in order 10

assess their postclosure stability.

8.3.1.8.2.1 Study: Analysis of waste package rupture due to tectonic processes and cvents

The assessment of the probability and effects of all tectonic processes and events that could
result in adverse effects on waste package lifetime are aggregated under this study.

8.3.1.8.2.1.1 Activity: Assessment of wastc package rupture due to igncous intrusion

Objcctives
The objective of this activity is to review and organize supporting field data collected by other

activities, and to use this data to calculate the probability of an igneous intrusion penetrating the
repository and the number of waste packages that would be affected by such an event.

8.3.1.8.2.1.2 Acitivity: Calculation of thc number of waste packziges intersected by a fault

The objective of this activity is to collect and summarize the rclevant data from other activitics
and calculate the number of waste packages that a fault pcnetrating the repository would intersect.

8.3.1.8.2.1.3 Activity: Probability and rate of faulting

Objcctives

The objective of this activity is to summarize and evaluale the available data on slip rates and
recurrence intervals on faults in and ncar the controlled area.

8.3.1.8.2.14 Activity: Assessment of wasic package rupturc due 10 fauiting
Objcctives

The objective of this activity is to complcte an assessment ol the probability of faulling in wastc
cmplacement boreholes and effccts of faulting on wastc package lifetime.
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8.3.1.8.2.1.5 Activity: Assessment of postclosure ground motion in the subsurface

Objectives

The objective of this activity is to provide an assessment of expected ground motion at the
repository horizon in a 1,000-yr period.

8.3.1.8.2.1.6 Activity: Nature, age, and rate of folding and deformation in the repository horizon

Objectives

The objective of this activity is to provide an estimate of the rate of folding or deformation in
the repository horizon during Quaternary time.

8.3.1.8.2.1.7 Activity: Asscssment of waste package rupture due to folding and deformation

Obijectives

The obijective of this activity is to provide an assessment of the hazard resulting from folding
and dcformation to waste package integrity.

8.3.1.8.3 Investication: Studies to provide information required on changes in unsaturatcd and
saturaicd zone hydrology duc to tectonic events

Purpose and objectives of the investigation

Issuc 1.1 (Section 8.3.5.13) identities and addresses the possibility that tectonic processes and
cvents could produce the following changes in existing hydrologic conditions:

1. Alicration of average percolation flux over the repository.

2. Changes in WT elevation that affect the length of the unsaturated zone travel path or
hydraulic gradicnts.

3. Alteration of rock hydrologic propertics along significant travel paths.
The three studies in this investigation will provide assessments of the likelihood and magnitude
of these hydrologic changes for usc by Issuc 1.1 in analyzing total system performance of the

repository in limiting radionuclide rcleascs to the accessible cnvironment.

This investigation will also provide data on the naturc of tectonic processes operating at the site
for usc in analysis of favorable and potentially adverse conditions (NRC siling critcria).
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8.3.1.8.3.1  Study: Analysis of the effects of tectonic processes and events on average percolation
flux rates over the repository

This study will produce analyses and usscssments of the probability and cffects of tectonic
initiating events that may result in changes in the average percolation flux rate at the top of the TS
welded unit.

8.3.1.8.3.1.1 Activity: Annual probability of volcanic or igneous events in the controlled area

Obijectives

The objective of this activity is to calculatc the annual probability of igneous and volcanic events
within 0.5 km of the controlled area boundary.

8.3.1.8.3.1.2 Activity: Assessment of the effects of igneous intrusions and volcanic events on flux
ratcs

Objectives

The objective of this activity is to produce an assessment of the possibility that volcanic or
igncous events could cause significant changes in the average percolation flux rate at the top of the TS
welded unit,

8.3.1.8.3.1.3 Activity: Faulting rates, recurrence intervals, and probable cumulative offset in
10,000 yr

Objcctives

The objective of this activity is to provide cstimates of the slip ratcs, recurrence intervals, and
probable cumulative offset in 10,000 yr on Quatemary faults in and near the controlled area.

8.3.1.8.3.1.4 Activity: Effects of faulting on average flux rates

Obijectives
The objcctive of this activity is to estimatc the effects that the creation of scarps, the diversion of

drainage, the change in the dip of beds, or the juxtaposition of beds due to fault offsct would have on
average percolation flux at the top of the TS welded unit.
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8.3.1.8.3.1.5 Activity: Assessment of the cffects of faulting on flux ratcs

Obicctives

The objective of this activity is to provide an assessment of the probability that average
percolation flux rates at the top of the TS welded unit at Yucca Mountain would be significantly
atfected by displacement due to future fault activity.

8.3.1.8.3.1.6 Activity: Uplift rates in the controlled area
Obijectives

The objective of this activity is to calculate the rate of uplift or subsidence in and around the
controlled area.

8.3.1.8.3.1.7 Activity: Assessment of the effects of folding, uplift, and subsidence on flux rates

Objcctives

The objcctive of this activity is to assess the probability that folding, uplift, or subsidence will
significantly alter average percolation flux rates at the top of the TS welded unit over the repository.

8.3.1.8.3.2  Swdy: Analysis of the effect of tectonic processes and events on changes in water-table
clevation

This study will produce analyses and assessments of the probability that teclonic initialing events
could result in significant changes in the elevation of the WT or potentiometric surface, changes in the
hydraulic gradient, the creation of discharge points in the controlled area, or the creation of perched
aquifers in the controlled area.

8.3.1.8.3.2.1 Activity: Thermal and barrier-to-flow effects of igneous intrusions on water-table
clevation

Objectives
The objective of this activity is o modcl the effects that dikcs or other intrusions would have on

water-table clevation due cither to the barricr to flow created by intrusion or the thermal puisc
produced by the intrusion.
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8.3.1.8.3.2.2 Activity: Assessment of the effects of igncous intrusions on water-table elevations
Obijectives

The objective of this activity is to produce an asscssment of the probability that igncous
intrusions will cause 1) significant changes in the elevation of the WT or polcntiometric surface, 2)

changes in the hydraulic gradient, 3) the creation of discharge points in the controlled arca. or 4) the
creation of perched aquiters in the controlled area.

8.3.1.8.3.2.3 Activity: Assessment of the effect of strain changes on water-table elevation

Obijectives
The objective of this activity is to estimate the probability that changes in stress or strain

resulting from faulting events could significantly alter water-table levels or potentiometric surfaces in
and around the controlled area.

8.3.1.8.3.2.4 Activity: Assessment of the effect of folding, uplift, or subsidence on water-table
elevation

Objectives
The objectivc of this activity is to providc an assessment of the probability that folding, uplift, or

subsidence could change the elevation of the repository with respect to the level of the WT sufticicntly
to significantly alter the length of the unsaturated zone travel path.

8.3.1.8.3.2.5 Activity: Effects of faulting on water-table elevation

Objcctives
The objective of this activity is to produce modcls to analyze the potential for fault offset to

change the elevation of the WT or potcntiometric surface, change the hydraulic gradicnt, creatc
discharge points in the controlled area, or create perched aquifers in the controlled arca.

8.3.1.8.3.2.6 Activity: Assessment of the effcct of faulting on waler-table clevation
Objectives

The objective of this activity is to prepare an assessment of the probability that fault offsct will
result in significant changes in the clevation of the WT or potentiometric surface, changes in the

hydraulic gradicnt, the creation of discharge points in the controlled arca, the creation of perched
aquifers in the controllcd area in 10,000 yr.
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8.3.1.8.3.3  Stdy: Analysis of the effects of tcctonic processes and events on local [racturc
permeability and effective porosity

The activities in this study address tectonic initiating events and processes that could cause local
changes in saturated fracture permeability or fracture ctfective porosity.

8.3.1.8.3.3.1 Activity: Assessment of the cffects of igneous intrusions on local fracture permcability
and cffcctive porosities

Objectives

The objective of this activity is to assess the possibility that igneous intrusions, such as dikes or
sills, could causc changes in the hydrologic flow properties of the surrounding rocks.

8.3.1.8.3.3.2 Activity: Assessment of the cffects of faultirig on local fracture permeability and
effective porositics

Obijectives

The objective of this activity is to assess the probability that movement on faults could result in
significant local changes in saturated fracture permeability and fracture effective porosity along the
fault that could affect the regional ground watcr flow system.

8.3.1.8.3.3.3 Activity: Assessment of the effects of stress or strain on hydrologic properties of the
rock mass

Objectives

The objective of this activity is 10 asscss the probability that changes in stress or strain
conditions around the sitc caused by a tectonic event could result in significant changes in the
saturatcd fracture permeability and fracture effective porosity of the rock mass.

8.3.1.8.4 Investigation: Studics to provide information requircd on changes in rock geochemical
propertics resulting from teclonic processcs

Purposc and objcctives of the investigation

Issuc 1.1 (Scction 8.3.5.13, total system performance), addresses the possibility that tectonic
processes and events could produce significant changes in the geochemical propertics of the rocks of
the controlled arca that control the ratc of radionuclidc movement. The study and activities in this
investigation will address these requirements by providing assessments of the probability that the
tectonic initiating events that have becn rccognized by Issuc 1.1 could significantly alter distribution
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cocfficicnts. These results will be used by Issue 1.1 to analyze total system performance of the rcposi-
tory in limiting radionuclide releases to the accessible environment. It is anticipated that the data 1o be
vathered in the geochemistry program (Scction 8.3.1.3) to address other concems will provide the data
necessary to evaluate the rate of geochemical change. The level of effort tor the activities related to
these initiating cvents is therefore anticipated to be low and to consist primarily of organizing and
presenting the data collected in other programs to provide the basis for cvaluating the credibility of the
initiating events in performance assessment activities.

This investigation will also provide data on the nature of tectonic processes operating at the site
for usc in its analysis of favorablc and potentially adverse conditions (NRC siting critenia).

8.3.1.84.1  Swdy: Analysis of the effects of tectonic processes and events on rock geochemical
properties

The activitics in this study provide assessments of the initiating events rclated to local changes in
distribution coefficicnts resulting from tcctonic processes and events.

8.3.1.8.4.1.1 Activity: Assessment of the change in rock geochemical properties due to igneous
intrusions

Objectives

The objective of this activity is to assess the probability that 1gncous intrusions will cause
significant changes in local distribution cocfficients in the controlled area in 10,000 yr.

8.3.1.8.4.1.2 Activity: Assessment of the degree of mineral change along fault zones in 10,000 yr

Objcctives

The objcctive of this activity is to assess the probability that local distribution coefficicnts will
be significantly altered along faults in 10,000 yr by displaccment events.

8.3.1.8.4.1.3 Activity: Assessment of the effects of fault offset on travel pathway

Obijectives
The objective of this activity is to assess the possibility thal offsets occurring on faults in 10,000

yr in the controlled area will divent radionuclides to travel pathways with significantly differcnt
distribution coctficicnts or water chemistry.
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from tectonically induced change in water-table elevations
Objcctives
The objective of this activity is to assess the probability and nature of tectonically induced

changes in water-table level that might result in significant mineral changes in the ncwly saturated or
unsaturated rock.

8.3.1.8.5 Investigation: Studies to provide the information required by the analysis and assessment
investigations of the tectonics program

Purposc and objectives of the investigation

The studies and activities in this investigation will collect the field data called for by the analysis
and assessment activitics in Investigations 8.3.1.8.1 through 8.3.1.8.4. Because most of the data
requircd by these analysis and assessment activities are being collected by other programs, the activi-
ties in this investigation are limited to a small number providing data to support the analysis of
volcanic, igneous intrusion, and folding processes.

8.3.1.8.5.1  Study: Characterization of volcanic features

The activities under this study will providc refined data on the age, location, eruptive models,
and volume of young volcanic rocks in the vicinity of the site. These data will be used to refine the
calculations on the probability of igneous or volcanic events occurring in the controlled area and
penetrating the repository. Much of the work for this study has been completed. The focus of this
study is to obtain data from continuing activitics that are necessary (o complete risk assessment.

These data will be used in Activity 8.3.1.8.1.1.2 1o assess the significance of petrologic paticms
of the Crater Flat volcanic field and to examine time-space-volume-compositional patiemns of evolution
of basaltic volcanic ficlds.

8.3.1.8.5.1.1 Actvity: Volcanism drillholes
Obijcctives

The objective of this activity is to investigate the origin of four or five aecromagnetic anomalies
found in Crater Flat and the Amargosa Valley. These anomalies may represent shallowly buricd
basaltic or silicic volcanic centers or intrusive bodies. The anomaly sitcs will be drilled and
continuous core recovered from the driltholes. Data from this work will be uscd to refinc probability
calculations, 1o cvaluate the tectonic sctting of volcanic centers, and to test concepts of the temporal
geochemical paiterns of basalts in the NTS region.
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8.3.1.8.5.1.2 Activity: Geochronology studics

Obijectives

The objective of this activity is to establish the chronology of basaltic volcanism and the
youngest silicic volcanic activity in the Yucca Mountain region. These data will be used to revise the
recurrence ratc of Lhe volcanic probability calculations and to determine Lthe age of cessation of silicic
volcanic activity. The geochronology studics have been under way for a number of years and the
chronology of oldcr basaltic activity (> 8 million yr) has been established. Further studics are required
for three topics:

1. The age of Quaternary volcanic events in the Yucca Mountain region.

2. The age and eruption chronology of the youngest (< 0.5 ma) volcanic event in the Yucca
Mountain area.

3. The age of the youngest silicic volcanic activity in the rcgion with emphasis on the Black
Mountain caldera or young silicic rocks that may be encountered in shallow volcanic
drillholes.

8.3.1.8.5.1.3 Activity: Ficld gcologic studies

Objectives

The objective of this activity is to establish the field geologic relations and the cruptive history
of basaltic volcanic cenlers in the Yucca Mountain region. Most of the work is completed, including
reconnaissance mapping of older volcanic ccnters (>6 million yr) and detailed mapping of younger
volcanic centers. Two problems remain:

1. Recently acquired geochronology data have shown that some small volume basalt centers
may be polycyclic (i.c., tormed during multiple cycles of volcanic activity scparated by
significant intcrvals of inactivity). Furthcr geologic mapping coupled with gcochronology
studics arc requircd to investigate how common polycyclic activity is at thc young (<4.0
million yr) volcanic centers of the Yucca Mountain region.

2. Field studies are nceded to attempt to corrclate scoria scquences exposed in alluvial deposits
in trenches with the scoria cone dcposits in the Crater Flat arca.

8.3.1.8.5.1.4 Activity: Geochcmistry of scoria scquences

Objectives

The objective of this activity is 1o determine the geochemistry of scoria scquences of diffcrent
ages at the Lathrop Wells center and older centers in the Crater Flat arca. These data will be used to
test and develop petrologic models of polycyclic volcanism. The models will be uscd to test geologic
assumptions made for 1) the probability calculations and 2) the time-space tectonic model for the
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distribution of basaltic volcanism developed from Activity §.3.1.8.1.1.2. In addition. the data on the
geochemistry of the scoria sequences will also be used to corrclate basaltic ash interbedded in trenches
with their correct eruptive source.

8.3.1.8.5.1.5 Activity: Geochemical cycles of basaltic volcanic ficlds
Objectives

The objective of this aclivity is to determine the time-space geochemical variations of the
volcanic fields of the southem Great Basin.

These pattemns will be compared with the documented geochemical patterns for the volcanic
fields of the Yucca Mountain arca. This information will be used to test a model that associates
changes in basalt composition, increases in the eruptive frcquency of polycyclic eruptions, and
decreascs in the volume of eruptive activily with the waning or termination stages of basaltic volcanic
fields. This model, if valid, supports the idea that thc Yucca Mountain area has passed the peak of
maximum basaltic volcanic activity. Probability calculations, which arc based on the peak rate of
activity, could therefore be shown to be a worst-case approach to volcanic risk assessment.

8.3.1.8.5.2  Study: Charactcrization of igneous intrusive features

The activitics in this study will gather data concerning the prescnce of thermal anomalies in the
arca and data on the geochemical and physical effects of intrusions on the surrounding rock. The
evidence for the presence or absence of thermal anomalics will be used as part of the evaluation of the
presence of significant magma bodies in the area and their relation to the probability of future volcanic
cvents. The data on the effects of intrusions on surrounding rocks will be used as part ol the
asscssments of the probability of significant changes on local fracture permcabilities and local effective
porositics (Study 8.3.1.8.3.3) and local distribution coefficicnts (Study 8.3.1.8.4.1).

8.3.1.8.5.2.1 Activity: Evaluation of depth of curie temperature isotherm

Obijcclives

The objective of this activity is to determine the depth of the curie temperature isotherm by
analyscs of exisling magnetic survey dala.

8.3.1.8.5.2.2 Activity: Chcmical and physical changes around dikes
Obijcctives

The objcctive of this activity is to gather data on the nature and cxtent of chemical and physical
changes that may occur in the surrounding tuffs as a result of the intrusion of dikes or sills.
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and local heat tlow anomalics
Objectives
The objectives of this activity arc to
1. Compile availablc heat flow data at and near Yucca Mountain and identify local heat flow

anomalics in conjunction with Activity 8.3.1.9.2.1.3. The quality of these data will be
assessed under this activity (8.3.1.8.5.2.3) in conjunction with Activity 8.3.1.9.2.1.3.

9

Compile available calcite and silicate geothermometry data from calcite and silica dcposits in
soils and core and along faults in the vicinity of Yucca Mountain. These data will be
assessed with respect to their utility for measuring thermal and hydrothermal perturbation
associated with Quatcmary volcanism, such as that at the Lathrop Wells volcanic center. In
addition, the utility of such data for calibrating and evaluating theorectical calculations of the
thermal and hydrothermal effects of volcanism will be assessed.

3. Assess the potential value of additional heat flow and other geothermometry studies for
salisfying YMP goals. Recommendations will be made as to the objectives, nature and
scope of any additional studies that may be needed, including the collection of geothermal

data from existing or planned drillholes or specific methods of drill hole construction
necessary to collect the highest quality heat flow dara.

8.3.1.8.53  Study: Investigation of folds in Miocene and younger rocks of region

The objective of this study is to establish the regional patien and rate of Neogene folding. The
parameters TBD arc distribution, amplitude, and age of folds.

8.3.1.8.5.3.1 Activity: Evaluation of folds in Neogene rocks of the region

Obijcctives

 The objcctive of this activity is to establish the patiern, rate, amplitude, and wavelength of
post-middle-Mioccne folding in the region.

8.3.1.9 The human interference program

Summary of performance and design requirements for human interference information

The postclosurc human interference test program addresses 1) the likelihood of inadvcrient
human intrusion into a mined geologic disposal system (MGDS), 2) interfcrence with long-term
MGDS performance duc to human activities, and 3) the possible consequences of such interference
cvents.
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The performance and design requirements for the human interference program directly reflect the
regulatory requirements of the NRC. the EPA, and the DOE. These requirements, and their
relationships 10 the human activities program can be summarized as follows:

I. Issuc .1 (total system performance, Section 8.3.5.13) requircs information that can help in
estimating the probability of human intrusion and interfcrence during the postclosure period.

ro

Issue 1.8 (NRC siting criteria. Section 8.3.5.17) addresses NRC regulations 10 CFR
60.21(¢)(13), 60.122(a), 60.122(c)(2). and 60.122(c)(17) requiring that resources at the sitc
with current markets be identified, and described in terms of nct and gross valucs.
Resources that occur in abundances that may be marketable in the future must also be
identificd and described. A complete assessment of the potential consequences of
cxploration activities (e.g.. drilling) or resource extraction that could realistically influence
the ability of the MGDS to isolatc wastc during the postclosure period, is required.

3. Issue 1.9 (higher level findings - postclosure system and technical guidelincs, Section
8.3.5.18) is the evaluation of the site against the qualifying and disqualifying conditions of
the DOE siting guidelines. For the site to be considered for selection as the first repository,
it must be demonstratcd that the site is located in an area such that natural resources at or
near the sitc are not likely to give rise to interference activities.

4. Issue 4.4 (preclosure design and technical feasibility, Section 8.3.2.5) requires site-specific
data for the design and placement of the permanent warning system.

8.3.1.9.1 Investigation: Studics to provide the information rcquired on natural phenomena and human
activitics that might degrade surface markers and monuments

Purposc and objectives of the investigation

The purpose of Investigation 8.3.1.9.1 is to obtain the site-specific information on the occurrence
and consequences of natural phcnomena needed to satisty the parameter requests of the performance
and design issucs. The objective of the investigation is to compile and evaluate these data so that they
can provide information dircctly to the performance and design issucs.

8.3.1.9.1.1  Study: An cvaluation of natural proccsses that could affect the long-term survivability
of the surface marker system at Yucca Mountain

This study providcs information on the currently or potcrtially active natural processes at Yucca
Mountain capablc of adversely affecting the long-term survivability of the surface marker system.
This study will be a synthesis of data obtained from other activitics Lo be undertaken in support of
scveral investigations. The data will then be evaluated 1o determine the most suitablc locations of the
monuments for the surface marker system. Input for this study will be provided by Investigations
8.3.1.6.2, 8.3.1.6.3, 8.3.1.8.1, and 8.3.1.8.2.
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8.3.1.9.1.1.1 Activity: Synthesis of tectonic, seismic. and volcanic¢ hazards data from other site
characterization activities

Objcctives

The objective of this activity is to identify the potential locations of faulting and volcanic
cruption or intrusion that could occur where they could affect the marker system.

8.3.1.9.1.1.2 Activity: Synthesis evaluation of the effects of future erosion and deposition on the
survivability of the marker system at Yucca Mountain

Objcctives
The objective of this activity is to determinc the effects of future erosion and deposition on the

topographic elements of thc controlled area boundary at Yucca Mountain. This information will be
evaluated to identify the optimum locations for the markers.

8.3.1.9.2 Investigation: Studics to provide the information required on present and future value of
gnergy, mineral, land, and ground-waltcr_resources

Purpose and objectives of the investigation

The natural resource potential of a candidate site for an MGDS is an important consideration in
evaluating the likelihood for inadvertent human intrusion and interfcrence. The presence of natural
resources or an environment that is favorable for the occurrence of natural resources could lead to
prospecting exploration within or near the controlled area, and possible subsequent resource
exploitation. Thc exploration or extraction of resources could result in direct releases of radionuclides
to the accessiblc environment or could modify the hydrologic, geochemical, and rock characteristics at
the sitc (Investigation 8.3.1.9.3) by possibly shortcning travel paths to the accessible environment.
Thus, a complete evaluation of the natural resourcc potential of the Yucca Mountain sitc is essential in
determining thc likelihood for inadvertent human intrusion and interference.

8.3.1.9.2.1 Swdy: Natural resource assessment of Yucca Mountain, Nye County, Nevada

This study will identify and assess the natural resource potential at the proposcd repository site
at Yucca Mountain. Mineral and cnergy resources (including hydrocarbon and geothcrmai rcsources)
will be included. The information and data obtaincd in this siudy will provide the basis for
probabilistic calculations for determining the likelihood ol inadvertent human interference and
intrusion (Study 8.3.1.9.3.1).
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8.3.19.2.1.1 Activity: Geochemical assessment of Yucca Mountain in relation to the potential for
mineralization

Objcclives

The overall objective of this activity is to conduct a geochemical sampling program to cvaluate
the potential for precious, base, and strategic metals; energy resources: and industrial mineral resources
in the vicinity of Yucca Mountain. Specific objectives include:

1. Selecting a suite of clements for analysis in a geochemical sampling program. The suite will
be based upon known commodities that occur in silicic tuffs and/or tracc elements indicative
of commodities that occur in the tuffs.

2. Developing a field program to include a systematic and unbiased sampling of surface
materials. Using existing core, core obtained during sile characterization, and other
subsurface samples to evaluate the potential of mineralization at and near the site. This
includes evaluation of deposits that occur along faults within breccia zones and deposits that
may be hidden by alluvium.

3. Generating a first-order geochemical data base for selected elements obtained from surface
and subsurface sampling within the vicinity of Yucca Mountain.

4. Evaluating the data base in conjunction with geological and geophysical data obtained from
other site characterization activities to determine if additional data are needed for an
evaluation of natural resources.

5. Evaluating the potential for the occurrence of natural rcsources in the vicinity of Yucca
Mountain bascd on an analysis of the gcochemical data. These data will be examined and
evaluated statistically from anomaly and residual maps, and by comparison with calculated
background levels and average elemental values found in silicic tuffs.

8.3.1.9.2.1.2 Activity: Geophysical/geologic appraisal of thc site relative to mineral resources
Objcctives

This activity will qualitativcly evaluate the availablc geophysical data base as it relates 1o Study
8.3.1.9.2.1. The existing geophysical data base (Section 1.7.1.1) will be cxamined to define any
geophysical anomalies that may require additional exploration and possibly constrain any known geo-
chemical anomatics (Activity 8.3.1.9.2.1.1). The gcophysical data base will also bc used as a basis for
comparisons to analog environments of known mineralization (Activity 8.3.1.9.2.1.5). Geologic
modcls derived from geophysical data in Section 8.3.1.17 will be evaluated for their impact on mincral
resources.  Further work may be planncd depending on the results of studies described in Section
8.3.1.17.4 and the qualitative evaluation performed in this activity.
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8.3.1.9.2.1.3 Activity: Assessment of the potential for geothermal energy at Yucca Mountain,
Nevada

This activity will be undertaken in cooperation with Activity 8.3.1.8.5.2.3 (evaluation o! rcgional
ambicnt heat flow and local heat flow anomalies). Both activitics are aimed at characterizing the local
gcothermal regime as it might relate to repository performance during the postclosure period. Activity
8.3.1.8.5.2.3 will focus on geothermal activity and hcat flow calculations as they could relate 1o
Qualemnary igncous processes or cvents. This activity (8.3.1.9.2.1.3) asscsses the geothcrmal regime in
terms of its encrgy resource potential for either hydrothermal or conductive reservoir thermal systems
(Scction 1.7.1.5.2). Data compilation and evaluation will be done jointly through both activitics.

Objectives

The overall objective of this activity is to assess the potential for a geothermal energy resource
at Yucca Mountain, Nevada.

The objectives of this activity are to

1. Compile measured geothermal and calculated hedt flow data at and in Yucca Mountain and
vicinity to quantify vertical and horizontal geothermal gradients. The quality of these data
will be assessed under this activity in conjunction and cooperation with Activity
8.3.1.8.5.2.3. Temperature and other data collected under site unsaturated zone hydrology
(Section 8.3.1.2.2) and site saturated zone hydrology (Section 8.3.1.2.3) will be assessed here
and in cooperation with Activity 8.3.1.8.5.2.3.

2. Compile appropriate chemical and isotopic (oxygen and deuterium) analyses of water
samples from springs and wells uscful for predicting subsurface temperatures. These data
will be uscful in comparing subsurface tcmperatures at the site with measured temperature
profiles and heat flow data for the region.

3. Evaluate the existing data on geothcrmometry and heat flow necessary to adequately
characterize the region for its geothermal rcsource potcntial.

4. Reccommend whether additional studics may be needed, including the collection and
intcgration of additional geothermal data from existing or planned drillholes.

5. Provide the information necessary for the final resource assessment to be performed in
Activity 8.3.1.9.2.1.5.

8.3.1.9.2.1.4 Activity: Asscssment of hydrocarbon resources at and near the site
Objectives
The objectives of this activity are to

[. Determine the potential for the presence or absence of suitable source rocks, reservoir rocks,
and traps and scals at and near the site.
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2. Determinc the potential for occurrence of conventional hydrocarbon resources (crude oil and
natural gas) at and near the sitc. This will inctude a review and asscssment of drillhotes
emplaced for oil and gas exploration within the geographic arca of the site. The radius of
this area is cxpected to be on the order of tens of kilometers, but its size will depend largely
on the results of the work dcscribed previously.

1. Provide necessary data for the ovcerall mineral and energy resource asscssment 0 be
pertormed in Activity 8.3.1.9.2.1.5.

8.3.1.9.2.1.5 Activity: Mineral and cnergy assessment of the site, comparison to known mineralized
areas, and the potcntial for undiscovered resources and future exploration

Obicctives

The objective of this activity is to integrate the data and information collected from Activities
8.3.1.9.2.1.1 (geochcmical asscssment), 8.3.1.9.2.1.2 (geophysical/geologic assessment), §.3.1.9.2.1.3
(geothermal cncrgy assessment), and 8.3.1.9.2.1.4 (hydrocarbon assessment). Integration of these
activities and the data acquircd from them will allow:

1. The identification of mineral resources with current markets, as well as the calculation of
gross and net values for identificd resources or reserves.

2. The physical description of mineral resources with potential futurc markets rclative to
"tonnage, or other amount, grade, and quality,” as described in 10 CFR 60.21(c)(13).

3. The physical description of energy resourccs using appropriate parameters that describe the
extent and magnitude of those resources.

4, The cvaluation of the resource potential of any identified or undiscovered mineral and
energy resources, based upon a “"representative” area of "similar size” and a comparison (o
the Yucca Mountain site (10 CFR 60.122(c)17)).

5. An cstimation of the potential for undiscovercd dcposits of those resources described in 10
CFR 60.21(c)(13). This will be accomplished using site-specific data in conjunction with
cvaluation of models found in the literature of economic mineralization, hydrocarbon
generation and cntrapping processes, and cxtraction-conversion methods in gcothermal
energy utilization.

This activity providcs data necessary for the probabilistic calculations for detcrmining the
potential for future inadvertent human interference or intrusion (Study 8.3.1.9.3.2).

8.3.1.9.2.2  Swdy: Water rcsource asscssment of Yucca Mountain, Ncvada
Ground waicr is expecicd to be the primary mechanism by which radionuclides might be

transported from the repository o the accessibic environment. Ground water is the sole source of
supply for residents, irrigated agriculture, and industry within the geohydrologic study arca. Changes
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in population, economic and industrial development. and consumptive uscs of water will affect
around-water depths and withdrawal rates. Future ground-water withdrawals could affect ground-water
flow within the geohydrologic system. This study consists of a single activily that will use available
data to cstimate the future supply, demand. and value of the ground-watcr resource in southern
Nevada, proximal to Yucca Mountain.

8.3.1.9.2.2.1 Activity: Projected trends in local and regional ground-water development, and
estimated withdrawal rates in southern Nevada, proximal 10 Yucca Mountain

Obiectives

The objectives of this activity are to 1) asscss the current and projected supply and demand
situation for ground water in the geohydrologic study arca, and 2) estimalc the value of the
ground-waler resource.

8.3.1.9.3 Investigation: Studies to provide the information required on potential effects of exploiting
natural resources on hydrologic, geochemical, and rock characteristics

Purpose and objectives of the investigation

The purpose of this investigation is to obtain the information that will be used to satisfy the
parameter requests made in Issue 1.1 (total system performance). Two types of data are requested in
this performance issue: 1) information on the resources presently at the site that would influcnce the
likelihood of exploratory drilling within the controlled arca, and 2) the potential effects of resource
extraction on the hydrologic, gecochemical, and rock characteristics at the site. The first objective of
this investigation is to evaluate the data rclative to the resource potential at the site, resource
extraction, and marker system survivability necessary to determine the probability range for
exploratory drilling. The second objcctive is to assess the potential effects of resource extraction for
all commoditics known to be present or inferred to be present at the site.  Thus, this investigation will
compile all the site data generated by the human interfcrence program and pass the required
parameters to Issue 1.1 (total system performance, Scction 8.3.5.13).

8.3.1.9.3.1 Swdy: Evaluation of data necded to support an assessment of the likelihood of future
inadvertent human intrusion at Yucca Mountain as a result of exploration and/or
cxtraction of natural resourccs

In this study. data will bc compiled and analyzed for assessing the likelihood of inadverient
human interference in the vicinity of Yucca Mountain.
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8.3.1.9.3.1.1 Activity: Compilation of data to support the asscssment calculation of the potential for
inadvertent human intrusion at Yucca Mountain

Objcctives
The objectives of this activity are to

|. Determinc the maximum drilling density and frequency (drillholes per square kilomelcr per
10,000 yr) that can be reasonably assumed for a repository at Yucca Mountain.

2. Determine the extent to which future ground-water withdrawals will modify the expected
ground-water flow paths.

8.3.1.9.32  Study: An cvaluation of the potential effects of exploration for, or extraction of, natural
resources on the hydrologic characteristics at Yucca Mountain

This study will assess in qualitative or quantitative terms, thc effects of exploiting natural
resources known or believed to be present at Yucca Mountain. Consideration of the effects of
resource exploitation or extraction are limited to changes in the hydrologic, geochemical, and rock
characteristics.

8.3.1.9.3.2.1 Activity: An analysis of the potential effects of future ground-water withdrawals on the
hydrologic system in the vicinity of Yucca Mountain, Nevada

Obijcctives

The objective of this activity is to dctermine the potential effects of future ground-water
withdrawals on the hydrologic system at Yucca Mountain. Effects of the withdrawals wiil be defined
qualitatively and quantitatively.

8.3.1.9.3.2.2 Activity: Assessment of initiating events rclated to human interfcrence that arc
considered not to be sufficicntly credible or significant to warrant further investigation

Objectives

The objcctive of this activity is to determine whether those initiating cvents that have been
identilicd for thc human interference issuc are sufficiently credible or significant to necessitate
additional investigation. This will bc documented in a topical report.
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8.3.1.10 Objectives of population density and distribution program

This section presents references and information o support resolution of performance and design
issues related to preclosure radiological satety. These requirements are derived from 10 CFR Part 20,
10 CFR Part 60, 40 CFR Part 191 and DOE orders. The detailed link to these regulations is presented
in the performance and design issues that requirc data from the population density and distribution
program. :

Collection of population density and distribution data is not considered a sitc characterization
activity as defined in the Nuclear Wastc Policy Act (NWPA, 1983). Thercfore, the format and dctails
for data collection will not be presented in this document. The details of the methodology to be uscd
in analyzing the population related information will be discussed in the Radiological Monitoring Plan.
The methods and procedures tor collection of population data will be part of the YMP socioeconomic
planning process and cnvironmental program planning effort.

8.3.1.11 Obiectives of land ownership and mincral rights program

The land ownership and mineral rights program derives from the requirements of 10 CFR Part
960 and 10 CFR Part 60. The provisions of 10 CFR 60.121 require that

Both the geologic rcpository operations area and the controlled area shall be located in and on
lands that arc either acquired lands under the jurisdiction and control of DOE, or lands
permanently withdrawn and reserved for its usc.

This provision furthcr requires that 1) such lands shail be held free and clear of all
cncumbrances, 2) the DOE shall exercisc any jurisdiction and control over surface and subsurface
cstates necessary to prevent adverse human actions that could significantly reduce the repository’s
abilily to achieve isolation, and 3) the DOE shall also have obtained water rights as may be neceded to
satisfy the requircments of the rcpository operations area.

The plans and proccdurcs for acquiring land ownership and mineral rights are not considered site
characterization activities as dcfincd by the NWPA (NWPA, 1983).

8.3.1.12 Obijectives of the metcorology program

Summary of performancc and design requircments for meteorological information

The purpose of the meteorological program is to provide data required for resolving of
performance and design issucs. The types of data requested fall into three categorics: 1) data nceded
in calculating radiological doscs resulting from airbome releases from the repository during the pre-
closurc operational period; 2) information required for design of surface facilitics: and 3)
hydromcteorological mcasurements for hydrologic and climatic studics.
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8.3.1.12.1 Investigation: Studies to provide data on regional metcorological conditions

Purposc and objectives of the investigation

The purpose of this investigation is to provide data on the regional meteorological conditions in
the general vicinity of Yucca Mountain, extending to Las Vegas, and to coordinate meteorology
program monitoring ¢fforts with other YMP meteorological monitoring. Some of the data can then be
used in calculating radiation doscs to the general public and at the nearest major population center thal
might be caused by the proposed repository under routine and accident scenarios.

8.3.1.12.1.1 Study: Characterization of the regional metcorological conditions

Obijectives

The objective of this study is to gather and analyze meteorological data from various locations to
characterize the regional meteorology and assimilate that information into a regional summary report.
This will be accomplished by determining if there are metcorological monitoring stations that have
been operated in the general vicinity of the site and might be sources of information (in addition to
those evaluated in Section 5.1). Comparisons between site and very-near-site data and data from these
regional sources will give a more complete picture of the areal variability of conditions around the site
than is presently available. This characterization will provide a regional overview of wind flow
patterns and other metcorological parametcrs (related to atmospheric dispersion) associated with those
patterns in and around Yucca Mountain.

8.3.1.12.1.2 Study: Plan for synthesis of Yucca Mountain Site Characterization Project
meteorological monitoring

Obijcctives

The objective of this study is to dcvclop a plan that provides for coordination of metcorological
monitoring efforts proposcd during site characterization by the various YMP participants.

8.3.1.12.2 Investigation: Studies to _provide data on atmospheric and meteorological phenomena at
potential locations of surface facilitics

Purposc and objcctives of the investigation
The purpose of this investigation is to collect sitc-specific mcteorological data that can be uscd

in calculating doses to workers, including workers in restricted arcas, and the general public under
routinc and accident scenarios.
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8.3.1.12.2.1 Swudy: Meteorotogical data collection at the Yucca Mountain site

The purpose of conducting meteorological monitoring at Yucca Mountain is to provide data that
can be used in resolving design and performance issucs associalcd with preclosure radiological safety.

8.3.1.12.2.1.1 Activity: Site meteorological monitoring program
Obijcclives

The objective of the site monitoring program is to collect meteorological data at potential
locations of surface facilities and at a sufficient number of additional locations decmed necessary to
characterize the wind flow patterns in the vicinity of Yucca Mountain.

These data must be suitable for use in dispersion models that will be used in assessing
radiological impacts resulting from repository operations. Discussion on the use and applicability of
the output of thesc dispersion models is presented under Information Need 2.7.1 (Section 8.3.2.3.1).
Another objective of the site monitoring program, although not related to resolution of this information
need, is to provide data that are suitable for permitting and licensing activities for both site
characterization and repository development.

8.3.1.12.2.1.2 Activity: Data summary for input to dose assessments

Objcctives

The objective of this activity is to process the meteorological data collected as a result of
Activity 8.3.1.12.2.1.1 into a format and content that will bc useful in asscssing radiological impacts,
as required by the design and performance issues.

8.3.1.12.3 Investigation: Studies to provide data on the location of population ccnlers relative o
wind patlerns in the general region of the sitc

Purpose and objectives of the investigation

The purpose of this investigation, similar 1o Investigation 8.3.1.12.1, is to provide data on wind
flow patterns in the general region of Yucca Mountain. These data will then be uscd in estimating
doscs to the public and in doing so ensurc that wind flow patterns would not prefcrentially transport
material towards population centers.

8.3.1-80



YMP/CM-0011. Rev, 9

8.3.1.12.4 [nvestigation: Studics to provide data on potential extreme weather phenomena and
their recurrcnce iniervals

Purpose and objectives of investigation

The purpose of this investigation is to assimilatc data that can be used in evaluating the impact
of extreme weather phenomena on surface facilities.

8.3.1.12.4.1  Study: Characterize the potcntial extrcme weather phenomena and their recurrence
intervals

Objectives
The objective of this study will be to evaluate the existing historical meteorological and
climatological records, technical publications, and other rclevant information to quantify the extreme

weathcr phenomena that may be expected at the Yucca Mountain sitc and determine their recurrence
interval.

8.3.1.13 Obijeciives of offsite installations and opcrations program

Summary of pcrformance and design requircments for offsite installations and operations information

This program provides the technical data required to support the resolution of the following
performance and design issucs:

Performance or

desien issue Short title SCP section
2.1 Radiological exposures to public--normal conditions 8.3.5.3
22 Worker radiological safety--normal conditions 8.354
2.3 Accidental radiological rcleases 8355
2.5 Higher level finding--preclosure radiological safety 8.35.6
2.7 Repository design critcria for radiological safety 8.323

Approach to satisfy performancc and dcsign rcquircments

The data basc prescnted in the environmental assessment (DOE, 1986b) describes the nearby
offsitc installations and operations that could potentially affect repository operations. Further
information required to support resolution of design and performance issucs related to radiological
safcty includes the following:
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. An evaluation of offsite accident initiators, Lheir probabilitics and potential impacts to
support Issues 2.3 and 2.5.

2. An assessment of routine releases from nuclcar operations to support Issues 2.1, 2.2, and 2.5.

3. An assessment of the onsite impact of nonrcpository-related routine and potential accidental
releases of radioactive material to support Item [ and to support resolution ol Issucs 2.3 and
5 <
25.

4. The collcction of agricultural and culiural data to support the calculation of the dose to the
public from rclcascs at the Yucca Mountain site and to support resolution ol Issucs 2.1 and
2.3

8.3.1.13.1 Investigation: Determination of ncarby industrial, transportation, and military
instaliations and operations (nuclear and nonnuclear)

Purpose and obijectives of the investigation

The data and parameters list includes those items considered important to assess impacts from
nearby DOE, industrial, transportation, and military operations. These parameters will be included in
performance stratcgics as presented in the performance and design issues and ultimatcly used to
address preclosure radiological safety aspects of the site.

8.3.1.13.1.1 Activity: Identify near-site activities

Objectives

The objcctive of this activity is to identify and describe all DOE, industrial, commercial,
transportation, and military operations within 8 km of the Yucca Mountain site. In addition,
significant operations outside this area that could impact the site will also be evaluated. This will not
include offsite radioactive materials transportation since this opcration will be addresscd by the
Division of Systcms Integration and the environmental program planning efforts of the YMP. For the
environmental impact statement, offsitc transportation will be considered in evaluating the impact of
the repository facility.

8.3.1.13.1.2 Activity: Characterizc nuclear fucl cycle facilities in the area

Obicctives

The objective of this activity is to identify all nuclear fuel cycle facilities within 80 km of the
Yucca Mountain site or within Nevada arcas adjacent to Las Vegas.
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8.3.1.13.1.3  Activity: Characterize all nuciear facilities not associated with the nuclear fuel cycle
near the Yucca Mountain sitc

Objcctives

The objective of this activily is to characterize the impacts of all radiological operations at
tacilities within 80 km of the Yucca Mountain site that arc not part of the nuclear fuel cycle. The
basis for using an 80 km radius for this activity is documented in Section 4.3.2 of the radiological
monitoring plan. Bccause of the potential for classificd information being associated with the identifi-
cation of NTS operations, radionuclide concentrations in the existing environment ol the Yucca
Mountain area will be assumed to bound the cumulative effects of past radiological operations in the
area. Attempts will be made to make corrections for global fallout and natural sources.

8.3.1.13.2 Investigation: Potential impacts of nearby installations and operations

Purpose and objectives of investigation

The information collected from Investigation 8.3.1.13.1 will be used to conduct impact
assessments as a result of accidents involving any nearby installations and operations. Those accidents
include radiological and nonradiological events that may have an impact on site operations. The
information collected will also be used to assess compliance with 40 CFR 191.03 and to resolve Issue
2.5 (Scction 8.3.5.6) for routine rcleases, which addresses compliance with 40 CFR 191.03, 10 CFR
Part 20, and 10 CFR Part 60. The results of these assessments will provide data and analyses for use
in determining the preclosure radiological safety aspects of the sitc as outlined in the performance and
designs issues of Key Issue 2 (preclosure radiological safcty).

8.3.1.13.2.1 Activity: Evaluale ncar-sile activities

Objectives

The objective of this activity is to rcview all commercial, DOE, Department of Defensc, and
transportation operations within 8km of the site; identify thosc operations that could act as accident
initiators; and quantify their probability and magnitude. This activity will reduce the list of activilies
gathered in Activity 8.3.1.13.1.1 to thosc that could act as accident initiators, thus gencrating accident
scenarios for analysis in the resolution of Issues 2.3 and 2.5.

8.3.1.13.2.2  Activity: Evaluation of the impact of nuclear fuel cycle operations near the Yucca
Mountain site and Las Vegas

Obicctives

The objective of this activity is to project the impact of all nuclear fuel cycle operations within
80 km of the Yucca Mountain site.
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¥.3.1.13.2.3 Activity: Evaluate the impact of all nuclear facilitics not associated with the nuclear
fuel cycle near the Yucca Mountain site

- Objectives

The objective of this activity is to usc the data from Activity 8.3.1.13.1.3 to project airbome
concentrations. The probability of such concentrations resulting from operations within 80 km of the
Yucca Mountain site will then be estimated and used to predict the potential for exposure of
individuals in Las Vegas, Nevada.

8.3.1.13.2.4 Activity: Evaluate the impact of ground motion from nuclear testing activities at the
Nevada Test Site

This activity is addressed in the resolution of Investigation 8.3.1.17.3.

8.3.1.14 Objectives of overview of the surface and subsurfacc access characteristics program

Summary of performance and design requirements for surface and subsurface access characteristics

information

The surface characteristics and subsurface access program reflects requirements from the DOE,
the NRC, and the EPA that the surface facilities and subsurface access facilities (ramps and shafts)
must cnsure public health and safcty, arc technically feasible, and have rcasonable costs. This pro-
gram investigates two areas pertinent to preclosure design and performance issues:

1. Topography (Investigation 8.3.1.14.1).
2. Soil and rock conditions (Investigation 8.3.1.14.2).

The issues and site programs related to the surface characteristics program, along with their SCP
scction number, are as follows:

Issue or
program Short titlc
1.8 NRC siting criteria (Section 8.3.5.17)
19 Higher level findings--postclosure (Section 8.3.5.18)
1.1 Configuration of underground facilities--postclosure (Scction 8.3.4.2)
44 Prcclosure design and technical feasibility (Scction 8.3.2.5)
8.3.1.4 Rock characteristics
8.3.1.12 Metcorology program
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[ssue or

program Short tite

8.3.1.15 Thermal and mechanical propertics program
8.3.1.16 Preclosure hydrology

8.3.1.17 Preclosurc tectonics

8.3.1.14.1 Investigation: Studics to provide the topographic characteristics of potential locations of
surtace facilities

Purpose and objectives of the investigation

The purpose of this investigation was to evaluate the surface topographic clevation and relicf at
the potential surface facility locations to provide a basis for cvaluating 1) the surface drainage, flood
levels, and erosion characteristics in the vicinity of Yucca Mountain, 2) the cut-and- fill requirements
for the design and engineering of the ESF and repository surface facilities, and 3) the stability of
natural slopes and cut slopes. Topographic maps will be used in locating surface facilities, roads, and
railways.

The surface topographic information resulting from this investigation will contribute to data
needs in the following design issues and characterization programs:

[ssue or

program Subiject

8.3.1.16 Preclosure hydrology. Topographic contours will be used to determine flood
level.

44 Preclosure design and technical feasibility (Section 8.3.2.5). Topographic
contours will be used in the design and therefore influence the technical
feasibility of the technologies required for repository construction, operation,
closure, and deccommissioning.

1.1 Configuration of underground facilities (postclosure) (Section 8.3.2.2).
Topographic contours will be used to determine if the sitc has less than
200 m of overburden, which would resuit in disqualification (Scction
8.3.5.18). Topographic contours will also be used to detcrmine il the sitc is
favorable with a minimum overburden depth of 300 m (Scction 8.3.5.17).

8.3.14 Rock characteristics. Topographic contours will be used to determing in situ
stress at depth considering surface topography variations.

8.3.1.15 Thermal and mechanical propertics. Topographic contours will be used to

detcrmince in situ stress at depth considering surface topography variations.
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8.3.1.142 Investigation: Studics to provide soil and rock properties of potcential locations of
surface facilities and subsurface access [acilitics

Purposc and objectives of the investigation

The characteristics of the soil and rock at or near the surface will primarily influence the
selection of the surface facilities locations and their design and contribute to the siting of the ramps
and shafts. The soil and rock conditions also provide information on infiltration-runotf characteristics
and erosion potential so that the sitc drainage and erosion control systems can be designed when the
{acility design has becn completed.

8.3.1.142.1 Study: Exploration program

The objectives of this study are to conduct an exploration program for characterization of the
soil and rock conditions that will influence or be influenced by the construction of the surface facilities
and subsurface access ramps and shafts. The exploration program study will consist of two activities:
1) sitc reconnaissance and 2) preliminary and dctailed exploration.

8.3.1.14.2.1.1 Activity: Site reconnaissance

Objectives

Thc objectives of this activity are 10 review existing site information and conduct a field
rcconnaissance 10 cstablish a preliminary exploration program to include further topographic and
geologic mapping, subsurface drilling, test pits, trenching, and geophysical methods. Data from this
activity will contribute to the development of the geotechnical parameters required for the resolution of
Dcsign Issue 4.4 (Section 8.3.2.5).

8.3.1.14.2.1.2 Activity: Preliminary and detailed exploration

Objcctives

The primary objective of the preliminary explorations is to obtain sufficicnt surface and
subsurface data to prepare a preliminary design for the ESF surface and subsurface access facilitics.
Preliminary designs based on these explorations will be suitable for economic and technical feasibility
reports and YMP planning rcports. The depth, thickness, and arcal extent of all major soil and rock
strata that will in{luence or be influenced by the construction of the surface facilitics and subsurfacc
ramps and shafts must be cstablished in reasonable detail. In addition, samples must be obtained for
laboratory testing to provide a basic knowledge of thc engineering properties of the various strata.
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8.3.1.14.2.1.3 Activity: Detailed exploration

The objectives of this activity were intentionally omitted, the planned scope of work will be
completed under Activity 8.3.1.14.2.1.2.

8.3.1.14.2.2  Study: Laboratory tests and material property measurements

The objective of this study is to conduct laboratory tests and material property measurements on
represcntative samples of soil and rock. These tests and measurements are intended to detcrmine
physical, mechanical, and dynamic properties. Additional tests and measurements will be conducted
on soils to detcrmine index propertics and moisture-density compaction curves for potential fill
material. Geotechnical information from this study will contribute to the development of the
geotechnical design parameters, which in turn will be uscd to address Design Issue 4.4 (Section
8.3.2.5).

8.3.1.14.2.2.1 Activity: Physical property and index laboratory tests

Objcctives

The objectivc of this activity is to measure the soil or rock weight and volume components using
physical property tests. Soils can be further characterized by index tests such as gradation analysis
and Atterberg limits testing. The physical and index property test results are used to classify soils and
rocks, to group soils and rocks in major strata, and to extrapolate results from a restrictcd number of
mechanical and dynamic propertics tests to dctermine propertics of other similar materials. Empirical
methods can also be used to relate the physical properties and soil or rock classifications to
engineering parameters.

8.3.1.14.2.2.2 Activity: Mechanical and dynamic laboratory property tests

Obijcctives

The objective of this activity is to measure in the laboratory the static and dynamic dcformation
and strength characteristics of soil and rock samples obtaincd from the exploratory program. The
results of this testing will be used to evaluate bearing capacity, earth pressures, shear strength
parameters, slope stability, settlement and swelling potentials, and the dynamic characteristics of the
soil and rock. This geotechnical information will bc used for locating and designing buildings,
foundations, rctaining walls, backfills, roads, slopes, shafts, and ramps.

8.3.1.14.2.3 Study: Field tcsts and characterization measurements
The objcctive of this study is to conduct field tests and characterization measurements. These

ficld tests are intended to determine the in situ physical, mechanical, and dynamic propertics of the
soil and rock. Characterization measurements will be conducted on the rock for the purpose of
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classifying the rack and quantitatively describing the rock structurc. Geophysical field measurcments
will help develop a three-dimensional model of the subsurface soil and rock strata in addition to
determining their dynamic propertics. Geotechnical informition from this study will contribute to the
development of the geotechnical design parameters which in tum will be used to address Design [ssue
4.4 (Scction 8.3.2.5).

8.3.1.14.2.3.1 Activity: Physical property ficld tests and characterization measurements

Objectives

The objectives of this activity are to classify and describe the soil and rock conditions in the
ficld and to detcrmine their physical properties. The results of these tests and measurements will be
used to develop estimates of the enginecring characteristics of the soil and rock. In addition, these
properties and mcasurements will aid in the grouping of soil and rock into stratigraphic units and the
extrapolation of results from a restricted number of mechanical and dynamic propertics tests (o zones
of soil and rock with similar material properties.

8.3.1.14.2.3.2 Activity: Mechanical property field tests

Obijcctives

The objective of this activity is to measure the deformation and strength characteristics of in situ
soil and rock conditions. The rcsults of this testing will be used to evaluate bearing capacity, earth
pressurcs, scitlement and swelling potentials, stope stability, and the dynamic responsc of soil and rock
for the design of foundations, retaining walls, backfills, roads, slopes, ramps, and shafts.

8.3.1.14.2.3.3 Activity: Gceophysical ficld measurcments

Objectives

Geophysical methods will be used to obtain measurements of the compressional and shear wave
velocitics, and to determine the velocity structure in the arca of the ESF surface facilities and
subsurface ramps and shafts. Thesc methods may also be used to profile the alluvium-bedrock contact,
locale discontinuitics or other structural abnormalitics, and determine the depth, thickness, and lateral
cxtent of soil and rock stratigraphic units.
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8.3.1.15 Obijcctives of the thermal and mechanical rock propertics program

Summary of performance and design requircments for thermal and mechanical rock propertics

- information

This program provides all site information necded on thermal and mechanical rock propertics
and on ambient stress and temperature conditions. The issues specifically requesting information [rom
this characterization program arc summarized in the following table.

Data required [ssue Short title SCP scclion
Thermal properties of host 1.10 Waste package characteristics 8.34.2
rock for analyscs related (postclosure)

1o wastc package design

Thermal/mechanical proper- 11 Configuration of underground 8.3.2.2
tics of the rock for facilities (postclosurc)
rock for repository design
and in situ stress and 1.12 Seal characteristics 8332

temperature conditions for
initial and boundary condi-
tions [or design calculations

4 Preclosure design and technical 8.3.2.5
feasibility
Thermmnal propertics of rock 1.6 Ground-water travel time 8.35.12
for disturbed zone analysis
Bulk properties and radon 2.7 Repository design criteria for 8.3.2.3
cmanation rate for radiological safety
radiologic safety 22
analysis Worker radiological safety 8.354

(normal conditions)

8.3.1.15.1 Investigation: Studics to provide the required information for spatial distribution of
thermal and mechanical properties

Purposc and objcctives of the investigation

The purposc of this investigation is to provide the information on spatial distribution of thermal
and mechanical properties requested by performance and design issucs. The performance allocation
process identified performance measures and goals. To detcrmine whether the performance goals can
be met. data must be available on various site parametcrs, and the data must have associated levels of
conlidence.
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8.3.1.15.1.1 Study: Laboratory thermal propertics

The objective of this study is 1o provide laboratory charactenzation of thermal conductivity and
heat capacity and the spatial variability thereof. In order to do so. porosity. grain density, and the heat
capacity and thermal conductivity of zero-porosity material also must be characterized.

The validity of extrapolation of laboratory-determined thermal properties (o in situ conditions
will be examined by comparison of the properties with data obtained from in situ hcater tests in the
ESF. Temperature fields induccd during the heater tests will be modeled using numerical techniques,

with values for thermal properties being varied until an optimum match of predicted and actual
temperatures is obtained.

8.3.1.15.1.1.1 Activity: Density and porosity characterization

Obijectives
The objective of this activity is to obtain data on density and porosity and to evaluate the spatial

variability thereof. Data will contribute to determination of in situ thermal properties (porosity and
grain density), to vertical in situ stress (bulk density), and radiation-shielding properties (bulk density).

8.3.1.15.1.1.2 Activity: Volumetric heat capacity characterization

Obiectives

The objectives of this activity are to obtain data for volumetric heat capacity and to evaluate the
spatial variability thereof. The data will be used in calculations of the thermal response to the
presence of heat-producing waste in unit TSw2.

8.3.1.15.1.1.3 Activity: Thermal conductivity characterization

Obijectives

The objectives of this activity are to obtain data for thermal conductivity and to evaluate the
spatial variability thereof. The data will be used in calculations of the thermal response to the
presence of heat-producing wasic in unit TSw2.

8.3.1.15.1.2 Stwudy: Laboratory thcrmal expansion testing
The objcctive of this study is to provide laboratory characterization of thermal-cxpansion

behavior and the spatial variability thercof. The discussion that follows applies for cach new core hole
and for the ESF. Testing (requency at the MTL in the ESF will depend on spatial variability.
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8.3.1.15.1.2.1 Activity: Thermal expansion characterization
Objectives

The objective of this activity is to obtain data for thermal-cxpansion behavior and to evaluate the
spatial variability thereof. The data will be used in calculations ol thermal stress and deformation
associated with the temperature field produced by the presence of heat-producing waste in unit TSw2.

8.3.1.15.1.3 Study: Laboratory determination of mechanical properties of intact rock

The objective of this study is to provide laboratory characterization of the mechanical propertics
of intact rock and the spatial variability thereof. The discussion for Activity 8.3.1.15.1.3.1 applies for
cach new core hole and for the ESF. Testing frequency at the MTL in the ESF will depend on spatial
variability.

8.3.1.15.1.3.1 Activity: Compressive mechanical properties of intact rock at baseline experiment
conditions

Objectives

The objective of this activity is to obtain data for the compressive mechanical properties of intact
rock, and the spatial variability thercof, for baseline expcriment conditions. These data will be used in
mechanical and thermomechanical calculations of stresses and deformations induced by the presence of
underground openings in unit TSw2 and overlying units and by thc presence of heat-producing waste
in unit TSw2.

8.3.1.15.1.3.2 Activity: Effects of variable environmental conditions on mechanical properties
Obijectives

The objective of this activity is to evaluate the effects of varying sample size, strain rate,
tcmperature, confining pressure, lithophysal content, saturation state, and anisotropy on compressive
mechanical properties. In addition, the tcnsile strength of unit TSw2 will be measured. Data will be
used in mechanical and thermomechanical calculations of stresses and deformations induced by the
presence of underground openings in unit TSw2 and overlying unils and by the presence of
heat-producing waste in unit TSw2.

8.3.1.15.14 Swdy: Laboratory dctermination of thc mechanical propertics of fractures
The objective of this study is to provide laboratory characterization of the mechanical properties

of fracturcs and the spatial variability thcreof. The discussion applics for cach new core hole and for
the ESF.
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8.3.1.15.1.4.1 Activity: Mechanical propertics of fractures at bascline experiment conditions

Obijectives

The objective of this activity is to obtain data for the mechanical propertics of fractures, and the
spatial variability thercof. for baseline experiment conditions. The data will be used in mechanical and
thermomechanical calculalions of the stresses and deformations induced by the presence ol
underground openings in unit TSw2 and overlying units and by the presence of heat-producing waste
in unit TSwl.

8.3.1.15.1.4.2 Activity: Effects of variable environmental conditions on mechanical properties of
fractures

Objectives

The objective of this activily is to evaluate the effects of varying normal stress, displacement
ralc, temperature, sample size, fracture roughness, and saturation statc on the mechanical properties of
artificial and natural fractures. The data will be used in mechanical and thermomechanical caiculations
of stresscs and deformations-induced by the presence of underground openings in unit TSw2 and
overlying units and by the presence of heat-producing waste in unit TSw2.

8.3.1.15.1.5 Swndy: Excavation investigations

The objective of this study is to obtain site-specific information concerning the behavior of
underground excavations in the proposed repository horizon and overlying units. Most of the data will
bc used for testing of computer codes that will be used to predict mechanical behavior of the rock
mass. In addition, some of the information will serve as direct demonstration of constructability with
reasonuably availablc technology (rclevant to resolution of Issuc 4.4).

8.3.1.15.1.5.1 Activity: Shaft convergence

The shaft convergence test is to be deferred until after construction and other prioritized ESF
lesting activities have becn completed. The status and scope of the test is currently being addresscd
for ESF ramp accesses to be consistent with the reference ESF design concept described in Scction
8.4.

Objcctives

The objectives of this activity are to monitor rock-mass defonmation around a vertical shaft and
to measurc horizontal in situ stresses. In situ stress data will contributc to definition of boundary and
initial conditions for mechanical and thcrmomechanical analyses, whercas obscrvations of rock-mass
dcformation also will contribute to empirical evaluations of nonradiological health and safety (Issue
4.2 of the SCP).
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8.3.1.15.1.5.2 Activity: Demonstration breakout rooms

Obicctives

The major objective of this activity is (0 demonstrate constructability and stability of
underground rooms with cross-scctional dimensions equivalent to those of a repository in both
lithophysac-rich and lithophysae-poor material. This demonstration will include an evaluation of the
deformations that occur around the openings. A sccondary objective is to provide fucilitics {or other
testing (e.g., heater tests and overcoring). Demonstration of constructability and stability will
contribute 1o empirical evaluations of nonradiological health and safety (Issue 4.2 ol the SCP).

8.3.1.15.1.5.3 Activity: Sequential drift mining

Obijcctives

The objcctives of this activity arc to obtain data on the deformation response of drifts with cross-
sectional dimensions equivalent to those of a repository in welded tuff, to use the data in code
evaluation activitics, and to demonstrate constructability and stability of repository-sized drifts in
lithophysae-poor material. Data will contribute to validation of computer codes to be used to calculate
mechanical responses, as well as contributing to empirical evaluations related to nonradiological health
and safety (Issuc 4.2 of the SCP).

8.3.1.15.1.6 Study: [n situ thermomechanical properties

The objective of this study is to obtain data on in situ thermal and thermomechanical properties
for units TSw1 and TSw2. Some of the data will be used for testing computer codes uscd in heat
transler and thermomechanical calculations. Additional heater experiments will be conducted to
characterize the waste container environment, as discussed in Section 8.3.4.2.4.

8.3.1.15.1.6.1 Activity: Hcater experiment in unit TSwl
The hcater experiment in unit TSwi has been proposcd to be conducted in the primary science

ramp (north ramp). The test, however, will be deferred until after construction and other prioritizcd
ESF testing activities have been completed.

Obijcctives
The objectives of this activity are to estimate the in situ thermomechanical propertics of

lithophysac-rich tuff (unit TSw1) and to cvaluate the thermal and mechanical responsc of this tuff unit
1o clevated temperatures. The data will be used to cvaluatc models during this and other experiments.
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8.3.1.15.1.6.2 Activity: Canister-scalc heater experiment

Objcctives

The objective of this activity is to obtain thermal and thermomechanical rock-mass
measurcments of the effects of thermal inputs on a representative (canister-scale) waste-cmplacement
borehole in lithophysae-poor tuff (unit TSw2). The data will be used to evaluatc the thermal and
thermomechanical models. Early testing will simulate heat fluxes expected during repository
operations to evaluate geomechanical models. The heat fluxes will be increased subscquenty during a
thermal overdrive to determing the upper heat limit for waste-emplaccment borehole stability.

8.3.1.15.1.6.3 Activity: Yucca Mountain heatcd block

Objcctives

The objectives of this activity are to cstimate in situ mechanical and thermomechanical
properties of unit TSw2 and to test thermomechanical computer modcels. Data on the properties will
be uscd in mecchanical and thermomechanical calculations of stresses and deformations induced by the
presence of underground openings in unit TSw2 and overlying units and by the presence of
hecat-producing waste in unit TSw2.

8.3.1.15.1.6.4 Activity: Thermal stress measurements

Objectives

The objective of this activity is to monitor changes in thermally induced stress in jointed welded
tuffs in an acceleratcd test. The data will be used to evaluate thermally induccd stresses calculated
with thermomechanical computer codes. The focus of this experiment is dirccted toward evaluating
dnift stability as it might affect retricvability.

8.3.1.15.1.6.5 Activity: Heated room experiment

Objectives

The objectives of this activity arc 1) (o cvaluatc the thermomechanical responsc of welded tuff
around rcpository openings to expected repository conditions during both construction and operation,
2) to develop a data base for evaluating thermal and thermomcchanical design analyses and methods
applicable for repository considerations, and 3) to usc actual site data in predicting drift response and
support/rock intcractions during construction, operation, retricvability, and postclosure.
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8.3.1.15.1.7 Study: In situ mechanical propertics

The objectives of this study are 10 obtain in situ measurements of the mechanical propertics ol
the rock mass for unit TSw2. Mcchanical properties include rock-mass deformability and ¢valuations
of responscs of single and multiple joints to controlled loadings. The numbers of expeniments o
obtain such properties will not fulfill requircments for confidence as expressed by performance and
design issucs. Therefore, the data will be usced as preliminary indicators of rock-mass values and as
checks of the validity of extrapolation of laboratory-determined data to in situ conditions. [n addition,
measurcments of rock-mass deformation modulus in different locations will provide an cstimate of
spatial variability of rock-mass mechanical properties. Neccssary information about (racturcs that is
relevant to individual test locations (as well as to Yucca Mountain as a whole) will be gathered as part
of Study 8.3.1.4.2.2.

8.3.1.15.1.7.1 Activity: Plate loading tests

Obijcctives

The objectives of this activity are to measure the deformation modulus of the rock mass and to
evaluate the zone of increased fracturing adjacent to underground openings. Modulus data are to be
uscd in thermomechanical calculations of the stresses and deformations induced by the presence of
underground openings in unit TSw2 and overlying units and by the presence of heat- producing waste
in unit TSw2. Charactcrization of the zone of increased fracturing will contributc to the definition of
initial conditions, boundary conditions, and propertics to be used in the calculations.

8.3.1.15.1.7.2 Activity: Rock-mass strength experiment

Objcclives

The objective of this activity is to evaluatc the mechanical behavior of the rock mass or its
components. Experiments will be performed to obtain information with regards to the mechanical
strength of single joints and multiply jointed volumes of rock. It is envisaged that this experiment will
be conducted in several arcas that are rcpresentative of the range of conditions encountered in the ESF.
The information will be uscd to evaluatc potential scale effccts between laboratory and in situ
conditions, to provide data to evaluate empirical design criteria, and to provide data to evaluate and
validate jointed-rock models.

8.3.1.15.1.8 Study: In situ design verification

The obijcctives of this study arc to 1) investigate the cffects of the spatial variability of the rock
on drifl stability. mining activities, and ground supports; 2) evaluate tcchniques for underground
excavation and ground support, for sclecting ground supports to be used in different rock types, and
for monitoring drift stability; 3) quantify the emanation of radon into repository drifts and observe its
dispersion with airflow, and 4) measurc parameters necded to design repository ventilation systems.
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8.3.1.15.1.8.1 Activity: Evaluation of mining mcthods
Objectives

The objective of this cxpcriment is to develop recommendations tor mining in the repository by
monitoring and evaluating mining activities in the ESF, and by conducting mining investigations.

8.3.1.15.1.8.2 Activity: Monitoring of ground-support systcms

Objectives

The objective of this experiment is to develop recommendations for a ground-support
methodology to be used in drifts in the repository, based on evaluations of the ground-support
methodology used in the ESF, and on experimentation with other ground-support configurations.
Rccommendations will bc made for support systems to be used, as well as for methods of sclection of
supports that arc appropriate for the ground conditions encountered.

8.3.1.15.1.8.3 Activity: Monitoring drift stability
Objectives

The objectives of this experiment are to 1) provide confidence in predictions of usability of the
repository underground facilitics over their 100-yr operational life, 2) contribute to evaluations of the
cffectiveness of mining methods and ground-supports (Activitics 8.3.1.15.1.8.1 and 8.3.1.15.1.8.2), 3)
calibrate and refinc criteria for determining stability of the openings, and 4) develop techniques for
monitoring stability of thc repository drifts.

8.3.1.15.1.8.4 Activity: Air quality and ventilation expcriment

Objectives

The objectives of this cxperiment are to 1) mcasure the rate of radon emanation from the
repository host rock and 2) evaluate parameters and variables needed as input to or for testing of the
modecls to be used for design of thc ventilation sysicms in the repository underground facility.

8.3.1.15.2 Investigation: Studics to provide the required information for spatial distribution of
ambicnt stress and thermal conditions

Purposc and objectives of the investigation

The performance allocation process as implemented by performance assessment and design has
identificd performance mcasures and goals. To determine whether the performance goals can be mel,
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data must be available on various site parameters, and the data must have associated levels of conli-
dence. The parameters and associated confidence levels arc identified in the pertormance assessment
and design issues and serve as the basis for planning of a site characterization program.

8.3.1.15.2.1 Study: Characterization of the site ambient stress conditions

The objective of this study is to characterize the ambicnt (pre-rcpository) state of stress of the
Yucca Mountain host rock and surrounding units for use as initial conditions for gecomechanical
models used in the design and performance assessment of the repository underground facilities.

8.3.1.15.2.1.1 Activity: Anclastic strain recovery experiments in core holes

Objectives

The objective of these experiments using samples from core holes is to determine the horizontal
stresses at Yucca Mountain and especially the spatial variability thereof. In situ stress data will
contribute to definition of injtial and boundary conditions for mechanical and thermomechanical
analyses.

8.3.1.15.2.1.2 Activity: Overcore stress experiments in the Exploratory Studies Facility

Obijcctives

The primary objectives of these experiments are 1) to determine the in situ state of stress above,
within, and bclow the repository host rock in that portion of the repository block penetrated by the
ESF and 2) to evaluate the extent to which the ambient stress conditions arc redistributed adjacent to
cxcavations. In situ stress data will contribute to definition of initial and boundary conditions for
mechanical and thermomechanical analyscs.

8.3.1.1522 Study: Characterization of the sitc ambient thcrmal conditions
The objective of this study is to characterizc the ambient (pre-repository) temperature of the

Yucca Mountain host rock and surrounding units for use as initial conditions for thermomechanical
models used in the design and performance assessment of the repository underground facilities.
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Objectives

The objectives of this activily are 1) to measure in existing wells the spatial variation of
temperature with depth and to provide bascline temperaturcs within the repository host rock and
surrounding units. 2) to measurc thermal conductivity (near 25°C) of core samples as a check on
indcpendent thermal property determinations at various temperatures, and 3) to determine heat flow at
Yucca Mountain.

8.3.1.16 Obijectives of preclosure hydrology program

Summary of performance and design requirements for hvdrology information

The preclosure hydrology test program addresses the requirements of performance and design
issucs. The hydrologic conditions, which include the potential for flooding, the availability of water
for rcpository construction and operation, and the subsurface hydrologic conditions both within and
above the repository horizon, must be examined to determine if engineering measures that require
excessive cost, or technology beyond that which is reasonably available, will be needed.

The preclosure hydrology program (this section) and the geohydrology program (Section 8.3.1.2)
will obtain specific data required for the design of the systems and components that are important 1o
safcty (ITS). The descriptions and analyses will consider the margins of safety under conditions that
may result from expected operational occurrences, including thosc of natural origin such as flooding.
Thesc analyses must also consider the adequacy of structures provided for the prevention of accidents
and mitigation of their conscquences, including natural phenomena. Thus, information on the flash
flood potential of the site is nceded to aid in the design of the flood control measures, should they be
required.

Four issues (Issues 1.11, 1.12, 4.2, and 4.4) request data from the preclosure hydrology program.
The requests for hydrologic data can be summarized as follows:

1. Information required for Issue 4.4 (technical feasibility, Section 8.3.2.5) and Issue 4.2
(nonradiological health and safety, Scction 8.3.2.4) relates to the potential for surface
flooding. Flood frequency and magnitude data are necded for analyses being performed to
determine the impacts of potential tlooding on the design of the surface facilities.

2. The second type of data requested by Issue 4.4 are the parameters required to locate
adequate and altemative sources of water for the repository. Current plans are to develop
two new wells for repository watcr supply. In the event of well failurcs, an altemnative
source of watcr also must be available. Existing wclls J-12 and J-13 could be adcquate for
repository-related water needs and will be considered in the cvaluation for suitable
alternative sources. Characteristics of aquifers proximal to the site will be evaluated to
identify potentially suitable sources. Modcling studies in suppor of Activity 8.3.1.2.3.3.3
will dclermine the possible changes to the flow system that might result from withdrawals
made from the wells supplying watcr for the rcpository and from the proposed aliemative
sources.
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3. Issues 4.4 (technical fcasibility, Scction 8.3.2.5), 1.11 (configuration of underground
facilities, Section 8.3.2.2), and 1.12 (scal characteristics, Section 8.3.3.2) require a
description of the hydrologic conditions within and above the repository horizon. This
information is nceded to estimatc moisture content, flux, and potential moisture intlux above
and within the host horizon, as well as the potential for perched water zones, which will be
used as input for the design of the repository, shaft liners, and scals.

8.3.1.16.1 Investigation: Flood recurrence intervals and levels at potential locations of surface
facilitics '

Purposc and objectives of the investigation

To meet the purpose of identifying the potential hazards associated with floods and debris
movement, three objectives must be met: 1) to determine the magnitudes and frequencies of major
flood events that can potentially occur during the period of repository operation, 2) to identify all
potential arcas of inundation, and 3) to determine the quantities and size characteristics of debris
transported by flooding. ’

8.3.1.16.1.1 Study: Characterization of flood potential of the Yucca Mountain site

This study contains one activity and evaluates the potential for flooding in the many small, dry,
descrt washes that drain Yucca Mountain. This evaluation will be used for designing the surface
facilities for the proposed rcpository. Proper design for flood potential is nccessary 10 ensure the
salcty of the workers and the surface facilities.

8.3.1.16.1.1.1 Activity: Site flood and dcbris hazards studics
Obijcctives
The objective of this activity is to assess the flood and debris hazards at and near the potential

repository surface facilities locations to allow adequatc design of facilitics to prevent or reducc hazards
10 an acceptable level.

8.3.1.16.2 Investigation: Location of adequate watcr supplics

Purposc and objectives of the investigation

To mect the purpose of identifying the most suitablc water supply and alternative, the following
objectives must be met: 1) determine the adequacy of cxisting wells J-12 and J-13 in terms of
available resource potential, total cost, and technologic feasibility as an altemative water supply for a
repository at Yucca Mountain (water rights are discussed in Section 8.3.1.11), 2) idcntify and locate a
primary source of watcr for a rcpository at Yucca Mountain, 3) identily and locatc potential altcrnative
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sources of water, and 4) determine the potential effects of repository-related water withdrawals on the
local flow system at Yucca Mountain.

8.3.1.16.2.1 Study: Location of adequate water supply for construction, operation, closure, and
decommissioning of a mined geologic disposal system at Yucca Mountain, Nevada

8.3.1.16.2.1.1 Activity: Assessment of the cost, feasibility, and adequacy of wells J-12 and J-13 for
use as the alternative water supply for a mined geologic disposal system at Yucca
Mountain, Ncvada

Obijectives
The obijective of this activity is to determine 1) the adequacy of wells J-12 and J-13 in terms of
available resource potential and 2) the total cost and technical feasibility of supplying the water needed

to support a repository at Yucca Mountain. These wells will be evaluated for use as alternative
sources.

8.3.1.16.2.1.2 Activity: Location of a primary water supply for a mined geologic disposal system at
Yucca Mountain, Nevada

Obijectives
The objective of this activity is to identify and locate a primary source of water for a repository
at Yucca Mountain. Ideally, the primary sources would be located nearer to the surface facilitics than

wells J-12 and J-13, and at an elevation above the surface facilities, thereby reducing distribution costs
and total pumping lifts.

8.3.1.16.2.1.3 Activity: Location of altemative water supplies for a mined geologic disposal system at
Yucca Mountain, Nevada. '

Objcctives

The objective of this activity is to identify and locate an altemative source of water for a
rcpository at Yucca Mountain in the event that the primary source cannot meet the water demand.

8.3.1.16.2.1.4 Activity: Identification and cvaluation of potential cffects of rcpository related
withdrawals on the local flow system at Yucca Mountain, Nevada

Obijcctives

The objective of this activity is to detcrminc the potential effects of repository-related water
withdrawals on the local flow systcm at Yucca Mountain. The potcntial effects from water withdrawal
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include modifications to the preclosurc ground-water travel path and the lowering of the potentiometric
surface. Such effects will be identified and quantified to establish any mitigating measures that might
be required.

8.3.1.16.3 Investication: Ground-water conditions within and above the potential host rock

Purpose and objectives of the investigation

To meet the purpose of describing the baseline characteristics of the unsaturated zone within and
above the repository horizon, the following objectives must be met: 1) determine the amount of water
inflow to the repository horizon including seasonal variations in inflow rate, 2) determine the existence
of perched watcr, and 3) define the locations, depths, thickness, latcral extent, seasonal variation, and
degree of saturation of perched water zones if any are identified. These data will be obtained from the
geohydrology program (8.3.1.2); the preclosure hydrology program will synthesize the data to help
resolve the design issues.

8.3.1.16.3.1 Study: Determination of the preclosure hydrologic conditions of the unsaturated zone at
Yucca Mountain, Nevada

8.3.1.16.3.1.1 Activity: Synthesis of data from site program 8.3.1.2 to determine the preclosure
hydrologic characteristics of the unsaturated zone at. Yucca Mountain, Nevada

Obijectives

The objectives of this activity are to compile the data collected under geohydrology Investigation
8.3.1.2.2, in Study 8.3.1.2.2.4 (ESF investigations) for input to design Issue 4.4 (Section 8.3.2.5).

%.3.1.17 Obijectives of the preclosure Tectonics Program

Summary of performance and design requirements for preclosure tectonics information

The preclosure tectonics program (Program 8.3.1.17) is designed to develop an undcrstanding of
and 1o characterize the tectonic events and processes that could impact proposed repository structures,
systcms, or components considered to be ITS through the operational phase; i.e., until pcrmancnt
closure is achieved. In addition, characterizations of tectonic processes and cvents will be developed
for consideration in the design and operation of certain structurcs, sysiems, and componcnts requircd
for excrcising the retricval option. Tcctonic processes and events that arc relevant to waste isolation
following permanent closure will be investigated within the postclosure tectonics program (Program
8.3.1.8).

Data requirements come from Issuc 4.4 (Section 8.3.2.5), which evaluatcs the technical
feasibility of rcpository construction, operation, closure, and dccommissioning, and from postclosurc
Issue 1.12 (Scction 8.3.3.2), which considers the design of seals for shafts, drifts, and boreholcs.
Investigations of Lechnical feasibility include data requircments from threc additional performance and
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design issues. These three issues are preclosure radiological safety (Issue 2.7, Section 8.3.2.3). poten-
tial radiologic exposure to the public due to credible accidents (Issuc 2.3, Section 8.3.5.5). and
prescrvation of the waste retrieval option (Issuc 2.4, Section 8.3.5.2). In addition. data devcloped by

‘the preclosure tectonics program will be used by the postclosure tectonics program (Program 8.3.1.8)

and the preclosure and postclosure rock characteristics programs (Programs 8.3.1.15 and 8.3.1.4).

The evaluation of technical feasibility (Issue 4.4, Section 8.3.2.5) establishes the major
requirement for characterizing potentially disruptive tectonic events.

8.3.1.17.1 Investigation: Studies to provide required information on volcanic activity that could
affect repository design or performance

Purpose and objectives of the investigation

Two types of volcanic hazards that could credibly affcct preclosure repository performance will
be characterized: 1) ash fall from distal silicic volcanic centers in the western Great Basin and 2)a
basaltic volcanic cruption at the site. Ash fall is being addressed under preclosure tectonics because of
its potential impact on surface and subsurface ventilation systems (dust filters). However, the study of
basaltic volcanism in the site region will be conducted under the postclosure tectonics program
(Section 8.3.1.8), because the probability of basaltic volcanism at the site is greater over the longer
postclosurc time frame. The probability of a basaltic volcanic eruption at the site during the
preclosurc period will be estimated there. No studics arc planned of potential silicic volcanism in the
site region because a silicic volcanic eruption at the site is not considered a credible event (Section
1.5.1).

The charactcrization parameters rclated to ash fall are being provided so that the filtration
systems of the surface-facility and mining ventilation systems can be designed to accommodate
potential ash falls at the site. The characterization paramcters related to basaltic volcanism are
intcnded to provide assurance that the probability of a volcanic eruption at the site is acceptably low
(i.c., as interpretcd here, less than onc chance in 10,000 in 100 yr).

8.3.1.17.1.1 Stwudy: Potcntial for ash fall at the site

8.3.1.17.1.1.1 Activity: Survey litcrature regarding Quatemary silicic volcanic centers in the wesicm
Great Basin

Obijectives

The objective of this activity is to compile information on Quatemary silicic volcanism in the
western Great Basin, the reoccurrence of which might produce an ash fall at the site.
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8.3.1.17.1.1.2 Activity: Assess potential ash-fall thickness at the site

Obijectives

The objective of this activity is to produce an approximate probability- versus-thickness function
for potential ash falls at the site and to estimate a particular ash-fall thickness that has less than one
chance in ten of occurring in 100 yr. These hazard cstimates will be considered in the design of filters
in the mining and surface-facility ventilation systems.

8.3.1.17.1.1.3 Activity: Assess potential particle density and size distribution of ash fall at the site

Objectives

The objective of this activity is to estimate the potential particle densities and particle-size
distributions of ash falls at the site for consideration in the design of filters in the mining- and
surface-facility ventilation systems.

8.3.1.17.2 Investigation: Studies to provide required information on fault displacement that could
alfcct repository design or performance

Purposc and objectives of investigation

The siting objcctive vis-a-vis potential surface faulting is to avoid fault displaccment in excess of
a fcw inches beneath the structural foundations of surface facilitics considered ITS. The corresponding
goal of this invcstigation is to demonstrate, with a high degree of confidence, that there is less than a
onc percent chance of excecding 5 cm of fault displacement beneath surface facilitics important to
safcty (FITS) during the preclosure period (approximately 100 yr).

The primary concem regarding faulting in the underground facilities during preclosure is that
wastc packages might be shearcd or become jammed in their waste-cmplacement borcholes, making
retricval more difficult and time consuming than it otherwisc would be. The corresponding goal is to
demonstrate with a moderate degree of confidence that there is less than a ten percent chance of
exceeding 7 cm of fault displacement in arcas ol emplaced waste in 100 yr, considering all faults that
may intersect these arcas. (A displacement of 7 ¢m is the minimum valuc at which the sides of a
faulted waste-emplacement borehole would be expccted to contact a waste package.)

8.3.1.17.2.1 Swudy: Faulting potential at thc rcpository
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8.3.1.17.2.1.1 Activity: Assess the potential for surface faulting at prospective sites of surface
facilities important to safety

Obiectives

The objective of this activity is to assess the stability of the site surface with respect to fault
displacement, at locations proposed for FITS.

8.3.1.17.2.1.2 Activity: Assess the potential for displacement on [aults that intersect undcrground
facilities

Objectives

The objective of this activity is to asscss the potential for displacement on faults that intersect
underground facilities.

8.3.1.17.3 Investigation: Studies to provide required information on vibratory ground motion that
could affect repository design or performance

Purposc and objectives of the investigation

The purposes of this investigation are to 1) develop a seismic-design basis for repository
facilities that are ITS and 2) provide other information that will facilitate the assessment of the
adequacy of the seismic-design basis and the identification of crediblc accidents that might be initiated
by seismic events and lead to release of radioactive materials. The seismic-design basis will account
for both the potential occurrence of earthquakes on nearby faults and potential future underground
nuclcar explosions (UNEs) at the NTS.

8.3.1.17.3.1 Study: Relevant earthquake sources

The objectives of this study are to identify and characterize those carthquake sources that arc
relevant to a detcrministic seismic hazard analysis of the site (i.e., those sources that could be active)
and, if active, could cause severc ground shaking at the site. Potential earthquake sources include
faults with surface geologic expression as well as concealed faults. Each seismic sourcc will be
charactcrized by its location, depth, orientation, likely style of faulting, and 10,000-yr cumulative slip
earthquake magnitude.
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8.3.1.17.3.1.1 Activity: Identify relevant carthquake sources

Objectives

The objective of this activity is to identify carthquake sources that could generate scvere ground
motions at the site.

8.3.1.17.3.1.2 Activity: Characterize 10,000-yr cumulative slip earthquakes for relevant scismogenic
sources

Objectives

The objective of this activity is to characterize 10,000-yr cumulative slip earthquakes for each of
the relevant seismogenic sourccs identified in the previous activity. The nature, size, and location of
10,000-yr cumulative slip earthquakes are to be established based on the seismogenic properties of the
potential sources.

8.3.1.17.3.2 Study: Underground nuclear explosion sources

The objcctive of this study is to characterize the potential future UNEs at the NTS that region
would result in the most severc motions at the repository site.

8.3.1.17.3.2.1 Activity: Determine the range of underground nuclear explosion sources

Obijectives

The objective of this activity is to determine potential locations and upper limits on the yield of
future UNE tests within the NTS.

8.3.1.17.3.2.2 Activity: Determine maximum underground nuclear explosion source(s)

Obijcclives

The objective of this activity is to identify the potential future UNE(s) that would generate the
most severe ground motions at the site.
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8.3.1.17.3.3 Study: Ground motion from rcgional carthquakes and underground nuclear explosions

Objectives

The objective of this study is to sclect or develop ground-motion models that arc appropriate for
cstimating ground motion at the site from carthquakes and UNEs. Thesc models will be used to
determine the relevancy of seismic sources to a deterministic seismic hazard analysis (Activity
8.3.1.17.3.1.1), identify controlling seismic events (Activity 8.3.1.17.3.5.1), constrain simulated ground
motions from controlling seismic events (Activity 8.3.1.17.3.5.2) and cstimale the probabilitics of
cxceeding given ground-motion levels at the site (Activity 8.3.1.17.3.6.2).

8.3.1.17.3.3.1 Activity: Sclect or develop empirical models for earthquake ground motions

Objectives

The objective of this activity is to select or develop empirical ground-motion models that are
appropriate for estimating earthquake ground motion at the site. The models will predict ground
motion as a function of earthquake magnitude and distance between the earthquake source and the site.

8.3.1.17.3.3.2 Activity: Select or develop empirical modcls for ground motion from underground
nuclear explosions

Obijeclives

The objective of this activity is to select or develop empirical ground-motion models that are
appropriate for estimating ground-motion at the site from UNEs at the NTS. The modcls will predict
ground motion as a function of the yield and distance of the UNE.

8.3.1.17.3.4 Swdy: Effects of local site geology on surface and subsurface motions

Objectives

The objective of this study is to document systcmatic effects on surface and subsurface ground
motions resulting from the local site geology. Local correction factors will be devcloped for
application to predictions of the regional ground-motion models developed in Study 8.3.1.17.3.3.
These correction factors will be based, (o the extent possible, on instrumental recordings of ground
motion obtained in Study 8.3.1.17.4.1. Thcoretical modcls for the observed site eflects will be
developed to the extent nceessary to explain the observations to first order and then used Lo extrapolate
the observations to locations and depths where ground motions must be predicted but where recordings
are not available.
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8.3.1.17.3.4.1 Activity: Determine site effects from ground-motion recordings

Obijectives

The objectives of this study are to determine, from ground-motion rccordings, systematic effects
of the local site geology on surface and subsurface motions, and to identify any significant site-wide
bias in groundmotion levels, as compared with average levels for the southemn Great Basin. These
empirical determinations will be used to calibrate theoretical site- effects models in Activity
§.3.1.17.3.4.2.

8.3.1.17.3.4.2 Activity: Model site effects using the wave properties of the local geology

Objcctives

The objective of this activity is to develop a calibrated theoretical site-effects modcl for use in
cxtrapolating the observations documented in Activity 8.3.1.17.3.4.1 t0 locations and depths where
ground-motion predictions are needed, but where instrumental recordings are not available.

8.3.1.17.3.5 Study: Ground motion at the site from controlling seismic events

The objectives of this study arc to identify the controlling seismic events and to characterize the
resuiting controlling ground motions. Controiling seismic events are those UNEs or 10,000-yr
cumulative slip carthquakes that would generate the most severe ground motions at the sile, at
frcquencics of enginccring significance.

Two activities are included in this study.

8.3.1.17.3.5.1 Activity: Identify controlling seismic events

Objectives

The objective of this activity is to idcntify those UNEs or 10,000-yr ctmulative slip earthquakes
that would produce the most severe ground motions at the site at frcquencies of engincering
significance. There may be more than one controlling scismic cvent because different events may
gencrate the most scvere ground motions in different frequency bands.
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8.3.1.17.3.5.2 Activity: Characterize ground motion from the controlling seismic cvents
Obicclives

The obijective of this activity is to generate suites of strong-motion time histories and
corresponding response spectra that are representative in amplitude, frequency content, and duration of
site ground motions that could be generated by the controlling scismic events.

8.3.1.17.3.6  Study: Probabilistic seismic hazards analyses

The primary objective of this study is to quantify the probability for experiencing ground
motions of varying degrecs of scverity that might result from earthquakes of varying magnitude and
distance from the sitc. Results from this study will be used to cvaluate and constrain required
tcchnical judgments in the deterministic evaluation of design-basis ground motions (such as the
determination of cxceptional earthquake magnitudes), evaluate the adequacy of the deterministic
results, and help identify and focus cfforts to refine those parameters that are most important for the
deterministic calculations. The probabilistic hazard estimates will also provide information needed to
asscss the credibility of postulated accidents at the repository that might lead to releascs of radioactive
materials (Information Need 2.3.1, Section 8.3.5.5.1).

8.3.1.17.3.6.1 Activity: Evaluate earthquake sources
Objectives
The objective of this activity is to determine average rates for earthquake recurrence as a

function of magnitude for the southem Great Basin to a distance of about 100km from the site, and
then to apportion these rates onto active faults and subrcgional seismic source zones.

8.3.1.17.3.6.2 Activity: Evaluate ground motion probabilities
Obiectives
The objectives of this activity are 1) to estimate the probability of exceeding given

ground-motion levels at the site and 2) to integrate the contributions to that probability from all
identified earthquake sources that could gencrate potentially damaging ground motion at the site.

8.3.1.174 Investication: Preclosure tectonics data collection and analysis

Purposc and objcclives of the investigation

The primary purpose of this investigation is to provide data and analyses that are required by
Investigation 8.3.1.17.2, assessment of fault displacement that could affcct repository design or
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performance. and Investigation 8.3.1.17.3. assessment of vibratory ground motion that could affcct
repository design or performance. The limited data collection and analysis that is required by
Investigation 8.3.1.17.1, volcanic activity that could impact the repository, will be performed within
that investigation.

8.3.1.17.4.1 Study: Historical and current scismicity

The objective of this study is to compile information on reported and instrumentally recorded
carthquakes that characterize the earthquake potential near Yucca Mountain. This information will be
used 1) to help identify and characterize potentially relevant earthquake sources for the deterministic
hazard analysis (Study 8.3.1.17.3.1) and potentially contributing earthquake sources for the
probabilistic hazard analysis (Study 8.3.1.17.3.6), 2) to develop regional earthquake ground-motion
models (Activity 8.3.1.17.3.3.1), and 3) to determine local-geologic and depth-of-burial effects on
ground motion at the site (Activity 8.3.1.17.3.4.1).

8.3.1.17.4.1.1 Activity: Compile historical earthquake record

Objectives

The objective of this activity is to compile a record of historical seismic events in thc southern
Great Basin or within 100 km of Yucca Mountain. The record will be as complete and accuraic as is
reasonably achicvable, and will indicate whether cach cataloged seismic event is thought to be a
natural carthquake, induced earthquake, UNEs, cavity collapse, or blast. For potentially damaging
carthquakes (M > 5.5) in the study region, available information will be compiled on ground-motion
intensity, availability of strong-motion records, and extent and style of faulting.

8.3.1.17.4.1.2 Activity: Monitor current seismicity

Obijectives

The objective of this activity is to provide empirical information on how often earthquakes are
currently occurring in the southem Great Basin; what the oricntation, depth, and stylc of faulting arc:
how seismic wave amplitudes scale with magnitude and attenuate with distance in the region; and how
ground motions vary with depth and with surface geology in the site area. The information on faulting
and carthquake location and recurrence will be used to identify potentially rclcvant earthquake sources
for the deterministic hazard analysis (Study 8.3.1.17.3.1) and potentially contributing carthquake
sources for the probabilistic hazard analysis (Study 8.3.1.17.3.6). The information on magnitude and
distance scaling will be uscd to develop regional ground-motion models (Study 8.3.1.17.3.3). The data
on ground-motion variations at the site will be used to develop sitc correction factors and responsc
functions (Study 8.3.1.17.3.4). Reccordings obtained at Yucca Mountain of small earthquakes may bc
used as Green's functions in the simulation of controlling carthquake motions (Activity 8.3.1.17.3.5.2).
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8.3.1.17.4.1.3 Activity: Evaluate potential for induccd seismicity at the site

Obijcctives

The objective of this activity is to cvaluate the potential for human activitics to significantly
perturb the natural seismic hazard at the site by inducing seismicity at or near the sitc. To date, the
human activities that have been identified as having a potential to induce scismicity in the site region
are the impoundment of Lake Mcad, the testing of nuclear devices at NTS, and the mining of the
repository itself. The information developed in this activity will be used in estimating of
magnitude-recurrence relationships for earthquake sources that are relevant to the deterministic hazard
analysis (Activity 8.3.1.17.3.1.1) and for earthquake sourccs that contribute to the probabilistic seismic
hazard at the site (Activity 8.3.1.17.3.6.1).

8.3.1.17.4.2 Swudy: Location and recency of faulting near prospective surface facilities

Two activities are included in this study.

8.3.1.17.4.2.1 Activity: Identify appropriate trench locations in Midway Valley
Objeclives

The objective of this activity is to identify appropriate trench locations at proposed locations for
repository surface facilitics that are ITS through detailed geologic mapping and remote sensing studics.
The recommendcd locations will be used in trenching investigations in Activity 8.3.1.17.4.2.2.

8.3.1.17.4.2.2 Activity: Conduct exploratory trenching in Midway Valley

Obijcctives

The objective of this activity is to investigate the possible occurrence of latc Quaternary surface
fault rupture in the vicinity of planncd surface facility locations ITS and to identify sitcs without
evidence of significant late Quatcrnary faulting. This activity will provide input into the location and
design of surface FITS, particularly those associated with waste handling.

8.3.1.17.43 Swdy: Quatcrnary faulting within 100 km of Yucca Mountain, including the Walker
Lanc

The objectives of this study are 1) to identify Quaternary faults within 100 km of Yucca
Mountain and 2) 1o characterize those faults capable of futurc earthquakes with magnitude such that
associated ground shaking could impact design or affect performance of the waste facility. This study
is complemcented by more specialized studies of faults at and proximal to the sitc. These studies arc
8.3.1.17.4.2 (faulting potential ncar prospective surface facilities); 8.3.1.17.4.6 (Quatemnary faulting

8.3.1-110



S

YMP/CM-0011. Rev. 9

within the site area): 8.3.1.17.4.4 (Quaternary faulting proximal to the site within northeast-trending
fault zones); 8.3.1.17.4.5 (detachment faults at or proximal to Yucca Mountain).

8.3.1.17.4.3.1 Activity, Conduct and evaluate deep gcophysical surveys in an cast-west transcet

crossing the Furnace Creek fault zone, Yucca Mountain, and the Walker Lane

Obijcctives

The objectives of this activity are

1.

To help identify and locate potentially significant scismic source zones, including possible
through-going extensions of the Walker Lane, bencath the Oligocene-Miocene cover of the
Yucca Mountain arca: to determine the width and subsurface geometry of such extensions
and of the Fumnace Creek fault zonc and the relation of these features to detachment faults
and to Quaternary faults; and to evaluate the postulated incipient rift zone at Crater Flat.

To characterize the crustal velocity structure and define lateral inhomogeneities in that
structure in the Yucca Mountain area.

To trace the S- and 10-s events found on Death Valley Consortium for Continental
Reflection Profiling profiles through the Yucca Mountain region and, if possibic. to trace
reflections from the upper and lower carbonate aquifers, the Precambrian-Cambrian Pahrump
Group and Noonday Dolomite, and the Proterozoic basement across the Fumace Creck fault
and through the arca of the projected northwest continuation in the subsurface of the Las
Vegas Valley shcar zone.

To identify differences in mass caused by variation in source lithology in the upper few
kilometers of the crust, and correlate thosc sources with reflections obtained in the seismic
reflcction survey, or with conductivity features obtained in the magneto-tclluric survey.

To identify diffcrences in magnetic field caused by sources in the upper fcw kilometers of
the crust and correlate those sources with reflections obtained in the scismic reflection
survey, or with conductivity features obtained in the magnetotclluric survey.

To characterize the conductivity structure of the crust in the Yucca Mountain region.
focusing in particular on the conductivity signature of the Walker Lane and Walker Belt, and
if possible, tracing the signature into the subsurtace of conductive units such as the Eleana
Formation or nonconductive units such as the lincated and mylonitized gneisses (lower
plate?) of the northcrn Amargosa Desert, and to correlate these features or their offscts with
Quatcmary faults,

To provide data for analysis to detcrmine if buricd magma bodics are present in the vicinity

of Yucca Mountain. Thesc data and analyses will be uscd to address the vojective of
Activity 8.3.1.8.1.1.3, (presence of magma bodies in the vicinity of the sitc).
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8.3.1.17.4.3.2 Activity: Evaluate Quatcrnary faults within 100 km of Yucca Mountain

S~ Obijectives

The objectives of this activity are

l.

(3]

To establish the abundance, distribution, and geographic orientation of known and suspected
Quaternary faults within 100 km of the site.

To characterize the Quatcrnary and Holocene fault and fracture pattern within 100 km ol the
site and, if feasible, to relate that pattern to regionally important wrench fault systems,
including the Walker Lane, the Death Valley-Fumnace Creek fault zone, and the Mine
Mountain-Pahranagat shear zone.

To characterize those Quaternary faults within 100 km of the site whose apparent length or
recurrence rate indicate potential for future earthquakes of magnitude sufficicnt to affect
design or performancc of the waste facility.

To evaluate the recurrence history of that part of the Death Valley-Fumnace Creek fault zonc
within 100 km of the site.

To identify fault sdarps within 100 km of the site that may have been overlooked during
conventional geologic field surveys and that may not have been apparent on conventional
vertical aerial photography.

To verify the existence and age of scarps in the NTS area that were detected by
low-sun-angle photogeologic interpretation.

To determine whether the Beatty scarp originated through tectonic or fluvial processes, or
both; the nature of movement along the scarp, if tectonic; and the age of the scarp.

To ascertain the amount of post-middle Miocene horizontal rotation of bedrock alongsidc
wrench faults and of bedrock suspected to be part of upper plate above subsurface wrench
faults.

8.3.1.17.4.3.3 Activity: Evaluate the Cedar Mountain earthquake of 1932 and its bearing on wrench

tectonics of the Walker Lane within 100 km of the site

The objective of this activity is to evaluate the relevance of the Ccdar Mountain earthquake of
1932 1o potcntial sources of ground shaking and rupture in that part of the Walker Lane within 100
km of Yucca Mountain.
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8.3.1.17.4.34 Activity: Evaluate the Bare Mountain fault zone

Objeclives

The objectives of this activity are to

1.

[§9)

Evaluate the potential for ground shaking associated with futurc movement along the Bare
Mountain fault zone.

Estimatc the age ol the most recent faulting on the Bare Mountain frontal fault.

Estimate the recurrence intervals of faulting.

Determine the naturc and age of faulting within the fault complex east of the frontal zone,
and to determine nature of tectonic control of the location and orientation of the main wash

in Crater Flat.

Determine the subsurface configuration of fault zones.

8.3.1.17.4.3.5 Activity: Evaluate structural domains and characterize the Yucca Mountain region with

respect to regional patterns of faults and fracturcs

Objectives

The objectives of this activity are to

1.

(3]

Map faults and lineaments within a 100 km radius of the site and to identify those with
geomorphic expression indicative of Quatemary faulting.

Classify the area into subareas (domains) containing relatively homogeneous fault and
lincament populations (prominent gecomorphic expression, density, and orientation)
suggestive of Quatemary faulting. This information will be uscd in Activity 8.3.1.17.2.1.2 to
help assess the faulting potential in areas of emplaced waste.

Map the areal extent of desert vamish coatings. This information will be used in Activity
8.3.1.17.4.9.1 10 help establish the arcal extent of tectonically stablc areas near Yucca
Mountain.

Identify areas of suspected hydrothermal alteration. This information will be uscd in Study
8.3.1.9.2.1 (natural resource asscssment) to cvaluatc the rclationship of the suspected
hydrothcrmal alteration to potcntial mincralization in Activity 8.3.1.5.2.1.5 (calcite- and
opalinc-vcin deposits) to aid in evaluating the possible origin of calcite-silica deposits and in
Study 8.3.1.8.5.2 to aid in evaluating local hcat flow anomalies.
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8.3.1.17.44 Smdy: Quaternary faulting proximal to the site within nontheast-trending tault zones

Objeclives

The primary objective of this study is to evaluate the potential for ground motion resulting from
future movement on Quatcrnary strike-slip faults east and south of the site-arca.

8.3.1.17.4.4.1 Activity: Evaluaic the Rock Valley fault system

Objectives

The objective of this activity is to dctermine the location, spatial orientation, length, width,
Quaternary recurrence rate, and the location, amount, and nature of Quaternary movement of the Rock
Valley fault system. An objective of the trenching is to estimate the total displacement, including
strike-slip and dip-slip components, of Quaternary datums. Accordingly, trenching will use methods
designed to facilitate measurement of these components.

8.3.1.17.4.4.2 Activity: Evaluatc the Mine Mountain fault system

Objecctives

The objective of this activity is to determine the location, spatial orientation, length, width,
Quatcmary recurrencc rate, and the location, amount, and nature of Quaternary movement of the Minc
Mountain fault system.

8.3.1.17.4.4.3 Activity: Evaluate the Stagecoach Road fault zone
Obijcctives
The objcctives of this activity are to

1. Determinc the location, spatial orientation, length, width, Quatemary recurrence rate, and the
location, amount, and natrc of Quaternary movement of the Stagecoach Road fault system.

2. Evaluate the possibility that the Stagecoach Road fault zone is a continuation of the
Paintbrush Canyon fault.

3. Evaluatc the geometry of the intersection in the subsurface of the Paintbrush Canyon fault
and hypothesized shatlow detachment faults.
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8.3.1.17.4.4.4 Activity: Evaluate the Cane Spring lault system

Objectives

The objective of this activity is to dctermine the location. spatial orientation. length, width,
Quatemary recurrence rate, and the location, amount, and nature of Quaternary movement of the Canc
Spring fault systcm.

8.3.1.17.4.5 Swudy: Detachment faults at or proximal to Yucca Mountain

Objectives

The objective of this study is to supply information pentaining to the distribution, displacement
rate, and age of detachment faults proximal to Yucca Mountain. The key questions regarding
detachment faults are 1) whether they represent a significant carthquake source and 2) whether they
conceal a significant earthquake source at depth. To resolve both questions, activities are focused on
resolving the Quaternary behavior of postulated detachment faults.

This information is to be synthesized in Study 8.3.1.17.4.12 (tectonic models and synthesis),
which will 1) evaluate the possibility that one or morc detachment faults are present in the subsurface
below or in the vicinity of the proposed repository site, and 2) if considered to be present, ¢valuate the
direction and rate of movement of the upper plate, the depth and configuration of the fault surfaces,
and the nature of the association, if any, between the detachment fault(s) and the normal faults in the

upper plate.

8.3.1.17.4.5.1 Activity: Evaluate the significance of the Miocene-Paleozoic contact in the Calico Hills
area to detachment faulting within the site area

Obijectives

The objectives of this activity are 1) to determine whether the contact of Miocene volcanic rocks
on Palcozoic strata is tectonic or depositional, 2) if tectonic, to detcrmine the Quaternary activity, if
any, of the possiblc detachment fault, and 3) il Quaternary. the direction and age of movemen,
autitude of fault plane, and nature of deformation of the Miocene (upper plate?) scquencce.

8.3.1.17.4.5.2 Activity: Evaluate postulated dctachment faults in the Beatty-Bare Mountain arca
Objectives
The objectives of this activity are

1. To determine if postulated detachment faulis in the Beatty-Barc Mountain have been active
in the Quatemnary, and
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2. If postulated detachment faults in the Beatty-Bare Mountain have been active in the
Quatemary, 0

4. Establish the displacement rate, location. and nature of the low-angle imbricate fault
sones between lincated and mylonitized and variably recrystallized gneiss of the
northern Amargosa Desert and the Paleozoic and Miocenc rocks of the Beatty area, and
to ascentain the nature of deformation of the Miocene rocks.

b. Establish the displacement rate, location, and nature of the low-angle fault zonc between
Palcozoic rocks of Bare Mountain and the Miocene volcanic rocks north of Bare
Mountain, and to ascertain the nature of deformation of the Miocene rocks.

¢.  Ascertain the nature of internal deformation of Palcozoic rocks, their degree of
metamorphism, the nature of suspected low-angle tectonic contact with the lineated and
mylonitized gnciss of the northem Amargosa Desert, and the nature of the suspected
low-angle tectonic contact with Miocene rocks at the northern cnd of Bare Mountain.

8.3.1.17.4.5.3 Activity: Evaluatc the potential relationship of breccia within and south of Crater Flat
to detachment faulting

Objectives
The obijective of this activity is to determinc whether breccias tectonically emplaced on

low-angle surfaccs beveled across Paleozoic and younger strata are slide masses or near-surface parts
of a detached upper plate; and if either, how they relate to postulated Quaternary dctachment faulting.

8.3.1.17.4.5.4 Activity: Evaluate postulated detachment faults in the Specter Range and Camp Desert
Rock areas

Obijcctives
The objective of this activity is to determinc whether the basal contact of the Horse Spring
Formation is depositional or tectonic; and il tectonic, to determine whether movement was Quaternary

or older and, if Quatemary, to determine the direction and amount of offset, the amount of extension,
and the style of internal deformation of the upper plate.

8.3.1.17.4.5.5 Aclivity: Evaluate the age of detachment faulls using radiometric ages
Objcctives
The objectives of this activity are to

1. Determine if the subdetachment basement and the Barc Mountain massif cooled through the
blocking tempcraturcs of zircon and apatite during the Quatcmary period.
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2. Determine if the Northern Amargosa core complex cooled through the blocking temperatures
of muscovite and biotite during the Quatemnary period.

8.3.1.17.4.6 Study: Quatemary faulting within the site area

Objectives

The objectives of this study are 1) to identify and characterize Quaternary faults that interscct or
project toward the surface facility, the repository, or thc controlled area and 2) to identif{y and
characterize Quaternary faults at the site whose length or recurrence rate suggest a potential for future
ecarthquakes with magnitude such that associated ground shaking could impact design or affect
performance of the waste facility.

Information from this study will be useful in estimating the probability of future rupture or
ground shaking. Knowledge of the age, recurrence interval, and length of faults are required for this
estimate; this information will be provided through parallel investigations described previously, and
other studies of faulting. .

8.3.1.17.4.6.1 Activity: Evaluate Quaternary geology and potential Quatemary faults at Yucca
Mountain

Objectives
The objcctives of this activity arc to
1. Synthesize and evaluate data pertaining to the location, spatial oricntation, length, width,
Quaternary recurrence rate, and the location, amount, and nature of Quatcrnary movement of

faults within the sitc area.

2. Identify hitherto unrecognized Quatemary faults within the site area.

8.3.1.17.4.6.2 Activity: Evaluate age and rccurrence of movement on suspected and known
Quatemary faults

Objcctives
The objectives of this activity are to
1. Determine, through trenching and mapping, the location, spatial orientation, length, width,
Quatemary recurrence rate, interconnections at the surface, and the location, amount, and
naturc of Quaternary movement of thc Paintbrush Canyon, Solitario Canyon, Windy Wash,

and Ghost Dance faults, and othcr suspected or possible Quaternary faults within the site
area.
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2. Determine through trenching and dating, the age, amount and nature of offset, and the
recurrence history of the Bow Ridge fault system and to evaluate that information in context
with data contributed by other studies on the age. nature, and origin of fracture coatings and
fissure fillings deposited within that zone.

8.3.1.17.4.7 Study: Subsurface geometry and concealed extensions of Quaternary faults at Yucca
Mountain

The objectives of this study are to 1) provide data on distribution of mass, magnetic gradients.
geoelectric feawres, and seismic velocities and reflections that will aid in evaluating the continuity of
Quatemnary faults where concealed by Holocene and late Pleistocene surficial deposits: 2) evaluate that
data and its limitations; and 3) evaluate the possibility that Quatemnary faults exposed as high-angle
faults at the site continue to depth as planar, high-angle faults, or altematively, flatten at depth and
merge with one or more low-angle faults. A fourth objective is to provide information on continuity
of rock units within the repository and controlled area to assist the investigation of site geology
(Section 8.3.1.4).

8.3.1.17.4.7.1 Activity: Evaluate intermediate depth (2 to 3 km) reflection and refraction methods and
plan potential application of these methods within the site area

Obijectives

The objectives of this activity are to 1) evaluatc previous attempts to use seismic refraction and
reflection methods at the site, 2) evaluate technology currently available, 3) cvaluate potential
contribution to information on velocity structure and on subsurface geometry of faults, 4) review
potential applications of these methods to YMP needs, and 5) if appropriate, plan applications of these
mcthods at the site.

8.3.1.17.4.7.2 Activity: Detailed gravity survey of the site area

Obijectives
The objectives of this activity are to measure variations in mass of near-surface strata and

surficial deposits, and to infer from this information the location of faults and continuity of rock units
within the site.
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8.3.1.17.4.7.3 Activity: Detailed acromagnetic survey of the site area
Obiectlives

The objectives of this activity are to measure variations in rock magnetism of surface strata and
surficial deposits and to infer from this information the location of faults and continuity of rock units
within the site.

8.3.1.17.4.7.4 Activity: Detailed ground magnetic survey of specific features within the site area
Objectives

The objectives of this activity are 1) to measure variations in rock magnetism of surface strata
and surticial deposits in the vicinity of specific faults, the shaft and surfacc facilities, drillholes, and
acromagnetic anomalies and 2) to infer from this information the location of faults and continuity of
rock units at these locations.

8.3.1.17.4.7.5 Activity: Evaluate surface geoelectric methods and plan potential applications of these
methods within the site area

Objeclives

The objectives of this activity are to 1) evaluate previous attempts to use surface geoclectric
methods at the sitc, 2) evaluate technology currently available, 3) evaluate the potential contribution of
these methods to definition of subsurface geometry of fauits, 4) review potential applications of these
methods to YMP needs, and S) if appropriate, plan future applications of these methods at the sitc.

8.3.1.17.4.7.6 Activity: Evaluate mcthods to dctect buricd faults using gamma-ray mcasurements, and
plan potential application of these methods within the site area

Obijectives
The objectives of this activity are 1) to evaluate the feasibility of using surface and airborne
gamma-ray measuremenis to detect and discriminate faulls at the site, 2) to review potcntial

applications of these methods to YMP necds, and 3) if appropriatc, conduct an airbome radiometric
survey for that purpose as an adjunct to thc aeromagnctic survey of the site.
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8.3.1.17.4.7.7 Activity: Evaluate thermal infrarcd methods and plan potential applications of these
methods within the site area

Objectives

The objectives of this activity are to evaluate current thermal infrared survey tcchnology,
cvaluate its potential application to remotc mapping of fractures and faults at Yucca Mountain. review
potential apptications of these methods to YMP needs, and if appropriate, plan futurc applications of
these methods at the site.

8.3.1.17.4.7.8 Activity: Evaluate shallow seismic reflection (mini-sosie) methods and, if appropnate,
conduct surveys of selected structures at and proximal to the site area

Objectives

The objectives of this activity are to evaluate the subsurface configuration of selected Quatemary
faults and the lateral continuity and inclination of key beds within the Miocene volcanic sequence at
the northeastern, eastcrn, and southwestern parts of the site area.

8.3.1.17.4.8 Study: Stress field within and proximal to the site arca

Obijcclives

The primary objcctive of this study is to provide data on the ambicnt stress at the site and its
immediate vicinity that will aid in cvaluating 1) the most favored orientation and nature of future
movement on faults within the site area, 2) the stability of potential pathways for radionuclide travel
controlled by or related to fracture aperture, 3) the stability of mined excavations, 4) the response of
the rock mass to thermal loading, and 5) the applicability of tectonic models. A sccondary objective is
to evaluate the potential relevance of paleostress data to prediction of future stress oricntations.

Rationalization of the stress and stain at the site in relation to the plate-tectonic sctting and
applicable tectonic models will be performed in Study 8.3.1.17.4.12 (regional tectonic models and
synthesis). In situ stress determinations will also be madc in the ESF. Refer to Activity 8.3.1.4.3.1.1
for a description of these tests. Paleostress indicators in the form of fractures and slickenside
lincations will also be evaluated in the ESF. Rcfer to Activity 8.3.1.4.2.2.4 for a description of this
activity.

8.3.1.17.4.8.1 Activity: Evaluate present strcss field within the site arca
Objectives

The objective of this activity is to measurc the vertical and lateral variation of in situ stress at
the sitc. These measurcments will include the variation of in situ stress within the vicinity of the stecp
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hydrologic gradient in the northwestern section of the site arca. and in onc borchole that is expected to
intersect a postulated detachment fault and subjacent Paleozoic rocks below Yucca Mountain,

8.3.1.17.4.8.2 Activity: Evaluate and test shallow borchole hydrofrac and triaxial strain recovery
methods for the determination of in situ stress, and if appropriate, plan potential
application of these methods within and proximal to the site

Objectives

The objectives of this activity are (0

1. Evaluaic the uscfulness of shallow borchole hydrofrac and triaxial strain recovery methods
for the dctermination of in situ stress.

2. Measure the lateral variation of in situ stress in areas proximal to the site.

3. Measure vertical variation in stress above and below the possible detachment between
Miocene and Paleozoic rocks east of Yucca Mountain in the Little Skull Mountain or Striped
Hills area.

8.3.1.17.4.8.3 Activity: Evaluate published and unpublished data on paleostress orientation at and
proximal to the site and assess the relevance of these data to Quaternary tectonics

Objcctives

The objective of this activity is to cstablish successive orientations of principal horizontal
componcnts of stress in the vicinity of Yucca Mountain to evaluate the stability of stress through time
and 1o providc a partial basis for determining the duration of the contemporary tectonic framcwork.

8.3.1.17.4.8.4 Activity: Evaluate theorctical stress distributions associated with potential tectonic
scutings (wrench fault, normal fault, detachment fault setting, cic.) of the site

Obijectives

The objectives of this activity are 1) to evaluate possiblc three- dimensional orientations of stress
trajcctories associatcd with potential tectonic settings of Yucca Mountain, including wrench fault,
normal fault, and dctachment fault tectonic models; 2) to evaluate the degree 1o which in situ stress
data from Yucca Mountain and vicinity constrains applicability of these tectonic modcls to
neotectonics of the site; and 3) to evaluate the potential relation between fracture aperture and in situ
stress at Yucca Mountain.
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8.3.1.17.49 Study: Tectonic geomorphology of thc Yucca Mountain region

Objcctives

The objectives of this study are 1) to document the magnitude of Quaternary uplift and
subsidence within the Yucca Mountain region and 2) to evaluale regional variation in the nature and
intensity of Quatcrnary faulting.

8.3.1.17.4.9.1 Activity: Evaluate age and extent of tectonically stable areas at and near Yucca
Mountain

Objectives

The objective of this activity is to evaluate the age and areal distribution of surfaces that appear
to have been tectonically stablc at and near Yucca Mountain through determination of the distribution
and age of surfaces with substantial coatings of desert vamish.

8.3.1.17.4.9.2 Activity: Evaluate extent of areas of Quaternary uplift and subsidence at and near
Yucca Mountain

Objectives
The objectives of this activity are 0

1. Identify areas of rapid uplift by comparing volume of fan with the area of the associated
drainage basin.

]

Identify areas of Quaternary subsidence and uplift, including Amargosa Desert, Crater Flat,
Fortymile Wash, Rock Valley, and Ash Meadows, through an analysis of fluvial history of
thc Amargosa drainage system.

3. Completc a study of average or general rates of crosion and disscction in the southem Great
Basin province.

8.3.1.17.49.3 Activity: Evaluate variations in the naturc and intensity of Quaternary faulting within
100 km of Yucca Mountain through morphomctric and morphologic analysis

Objectives
The objcctives ol this activity arc to

1. Definc morphotcctonic domains in the area within 100 km of Yucca Mountain and rclate
them to arcal variation in intensity or nature of faulting.
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2. Improve the definition of morphologic indicators of shallow detachment faulting, wrench
faulting, and basin-range type nomal faulting, and to use those indicators to charactenze the
nature of faulting in morphotectonic domains within 100 km of Yucca Mountain,

3. Constrain tectonic models applicable to the site through evaluation of regional patterns of
Quatemary deformation as expressed by distribution of morphotectonic domains.

8.3.1.17.4.10 Study: Geodetic leveling

The primary objective of this study is to evaluate possible historical and contemporary vertical
displacements across potentially significant Quatemnary faults within 100 km of Yucca Mountain. A
sccondary objective is to characterize the historical rate of uplift and subsidence in the Yucca
Mountain region, and evaluate the possible existence of tectonic boundarics, coinciding perhaps with
the Walker Lane or with the Furnace Creek fault zone, that may separatc domains with differing rates
of uplilt and subsidence.

Data developed in this study will be used in Study 8.3.1.17.4.12 (tectonic models and synthesis)

to limit estimates of strain rates and contemporary fault displacements within 100 km of Yucca
Mountain.

8.3.1.17.4.10.1  Activity: Relevel base-station network, Yucca Mountain and vicinity
Objectives
The objectives of this activity are 1) to evaluate the historic vertical displaccment across

potentially significant Quaternary faults and 2) to establish the locations and rates of uplift during
historical times through measurement of the change in altitude of benchmarks since the last survey.

83.1.17.4.102  Activity: Survey selected basc stations, Yucca Mountain and vicinity, using global
positioning satellitc

Obijcctives
The objective of this activity is to cvaluate contemporary vertical displacement across potcntially

significant Quatcrnary faults and the contcmporary rate of uplift and subsidence within 100 km of the
sitc on the basis of altitude and position of sclected basc stations.
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8.3.1.17.4.10.3  Activity: Analyze existing releveling data. Yucca Mountain and vicinity
Objectives

The objective of this activity is to evaluatc historical vertical displacement across potentially
significant Quaternary faults, and possible historic uplift and subsidence within 100 km of Yucca
Mountain through detection of changces in altitude as recorded by existing leveling data.

8.3.1.17.4.11 Study: Characterization of regional lateral crustal movement

The objective of this study is to evaluate rates and orientations of historical and current lateral
crustal movement based on analysis of existing data on seismicity, historical fault offset, and creep in
the Basin and Range province.

Results of the evaluation will be used in Study 8.3.1.17.4.12 (tectonic models and synthesis) to
constrain tectonic models applicable to Quatemary tectonics of the site, and in Study 8.3.1.17.4.1
(historical and current scismicity) to constrain probabilistic models of seismicity within 100 km of
Yucca Mountain.

8.3.1.17.4.11.1  Activity: Analyze lateral component of crustal movement based on historical
faulting, seismicity, and trilateration surveys

Objectives

The objcctive of this activity is to evaluate rates and orientation of historical and current crustal
strain in the Basin and Range province and the Yucca Mountain region.

8.3.1.17.4.12 Swdy: Tectonic modcls and synthcsis

The objcctives of this study are 1) to synthesize data relevant to tectonics, 2) to dcvelop a modei
or rangc of models that establishcs the causal relation between application of tectonic forces and
formation of structures observed at Yucca Mountain and vicinity, 3) to link observed rates of
formation of those structures with regional rates of crustal strain, 4) to forecast changes in tectonic
sctting and the manner in which those changes will affect both the regional crustal strain raic and
tectonic stability in the Yucca Mountain region, 5) to cstimate the effect of those changes on ratc and
naturc of crustal strain at Yucca Mountain and vicinity, and 6) to estimatc the future rate of tectonic
processcs at Yucca Mountain.
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8.3.1.17.4.12.1 Activity: Evaluate tectonic processes and tectonic stability at the site

Obijectives

The objectives of this activily are to

l.

9

Synthesize gravity studics at Yucca Mountain and vicinity. and define regional variations in
mass. and attribute them, as appropriale, to variations in crustal thickness. degree ot melting.
shallow intrusions, distribution of specific stratigraphic units, and faults.

Synthesize magnetic studies at Yucca Mountain and vicinity, and define arcal variations in
magnetic field, and relate them as appropriate to distribution of specific stratigraphic units,
shallow intrusions, and subsurface configuration of [aults.

Evaluate the regional extent of detachment faults, wrench faults, volcanic rocks belonging to
the Death Valley-Pancake Range belt, evaluate the regional pattem of oroclinal bending
(oroflexing), evaluate the regional extent of Miocenc ash-flow wffs and associated
pyroclastic and epiclastic rocks, and evaluate rcgional exient of Palcozoic rocks known 1o be
aquifers, aquitards, or to provide favored surfaccs of detachment or thrusting.

Synthesize and evaluate information pertaining to Quaternary wrench faulting in the Walker
Lane (Las Vegas to Cedar Mountain), constrain, if possible, the rate of offset and recurrence
interval of potentially significant faults (including the Barc Mountain fault and faults
analogous to those ncar Cedar Mountain), and evaluate the applicability of this information
to geologic hazards at the site.

Synthesize and evaluate information pertaining to detachment faults at Yucca Mountain and
vicinity, and constrain, if possible, the ratc of displaccment, subsurface conliguration, and
character of risk poscd by this class of faults.

Synthesize and evaluate information pertaining to normal (and nonh-trending oblique and
strike-slip faults) at the site and vicinity, and constrain, if possiblc, aggregate strain ratc,

subsurlace configuration, recurrence interval, and character of risk posed by this class of
faults.

Synthesize and evaluatc information pertaining to the northcast-trending left-lateral strike-slip
faults at the NTS and vicinity, and constrain, if possiblc, slip rate, recurrence interval, and
character of risk poscd by this class of f{ault.

%.3.1.17.4.12.2  Activity: Evaluatc teclonic modcls

Objcctives

The objectives of this activity arc 10

1.

Formulate a range of tectonic modcls that relate the naturc and cstimated rates (including
bounding values of thosc cstimated rates) of Quatcrnary processes (volcanism, faulting, uplilt
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and subsidence, lateral strain, and possibly folding) of potential significance to design and
performance of the repository at Yucca Mountain.

2. Evaluate temporal changes in tectonic aclivity and resulting changes in fractures and other
structural features of potential hydrologic significance at and in the vicinity of Yucca
Mountain. Relate tectonic cycle, if it exists. to tectonic model(s).

3. Ensurc that assumptions, infercnces, and conclusions concemning tectonic processes that are
important to design and performance of the repository are consistent with tectonic models
applicable to the site.

4. Ensure that uncertainty in the data, assumptions, and inferences concerming ratcs and nature

of those tectonic processes that are important to design or performance of the repository is
adequatcly reflected in conclusions about those processes.

8.3.1.17.4.12.3  Activity: Evaluate tectonic disruption sequcnces

Obijectives

The objective of this activity is to evaluatc disruption sequences involving faulting, folding,
uplift and subsidence, and volcanism that are of potcntial significance to design or performance of the

rcpository.

8.3.1.18 Objectives of the Scal material propertics development program (SCP Section 8.3.3.2)

8.3.1.18.1 Study 1.12.2.1 Seal material propcrtics development

8.3.1.18.1.1  Activity 1.12.2.1.1: Detailed property determination of cementitious-bascd and garthen
maicrials

Objcctives

The objective of this activity is to initiatc laboratory testing to determinc matcrial properties for
scaling elements necded to resolve this issuc.

8.3.1.18.1.2 Activity 1.12.2.1.2: Hydraulic conductivity and consolidation testing of crushed tuff

Obijcclives

The objcctive of this activity is to establish the hydraulic conductivity and consolidation behavior
of crushed tull o support the development of criteria for ramp and shaft fill and drift backlitl.
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8.3.1.19 Objectives of the postemplacement ncar-ficld environment program (SCP Secction 8.3.4.2.4)

Objectives

To ensure that interactions with the emplacement environment do not compromise the function
of the waste packages. the composition of water that may contact the waste packages. the amount of
walcr that may contact the waste packages. and the emplacement holc stability must be established.
To provide this information in a form that will allow cvaluation of the auributes of the near-ticld
environment. it is necessary to establish within limits the chemical and physical characteristics of the
interactive ¢lements in the repository.

8.3.1.19.1 Study 1.10.4.1: Characterize chemical and mineralogical changes in the
postemplacement environment (SCP Scction 8.3.4.2.4.1)

The objective of this study is to establish, to the degree rcquired in Performance Issues 1.4 and
1.5 (Scctions 8.3.5.9 and 8.3.5.10), the compositional features of water that may contact the waste
packages. To accomplish this objective, it is necessary to'determine the effects of chemical reactions
on the rock-water system of the repository horizon over a range of temperatures and chemical
conditions that bound the postclosure waste package environment. Seven activities are planned to
collect the data needed for this study.

8.3.1.19.1.1 Activity 1.10.4.1.1: Rock-water interactions at elevated temperatures

Objectives

The objective of this activity is to establish the identity and abundance of reaction products that
form during hydrothermal interaction of tuff and refercnce ground water at elevated tempcratures.

8.3.1.19.1.2  Activity 1.10.4.1.2: Effect of grout, concrete, and other repository materials on water
composition

The obijcctives of this activity were intentionally omitted; the scope of work is covercd in
Section 8.3.1.19.5.1.

8.3.1.19.1.3 Activity 1.10.4.1.3: Composition of vadose water from the waste package environment

Obijcctives

The objective of this activity is to characterize the composition ol vadosc water in the
unsaturated, preemplacement waste package cnvironment.
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8.3.1.19.14 Activity 1.10.4.1.4: Dissolution of phases in the wastc package cnvironment
Obijectives

The objective of this activity is to determine the dissolution kinetics of the phases present in the
wasle package environment.

8.3.1.19.1.5 Activity 1.10.4.1.5: Effects of radiation on water chemistry

Obijectives

The objective of this activity is to determinc the composition of watcr in the presence of a
radiation ficld under postcmplacement conditions.

8.3.1.19.1.6  Activity 1.10.4.1.6; Effects of container and borehole liner corrosion products on water
chemistry

Objectives

The objectives of this activity were intentionally omitted; the scope of work is covered in
Section 8.3.1.19.5.2.

8.3.1.19.1.7 Activity 1.10.4.1.7: Numerical analysis and modeling of rock-water interaction

Obijectives

The objective of this activity is to examine effects and processes in natural systems for time
periods and chemical conditions not duplicated by laboratory studies.

8.3.1.19.2 Study 1.10.4.2: Hydrologic properties of wastc package environment (SCP Section
8.34.242)

The objectives of this study are to cstablish the hydrologic propentics of the ncar-ficld repository
rock and the clfcct of thermal perturbation on these nydrologic propertics, over the range of
anticipated postemplacemcent conditions. This study will establish the conditions undcr which fracture
flow will predominate over matrix flow and will determine the rclative hydrologic importance of gas
versus liquid-phase transport under isothermal and polythermal conditions appropriate for the waste
package cnvironment. This study will also determine the degrec to which thermal cffects will modifly
the ambient hydrologic properties. lsothermal componcnts will provide input for simulation of
conditions during the controlled relcase period and provide panial validation for nonisothermal codcs.

8.3.1-128



YMP/CM-0011, Rev. 9

8.3.1.19.2.1  Activity 1.10.4.2.1: Single-phase fluid systcm propertics
Objectives
The objectives of this activity are

1. To establish the single-fluid-phase hydrologic properties of fractured and unfractured tull
under 1sothermal conditions.

[N

To establish the single-fluid-phase hydrologic properties of fractured and unfractured tuff in
a thermal gradient.

8.3.1.19.2.2  Activity 1.10.4.2.2: Two-phase fluid system properties
Objectives
The objectives of this activity arc

1. To establish the two-phase hydrologic properties of tuff under isothermal conditions.

2. To establish thc two-phase hydrologic propertics of tuff in a thermal gradient.

8.3.1.19.2.3  Activity 1.10.4.2.3: Numcrical analysis of flow and transport in laboratory systems
Obijectives

The objective of this activily is to use laboratory-scale tests for initial development and
validauion of the flow and transport code.

8.3.1.19.3 Study 1.10.4.3: Characterization of the gcochcmical attributes of the waste package
environment (SCP Section 8.3.4.24.3)

The objectives of this study are to establish thc geomechanical attributcs of the waste package
environment host rock. The nced for this information is discusscd in Section 7.4.1.1 and 7.4.1.2. The
gcomcechanical studies will examine the gcomcechanical response of the near-ficld rock to the
engincering and thermal regimes resulting from development of the repository and emplacement of the
wastc packages. The gecomechanical propertics determine the extent to which borchole wall failure can
be expecied to load the waste package containers. I alicmative wastc package emplacement modcs
are considered in Advanced Conceptual Design, the study will address the extent to which
ecomechanical behavior of the surrounding rock can load the waste package containers.
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8.3.1.19.3.1 Activity 1.10.4.3.1: Block stability analysis

This analysis will provide information on the potcntial for impact and static loads on the waste
package caused by the movement of rock blocks along pre-cxisting fractures.

8.3.1.19.3.2  Activity 1.10.4.3.2: Borchole damage analysis

This analysis will provide information on the potential for static loads on the wasic package and
for radionuclide rclease caused by spalling or borehole breakup.

8.3.1.19.3.3  Activity 1.10.4.3.3: Geomechanical properties analysis

This analysis will provide information on the nature of changes in the gcomechanical properties
of the rock in the ncar-field environment and how these changes will affect the performance of the
waste package and EBS over the lifetime of the repository.

8.3.1.194 Study 1.10.4.4: Engincered barrier system ficld tests (SCP Scction 8.3.4.2.4.4)

The laboratory tests described in Activities 1.10.4.1.1 through 1.10.4.1.7 (Sections 8.3.4.2.4.1.1
through 8.3.4.2.4.1.7) and 1.10.4.2.1 through 1.10.4.2.3 (Sections 8.3.4.2.4.2.1 through 8342423
require validation through in situ field tests in the repository horizon o establish the applicability of
the laboratory studics to the rcpository block. These tests will be conducted in the cxploratory studies
facilitics at the repository horizon. The activities listed below indicate the objectives of the work to be
completed and the parameters TBD. Detailed descriptions of the activities will be available when the
indicated test plans are complcted. The work described in these activitics addresses nceds described in
Scctions 74.1.1., 7.4.1.5, and 7.4.1.6. The thrce activities in this study are described in the following
sceLions.

Before initiation of the in situ tests that support this study, prototype tests to devclop and
validate the test procedurcs and protocols are planned. The protolype tests are designed to simulatc

the test conditions and evaluate the installation procedures and performance characteristics of the
instrumcntation planncd for the in situ tests to be deployed in the Yucca Mountain ESF.

8.3.1.19.4.1 Activity 1.10.4.4.1: Repository horizon near-field hydrologic propertics
Objectives

The objective of this activity is to determine the in situ hydrologic properties of rock in the
rcpository horizon under thermatly perturbed conditions.
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8.3.1.19.4.2 Activity 1.10.4.4.2: Repository horizon rock-water interaction
Objectives

The objective of this activity is 10 determine the ctfect on water chemistry of thermal
perturbation of the near-ficld cnvironment.

8.3.1.19.4.3 Activity 1.10.4.4.3: Numcrical analysis of fluid flow and transport in the rcpository
horizon near-field environment

Objectives

The objective of this activity is to validate and calibrate fluid flow, temperature, and transport
models by using waste-package-scale ficld studies.

8.3.1.19.5 Study 1.10.4.5: Characterize the effects of man-made materials on water chemistry in
the postemplacement environment (8.3.4.2.4.5)

The objective of this study is to establish, to the degree requircd in Performance Issues 1.4 and
1.5 (Sections 8.3.5.9 and 8.3.5.10), the impacts of man-made materials on the compositional featurcs
of water that may contact the waste packages. To accomplish this objcctive, it is necessary to
determing the effects of man-madc materials over a range of tempceratures and chemical conditions that
bound the postclosure waste package cnvironment. Four aclivities are planned to collect the data
nceded for this study.

8.3.1.19.5.1 Activity 1.10.4.5.1; Effcct of grout, concrete, and other repository materials on water
composition

Objcctives

The objcctive of this activity is to test the rock-water intcraction in the prescnce of concretes,
grouts, EBS matcrials (other than the container and borchole liner), and other repository matcrials
(Scction 8.3.3) when the identity of the other materials is established. The objective of these tests is
to determine if the proposed matcerial satisfics the requirements specilied in the performance allocation
for this issuc rclating to effects ol engincered barricrs, shafts, and scals on water chemistry. The
paramclers and laboratory mcthods appropriatc to this activity will be established when the other
matcrials arc idemtificd.
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8.3.1.19.5.2  Activity 1.10.4.5.2: Effects of container and borehole liner corrosion products on watcr
chemistry

. Objectives

The objective of this activity is to detcrmine the effect of corrosion products on the composition
of watcr in the package environment.

8.3.1.19.53 Activity 1.10.4.5.3: Effects of man-made materials in presence of radiation ficld

Objectives

The objective of this activity is to detcrmine the effects of man-made materials on the
composition of water in the presence of a radiation field under postemplacement conditions.

8.3.1.19.5.4 Activity 1.10.4.5.4: Numerical analysis and modeling of man-made material/water
interaction

Obijcctives

The objective of this activity is to examine effects and processes for time periods and chemicali
conditions not duplicated by laboratory studies.
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8.3.2 REPOSITORY PROGRAM

8.3.2.1 Overvicw

Section 8.3.2 presents the performance atlocation tables for four repository design issucs in the
following subscctions:

8.3.2.2 Configuration of thc Underground Facilities

8.3.2.3 Repository Design Criteria for Radiological Safety

8.3.2.4 Nonradiological health and safety

8.3.2.5 Preclosure design and technical feasibility
8.3.2.2 Pcrformance Allocation Tables for Configuration of the Underground Facilitics

The postclosure design criteria of 10 CFR 60.133 require that the underground facility and EBS
be designed to

1. Contribute to containment and isolation.

® 2. Assist the geologic sctting in meeting performance objectives.

3. Takc into account the thermal and thermomechanical response and the nced for sufficicnt
flexibility to accommodate site-specific conditions.

The four functions that the postclosure waste disposal System Elcment 2.0 (posiclosure waste
disposal system) must perform are given in the following list together with the regulatory scction they
address. These functions were selected so that there is a direct correlation between the functions and
the postclosure design critcria as expressed in 10 CFR 60.133.

1. Sclect oricntation, geometry, layout, and depth of the underground facility to contribute to
containment and isolation, taking into account flexibility to accommodate site specific
conditions (10 CFR 60.133(a)(1) and 10 CFR 60.133(b)).

2. Limit water usage and potential chemical changes during construction and operations of
underground facility so as to not adversely affect performance of natural and cngincered
barricrs following permancnt closure (10 CFR 60.133(a)(1) and 10 CFR 60.133¢h)).

3. Limit potential for excavation-induced changes in rock mass permeability during construction
of the underground facility so as 10 not advcrsely affect performance of natwral and
enginecred barriers following permancnt closure (10 CFR 60.133(1)).

4. Design thermal loading taking into account performance objectives and thermomechanical
response ol host rock (10 CFR 60.133(i), 10 CFR 60.133(e)(2), and 10 CFR 60.133(h)).

N
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In the following tables the specific processes contributing to each of the four functions are
identificd. Tables 8.3.2.2-1 through 8.3.2.2-4 provide performance mcasurcs, goals, and necd
confidence for each of the functions. Table 8.3.2.2-5 provides performance parameters and tentative
goals for cach performance measure in the first four tables.

8323 Pertormance Allocation Tables for Repository Design Criteria for Radiological Safcty

This issue addresses the features of the repository that rclate to radiological safety. The
regulatory bases for this issue arise primarily from two sources. First, 10 CFR Part 60 provides the
repository design criteria in Sections 60.131 through 60.133. In addition, 10 CFR 60.111(a) and 10
CFR Part 20 are pertinent to this issue.

To allocate performance to the engineered systems of the Yucca Mountain MGDS, the functions
of the MGDS with respect to this issue must be identified. These functions and what might be called
subfunctions arc listed below with some elaboration on each. The portion of 10 CFR 60.131 through
60.133 that the function or subfunction is intended to address is also listed in parentheses.

Function 1: Radiological protection. The first function of the repository is t0 maintain radiation
doses, levels, and concentrations of radioactive material in restricted areas within the limits specified in
10 CFR Part 20. This function is intended to produce a design that will protect the radiological health
and safety of both the repository workers and the public. Radiological protection involves many
activitics; therefore, it has been subdivided into 11 subfunctions. These subfunctions arc labeled with
letters that correspond to the designators used in the performance goal and parameters tabies presented
later in this section and are as follows: '

A. Limit concentration of radioactive materials in air (10 CFR 60.131(a)(1)).

B. Limit time required to perform work in the vicinity of radioactive materials
(10 CFR 60.131(a)(2)).

C. Provide suitable shielding where necessary (10 CFR 60.131 (a)(3)).

D. Monitor and control the dispersal of radioactive contamination (10 CFR 60.131(a)(4)).
E. Control acccss to high radiation arcas (10 CFR 60.131(a) (5)).

F. Provide radiation alarm systems for worker protection (10 CFR 60.131(a)(6)).

G. Monitor and control radioactive materials in repository effluents (10 CFR 60.132(c)).
H. Provide radiation alarm systems for rcpository efflucnts (10 CFR 60.131(a)(6)).

I. Provide safe handling and storage of waste whether awaiting cmplacement or being retricved
(10 CFR 60.132 (a)).
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Table 8.3.2.2-1. Performance measures, goals, and needed confidence for selecting orientation, geometry, layout

underground facility (postclosure design function 1)* (page 1 of 3)

L~

and depth of

Process

Possible

Relied on

Performance measure

Tentative goal

Needed
conf idence

vary depth, dip, orientation
and lateral extent of
underground facility to
provide host rock with
favorable containment and
isolation characteristics

Select emplacement borehole
orientation and design to
limit potential for
adverse effects

Limit the amount of water in
contact with container to
provide favorable isola-
tion and containment
environment

Skip and isolate unfavorable
areas

Yes

Backup

Yes

Yes

Usable area: Is usable area
adequate for 70,000 metric
tons of uranium (MTU) of
waste?

performance measures as defined
by Issues 1.1, 1.6, and 1.10
will be used as part of
choosing borehole orientation®

Regions of dehydration or conden-
sation and drainage pattern

Ground quality (technical feasi-
bility performance measure)

1-AP Area available >> area needed

1-B

1-C

1-D

- >200 m overburden

- stay in TSw2¢

- have disturbed zone stay
>70 m above water tabled

-~ stay in primary area

- areal power density (APD)
<allowable far-field APD

- probability <0.1 in 1,000 yr
that >0.5% of waste pack-
ages will be breached by
tectonic processes or events

- offset from exploratory bore-
holes >15 m (cf. Issue 1.12)

Performance goals as defined
by Issues 1.1, 1.6, and 1.10
will be used as part of
choosing borehole orientation

Design subsurface facility
so that convection and
natural drainage is away
from containers and so that
goals of Issues 1.10 and
1.12 can be metf

Geals for determining techni-
cal feasibility of under-
ground development considering
local variability will be set
by Issue 4.4

High
High
Medium
High

Medium
High

High

High

Medium

High

High
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Performance measures, goals, and needed confidence for selecting orientation, geometry, layout and depth of

Table 8.3.2.2-1.
underground facility (postclosure design function 1)8 (page 2 of 3)

Process Needed
Possible Relied on pPerformance measure Tentative goal conf idence
Skip and isolate unfavorable Extent of change in 1-E Emplace in ground that satisfies
areas (continued)
- sgaturation -~ average saturation: 75%9 High
- local saturation <90%9 Low
- water chemistry - water chemistry requirements Medium
established in Issue 1.10P
Distance from ground with unfav- 1-F Stay far enough away to satisfy Medium
orable properties goals of 1-E above!
Adjust thermal load to accom- Yes Temperature (to limit potential 1-G Goals (4-0, 4-P, 4-R, 4-U, and High
modate local conditions for adverse geochemical, etc. 4-v) for determining allowable
effects on the host rock) temperatures are set as part
of function 4 (Table 8.3.2.2-4)
of this issue
Postclosure rock movements within 1-H Goals (4-Q and 4-W) for determin- Medium
acceptable limits under thermal ing if rock meets postclosure
loads thermomechanical criteria

will be set by function 4
(Table 8.3.2.2-4) of this
issue

aThe issues referenced in this table and its footnotes are addressed in the following sections: Issue 1.1 (total system
performance, Section 8.3.5.13), Issue 1.6 (ground-water travel time, Section 8.3.5.12), Issue 1.10 (waste package characteristics-
postclosure, Section 8.3.4.2), Issue 1.12 (seal characteristics, Section 8.3.3.2), and the climate program (Section 8.3.1.5).

b]-A indicates function 1 and goal A. This designator is carried over to Table 8.3.2.2-5 to associate data of that table with

goals of this table. . .
cGoal is to stay in the TSw2 unit (low lithophysal Topopah Spring Member), but TSwl (lithophysal Topopah Spring} may be

considered. See Chapter 2 for complete description of units.
dThe distance from the disturbed zone to the water table should be 70 m or more;

Hills nonwelded unit).
*Design factors that will be considere
standoff distance, potential fault/fracture effects,

preferably this should be 70 m of CHn (Calico

d in performance review of borehole orientation include drift size, extraction ratio,
vorehole hydrology, liner effects, potential abnormal conditions, etc.
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Table 8.3.2.2-1. Performance measures, goals, and needed confidence for selecting orientation, geometry, layout and depth of
underground facility (postclosure design function 1)% (page 3 of 3)

Footnotes (cont inued)

fspecific requirements of Issue 1.12 include (1) locate surface portals in nonflood prone areas; (2) restrict the number of
shafts and ramps; (3) retain capability to emplace seals at base of shafts; (4) provide adequate storage capacity at base of
shafts; (5) grade drifts to drain away from emplacement areas; (6) ensure drift floors can be reconditioned to enhance drainage;
(1) provide adequate storage at low point of subsurface facilities before water enters emplacement drifts; and (8) establish
drainage of shops, etc., toward exploratory shaft 1 (ES-1) and men and material (MM) shafts and of emplacement areas away from
ES-1 and MM shafts. Specific requirements of Issue 1.10 include keeping containers dry through drainage and maintaining
temperatures greater than the boiling point of water for more than 300 yr

9Goal is to emplace waste in areas consistent with Issue 1.1 by requiring average emplacement saturation to be about 75% or
less and local saturation around emplacement boreholes to be less than 90%. Intent of goal is to assure that perturbations to the
site due to construction, operations, and the addition of heat will not cause saturated conditions.

hWwater chemistry goals as set by Issue 1.10. Conditions should not be disturbed from predevelopment conditions by more than a
specified amount.

iactual standoff is determined by conditions around the ground w
Faults are explicitly incorporated into the design through goals 1-A

(saturation and geochemistry) are most likely to occur near faults. During conceptual design the offset of Ghost Dance (approxi-

mately 14 m) was used to estimate how much bigger the layout would be if such a standoff were incorporated (SCP-CDR Appendix M
(SNL, 1987)). 1If ground with unfavorable properties is found within the ESF, a better estimate (than offset) of appropriate
standoff can be made.

ith unfavorable properties by requiring that goal 1-E be met.
+ however, the anomalous conditions of concern in goal 1-E

e
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Table 8.3.2.2-2. Performance measures, goals, and needed confidences

changes (postclosure design function 2)

for limiting water usage and potential chemical

Performance measure

Tentative goal

Needed
conf idence

Process
Possible Relied on
Limit adverse chemical Yes
changes by using accept-
able materials and fluids
Yes

Limit the amount of water
used in construction,
operation, emplacement of
seals, and decommission-
ing to provide favorable
containment and isolation
environment

Type, quantity, and location 2-1+
of materials (including
materials for seals):

Quantity of concrete

Quantity of shotcrete

Quantity of grout for bolt
anchors

Quantity of organics

Net water from operations that 2-J
remains in host rock at
emplacement

Requirements specified by
Issues 1.10 and 1.12 (Sections
8.3.4.2 and 8.3.3.2) applied
here

Limit cement in emplacement
boreholes and drifts to
that required for proper
const ruct ion®

Limit shotcrete in drift and
access linings to that
required for proper con-
struction

Limit grout used for bolt
anchors to that required
for proper construction

Limit organics in drilling
fluids and explosive
residues from blasting

Water usage should be limited so
that saturation at emplacement
does not violate goal 1-E,
Table 8.3.2.2-1

Limit water to that required
for dust control and proper
equipment function

Remove all excess water

Medium

Medium

Medium

High

High

a2-1 indicates function 2 and goal I.

goals of this table.

bguantities and chemical composition may be i

waste package.

This indicator is carried over to Table 8.3.

2.2-5 to associate data of that table with

mpacted by requirements related to postclosure performance objective for the
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Table 8.3.2.2-3. Performance measures, goals, and needed confidences for limiting potential for excavation-induced changes
in rock mass permeability (postclosure design function 3)

Process

Needed
Possible Relied on Performance measure Tentative goal confidence
Limit magnitude and extent Backup Permeability change due to 3-K* Permeability change beyond 3 m Medium
of blast-induced permea- blasting should not cause should be less than one order
bility change by blast a change in disturbed zone of magnitude® (cf. Issue 1.6
control boundary or unnecessarily {Section 8.3.5.12))
complicate seal evaluation
and emplacement
Limit potential for subsi- Backup Extraction ratio 3-L Current design basis
dence by limiting extrac- -~ Horizontal emplacement <10% High
tion ratio and drift size - Vertical emplacement <30% High
Drift spans 3-M <1l m High
Backfill drifts at Backup Amount of fill 3-N Backfill to within 0.5 m Medium
decommissioning of roof
83-K indicates function 3 and goal K. This designator is carried over to Table 8.3.2.2-5 to associate data of that table with

goals of this table.

bprifts and emplacement boreholes; for description of constraints on shafts or seal areas see Issue 1.12 (Section 8.3.3.2).
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Table 8.3.2.2-4. Performance measures, goals, and needed confidences for designing thermal loading taking into account
performance objectives and thermomechanical response of host rock (postclosure design function 4)

(page 1 of 2)

Process Needed
Possible Relied on performance measure Tentative goal Cont idence
Limit temperature changes in Backup Temperature 4-0* Limit temperature of CHn to Medium
selected barriers <115C°®
4-P Limit temperature of TSw3 to Medium
<115°P
Limit deleterious rock move- Backup potential for significant dis- 4-Q Relative motion <1 m at the Medium
ment or preferred pathways placement (see Issue 1.1) top of TSwl€
- No intact rock failured
- No continuous joint slip®
Limit impact on surface Backup Temperature 4-R Rise in surface temperature less Low
environment than 6C°f
Surface uplift 4-5 Surface uplift less than 0.5 cm Low
per year9
vary borehole and drift Yes Thermal loading 4-T Design basis thermal loading High
spacing to control thermal less than allowable thermal
loading and container loadingh
temperature
Borehole wall temperature! 4-U Temperature <275°C High
Rock mass temperature) ' 4-v Temperature at 1 m from bore- High
hole <200°Ck
Limit potential for borehole Yes Stress, deformation, factor of 4-W Boreholes that do not load High
collapse safety, and potential rock container beyond limits
fall imposed under Issue 1.10
{Section 8.3.4.2)}
Limit corrosiveness of con- Yes Time container is above boiling 4-X Majority of borehole walls above High
tainer environment temperature of water boiling temperature of waler
(Issue 1.10) for >300 yr™

a4-0 indicates function 4 and goal O. This designator is carried over to Table 8.3.2.2-5 to associate data of that table with

goals of this table.

bCalculated with mean properties.

goals.

See Issue 1.6 (Section 8.3.5.12) for a discussion of disturbed zone and ba.. for these
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Table 8.3.2.2-4. Performance measures, goals, and needed confidences for designing thermal loading taking into account
performance objectives and thermomechanical response of host rock (postclosure design function 4}
(page 2 of 2)

Footnotes (continued)

cissue 1.1 requirement is that the relative motion of the rock be less than 1 m (Section 8.3.5.13). To provide confidence
that the goal is met, Issuve 1.1} provides the additional constraints under goal 1-Q.

dynconsolidated material and disturbed zone excluded from intact rock failure criteria.

eCont inuous joint slip from surface to disturbed zone or from disturbed zone to water table.

fynit evaluation goal retained in performance allocation process. Further evaluation of this goal is planned.

gunit evaluation natural analogue goal retained and converted to rate in performance allocation process.

hallowable thermal loading (APD) will be determined by goals (o) through (s). Current design basis is "equivalent energy
density™ through 2,000 yr to 10 yr old average burnup spent fuel emplaced at 57 kW/acre (as per unit evaluation).

1Borehole wall temperature chosen so that spent fuel waste temperature will not exceed 350°C using current canister designs

(cf. Issue 1.10).

3To ensure as-built facility does not violate bounds of properties investigated in license application and to limit the

potential for adverse stress conditions due to high temperature thermal expansion of the rock.
x200°C at 1 m may be replaced with some other measure of the volume of rock that may exceed the bounds of temperature for

which the rock properties were investigated for license application.
1Goal is that borehole calculations using average properties (rock and waste) and design basis geometry will result in

stresses, deformations, and factors of safety that are indicative of stable conditions for the average package. This will imply

reasonable confidence that the goal is met.
®mGoal is that borehole calculations using average properties (rock and water) and design basis geometry will result in the
majority of the borehole walls being above boiling for more than 300 yr. This will imply reasonable confidence that the goal is

met .
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Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground facilities

{postclosure)® (page 1 of 12)

Related
function and Obtained
performance Performance Tentat ive Needed Expected Current from SCP
goal®- < parameter Modifier goald confidence value confidence section
1-A Layout Drawing of underground Dimensions accurate Medium Dimensions accurate Medium 8.3.2.5
facility location to 13 m : to 0.5 m*
Topography Contour map of primary Contours accurate Medium Contours accurate Medium 8.3.1.14
area and extensions to 7.5 m to t3m
Contour map of areas Contours accurate High Contours accurate Medium 8.3.1.14
with minimum over- Lo I m to 3 m
burden
Elevation of unit Structure contour maps Contours accurate Medium Contours accurate Low 8.3.1.4
contacts for on upper and lower to t30 m to 130 m
positioning contact of TSw2 in
underground primary area and
facilityf extensions
Structure contour map Contours accurate High Contours accurate Low 8.3.1.4
on lower contact of to £10 m to 10 m*®
TSw2 in areas of min-
imum overburden
Structure contour map Contours accurate Medium Contours accurate Low 8.3.1.4
on upper contact of to 110 m to 10 m®
TSw2 in areas of min-
imum ground-water
travel time
Water table Contour map of water Contours accurate Medium Contours accurate Medium 8.3.1.2

elevation table in primary

area and extensions

to £7.5m

to t7.5 m*
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Table 8.3.2.2-5.

(postclosure)® (page 2 of 12)

Performance parameters and tentative goals for Issue 1.11,

configuration of underground

facilities

Related
function and Obtained
performance Performance Tentat ive Needed Expected Current from SCP
goalb. ¢ parameter Modifier goald value confidence section
1-A Contour map of water Contours accurate High Contours accurate Medium 8.3.1.2
(cont inued) table in areas with to +10 m to +10 m*
minimum ground-water
travel time
Fault descrip- Map of fault jocations Localions accurate High Locations accurate Medium 8.3.1.4
tions for showing dip and dis- to 130 m9 to 130 m
positioning placement for primary
underground area and extensions Actual strike and High Average strike and Medium 8.3.1.4
facility dip $10° for dip $10° for
each fault each faulte
Displacement mea- Medium Displacement mea- Low 8.3.1.4
surements accu- surements accu-
rate to 2 m rate to +2 m®
Classification Standard practice Low Standard practice Low 8.3.1.4
Recurrence time for >1,000 yr High (h) Low 8.3.1.8
5 cm displacement
Exploratory bore- Coordinates of position Coordinates accu- High Coordinates accu- Medium 8.3.3.2
hole locations of boreholes rate to t3 m rate to ¢t1 m®
1-B Goals of Issues Performance objectives See Issues 1.1, Not. Not applicable Not 8.3.5.13,
1.1, 1.6, and affected by emplace- 1.6, and 1.10 appli- appli- 8.3.2.12,
1.10 menl borehole design cable cable 8.3.4.2
1-C Hydrothermal Data of Issue 1.1 See Issue 1.1 High (h) Low 8.3.5.13
mode ]

describing how
moisture moves
in host rock
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Table 8.3.2.2~5.

Performance parameters and tentative goals for Issue 1.11

(postclosure)?® (page 3 of 12)

» configuration of underground facilities

T

Related
function and Obtained
performance Performance . Tentative Needed Expected Current from sCp
goalb.c parameter Modifier goald conf idence value contidence section
1-D Results of rock Identification of See Issue 4.4 High See Issue 4.4 Low 8.3.2.5
mass classifi- acceptable rock mass
cation work classifications
of Issue 4.4
1-E Saturation During development <90% High 65 to 85% Low 8.3.1.2,
1-F around the excava- 8.3.5.16
tions
Geochemistry During development See Issue 1.10 Medium  See Issue 1.10 Low 8.3.1.3,
around the excava- 8.3.5.16
tions
1-G See function 4 Goal 1-G requires results of thermal calculations of function 4. Hence, data 8.3.2.2
for data required (heat capacity, initial temperature, container output, etc.) are
required called for under Lhat issue.
1-H See function 4 Goal 1-H requires results of thermal calculations of.function 4. Hence, data 8.3.2.2
for data required (thermal properties, initial stress, strength, etc.) are called
required for under that issue.
2-1 Material inven- Proposed inventory See Issue 4.4 High (h) Low 8.3.2.%
tory
Geochemical Effect of inventory (i) Medium (h) Low 8.3.4.2
effects
2-J Planned water For mining operations See Issue 4.4 High th) Low 8.3.2.%
usage
Water usage in For mining operations See Section 8.3.1.2 Medium {h) Low 8.3.1.2

ESF

(A
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Table 8.3.2.2-5.

(postclosure)? (page 4 of 12)

Performance parameters and tentative goals for Issue 1.11, configuration of underground facilities

Related
function and Obtained
performance Performance Tentative Needed Expected Current from SCP
goalb- < parameter Modifier goal? confidence value conf idence section
Goals of Issue Allowable saturations See Section Medium Not applicable Not 8.3.5.13
1.1 8.3.5.13 appli-
cable
3-K Excavation Proposed method See Issue 4.4 Medium See Issue 4.4 Medium 8.3.2.5
method
Disturbed zone Definition See Section Medium Not applicable Not 8.3.5.12
8.3.5.12 appli-
cable
Blast-induced Around excavations +50% of in situ Medium (h) Low 8.3.1.15
permeability permeability
change
3-L Layout Drawings of layout Dimensions accurate High Dimensions accurate Medium 8.3.2.5
of underground to 10.5 m to 0.5 m
facility
3-M Layout Excavation dimensions Dimensions accurate High Dimensions accurate Medium 8.3.2.5
to t0.5 m to 0.5 m
3-N Proposed backfill Height of fill Nonsite data Medium Nonsite data NA 8.3.2.5
4-W Peak ground For TSw2 in primary 0.5 to 0.7g with Medium (h) Low 8.3.1.17
acceleration atea and extensions >10,000-yr return
from probabil- period
ity versus
ground motion
- Topoy. sphy Contour map of location Contours accurate Medium Contours accurate Medium 8.3.1.4

of qround surface in
primary area and
exlensions for use
in thermal modeling

to 30 m

to 30 m

— —\
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Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground facilities
(postclosure)® (page 5 of 12)

Related
function and Obtained
performance Performance Tentative Needed Expected Current from SCP
goalb.¢ parameter Modifier goald confidence value confidence section
4-X Geologic struc- Map of location of Location accurate Medium location accurate Low 8.3.1.4
4-T ture to water faults in primary to +150 m to #150me
4-0 table (location area and extensions
4-p of faults for for use in thermal
4-Q thermal modeling
4-R model ing)
4-5
4-X Geologic strati- Structure contour maps ConLours accurate Medium  Contours accurate Low 8.3.1.4
4-7 graphy to water on upper and lower to #30 m to ¢30 m
4-0 table (location contacts of TSw2 in
4-p of unit con- primary area and
4-Q tacts for ther- extensions
4-R mal modeling)
4-5 Structure contour map Contours accurate Medium Contours accurate Low 8.3.1.4
on lower contact of to +10 m to ¢10 m®

TSw2 in areas with
minimum overburden

Structure contour map Contours accurate Medium Contours accurate Low 8.3.1.4
on upper contact of to t10 m to t10 m®
TSw2 in areas with
minimum ground-water
travel time

Structure contour map Contours accurate Medium Contours accurate Low 8.3.1.4
on upper and lower to +60 m to +60 me
contacts of other
unils in primary
area and extensions

Plamma N
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Table 8.3.2.2-5. Performance parameters and tentative
{postclosure)® (page 6 of 12)

N

goals for Issue 1.11, configuration of underground facilities

Related
function and
performance Performance Tentative Needed Expected Current
goalb. < parameter Modifier goald confidence value conf idence
4-U Emplacement geo- Drawing locating bore- Dimensions accurate High Dimensions accurate Medium
-V metry holes and containers to +30 cm to 30 cm
4-W
4-X Drawing locating drifts Dimensions accurate Medium Dimensions accurate Medium
to #3 m to t3 m
4-U Container thermal Thermal output as a Nonsite datal-k Not Nonsite data Not
4-S output function of waste appli- appli-
4-v age and burnup cable cable
4-X
4-W Container dimen- (k) Nonsite datak Not Nonsite data Not
4-0 sions appli- appli-
4-p cable cable
4-Q
4-T Waste inventory (k) Nonsite datak Not Nonsite data Not
4-R appli- appli-
cable cable
4-u Initial tempera~ Of TSw2 in primary Temperalure accu- Medium Temperature = 23°C Medium
4-5 ture for area and extensions rate to t3*cl to 26°C & 1.5°C*
4-v thermal model-
4-X ing
4-0 Mean annual air temper- Temperature accu- Medium Temperature = 16°C Medium
4-0 ature for primary rate to $3°C to t1°C*
4-p area
1-Q
4-T
4-R
4-W Initial stress Vertical stress and Vertical stress® Medium Vertical stress = Low to
4-Q state for pri- magnitude and direc- accurate to weight of over- medium
4-S mary area and tion of minimum and t 1 MPa burden
extensions maximum horizontal
stress

Obtained
from SCP
section
8.3.2.5
8.3.2.5
8.3.4.2
8.3.4.2
8.3.4.2
8.3.1.15
8.3.1.12
8.3.1.1%

TN
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Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground facilities

(postclosure)® (page 7 of 12)

AN

Related
function and Obtained
performance Performance Tentat ive Needed Expected Current from SCP
goalb. ¢ parameter Modifier goald conf idence value confidence section
Horizontal stress™ Low Horizonal/vertical Low 8.3.1.15
accurate to stress ratio
42 MPa 0.3 to 1 for TSw2
4-v Heat capacity TSw2" <215°C Current mean® t10% High See Table 6-16 Low to 8.3.1.15
4-S medium
4-v .
4-X TSwd and CHnl" <115°C Current mean® $10% Medium See Table 6-16 Low to 8.3.1.15
4-W medium
4-0
4-pP Below CHnlP <100°C Current mean® 110% Low See Table 6-16 Low 8.3.1.15
4-Q
4-T TSw1h <275°C Current mean® $10% Medium See Table 6-16 Low to 8.3.1.15
4-R medium
Above TSwlP <50°C Current mean® $10% Low See Table 6-16 Low 8.3.1.15
4-U Thermal conduc- TSw2® <275°C Current mean® 120% High See Table 6-16 Low to 8.3.1.15
4-S tivity medium
4-v
4-X TSwl and CHnl® <115°C Current. mean® 1208 Medium See Table 6-16 Low to 8.3.1.15
4-W medium
4-0
4-P Below CHnlP <100°C Current mean® $208 Low See Table 6-16 Low to 8.3.1.15
4-Q medium
4-T
4-R TSwlr <275°C Current mean® :20% Medium See Table 6-16 Low to 8.3.1.15
medium
Above TSwlP <50°C Current mean® 120% Low See Table 6-16 Low to 8.3.1.15
medium
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Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, confiquration of underground facilities
(postclosure)® (page 8 of 12)

Related )
function and Obtained
performance Performance Tentative Needed Expected Current from SCP

goal®. ¢ parameter Modifier goald confidence value confidence  section

4-W Cocfficient of TSw2 <275°C Current mean® :15% High See Table 6-16 Medium 8.3.1.15
4-Q thermal expan-
4-S sion T5w3 and CHnl <115°C Current mean® +15% Medium  See Table 6-16 Low to 8.3.1.1%
medium
Below CHnl <100°C Current mean® :15% Low See Table 6-16 Low to 8.3.1.15
medium
TSwl <275°C Current mean® :15% Medium See Table 6-16 Low to 8.3.1.15
medium
Above TSwl <50°C Current mean® +15% Low See Table 6-16 Low to 8.3.1.15
medium
4-w Young’s modulus TSw2 for 0-100 MPa Current mean® :15% High See Table 6-12 Medium 8.3.1.15
4-Q
4-S TSw3 and CHnl9g Current mean® +15% Medium See Table 6-12 Low 8.3.1.15
Below CHnla Current mean® :15% Low See Table 6-12 Low Lo 8.3.1.15
medium
TSwl for 0-100 MPa Currentl mean® +15% Medium  See Table 6-12 Medium 8.3.1.15
Above TSwld Current mean® t15% Low See Table 6-12 lLow Lo 8.3.1.15
medium
4-W Deformation TSw2 for 0-100 MPa Current mean® :15% High See Table 6-14 Low 8.3.1.15
4-Q modulus
4-5 TSw3 and CHnlAa Current mean® t15% Medium See Table 6-14 Low 8.3.1.15
Below CHnl9 Current mean® $15% Low See Table 6-14 Low 8.3.1.15%
TSwl for 0-100 MPa Current. mean® :15% Medium See Table 6-14 Low 8.3.1.15
Above TSwld Current mean® $15% Low See Table 6-14 Low 8.3.1.15
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Table 8.3.2.2-5.

{postclosure)* (page 9 of 12)

Performance parameters and lLentative goals for Issue 1.11, confiqguration of underground facilities

Related
function and Obtained
performance Performance Tentative Needed Expected Current from SCP
goalb. € parameter Modifier goal? confidence value confidence section
4-w Poisson’s ratio TSw2 for 0-100 MPa Current mean® #20% Medium See Table 6-12 Medium 8.3.1.1%
4-Q
4-5 TSw3 and CHnld Current mean® $20% Low See Table 6-12 Low to 8.3.1.15
medium
Below CHnl<% Current mean® $20% Low See Table 6-12 Low to 8.3.1.15
medium
TSwl for 0-100 MPa Current mean® +20% Low See Table 6-12 Low to 8.3.1.15
medium
Above TSwl9d Current mean® :20% Low See Table 6-12 Low 8.3.1.15
4-W Matrix unconfined In situ conditions and Current mean® $20% Medium See Table 6-12 Low to 8.3.1.15
4-Q compressive representative strain medium
4-5 strength for rater
units other
than TSw2 and
TSwl
4-W Matrix angle of In situ conditions and Current mean® $20% Medium  See Table 6-12 Low to 8.3.1.15
4-Q internal fric- representative strain medium
4-S tion for units rater
other than TSw2
and TSwl
4-W Matrix cohesion In situ conditions and Current mean® :20% Medium  See Table 6-12 Low to 8.3.1.15
4-Q for units other representative strain medium
4-S than TSw2 and ratef

TSwl

PN
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Table 8.3.2.2-5.

Performance parameters and tentative
(postclosure)® (page 10 of 12)

goals for Issue 1.11, configuration of underground facilities

Related
function and Obtained
per formance Performance o Tentative Needed Expected Current from SCP
goalb.© parameter Modifier goald confidence value confidence section
4-W Rock compressive 0-100 MPa and repre- Current mean® $20% High th) Medium 8.3.1.15
4-Q strength for sentative strain
4-S TSwl and TSw2 ratet
4-W Joint angle of In situ conditions and Current mean® 115% Medium  See Table 6-13 Low 8.3.1.15
4-Q internal fric- representative strain
4-5 tion for units rate
other than TSw2
and TSwl
4-W Joint cohesion In situ conditions and Current mean® :15% Medium See Table 6-13 Low 8.3.1.15
4-Q for units other representative strain
4-S than TSw2 and rate
TSwl
4-W Large-scale 0-30 MPa normal stress Current mean® :20% High (h) Low 8.3.1.15
4-Q joint strength and representative
4-S for TSwl and strain rate
TSw2
4-Q Joint normal TSw2 See Table 6-13* Medium See Table 6-13* Low 8.3.1.15
4-% stiffness
TSwl, TSw3, and Chnl See Table 6-13* Low See Table 6-13t Low 8.3.1.15
Joint sheer TSw2 See Table 6-13® Medium See Table 6-13t Low 8.3.1.15
stiffness
TSwl, TSw3, and CHnl See Table 6-13* Low See Table 6-13t Low 8.3.1.15
Joint spatial TSw2 See Table 6-15* Medium See Table 6-15 Low 8.3.1.4
orientation
TSwl, TSw3, and CHnl See Table 6-15* Low See Table 6-15 Low 8.3.1.4
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Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground facilities
(postclosure)® (page 11 of 12)

Related
function and Obtained
performance Performance Tentat ive Needed Expected Current from SCP
goalb.¢ parameter Modifier goal? confidence value contidence section

Joint abundance TSw2 See Table 6-152 . Medium See Table 6-15 Low 8.3.1.4
TSwl, TSw3, and CHnl See Table 6-15* Low See Table 6-15 Low 8.3.1.4
Joint persis- TSw2 See Table 6-15* Medium See Table 6-15 Low 8.3.1.4
tence
TSwl, TSw3, and CHnl See Table 6-15% Low See Table 6-15 Low 8.3.1.4
Joint wall com- TSw2 See Table 6-15* Medium See Table 6-13 Low 8.3.1.15
pressive
strength TSwl, TSw3, and CHnl See Table 6-15* Low See Table 6-13 Low 8.3.1.15
Joint roughness TSw2 See Table 6-15* Medium See Table 6-13 Low 8.3.1.1%
coefficient
TSwl, TSw3, and CHnl See Table 6-15* Low See Table 6-13 Low 8.3.1.15

aAbbreviations used in this table are defined as follows: ESF = exploratory studies facility; TSwl = lithophysal porLion of
Topopah Spring welded unit; TSw2 = low lithophysal portion of Topopah Spring welded unit (preferred thermomechanical emplacement
unit); TSw3 = basal vitrophyre Topopah Spring; CHnl = tuffaceous beds of Calico Hills. See Chapter 2 for more complete description
of units.

PGoals are ranked in judged order of importance of data item to issue resolution.

©1-A indicates function 1 and goal A. This designator is used to associate data requirements of this table with goals of
Tables 8.3.2.2-1 through 8.3.2.2-4.

dCurrent mean is value given in current reference information (Tables 6-11 through 6-16).

*Expected value based on judgement.

tElevation of the contacts of the thermal/mechanical unit TSw2 determined using data that already exists plus data to establish
the top and bottom of unit TSw2 at the following approximate locations: (1) Midpoint of western ridge; (2) Northern extension of
primary area: a) N775000 - £559000, b) N772500 - E560500, c) N773500 - E563500; and (3) Southeast extension of primary area:
a) N760500 - E563000, b) N758500 - E561000, c) N757000 - E560000; and also by reevaluating existing borehole data: (1) Drill Hole
Wash series; (2) H Hole series. Further lateral drifting from exploratory shaft will be used to (1) confirm contact between TSwl
and TSw2; (2) confirm fault locations at underground facility depth (for 2 or 3 faults, as intersected by lateral drifts); (3)
confirm fault offsets in current structural model; and (4) provide drifting construction experience in faulted welded tuff.
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Table 8.3.2.2-5. Performance parameters and tentative goals for Issue 1.11, configuration of underground facilities

(postclosure)® (page 12 of 12)

Footnotes {(continued)

9pveraged across the site, not accuracy at a given point.
hinadequate information exists to establish expected value, but it is anticipated that a value satisfying the goal will be

obtained.
tpccuracy determined by Issue 1.10 (Section 8.3.4.2).
jCalculations done to resolve this issue are based on power as a function of time (initial power and normalized decay

function). As long as standard deviations of initial value and decay coefficients are no more than ten perceat, calculations done
to determine if goals of this issue are met should be valid.

ksee Information Need 1.11.2 (Section 8.3.2.2.2) for details and accuracy.

Jgxisting data should be sufficient. Temperature could be a function of position in unit TSw2.

mcalculations are based on a vertical stress determined from the weight of the overburden and a horizontal to vertical stress
ratio (K, = 0.3 to 0.8). Calculations done to determine if the goals of this issue are met should be valid if the stresses so
calculated are within the tentative goal specified for the in situ stress. Note: the tentative goal specified for the in situ
stress is an estimate; if it can be shown with reasonable assurance that the minimum K, is greater than 0.2, a lower accuracy for

the tentative goal would be acceptable.
nMean and standard deviation as a function of saturation.
oif the in situ rock at representative conditions has a distribution of property values which have the required confidences

such that an adequate portion of the samples fall within the range prescribed by the current mean and percentage (percentage given
in the table), then the calculations done to determine if the goals are met should be valid. 1f the distribution of property
values does not meet this condition, then (1) the calculations will have to be reevaluated, (2) the calculaLions will have to be
redone with new property values, (3) the design will have to be changed, (4) the accuracy of the data will have to be improved, or
(5) the goal will not be met. Representative conditions are appropriate values of one or more of the following: saturation,
stress, temperature, fracture, ot jointing characteristics, etc., averaged over a representative volume.

pMean and standard deviation representative at in situ saturation.

aat in situ conditions.
rproperty representative of the volume of rock between dominate jointing.

sgensitivity studies evaluating parameter range and goal have nol yel been performed.
tThese parameters can be calculated from values in Table 6-13.
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YMP/CM-0011. Rev. 9
Provide repository facility ventilation systems that will protect against radiation exposurc
(10 CFR 60.132 (b) and 10 CFR 60.133 (g)).

Assure the continucd function and separation of ventilation systems during normal operations
and under accidents conditions (10 CFR 60.132(b) and 10 CFR 60.133(g)).

Function 2: Design and protection of structures, systems, and components ITS. This function is

intended 10 produce a design that provides assurance that radiation salety design features will operalc
cffcctively when they are necded. This function also involves many activitics and has been subdivided
into cight subfunctions. These cight subfunctions are also labeled with the letter designators used later
in this section and arc as follows:

L.

Protect structurcs, systems, and components ITS against natural phenomena and
environmental conditions (e.g., rockburst) (10 CFR 60.131(b)(1)).

. Protect structures, systems, and components ITS against dynamic effects of equipment failurc

and similar cvents (10 CFR 60.131(b)(2)).

Protect structures, systems, and components ITS against fires and explosions (10 CFR
60.131(b)(3).

Ensure that structures, systems, and components ITS will maintain control of radioactive
materials, permit prompt termination of operations, and allow cvacuation of personncl during
an emergency (10 CFR 60.131(b)(4)(1)).

Ensurc that utilities ITS will continue their safety functions during emergencies (10 CFR
60.131(b)(5)).

Ensure that structures, systems, and components ITS will facilitate inspection, testing, and
maintenance (10 CFR 60.131(b)(6)).

Provide timcly backup power when necded and during emergencics (10 CFR 60.131(b)(5)).

Provide instrumentation and control systems to monitor and control structures, systems, and
components [TS for all anticipated ranges of operation (10 CFR 60.131(b)(8)).

Function 3; Criticality control. This function will provide assurance that all systems for

processing, transporting, handling, storage, retrieval, cmplacement, and isolation of radioactive material
arc designed to ensure that a criticality accident is not credible (10 CFR 60.131(b)(7)).

Function 4: Compliance with mining regulations. This function will ensure that requircments of

30 CFR Chapter I, Subchapters D, E, and N that are applicablc to protcction of workers who perform
a salcty function will be incorporated into the design of the repository (10 CFR 60.131(b)(9)).
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Function 5: Waste trcatment. This {unction will ensurc that waste treatment facilitics arc
designed to permit safe offsite disposal ol site- generated waste in accordance with applicable
rcgulations (10 CFR 60.132(d)).

After the identification of functional requirements, performance measures, performance goals,
and nceded parameters were developed. The results of thesc steps arc in Tables 8.3.2.3-2 and
8.3.2.3-3. Performance measures developed for cach function provide the means (0 measure success in
pertorming the required functions. Performance goals were developed such that if the goals arc met,
the function is satisfactorily completed. The parameters listed in Table 8.3.2.3-3 for cach performance
goal are those site data needed to calculate the performance measure to be compared with the per-
formance goal. i
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Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria for

acceptable levels

radiological satety) (page 1 of 13) .
Process or Needed Site
Subfunction activity Performance measure Tentative goal cont idence  data?
RADIOLOGICAL PROTECTION (FUNCTION 1)
A Limit concentrations of Monitor concentra- Concentrations of radio- Al Concentrations of radioactive (a) No
radioactive materials tions of radio- active materials in materials in normally
in air active materials repository airstreams occupied areas do not exceed
in repository air- 20% of the values listed in
streams in 10 CFR 20, Appendix B,
Table 1, Column 1
A2 Concentrations of non-natur- High Yes
ally occurring radioactive
materials in controlled
access areas do not exceed
the values listed in
10 CFR 20, Appendix 8,
Table 1, Column 1
A3 Concentrations of naturally High Yes
occurring radon and short-
lived radon daughters such
that annual exposure is
less than 4 Working Level
Months as defined in
30 CFR 57.2
Filter exhaust air Concentrations of See Al, A2, and A3 above High Yes
from potentially radioactive materials
contaminated areas in repository air-
streams
Maintain gaseous Concentrations of See Al, A2, and A} above High Yes
radionuclides in radioactive materials
repository air- in repository air-
st reams below streams
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Table 8.3.2.3-2.

Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria for

radiological safety) (page 2 of 13) .
Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence data?
RADIOLOGICAL PROTECTION (FUNCTION 1) (continued)
B Limit time required to Limit time of occu- Time required to perform Bl Time limited such that the as (a) No
perform work in the pancy for tasks in tasks in radiation low as reasonably achieva-
vicinity of radioac- radiation fields fields greater than ble (ALARA) principle is met
tive materials greater than 0.5 mrem/h
0.5 mren/h B2 Combined annual individual (a) No
worker dose less than
1 rem by as much as
reasonable
Provide remote hand- Dose reduction due to B3 Dose reduction enough to (a) No
ling capability use of remote justify use of remote
oo for long-term task handling equipment handling equipment
W in radiation fields
o greater than
) 0.5 mrem/h
th
C Provide suitable shield- Provide shielding to Radiation fields in Cl Radiation fields less than (a) No
ing materials reduce radiation normally occupied 0.5 mrem/h by as much as
fields to below work areas is reasonable
0.5 mrem/h in nor-
mally occupied
work areas
Utilize shielding Dose reduction factor C2 Dose reduction factor prop- Medium Yes
properties of the attributable to host erties similar to
host rock in rock shielding pro- concrete
lLimit ing exposure perties
of workers Lo
direct radiation
D Monitor and control the Monitor contamina-
dispersal of radio- tion by using
active contamination
- Stalionary radia- Contamination levels D1 Doses due to contamination (a) No

outside contamination
areas

tion monitoring
systems

insignificant
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Table 8.3.2.3-2.

Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria for

radiological safety) (page 3 of 13) -
Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence  data?
RADIOLOGICAL PROTECTION (FUNCTION 1} (continued)
D Monitor and control the - Portable radiation Contamination levels D2 Doses due to contamination High Yes
dispersal of radio- monitors outside contamination insignificant
active contamination areas
{cont inued)
- Personnel Contamination on D3 Doses due to contamination {a) No
dosimetry personnel insignificant
Control dispersal
of contamination
by

- Providing access See subfunction E, D4 See subfunction E, goals (a) No
control to performance measures
potential con-
tamination
areas

- Providing venti- See subfunction J, D5 See subfunction J, goals High Yes
lation control performance measures
and cleanup of
airstreams

- Decontamination Residual contamination D6 Use Regulatory Guide 1.86 (a) No
of contaminated (NRC, 1974), methods and
items and meet goals
equipment

- Collection of Residual contamination D? No residual contamination (a) No

site-generated
waste

due to site-generated
waste
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Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria for

tadiological safety) (page 4 of 13)

LTTe8

Process or Needed Site
Subfunction activity Performance measure Tentat ive goal contidence  data?
RADIOLOGICAL PROTECTION (FUNCTION 1) (continued)
E Control access to high Provide signs and Visibility of signs El Compliance with 10 CFR 20.203 (a) No
radiation areas personnel barriers
to prevent access E2 Adequate visibility Medium No
by unauthorized
personnel Distribution and location E3 Compliance with 10 CFR 20.203 (a) No
of signs
E4 Adequate distribution (a) No
Effectiveness of per- ES Adequate barrier effective- (a) No
sonnel barriers ness
If necessary, pro- Effectiveness of gquard E6 No unauthorized access (a) No
vide guards to
prevent access by
unauthorized per-
sonnel
Provide procedural Effectiveness of pro- E7 Adequate procedures to (a) No
requirements to cedures control access
control access to
high radiation
areas
F Provide radiation alarm Provide visual alarm Visibility of alamm F1 Adequate visibility (a) No
systems for worker systems to alert system
protection workers if radia-
tion levels exceed Accuracy and reliability F2 Adequate accuracy and relia- (a) No

established design
levels

of alarm system

bility of alarm system
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Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria for
radiological safety) (page 5 of 13)

Subfunction

Process or

activity Performance measure

Tentative goal

Needed
confidence

Site
data?

F Provide radiation alarm
systems for worker
protection (continued)

G Monitor and control
radioactive materials
in repository efflu-
ents

H Provide radiation alarm
systems for repository
effluents

Provide audible

Detect radioactive

Control radioactive

RADIOLOGICAL PROTECTION (FUNCTION 1)

Loudness and noticea-
ability of alarm
system

alarm systems to
alert workers if
radiation levels
exceed established Accuracy and reliability
design levels of alarm system

Ability to detect radio-
active materials in
repository effluent
st reams

materials in
repository efflu-
ents streams

Ability to control
radioactive materials
in repository efflu-
ent streams

materials in
repository efflu-
ent streams

Provide visual alarm See subfunction F,

systems to alert
workers if radia-
tion levels in

ef f luents exceed
established design
levels

performance measures

(cont inued)

F3 Consistency with Regulatory

F4q

Gl

G2

G3

G4

Hl

Guide 8.5 (NRC, 1981b)

Adequate accuracy and relia-
bility of alarm system

Adequate detection of signi-
ficant radionuclides in
repository effluents

Detection precision consis-
tent with industry standard
and adequate to demonstrate
compliance with goals

Adequate control of signifi-
cant radionuclides in
repository effluents

Maintain releases of radio-
active materials at or
below levels that would
result in offsite indi-
vidual 50-yr dose equiva-
lents of 25 mrem/yr (see
page 8.10 of ALARA guide;
Kathren et al., 19680)

See subfunction F, goals

(a)

(a)

{a)

(a)

(a)

High

(a)

No

No

No

No

No

Yes

No
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Table 8.3.2.3-2,

radiological satety) (page 6 of 13)

Subfunction

Process or
activily

Performance measure

Tentat ive goal

Functions, performance measures, and performance goals for Issue 2.7 (repository design crnterza for

Needed
conf idence

Site
data?

i Provide radiation alarm
systems for repository
effluents (continued)

1 Provide safe handling
and temporary storage
of waste whether
awaiting emplacement
or being retrieved

J Provide repository
facility ventilation
systems that will pro-
tect against radia-
tion exposure

x

RADIOLOGICAL PROTECTION (FUNCTION 1) (continued)

Provide audible
alarm systems to
alert workers if
radiation levels
in effluents

exceed established

design levels

See subfunction B,
limit work time
in vicinity of

radioactive mater-

ials

See subfunction C,
provide suitable
shielding

Maintain combined
individual worker
doses from all
sources of radia-
tion below annual
design objective

Maintain airflow in
direction from
areas of lower
contamination

potent.ial to areas

of higher con-
tamination poten-
tial

See subfunction F,
performance measures

See subfunction B,
performance measures

Sce subfunction C,
performance measures

Combined annual individ-
ual worker doses from
all sources of radia-
tion

Pressure differentials
between radiation
zones

Potential for accidental
flow reversals

Flow rate in highly
contaminated areas

H2

11

12

13

Jl

J2

J3

See subfunction F, goals

See subfunction B, goals

See subfunction C, goals

Combined annual individual
worker doses from all
sources of radiation less
than 1 rem and ALARA

Between 0.1 and 0.5 in. WG

Accidental flow reversal pre-
cluded

Adequale room changes per hou
in areas of highest contami
nation per hour (e.g., isol
tion zones and hot cells)

(a)

(a)

High

(a)

High

(a)

r (a)

a-

No

No

Yes

No

Yes

No

No
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Table 8.3.2.3-2.

(page 7 of 13}

Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria for
radiological safety)

Subfunction

Process or
activity

Performance measure

Tentative goal

Needed

conf idence

Site
data?

J Provide repository

facility ventilation
systems that will pro-
tect against radiation
exposure (continued)

RADIOLOGICAL PROTECTION (FUNCTION 1) (continued)

Separate ventilation
systems of surface
waste-handling
areas from other
surface areas

Separate ventilation
systems of under-
ground waste-
handling and
emplacement areas
from mining
development areas

Provide close-cap-
ture ventilation
exhaust systems
when necessary

Filter airstream
and exhausts when
necessary

Flow pattern of
ventilation should
direct potential
contamination away
from personnel

Leakage between systems

Pressure differential
between separate
systems

Leakage between systems

Pressure differential

between separate
systems

System capture effi-
ciency

Decontamination factor

Number of filter banks

Flow patterns of venti-
lation systems

. J4

J5

Jé

J7

J8

J9

Jio

Jil

Jl2

Very low leakage

Between 0.1 and 0.5 in. WG

Very low leakage

Between 0.1 and 0.5 in. WG

Adequate capture efficiency

Adequate decontamination fac-
tor

Single stage available for
normally clean areas

Two stage in service for
expected contamination areas

Potential contamination always
directed away from personnel
and to filterable exhausts

(a)

(a)

(a)

(a)

(a)

High

High

(a)

(a)

No

No

No

No

No

Yes

Yes

No

No

SN
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Table 8.3.2.3-2.

Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria for
radiological safety) (page 8 of 13)

Subfunction

Process or
activity

Performance measure

) Needed Site
Tentative goal cont idence data?

DESIGN AND PROTECTION OF STRUCTURES, SYSTEMS, AND COMPONENTS IMPORTANT TO SAFETY (FUNCTION 2)

K Protect structures,

systems, and com-
ponents important to
safety against natural
phenomena and environ-
mental) conditions

L Protect structures, sys-

tems, and components
important to safety
against dynamic
effects of equipment
failure and similar
events

M Protect structures, sys-

tems, and components
important to safely
against fires and
explosions

House structures,

systems, and com-
ponents important
to safety in
buildings designed
to withstand
credible natural
phenomena and
environmental con-
ditions

House structures,

systems, and com-
ponents important
to safety in
structures
designed to with-
stand dynamic
effects of equip-
ment failures and
similar events

House structures,

systems, and com-
ponents important
to safety in
structures with
fire and explosion
detection/suppres-
sion equipment

tffects of credible

natural phenomena and
natural conditions on
structures, systems,
and components impor-
tant to safety

Response of structures,
systems, and compon-
ents important to
safety to dynamic
effects of equipment
failure and similar
events

Effects of fires, explo-
sions, and suppression
systems on structures,
systems, and compon-
ents important Lo
safety

K1 Structures, systems, and High Yes
components function as
designed to meet radio-
logical dose limits

L1 Structures, systems, and com- (a) No
ponents function as designed
to meet radiological dose
limits

Ml Structures, systems, and com- (a) No
ponents function as designed
to meet radiological dose
limits

AT
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Table 8.3.2.3-2.

Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria for
radiological safety) (page 9 of 13)

Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence  data?
DESIGN AND PROTECTION OF STRUCTURES, SYSTEMS, AND COMPONENTS IMPORTANT TO SAFETY (FUNCTION 2) (continued)
N Ensure that structures, Design structures, Maintenance of control N1 Control of radioactive {a) No
systems, and compon- systems, and com- of radioactive material maintained such
enLs important to ponents important material during design- that dose limits are met R
safety will maintain to safety to basis accidents
control of radioactive maintain control
materials, permit of radioactive
prompt termination of material during
operations, and allow emergencies
evacuation of person-
nel during emergencies Design structures, Time to shutdown non- N2 Prompt shutdown of non- {a) No
systems, and com- safety related opera- safety related operations
ponents important tions during design- during design-basis acci-
to safety to per- basis accidents dents
mit prompt shut-
down of nonsafety
related operations
during an emer- .
gency
Design structures, Effects of structures, N3 Minimal effect of structures, (a) No
systems, and com- systems, and compon- systems, and components
i ponents important ents important to important to safety on
to safety so that safety on evacuation evacuation of personnel
they facilitate during an emergency
the evacuation of
the repository
during emergencies
O Ensure that utilities Design utilities Ability of utilities 01 Utilities important to safety High Yes
important to safety important to important to safety continue to perform safety
will continue their safety to continue to continue to per- functions during design-
safety function during Ltheir safety func- form safety functions basis accidents
emergencies tions during con- during design-basis
dit.ions antici- accidents
pated during an
emergency
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Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria tor
radiological safety) (page 10 of 13)

£E-TE8

Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence data?
DESIGN AND PROTECTION OF STRUCTURES, SYSTEMS, AND COMPONENTS IMPORTANT TO SAFETY (FUNCTION 2) (continued)
P Ensure that structures, Design structures, Complexity of inspection Pl Inspection of structures, sys- (a) No
systems, and compon- systems, and com- operations for struc- tems, and components impor-
ents important to ponents important tures, systems, and tant Lo safety relatively
safety will facilitate to safety to components important simple ’
inspection, testing, facilitate inspec- to safety
and maintenance tion, testing, and
maintenance Complexity of testing P2 Testing of structures, (a) No
operations for struc- systems, and components
tures, systems, and important to safety
components important relatively simple
to safety
Complexity of maintenance P3 Maintenance of structures, (a) No
operations for struc- systems, and components
tures, systems, and important to safety
components important relatively simple
to safety
Q Provide timely backup Design power systems Capacity of backup Q1 Sufficient capacity to operate (a) No
power to structures, with backup power power supply all structures, systems, and
systems, and compon- capability (diesel . components important to
ents important to generators or other safety
safety when needed and suitable means)
during emergencies Time for backup power Q2 Response time adequate to (a) No
supply to become serve structures, systems,
operable and components important to
safety
R Provide instrumentation Design structures, Range of operation of Rl Monitors operable for antici- High Yes
and control systems systems, and com- monitoring instrumen- pated ranges of system opera-
to monitor and conlrol ponents with tation tion, including design-
structures, systems, instrumentation basis accident conditions
and componenls impor- and control
tant to safety for all systems Range of operation of R2 Control systems operable High Yes

anticipated ranges
of operation

control instrumentation

for anticipated ranges of
system operation, including
design-basis accidents
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Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria for
radiological safety) (page 11 of 13)

Process or Needed Site
Subfunction activity Performance measure Tentative goal confidence data?

DESIGN AND PROTECTION OF STRUCTURES, SYSTEMS, AND COMPONENTS IMPORTANT TO SAFETY (FUNCTION 2) (continued)

R Provide instrumentation Ability to control struc- R3 Adequate control of essential High Yes
and control systems tures, systems, and functions of structures,
Lo monitor and control components important systems, and components
structures, systems, to safety important to safety

and components impor-
tant to safety for all
anticipated ranges of
operation (continued)

CRITICALITY CONTROL (FUNCTION 3)

S Criticality control Maintain control of Geometry of waste storage S1 Geometries unfavorable to (a) No
geometry of wastle arrays nuclear criticality
configurations in
all phases of Geometry of waste package S2 Geometries unfavorable to (a) No
waste handling and configurations nuclear criticality
disposal
Geometry of emplaced $3 Geometries unfavorable to {a) No
waste nuclear criticality
Possibility of acci- S4 Very low probability High Yes

dental disruption of
waste geometry leading
to unfavorable con-
figurations

Maintain subcritical Mass and fissile content S5 Masses and fissile contents (a) No
assemblies and of waste storage subcritical (see goal S13)
masses of fissile arrays
material in all
phases of waste Mass and fissile content S$6 Masses and fissile contents (a) No
handling and dis- of waste package con- subcritical (see goal S13)
posal figurations
Mass and fissile content S7 Masses and fissile contents (a) No
of emplaced waste subcritical (see goal 513)
Possibility of acciden- S8 Very low probability High Yes

tal disruption of waste
leading to unfavorable
concentrations of
fissile materials
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Table 8.3.2.3-2.

{page 12 of 13)

Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria fo:
radiological safety)

Subfunction

Process or
activity

Performance measure

Tentative goal

Needed
conf idence

S Criticality control
{cont inued)

T Comply with mining
requlations

U Treat waste

CRITICALITY CONTROL (FUNCTION 3)

Control the intro-
duction of any
neutron moderating
materials to waste
containing areas

Neutron multiplica-
tion

Moderating materials in

or around waste
storage arrays

Moderating materials in

or around waste

package configurations

Moderating materials in

or around emplaced
waste

Possibility of acci-

dental introduction

of moderating materi-

als into areas con-
taining waste

Kegg Of fissile mater-

ials

$9 No significant moderating

S10

§11

S12

S13

{cont inued)

materials

No significant moderating

materials

No significant moderating

materials

Very low probability

Keee <0.95 as specified in

10 CFR 60.131(b) (7)

COMPLIANCE WITH MINING REGULATIONS (FUNCTION 4)

Protection of
workers who per-
form assigned
safety function

Collect secondary
site-generated
radioact ive waste
from waste hand-
iing areas

Ability of workers to

perform assigned
safety functions

Fraction of site-gener-
ated waste collected

T1

WASTE TREATMENT (FUNCTION 5)

ul

(a)

(a)

High

High

High

Workers perform their assigned {a)

safety functions

Site-generated waste collected (a)

Site

data?

No

No

Yes

Yes

Yes

No

No

6 'A%¥ '1100-IWD/dINA



9¢-7¢'8

Table 8.3.2.3-2. Functions, performance measures, and performance goals for Issue 2.7 (repository design criteria for
radiological safety) (page 13 of 13)

Procgs; or Needed Site
Subfunction activity Performance measure Tentative goal conf idence data?

WASTE TREATMENT (FUNCTION 5) (continued)

U Treatl waste Treat and stabilize Fraction of site-gener- U2 Site-generated waste treated (a) No
(cont inued) or recycle secon- ated waste treated and and stabilized or recycled
dary site-gener- stabilized or recycled
ated waste collec-
ted
Package treated and Fraction of treated and U3 Treated and stabilized site- (a) No
stabilized secon- stabilized site-gen- generated waste packaged
dary site-gener- erated waste packaged

ated waste for dis-
posal offsite

sneeded confidence for nonsite related data will be provided in the plans for repository design.
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Table 8.3.2.3-3. Parameters required for Issue 2.7 (repository design criteria for radiological safety)} (page 1 of 6)

Related Tentat ive Expected SCP section
pexrformance Performance or Parameter parameter Needed parameter Current providing
goal® design parameter descriptor goal confidence value confidence parameter
Al, D2, G2, Jl, Dust and particle Underground 1 to 10 micron, High Data not Data not (c)
J9, J10 size distribu- and at site normal available available
tions
A3 Radon emanation TSw2 unitb (d) High 0.48 pCi per Low 8.3.1.15, (c)
rate from tuff square meter
per second
c2, 12, s13 Bulk density of TSw2 unit (d) High 2.26 to 2.32 Medium 8.3.1.15
host rock g/cc
Cc2, 12, S11, S13 FElemental composi- TSw2 unit Normal composi- High Normal compo- Medium 8.3.1.3
tion of host rock tion for tuffs sition for
tuffs
c2, 12, 811, S13  Water content of TSw2 unit (d) High 65% satura- Medium 8.3.1.2
host rock as a tion
function of
temperature and
time
G4 Wind speeds 80 km radius (d) High See Figures Medium 8.3.1.12
5-3 to 5-7,
and Tables
5-6 and 5-7
G4 Wind direction 80 km radius (d) High See Figures Medium 8.3.1.12
5-3 to 5-7,
and Tables
5-6 and 5-7
G4 Atmospheric sta- 80 km radius (d) Medium See Table Medium 8.3.1.12
bility $5-11
G4 Mixing layer depth 80 km radius (d) Medium {e) Medium 8.3.1.12
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Table 8.3.2.3-3.

Parameters required

for Issue 2.7 (repository design criteria for radiological safety)

{(page 2 of 6)

Related Tentative Expected SCP section
performance Performance or Parameter parameter Needed parameter Current ptoviding
goal® design parameter descriptor goal confidence value confidence parameter
G4 Average ambient 80 km radius (d) Medium See Tables Medium 8.3.1.12
temperature - 5-2 and 5-3
G4 Atmospheric mois- 80 km radius (d) Medium See Tables Medium 8.3.1.12
ture 5-2 and 5-5
G4 Precipitation: 80 km radius {d) Medium See Tables Medium 8.3.1.12
type, amount, 5-2 and 5-4
intensity, etc.
G4 Barometric pres-~ 80 km radius (d) Medium See Table Medium 8.3.1.12
sure 5-2
G4 Size and distance 80 km radius Topographic Medium See U.5. Geo~ High Literature
of topographic features logical Survey
features from beneficial topographic
release points to dispersion maps
G4 Bioaccumulation of 80 km radius (d) Medium 1 x 10728 to Medium (c)
radionuclides in 1 x 10-14
terrestrial flora Ci/kgf
G4 Bioaccumulation of 80 km radius (d) Medium 1 x 10725 to Medium (c)
radionuclides in 1 x 1015
terrestrial fauna Ci/kg9
G4 Types of crops 80 km radius (d) Medium (h) Medium (c)
raised
¢4 Amounts of crops 80 km radius (d) Medium 1 x 104 to Medium (c)
raised 1 x 107
kg/yr?t
G4 Types of crops 80 km radius {d) Medium (i) Medium (c)
consumed
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Table 8.3.2.3-3.

Parameters required

for Issue 2.7 (repository design criteria for radiological safety) (page 3 of 6)

Related Tentative Expected SCP section
performance Performance or Parameter parameter Needed parameter Current providing
goal* design parameter descriptor goal confidence value conf idence parameter
G4 Amounts of crops 80 km radius (d) Medium 1 x 104 to Medium (c)
consumed 1 x 10%
kg/yr
G4 Types of animals 80 km radius (d) Medium (k) Medium (c)
raised
G4 Amounts of animals 80 km radius (d) Medium 1 x 10! to Medium (c)
raised 1 x 10%
kg/yr
G4 Types of animals 80 km radius (d) Medium (1) Medium (c)
consumed
G4 Amounts of animals 80 km radius (d) Medium 1 x 104 to Medium (c)
consumed 1 x 10¢
kg/yr
G4 Animal consumption 80 km radius (d) Medium 1 x 10! to Medium (c)
of forage 1 x 104
kg/yr
G4 Forage storage time 80 km radius Goal is values Medium Data not Data not (c)
given in available available
Reg. guide
1.109 (NRC,
1977a)
G4 Grazing yield and 80 km radius (d) Medium 75 to 100% High {c)
period of the year
G4 Radius of crop and 80 km radius {d) Medium 50 km to bulk High (c)

animal area

of cropland
and farms
(W to SW)
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Table 8.3.2.3-3.

Paramelers required for Issue 2.7 (repository design criteria for radiological safety) {page 4 of 6)

Related Tentative Expected SCP section
performance Performance or Parameter parameter Needed parameter Current providing
goal® design parameter descriptor goal confidence value conf idence parameter
G4 Volumetric flow of 80 km radius Little or no Medium Environmental Medium (c)
surface water to surface run- assessment,
water bodies of f Section
3.3.1 (DOE,
1986b)
G4 Recreational uses 80 km radius Very little Low (m) (m) (c)
of water bodies recreational
use of water
Jl Repository design Underground See Section High See Section See Section 8.3.2.5
ventilation 8.3.2.5 8.3.2.5 8.3.2.5
pressure drop
conditions
D5, J9, J10, Ki, Frequency and mag-
o1, Rl, R2, R3, nitudes of
sS4, S8, S12
- Tornadoes At facility (d) High See Section Medium 8.3.1.12
5.1.1.6
- Cloud-to-ground At facility (d) Medium About 18 per Medium 8.3.1.12
lightning year, magni-
strikes tude un-
known
- Sandstorms/wind- At facility (d) High See Table Medium 8.3.1.12
storms 5-8, and
Section
5.1.1.6
- Snowfall/ice At facility Rare, low High Rare, low Medium 8.3.1.12
storms magnitude magnitude
- Repository sur- At facility PMFO High PMF° Medium 8.3.1.16

face flooding

- .
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Table 8.3.2.3-3. Parameters required for Issue 2.7 (repository design criteria for radiological safety) (page S5 of 6)
Related Tentative Expected SCP section
performance Performance or Parameter parameter Needed parameter Current providing
goal® design parameter descriptor goal confidence value confidence parameter
- Surface and sub- In region {d) High {p) (p) 8.3.1.17
surface seis-
mic events
- Fault movement Surface and (d) High See Section Medium 8.3.1.17
within the subsurface 1.5.2
repository
DS, J9, J10, K1, ~ Drift roof fall/ Underground (q) Medium Data not Data not 8.3.2.4
01, Rl, R2, R3, collapse/ available available
sS4, S8, S12 failure
- Landslides At facility (q) Medium Data not Data not 8.3.1.14
available available
- Volcanic ash At facility (q) Medium Data not Data not 8.3.1.17
fall available available
- Nearby brush Near facili-~ (q) Low Data not Data not 8.3.1.13
fires ties available available
- Aircraft crashes At facility (q High 1 x10°% to Medium 8.3.1.13
1 x10°?
per year
-~ Criticality In surface and Criticality High Not credible Hight 8.3.5.5
events subsurface events pre-
facilities cluded
- Other potential Natural or {s) High {s) (s) PRAM Programt

accidents

site-related

aThe letters in this column key the performance parameters to the tentative goals in Table 8.3.2.3-2.
bTSw2 unit is the nonlilthophysal Topopah Spring unit (repository horizon).
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Table 8.3.2.3-3. Parameters required for Issue 2.7 (repository design criteria for radiological safety) (page 6 of 6)

Related Tentative Expected SCP section
performance Performance or Parameter parameter Needed parameter Current providing
goal® design parameter descriptor goal confidence value confidence parameter

Footnotes {continued)

cCollection of these data are part of the environmental program planned activities and is addressed in the Radiological
Monitoring Plan discussed in Section 8.3.1.13 (offsite installations).

dTentative goal is to have further measurements of this parameter verify the range of expected values listed here.

®See Quiring (1968).

fThis range covers all flora for which data is now available, specific values are flora and radionuclide specific.

9This range covers all fauna for which data is now available, specific values are fauna and radionuclide specific.

hcrops include wheat/grains, corn, apples, potatoes, alfalfa, alfalfa seed, hay, silage, peppers, melons, berries, pecans,
leafy vegetables, and honey.

ispecific values depend on available crops, crop areas, and crop densities.

Jincludes all crops listed in footnote h except alfalfa, hay, and silage.

kIncludes beef cattle, dairy cattle, goats, hogs, sheep, and poultry.

lIncludes quail, freshwater fish, duck, geese, rabbit, and deer, plus those listed in footnote k.

myery limited use of Crystal Reservoir; swimming pool data not yet available. )

oprobability at Yucca Mountain is approximately 7.5 x 10~4 in any given year; magnitude is F-O on Fujita tornado scale (very

weak) . )
opMF = probable maximum flood; the PMF is still under investigation.

PInformation on seismic events may be found in Section 8.3.1.17.

qparameter goal to be evaluated in terms of frequency and consequence.

rpesign will preclude criticality accidents per 10 CFR 60.131(b) (7).

sOther accident-specific goals to be evaluated as appropriate under preclosure risk assessment methodology (PRAM).
tpRAM = preclosure risk assessment methodology. R

o
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%.3.2.4 Performance Allocation Tables for Nonradiglogical Health and Safety

These allocation tables address the nonradiological requirements for health and satety of workers.
The NRC specifies that DOE should comply with mining regulations (10 CFR 60.131(bx9)). The
NRC points out that the design of the geologic repository operations arca should include provisions lor
worker protection adequate to ensure that structures, systems, and components ITS can perform their
intended functions. Resolution of this issue requires that designs and operating procedurcs thal ensurc
worker nonradiological health and safety during the preclosure period be selected and implemented.

The Yucca Mountain MGDS e¢lements and subelements that have an impact on the
nonradiological health and safety of the work force and visitors include System Elements 1.2.1
(mining), 1.2.2 (waste handling), 1.2.4 (decommissioning), and 1.2.5 (support). The pcrformance
allocation for this issue is presented only for those systems elements or subelements that require
site-specific data for design and development of operational procedures to ensurc workers
nonradiological health and safety. The system subelements that require sitc-specific data for design
and the development of operational procedures to ensurc worker nonradiological health and safety are
the following:

System subelement Subject
1.2.1.1 Access construction
1.2.1.2 Drift construction
1.2.1.3 Borchole construction
1.2.1.6 Mining ventilation
1.2.2.5 Rectrigval
1.2.2.7 Waste ventilation
1.2.4.1 Underground closure
1.2.5.6 Maintenance
1.2.59.2 Nonradiological monitoring

The functions, processes performed, performance mcasures, performance goals, and needed
confidence for achieving the stated performance goals for each system clement identificd arc given in
Tables 8.3.2.4-1 through 8.3.2.4-9. Those elements sclected that do not require site data as input 10
determince that worker health and safety are achieved are not included.

8.3.2-43
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Table 8.3.2.4-1.

Performance measures, goals, and needed confidences for System Element 1.2.1.1
(access construction) pertinent to Issue 4.2, nonradiological health and satety

(page 1 of 4)
Performance Needed
Function/process measure Tentative goal? confidence
Underground facility Safe access to underground Limit rock damage
access and egress facilities (usable
access for 100 yr) - Overbreak <6 in. average Medium
- Blast-induced fracture extent into Medium
intact rock <3 m average
Access closure (combined Access closure
performance of rock
and opening support) - Closure rate <1 mm/yr in shafts and Medium
ramps
- Total closure in ramps <6 in. in Medium
100 yr
- Total closure in shafts <3 in. in Medium
100 yr
Rockfall
- <5 ton average/1,000 ft/yr (ramps) Medium
- Maximum rock or slab size <2 tons Medium
- Rockfall in ramps contained by Medium
support system
- Rockfall or average liner spall Medium

<1/2 ton/1,000 ft/yr (shafts)
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Table 8.3.2.4-1.

performance measures,

(access construction) pertinen

(page 2 of 4)

goals, and needed confidences

t to Issue 4.2, nonra

Function/process

Underground facility
access and egress
(continued)

performance
measure

Tentative goal?®

Acceptable maintenance
frequencies

Access sizes and grades
compatible with require-
ments for personnel,
material transport,
and utility routing

- All rockfall or liner spall to be
retained (by supplemental support
or liner system) (shafts)

Maintenance

Inspection and minor maintenance
will be done on a continuing

basis

- Major maintenance frequency >25 YyI

Grades

- wWaste ramp grade <10%

- Tuff ramp grade <20%

Size

- Men and materials shaft 20 ft
ninimum diameter

- Waste transport ramp roadway width
5 ft greater than waste trans-

porter
and ramp or ramp equipment

equipment >2 ft)

(minimum clearance between

for System Element 1.2.1.1
diological health and safety

Needed
confidence

Medium

Medium

Medium

High

High

Medium

Medium
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Table 8.3.2.4-1.

performance measures, goals,

(access construction) pertinent to Issue 4.2,

(page 3 of 4)

and needed confidences for System Element 1.2.1.1

nonradiological health and safety

Function/process

Performance
measure

Tentative goal?

Needed
confidence

Underground facility
access and egress
(continued)

Removal of broken
rock

Ventilation supply
and exhaust

Ccompliance with 30 CFR
Part 57

Pressure drops in accesses

- Tuff ramp diameter adequate for tuff
conveyor movement of major
construction equipment and utili-

ties (20 ft)

Adequate clearance for rock removal equip-
ment

safety systems (conveyors)
- Barriers and guards
- Heat sensors
- Slack sensors
- Back run preventers

Dust suppression

Accesses sized to limit air velocities and
to accommodate future changes in air
demands

- 3,000 ft/min in shafts
- <1,500 ft/min in ramps

- >60 ft/min in all accesses

Medium

Medium

High

High

Medium
Medium

Medium
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Table 8.3.2.4-1. Performance measures, goals, and needed confidences for System Element 1.2.1.1
(access construction) pertinent to Issue 4.2, nonradiological health and safety

(page 4 of 4)

Performance Needed
Function/process neasure Tentative goal? confidence
High

Accesses designed to provide safe egress

Compliance with 30 CFR
during emergencies

Emergency egress
part 57

the discussion of Issue 4.4, preclosure
Site characterization-

tablished in these

ted with goals from other issues in
lity (Section 8§.3.2.5, Tables 8.3.2.5-1 through 12).
their goals, and confidences are also es

aThese goals are integra
design and technical feasibi
related design or performance parameters,

tables.
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Table 8.3.2.4-2.

pPerformance measures, goals,

(drift construction) pertinent to Issue 4.2,

and needed confidences for System Element 1.
nonradiological health and safety

2.1.2

(page 1 of 3)
Performance Needed
Function/process measure Tentative goal? confidence
Underground facility Safe and usable access Limit rock damage
access for 100 yr
- Qverbreak <6 in. average Medium
- Blast induced fracture extent into Medium
intact rock <3 m average
Drift closure (combined Drift closure Medium
performance of rock
and opening support - Rate of closure <1 mm/yr in main Medium
system) and access drifts
- Rate of closure <3 mm/yr in waste Medium
emplacement drifts
- Total closure <6 in. in 100 yr Medium
Rockfall quantity and Rockfall retention Medium
retention
- <5 ton/1,000 ft/yr
- Maximum rock or slab size <2 tons
- Rockfall retained by support system Medium
Acceptable maintenance Maintenance
frequencies
- Medium

- Inspection and minor maintenance will
be performed on a continuing basis
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Table 8.3.2.4-2.

Performance measures, goals, and needed confidences for System Element 1.2.1.2
(drift construction) pertinent to Issue 4.2, nonradiological health and safety

(page 2 of 3)

Performance Needed
Function/process measure Tentative goal? confidence
Underground facility - Major maintenance frequencies >25 yr Medium
access {continued)
Drift size and grades for Drift size 6 ft wider than equipment size High
personnel and material
transport and utility Drift grades <8% High
routing
Removal of broken Compliance with 30 CFR Adequate clearance High
rock Part 57
Safety systems (conveyors) High
- Barriers and guards
- Heat sensors
- Slack sensors
Dust control and suppression High
Ventilation supply Pressure drop in drifts Drifts adequately sized to limit air
and exhaust velocities and to cover changes in
future air needs
- Velocities in supply mains Medium
2,000 ft/min
- Velocities in returns <2,000 ft/min Medium
- >60 ft/min in all occupied drifts High
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P

and needed confidences for System Element 1.2.1.2

performance measures, goals,
t to Issue 4.2, nonradiological health and safety

(drift construction) pertinen
(page 3 of 3)

Table 8.3.2.4-2.

Performance Needed
Function/process measure Tentative goal? confidence
High

Compliance with 30 CFR Ventilated emergency escapeways

Emergency €gress
Part 57

aThese goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are also established in these

tables.
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Table 8.3.2.4-3. Performance measures, goals, and needed confidences for System Element 1.2.1.3
(borehole construction) pertinent to Issue 4.2, nonradiological health and safety

Performance Needed
Function/process measure Tentative goala confidence
Construct borehole Compliance with 30 CFR Air quality requirements same as specified High
Part 57 and ACGIHP for System Element 1.2.1.6 (mining
(1986) ventilation)

2These goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-

related design or performance parameters, their goals, and confidences are also established in these
tables.

PACGIH = American Conference of Governmental Industrial Hygienists.
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Table 8.3.2.4-4. Performance measures, goals, and needed confidences for System Element 1.2.1.6
(mining ventilation) pertinent to Issue 4.2, nonradiological health and safety

Performance Needed
Function/process measure Tentative goal?d confidence
Provide adequate Air quality, compliance 125 CFM/horsepower of diesel equipment High
quantity of air with 30 CFR Part 57 used for mining and mining support
to all work areas
210 CFM/underground worker High
Minimum air velocity of 60 ft/min in all High

active work areas

Provide quality air Air quality, compliance Si0, <0.1 mg/m3 High
to all work areas with 30 CFR Part 57 and
Threshold Limit Values 0, concentration >19.5 vol%
(TLVs) and bioindices
specified in ACGIHP CO <50 ppm time weighted average (TWA); High
(1986) short term exposure limit (STEL)
<400 ppm
Radon daughter concentration <1.0 working High

level (WL) in active work areas

Personnel exposure to radon <4 working High
level months (WLM) annually

Air cooling power >300 watts/m? at 45°C High
{dry bulb)

aThese goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are also established in these

tables.
bACGIH = American Conference of Governmental Industrial Hygienists.
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Table 8.3.2.4-5.

Performance measures, goals, and needed confidences for System Element 1.2.2.5
(retrieval) pertinent to Issue 4.2, nonradiological health and safety (page 1 of 2)

Function/process

Performance
measure

Tentative goal?d

Needed
confidence

Provide access to
emplacement bore-
hole

Temperature in retrieval
area

Rock movement

Surface rock temperature in shafts and
ramps <35°C

Temperature in access drifts <50°C (SRT)P
Air temperature during retrieval <40°C
Rock/support movement in accesses <1 mm/yr
Rock movement in access drifts <1 mm/yr

Rock movement in emplacement drifts
<3 mm/yr

Total closure in shafts <3 in. in 100 yr

Total closure in ramps and drifts <6 in.
in 100 yr

Rockfall in ramps and drifts <5 ton/
1,000 ft/yr

Maximum rock or slab size <2 ton
Rockfall in shaft <1/2 ton/1,000 ft/yr
All rockfall (accesses and drifts) to be

retained by support system (rock size
>2 in. diameter)

High

High
High
Medium
Medium

Medium

Medium

Medium

Medium

Medium
Medium

High

TTO0-IWD/dINA
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Table 8.3.2.4-5. Performance measures, goals, and needed confidences for System Element 1.2.2.5
(retrieval) pertinent to Issue 4.2, nonradiological health and safety (page 2 of 2)

Performance Needed
Function/process measure Tentative goal? confidence
Provide access to Maintenance Inspection and minor maintenance will be Medium
emplacement done on a continuing basis
boreholes
Major maintenance frequency >25 yr Medium

from other issues in the discussion of Issue 4.4, preclosure
8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
their goals, and confidences are also established in these

aThese goals are integrated with goals
design and technical feasibility (Section
related design or performance parameters,

tables. _
bSRT = Standard room temperature.
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Table 8.3.2.4-6. Performance measures, goals, and needed confidences for System Element 1.2.2.7
(waste ventilation) pertinent to Issue 4.2, nonradiological health and safety

Performance Needed

Function/process measure Tentative goald confidence

for waste ventilation are the same as those specified for System Element

Functions/processes and goals
) except for the requirements for air cooling power and drift cooldown, which

1.2.1.6 (mining ventilation
are specified below.

Air cooling power required for inspection
or light maintenance in waste emplacement
area to be 300 watts/m? at 45°C (dry

bulb)

Air quality Air cooling power

Air cooling power required for heavy
maintenance or retrieval (emplacement
drifts) to be 500 watts/m? at 40°C (dry

bulb)

Cooldown of rock for Rock surface temperature Surface rock temperature <50°C

reentry of emplace-
ment drifts to
perform heavy
maintenance or
retrieval

aThese goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are also established in these

tables.
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Table 8.3.2.4-7.

Performance measures, goals, and needed confidences for System Element 1.2.4.1
(underground closure) pertinent to Issue 4.2, nonradiological health and safety

Performance Needed
Function/process measure Tentative goal?@ confidence
Backfill of drifts Temperature Air cooling power >500 watts/m? at 40°C High
and installation (dry bulb)
of postclosure
seals Rock surface temperature <50°C Medium
Air temperature <40°C High
Compliance with 30 CFR $i0, concentration <0.1 mg/m3 High
Part 57 and ACGIHP
(1986) 0, concentration >19.5 vol%
CO <50 ppm time weighted average (TWA); High
short term exposure limit (STEL)
<400 ppm
Radon daughter concentration <1.0 working High
level month (WLM) in active work areas
Personnel exposure to radon <4 working High

level months (WLM) annually

aThese goals are integrated with goals from oth
design and technical feasibility (Section
related design or performance parameters,

tables.

8.3.2.5,
their goals, and confidences are also established in these

er issues in the discussion of Issue 4.4, preclosure
Tables 8.3.2.5-1 through 12). Site characterization-

bACGIH = American Conference of Governmental Industrial Hygienists.
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Table 8.3.2.4-8.

Performance measures, goals, and needed confidences for System Element 1.2.5.6
(maintenance) pertinent to Issue 4.2, nonradiological health and safety

Function/process

Performance
measure

Tentative goal@

Needed
confidence

Access (shaft and
ramps) maintenance

Drift maintenance

Closure and rockfall

Usability for 100 yr

Rock movement
- <1 mm/yr
- <3 in. total in shaft (100 yr)
Rockfall
- <5 ton/1,000 ft/yr (rawp)
- Maximum rock or slab size <2 tons
- <1/2 ton/1,000 ft/yr (shaft)

Al)l rockfall >2 in. diameter retained by
support system

Inspection and maintenance will be done
on a continuing basis

Major maintenance frequency >25 yr

Medium

Medium

Medium
Medium
Medium

Medium

Medium

Medium

aThese goals are i
design and technical f
related design or performance parameters, their go

tables.

ntegrated with goals from oth
easibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12).
als, and confidences are also established in these

er issues in the discussion of Issue 4.4, preclosure
Site characterization-
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Table 8.3.2.4-9. Performance measures, goals, and needed confidences for System Element 1.2.5.9.2
(nonradiological monitoring) pertinent to Issue 4.2, nonradiological health and

safety
Performance Needed
Function/process measure Tentative goal? confidence
Monitor usability of  Items important to opera- Continuous monitoring of High
shafts, ramps, and tional safety monitored
drifts during con- and displayed in reposi- - Temperature
struction, opera- tory control center

tion, retrieval, - Rock movement

closure, and

decommissioning - Rock support system (visual)

- Air quality
- Water inflow

- Seismic activity

aThese goals are integrated with goals from other issues in the discussion of Issue 4.4, preclosure
design and technical feasibility (Section 8.3.2.5, Tables 8.3.2.5-1 through 12). Site characterization-
related design or performance parameters, their goals, and confidences are also established in these

tables.
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2125 Performance Allocation Tables for Preclosure Design and Technical Feasibility

Regulatory basis for the issue

Issue 4.4 (preclosure design and technical feasibility) questions whether the repository can be
designed, constructed, operated, and closed using reasonably available or proven technology or if it
will be necessary to extrapolate beyond current technologics in order to perform the functions
identificd by this issue. The regulatory basis for addressing this issue and the subsidiary information
nceds is contained in 10 CFR 60.133 and 10 CFR Part 960.

Sysicm clements

The Yucca Mountain MGDS elements that were selected as pertinent to this issue are given in
the following list. The elcments that will be evaluated before the conclusion can be made that the
repository can be constructed, operated, closed, and decommissioned using currently available
technology are as follows:

System elcment Name
1.1 Site
1.1.1 Surface
1.1.2 Subsurface
1.2 Repository
1.2.1 Mining
1.2.1.1 Access construction
12.12 Drift construction
1.2.1.3 Borchole construction
1.2.1.4 Rock handling
1.2.1.5 Water removal
1.2.1.6 Mining ventilation
1.2.2 Waste Handling
1.2.2.1 Recciving
1222 Preparation
1.2.2.3 Storage
1.224 Emplaccment
1.2.2.5 Retrieval
1226 Shipping
1.22.7 Waste handling ventilation
1.2.2.8 Contamination control
1.24 Decommissioning
1.24.1 Undcrground closurc
1.24.2 Surface facility decommissioning

8.3.2-59
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The functions or processes for each of these elements arc given in Tables 8.3.2.5-1 through 8.3.2.5-12.
These tables also include the performance measures used to evaluate performance in each clement, the
tentative performance goals, the needed conlidences, and the performance or design parameters
required to evaluate the technology requircments. Tentative goals, current confidences, nccded
conlidences, and expected values arc also provided for cach performance or design parametcr.

8.3.2-60



function
or process

Table 8.3.2.5-1.

Petformance measure

AN

Tentdl ive goal

Needed
conf idence

Performance or
design parameter

Tentat ive goal*

Provide sufficient
area for surtace
facilities

Provide usable
access for waste
delivery vehicles

Provide facility
sites (including
underground
accesses) that

are not jeopard-
ized by natural or
manmade phenomena

19-7¢'8

Space to accommodate
surface facilities
{with contingency)

Grades for rail and
t.ruck delivery

Location relative to
fioodplain

Locations for sur-
face facilities

>100 acres for
central surface
facility

>50 acres for mined
material storage

>10 acres for each
underground access
location

Minimum cut and fill

<6V road grades
<2V road grades

Above floodplain

Facilities impor-
tant to safely
{F17S) not loca-
ted over poten-
tially active
geological struc-
tures

High

High

Medium

Medium

High

High

High

Surface topography at
facility locations

Surface topography at
candidate mined
material storage area

Topography at under-
ground access loca-
tions

Topograpy of surface
facility sites

Surface topography on
access routes

Topography at facility
locations

Surface hydrology for
10, 25, 50, 100, 500,
yr flood and probable
maximum flood (PMWF)

Area of inundation

Identification of any
fault within 100 m
of FITS with greater
than 1 chance in 100
of producing more
than 5 cm of surface
displacement in 100 yr

Topographic maps
with 1 m contours

Topographic maps
with 2 m contours

Topographic maps
with 1 m contours

Topographic maps
with 1 m contours

Topographic maps
with 2 m contours

Topographic maps
with 1 m contours

Inundat ion maps
with elevation of
inundation area
to within 2 m

Secondary quanti-
ties used to
derive area of
inundation

Topography of
drainage area
2 m contours

Debris quantity
and category

Determine existence

conf1dence

Prelimindry performance allocation for System Element 1.1.1, surface (page 1 of 6)

Needed Curient

cont idence

Eapected
vdalue

Medium Medium I m contours
Medium Medium 2 m contours
Medium Medium 1 m contours
Medium Medium 1 m contours
Medium Medium 1 m contours
High Medium I m contours
High Low Ated map with
eleval ion of
inundated areq
within 2 m
Medium Medium 2 m contours
Low Low Cannot be esti-
mated with
current by
availdble datu
High Low No such taults

dre expected
Lo be found
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Function
or process

Table 8.3.2.5-1.

Performance measure

Tentalive goal

Needed
conf idence

Preliminary performance allocation for System Element 1.1.1,

Performance or
design parameter

Tentative goal®

Provide facility
sites (including-
underground
accesses) that
are not jeopard-
ized by natural or
manmade phenomena
(cont inued)

9-7¢'8

Acceptable poten-
tial for vibra-
Ltory ground
mot ion

Acceptable potential
for volcanic
etuption at surface
facilities

Design basis ash fall
thickness at sur-
face facility loca-
tions (including
shaft and ramp
portais)

High

High

Medium

If determined to exist,
establish

Location at surface

Orientation at sur-
face

Probability of
exceeding 5 cm
displacement under
FITS

Design basis ground
sotion time histories
and corresponding
response spectra

Potential for exceed-
ing design basis
ground motion at
FITS

Probability vs. peak
ground acceleration,
peak ground velocity,
and peak velocity
response at selected
frequencies at sur-
face FITS locations

Probability of volcanic
eruption that would
disrupt surface
facilities

Design basis ash fal}
thickness

Actual location to
accurdcy of s5 m

Actual orientation
to accuracy of
t110*

Probability of $ cm

displacement
under FITS <.01}
in 100 yr

Time histories and
response spectra
representat ive
for exceptional
earthquakes on
nearby faults andg
underground nuc-
lear explosions
(for frequencies
between 0.5 and
13 Hz)

<0.1 probability
in 100 yr

Values estimated
for annual proba-
bility ranging
from 102 to 10-¢
per yr

Probability <,0001
in 100 yr

<0.1 probability of
exceeding design
basis ash fall
in 100 yr

surface (page 2 of §)

Needed

cont idence

High

High

High

Medium to
high

Medium to
high

Medium to
high

High

Low to
medium

Current

conf idence

Low

Low

Low

Low

Low to
medium

Low

Medium to
high

Low

Expected
value

Locat ion within
5m

Orientation to
10°

Probability <.01
in 100 yr

0.4-0.69 peak
accelerdation

Probability <0.}
in 100 yr

Cannot Lo esti-
mated baesed on
Current data

Probability
<.0001 in
100 yr

Probability <0.}
100 yr
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Table 8.3.2.5-1.

Function
of pProcess

performance measure Tentative goal

Needed

conf idence

Performance or
design parameter

Tentat ive goal®

Provide facility
sites (including
underground
accesses) that
have acceptable
soil and rock
conditions

€9-7°¢'8

Stable foundations
on soil and rock
under static load
conditions

soil and rock condi-
tions

Stable retaining
walls on soil and
rock under static
load conditions

Stable slopes for
static and dynamic
loading conditions

Medium

Medium

Medium to
high

Allowable foundation
bearing load pressure
for soil considering
shear failure and
sett lement (total
and differential)

Allowable foundation
bearing load pressure
for rock considering
shear failure and
settlement (total
and differential)

Active and passive
soil pressures for
flexible and rigid
structural walls

Active and passive
rock pressure for
flexible and rigid
structural walls

Factor of safety for
an identified mech-
anism of potential
slope failure in
soil for static and
dynamic loading con-
ditions

Factor of safety for
an identified mech-
anism of potential
slope failure in
rock for static and
dynamic loading con-
ditions

Rilowable bearing
pressure >0.2 MPa

Allowable bearing
pressure >14 MP4

Earth pressure
coefficient
active »0.25
passive >3.4

Earth pressure
coefficient
active >0.25%
passive >3.4

For slopes poten-
tially impacting
FITS

F.5.0 >1.%
{static)

F.5. >1.2
(dynamic)

For slopes poten-
tially impacting
other structures

F.5. >1.3
(static)

For slopes poten-
tially impacting
FITS

F.§. >1.5
(static)

F.S. >1.2
(dynamic)

Preliminary performance allocation for System Element 1.1.1, surface (page 3 of 6)

Needed

conf idence

Medium

Medium

Medium

Medium

High

Medium

High

Current
confidence

Low to
medium

Low to
medium

Low

Low

Low

Low

Low

Expected
vdlue

0.2-0.4 MPa

21 MPa

Cannot be esti-
mated based on
current data

Cannot be esti-
mated based on
curient data

Cannot be esti-~
mat €d based on
current data

6 A3 "'1100-WD/dNA




AN

Table 8.3.2.5-1.

Pr

-e'8

Function
or process

Performance measure

Preliminary performance allocation for System Element 1.1.1, surface (page 4 ot 6)

Needed
Tentative goal

conf idence

pPerformance or
design parameter

Needed

Tentative goal® conf idence

ovide facility
sites (including
underground
accesses) Lhat
have acceptable
soil and rock
conditions

(cont inued)

Suitable hydraulic Medium
related soil con-
ditions consider-
ing infiltcation/
runoff character-
istics and ero-
sion potential

Stable foundations High
on soil and rock
for dynamic load-
ing conditions
(for FITS)

Stable retaining High
walls on soil and
rock under
dynamic loading
conditions (for
FITS)

Favorable infiltration:
runoff ratio

Favorable hydraulic
induced soil erosion
characteristics

Favorable soil-struc-
ture interaction
considering displace-
ments and degree of
yielding in soil
beneath base of
building®

Favorable rock-struc-
ture interaction
considering displace-
ments and degree of
yielding in soil
beneath base of
building®

Favorable soil-struc-
ture interaction
considering displace-
ments and degree of
yielding in soil
beneath base of
building

For slopes poten- Medium
tially impacting
olher structuzes

F.5. >1.3
(static)
See Section 8.3.1.2 High
{gechydrology)
Scour around Medium

bridge piers
<13 m in 100 yr

Bed erosion <5 m Medium
in 100 yr
Sheet erosion Medium

<l min 100 yr

Total displacement High
<3 in.
Percentage of soil High

that has yielded
beneath base of
building <10%

Total displacement High
<3 in.
Percentage of rock High

that has yielded
beneath base of
building <10%

Total displacement High
<6 in.
percentage of soil High

that has yielded
beneath base of
building <10%

Current
cont idence

Low

Low

Low

Low

Low

Low

Low

Low

Low

Expected
value

Cannot be esti-
mated based on
cursent data

See 8.3.1.2

See 8.3.1.6

Cannot be esti-
mal ed based on
current data

Cannot be esti-
mated based on
current data

Cannol. be esti-
mat ¢d based on
current data

Cannot be esti-
matl ed based on
current data

Cannot be esti-
mated based on
current data

Cannot be esti-
mated based on
current data

Cannot be esti-
mated based on
current data

Cannot be esti-
mated based on
curtenl data
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Table 8.3.2.5-1.

Function
or process

Performance measure Tentative goal

Needed
conf idence

Preliminary performance allocation for System Element 1.1.

1, surface (page 5 of 6)

Performance or
design parameter

Tentat ive goal®

Provide facility
sites (including
underground
accesses) that
have acceptdble
soil and rock
conditions
(cont inued)

§9-7¢'8

Protection and con-
finement of opera-
tional activities

Soils not subject
excessive volume
change

Facilities nolt dam-
aged by weather
extremes

Facilities adequate
to withstand
natuzal weather
phenomena without
damage to func-
tional capability

Medium

High

Favorable rock-struc-
ture interaction
considering displace-
ments and degree of
yielding in soil
beneath base of
building

Magnitude and rate of
time dependent
settlement in soils
below earthfillsd

Magnitude of swell in
subgrade soils below
roads®

Magnitude of soil
collapse below sur-
face tacilities
(foundations, earth-
fills, and roads)
due to saturation
and/or loading?

Favorable soil liqui-
faction potential
for saturated low
density soils under
dynamic loading con-
ditionsd

Design wind load at
surface facility
locations (normal
winds)

Design basis tornado
Probability of
occurrence
Maximum wind speed

Maximum atmospheric
pressure drop

Total displacement
<2 in.

Percentage of rock
that has yielded
beneath base of
building <10%

Total settlementL
<4 in,

Total swell <1 in.

Total collapse <2%

In situ density
>90% of maximum
dry density

in situ density
>85% of maximum
dry density

Well graded soil

80 mph

<l x 1077 per yr

180 mph (combined

translational and

rotational
velocity)
0.7 psi

Needed
cont idence

High

High

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

High

High

Current
confidence

Low

Low

Low

Low

Low to
medium

Low to
med ium

Low to
medium

Medium

Low

Medium

Low

Expected
value

Cannot be esti-
mated based on
current datd

Cannot be esti-
mated based on
current ddata

Sett lement <4
in.

Swell <1 in.

Cannol be esti-
mated based on
curient data

Cannot be esti-
mated based on
currenl data

Density >93.5%

Poorly graded
giavel or
silty gravel

80 mph

<l x 1077 per yr

<180 mph

0.7 psi
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Table 8.3.2.5-1.

Preliminary pertormance allocation for System Element

1.1.1, surface (page 6 of 6)

Function Needed Performance or Needed Current Expected
o1 process performance measure Tentative goal conf idence design parameter Tentative goal® confidence contidence value
protection and con- Design snow load at 10-16 in. High Medium 14 1n.
t inement and opera- surface facility
tional activities locat ions
{cont inued) Design precipitation 2-4 in./h High Medium 3 in./h
rate at surface .
facilities
Provide proper Proper environment Heating and cooling High Heating and air con- No site characterization data is required. Existing data
environment for for personnel and design values ditioning design from near vicinity locations is adequate if normalized to
personnel and equipment under values Yucca Mountain sites. Values will be developed and
equipment normal weather presented in the repository design plan.
ertremes
e
b Site location Medium Site locations Coordinates of Medium High Coordinates
o facility loca- within 'S5 m
g tions
Site elevation Medium Site elevation Elevations of sur- Medium High Elevat ions

face facilities within t5m

aTentalive goals, including ranges, for perfo
analyses (Tables 6-11 through 6-16), and Jimited

its references and in Ehgartner (1987) .
by g, = factor of safetly.

cif the alluvium or rock adjacent to the foundati

necessary.

dThe need for these design and performance parameters or
preliminary soil and rock data from the site,

rmance or design parameters are based
sensitivity analyses reported in Appendix 1 of the Site Char

characterization parameters is contingen

on has shear velocities greater than 3,500 ft/s,

Lhese parameters are not currently required.

t on the soil and rock conditions encountered.

on current reference values used to reposilory conceptual design and supporting

acterization Plan-Concenptual Design Report (5NL, 1987) and

Lhen a soil-structure interaction analysis will probably not be

On the basis of the
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Table 8, 8.07.0-2.

Function
or process

Picisminaly potlotmgnce dllocation lor System hlemcot

TN
->

Performance measure

Needed
conf idence

Performance or

Tentative goal design parameter

Provide adequate
area for distribu-
ting waste (with
cont ingency) and
required over-
burden

Provide underground
sites (including
accesses) that ace
not jeopardized by
natural or sanmade
phenomena

Atea for 70,000 met-
ric tons of waste
and overburden
>200 m

Ability to continue
preclosure opera-
tions and retrieve
waste

Goal for needed High
area established
in Issue 1.11
(see Section
8.3.2.2 for
needed site
parameters)

ldentitication and
characterization of
gignificant Quatex-
nary faults in the
repository block

Underground facili- High
ties not located
in areas with a
high probability
of distuption by
faulting

1f determined to
exist, establish

Locat ion at
repository level
projected trom
surface data

Orientation
(strike and dip)

Probability of
exceeding 7 cm
displacement in
areas of waste
emplacement

Design basis ground
motion time his-
tories, and corre-
sponding spectra at
underground facility

Acceptable poten- High
tial for vibra-
tory ground
mot ion

High Combined potential
for vibratory ground
motion at under-
ground facility
locations

t.1.4, subsutlate (payge 1 ol b)

Needed

Tentalive goal® cont idence

See 1ssue 1.11, Section 8.3.2.2

Determine exis- High
tence
Actual location to High

accuracy of 120 m

* Actual orientation High
to accuracy of
110°

Probability of 7 cam Medium
displacement in

waste emplacement

area <1 chance in

10 in 100 yr

Time histories and Medium to
response spectra high
representative of
10,000-yr cummu-
lative-slip earth-
quakes on nearby
faults and under-
ground nuclear
explosions (for
frequencies
between 0.5 and
33 Hz)

<1 chance in 10 of Medium Lo
exceeding design high
basis ground
motion in 100 yr

Current Expect ed
cont 1dence value?
Low No such taults
dre expected
to be found

in repository,
but two such
faults bound
block

Low Cannol be e¢sli-
mated based on
current data

Low Cannot be est1-
mated based on
current data

Low Probability <0.1
in 100 yr

Low 0.2-0.3g peak
acceleration
{subsurface)

Medium to Probability <0.1
low in 100 yr
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Table B304

Funct ion
01 process

Pertormance measure

Provide adequate
ates tor distrnibu-
L1ng waste (with
cont ingency) and
required over-
burden (continued)

provide host rock
thickness for drift
construction and
waste emplacement

provide physical
pioperties adequate
for construction
and operation of
stable (safe)
underground
accesses, deifts,
emplacement bore-
holes, and support
facilities for
normal and credible
abnormal conditions

Thickness for drift
construction and
waste emplacement

Usable openings of
required sites

Needed
Tentalive goal conf idence
Acceptable poten- High
tial for vol-
canic eruption
through under-
ground facility
Host rock thick- High
ness >50 m
Accessways and High
drifts usable
for 100 yr

Pielimnaty peitormance allocation for System Element 1.i.Z2, subsurlace (paye £ vl 3)

Performance or
design parameter

Probability of vol-
canic eruption
through area of
waste emplacement

Stratigraphic con-
tacts for top and
and bottom of Lhe
TSw2 formation
wilhin candidate
areas for reposilory

Rock properties in
primary area
Poisson’s ratio

(intact rock)

In situ stress
{rock mass)

Initial temperature
(rock mass)

Coetficient of
thermal expansion
{rock mass)

Teat aLive goal®

Needed
cont idence

Probability High
<1 x 106
per yr

Determine eleva- thgh

of stratLigraphic
contacts at selec-
ted points within
candidate repository
area to accuracy of
+10 m (Note: goal is
Lo determine potential
usable extent of
acceptable area based
on this and other
criteria)

TSwl 0.20-0.30 (NL)© Low

0.13-0.19 (L)9 Low

TSw2 0.19-0.29 Medium

vertical 6.3-7.1 Medium
MPa (average)
value for 300 m)

Minimum horizontal
stress ratio
0.3-0.8

Maximum horizontal
stress ratio
0.3-1.0

Bearing of minimum
horizontal stress
between N 50 E-
N 65 E

Bearing of maximum
horizontal Stress
between N 25 E-
N 4 E

TSw2 23-25°C

Hedium

Medium

Medium

Medium

Medium

TSwl current mean Medium
158 (ML and L)
TSw2 current medn

t15%

Medium

Cutrent
contidence

lLow LO
medium
lLow

Medium

Low to
medium

Low

Medium

Medium

Medium

lLow Lo

medium
Medium

kxpected
valueP

Probabilaty
<l x 10 ¢

Thickness o
Thwl with
area meet

other selected
guidelines tor

t
i
1ng

repository

hori1zon defined

in lIssue
(Section
8.3.2.2)

0.19-0.29

6.3-7.7

N 50¢ w-
N 65° W

N 25° E-
N 40° E

23-25¢C

12 x 10 */K

9 x 10 */K

1.11
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Table 8. 3.0

Functi1on
or process

provide physical
properties adequate
for construction
and opesation of
stable (safe)
underground
accesses, dritts,
emplaceuenl bore-
holes, and support
facilities for
normal and credi-
ple abnormal
conditions
(cont inued)

Performance measure

Pielbunnaty pes tutmance allocation tor Syslem Element

Needed
conf idence

Tentat ive goal

-

1

1.2,

subsut Lavy tpaye 3 ol

performance Or
design parameter

Thermal conduclivity
{rock mass)

Young's modulus
(intact rock)

peformat ion modulus
{rock mass)

Heal capacity

unconf ined compres-
sive strength
(intact rock)

Cohesion of rock and
angle of internal
friction -- intact
rock {compressive
strength as @ func-
tion ot contining
plessu!e)
fining pressure}

Y}

Teutal ive goal?®

TSwl current mean
1208 (NL) (Dry)

TSwl current mean
+200 (L) (Dry)

TSw2 current mean
£20% (Dry)

T5wl 12-54 GPa {NL)
14-17 GPa (L)
Tsw2 29-33 GPa

TSwl 12-20 GPa (NL)
4-11 GPa (L)
TSw2 11-19 GPa

TSwl current mean
1108 (NL)
(saturated)
current mean 1108
(NL) (dry}
current mean $10%
(L} (saturated)
curtent mean :10%
(L) (dry)

TSw2 curient mean
1108 (saturated)
(ary}

TCw current mean
+20%

¢Tn current mean
120%

TSwl 54-207 MPa
{NL)
13-19 MPa (L

TSw2 121-175 MPa

TCw cohesion,
cutrrent mean
1208

Angle ot internal
friction, current
mean 220V

PTn cohesion, cut-
rent mean :20%

Angle ot internal
friction, current
mean t20%

Needed
cont idence
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium

Medium

Medium

Medium
Medium
Medium

Medium

Medium

Medium
Medium

Medium

Medium

Medium

Medium

Current trpected
contidence valueP
Low Lo 1.2 W/m-K
me-d1um
Low 0.8 W/m-K
fow L0 1.4 W/m-K
medrum
Medium 19-44 Gita
Low 15.5 LPa
Medium 11 GPa
l.ow 12-20 Gla
Medium  4-11 Gba
Low 11-19 Gra
Low 1o 2.1 J/mi-K
medium
Low LO 2.0 J/mi-K
medium
Luw to 1.9 J/m?-¥
medium
Low LO 1.4 J/m?-X
medium
Low to 2.2 Jut-K
medium

{see tootnole vl

{see tootnote €)

Medium 61-112 MPa
Medium 16 MPa
Medium 148 MPa
lLow 30-10 MPa
Low 45°
Low 4-12 Mba
Low 8-5°
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lable B30 072 rrelimn

Function
or process

Performance measure

Tentat ive goal

provide physical
propert1es adequate
tor construction
and operation of
stdble (sate)
underground
accesses, drifts,
emplacement
boreholes, and
support facilities
for normal and
credible abnormal
conditions (continued)

sty putloinsance allocation tour Systum blement

Needed
conf idence

TN

1

Ly

subsutlave (paye 4 vl

performance or
design parameter

Joint normal and sheat
stitfness properties
(fractures)

Joint wall compressive
(fracture surfaces)

Joint roughness
coetficient (frac-
ture surfaces)

Cohesion and

coefficient of
friction {fractures)

Number of joint sets

Frequency and spacing
Soint orientation

Joint roughness and
condition of joints

Rock quality designa-
tion

Joint alteration

9)

Tentative goal®

Needed
confidence

TSwl cohesion, Medium
cutrent mean
(NL & 1) 220%

Angle of internal Medium
friction, curtent
mean (NLalL) $20%

TSw2 cohesion, Medium
current mean $20%

angle of internal Medium
friction, current
mean :20%

TSw2

TSwl

TSwZ

TSw2 cohesion, Medium
current mean :20%

Coetficient of Medium
friction, current
mean :20%

TSw2 2-3 High

TSw2 20-40/m? Medium

1TSw2 identify joint Medium
sets and orienta-
tion

TSw2 discont inuous Medium
to smooth undula-
ting

TSw2 80-35 Medium

TSw2 softening or Medium

low friction with
clay mineral
coat ings

PN

Cureent Expected
cont tdence value?
lLow 11-36 Mbs
Low 12-35°
Low 3% Mba
Low 24°

{see tootnote ¢}

{see (ootnote u)

{see toolnote e)

Low 0.1 Mba

Low 0.%4

Medium 2-3 sets
Meddium 20-40/m?
Medium  Cannal be esta-

et vd based on
current data
Medium  Rough, undula-
ting

Medium  B0-35

Unaitered to
slightly
altered

Medium
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Table 8.3.2.9"Z.

Function
or process

provide physical
propertLies adequate
for construction
and operation of
stable (safe)
Undetgeound
accesses, drifts,
emplacement bore-
holes, and support
facilities for
normal and credi-
ble abnormal con-
ditions (continued)

Dissipate heat from
emplaced waste

provide adequate
water for reposi-
tory operations

awhere the goal is indicated as a percentage of t
Jdata and that the mean value o
repository conceptual design an
plan-Conceptual Design Repoxt {SNL,

bin general the expected value is
values measuted to date nor is i

cNl. denotes properties for nonlithophysal.

4, denotes properlies tor

cExisting data are

Preliminaty pettotmdance allocatson tor System Elemeat 1.

Performance measure

Waste package tem-
perature

Available water

f Lhe new data lies wit
d supporting analyses
1987) and in Ehgartner {(1987).
provided to indicate the ran
L intended to indicate that the de

lithophysal.

w

subsui ldace (page > vl D)

Needed
Tentat ive goal confidence
Centerline tempera- High
ture of waste
package <350°C
Water availability High
>400 acre-ft per
yr

insuflicient Lo establish goals or expected values.

performance or
design parameter

Construction method

Presence of swelling
or squeezing ground

wWater inflow

Expected seismic load-
ing

Description and fre-
quency of abnormal
conditions in rock-
mass

Fault properties (sub-
surface)

Location

Orientation

Physical, thermal,:
and mechanical pro-
perties of major
faults

initial formation
temperature

Thermal conductivity
of rock

Heat capacity of rock

Sustained yield of
pumped water source
for operational

support

he current mean value, the goal is to show that the distribution o
hin the range specified as petcentage of the
{Tables 6-11 through 6-16) and limited sensi

ge of typical values measured to date.
sign would be invalid if future va

Tentdl ive goai®

current mean value.
tivity analyses reported in Appendix 1 of the Site Charactetization

- /"\\

fopected
vatue®

Curtent
contaidence

Needed
cont idence

No site dals required

Nol present based on curtent data

Quantify water Medium High Not expected
intlow
0.2-0.3g acclera- Medium Low 0.2-0.39 (undes-
tion ground}
TBD TBD TBO TBH
Actual location to High Low Locat ion within
accuracy of t9 m Sm
Actual orientation Medium Medium Orientation to
to accuracy of within 10°
£10°
Oftset 12 m High Low Cannot be esta-

mated based on

Spacing ¢l m
current datas

Fill character-
istics

see values specified under rock properties in primary ared

See values specified under rock properties in primaty dreo

See values specilied under rock properties in primdly dicd

400 acre ft/yr Medium Medium  >400 acre tt/y:

f Lhe new data 1s similar to that of the current
The goals dre based on curtent values used for

This columa is not intended to identity the limits of all
lues obtained difter tiom the values presented.
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Table 8.3.2.5-3.

,/’—ﬁ\\

TN

Preliminary performance allocation for system element 1.2.1.1, access construction (page 1 of 4)

Function
or process

Performance measure

Needed

Tentative goal conf idence

performance or
design parameter

Tentative goal

Current
cont idence

Needed
conf idence

Expected
value

Underground facility
access for person-
nel, support
materials, waste
handling systems
during construc-
tion, operation
(including re-
trieval), and
decommissioning

wTes

Accesses ({shafts and
ramps) usable for
100 yr with rea-
sonable maintenance

Compliance with
10 CFR 60.133f

Access closure (com-
bined performance
of rock and opening
support system)

Rockfall

Access to construct, High
emplace, and re-

trieve waste, close,

and decommission

for 100 yr

Limit rock damage
during construc-
Ltion
Overbreak <6 in.

average
Extent of frac-
turing of
intact rock
<3 m avetrage

Medium

Medium

Extent of closure

<1 mm/yr in
accesses
{shafts and
ramps)

Total closure
<6 in. in
100 yr (ramps)

Total closure
<3 in. in
100 yr (shafts)

Medium

Medium

Medium

Rockfall

<5 ton (average)
per 1,000 ft of
length per yr
(1amps)

Maximum size of
10ck or slab-
fall <2 tons

Rockfall con-
tained by
support system
(ramps)

No rockfall to
disrupt or
damage waste
transporler
(1amp)

Medium

Medium

Medium

Medium

The parameters required, the tentative goals, and confidence required for Lhese parame-

ters are the same as those listed under System Element 1.1.2 subsurtace, under rock

properties in primary area

The parameters required, the tentative goals, and confidence required for these parame-

ters are the same as those
properties in primary area

The parameters required, the
ters are the same as Lhose
properties in primary area

The parameters required, the tentative goals, and confidence required for these parame-
ters are the same as those listed under System Element 1.1.2 subsurface, under rock

properties in primary area

listed under System Element 1.1.2 subsurfacCe, under rock

tentative goals, and confidence required for these patame-

listed under System Element 1.1.2 subsutface, under rock
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Table 8.3.2.5°3. preliminary pertormance allocation for system element 1.2.1.1, access construction (page ? of 4)

Needed performance or Needed Current tapected
Tent at ive Goal cont idence design parameter Tentat ive goal cont idence  confidence va lue

Function

or process performance measure

e e T e e

e e e

Unde rground facility Rockfall or linet Medium
access (cont inued) spall in shafts
<1 ton (average}
per 1,000 ft/yr
ALl rockfall of High
liner spall in
shaft to be
retained (by
Supplemental
support system,
supplemental
Yiner or other

methods)
and conf idence required tor these patame-

The parameters required, the tentative qoals,
Element 1.1.2 subsutface, under rock

Inspection and
maintenance ters are the same as those listed under System
f requency properties in primary area
1nspection and Medium
minor main-
tenance done
on continuing
basis
Major mainte- Medium
nance fre-
quency <25 yr

Maintenance frequency

EL-TES

size No site characterization data required
20 ft clear Medium
diameter man
and material
shatt to
accommodate man
and material
cage of required
capacity and
utilities
19 ft diameter Medium
waste ramp
roadway width
5 ft > width of
waste transpor-
ter. Minimum
vehicle clear-
ance »2 1L

Access sizes and
grades compatible
with requirements
for personnel and
material tramsport
and utility routing
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Table 8.3.2.5-3.

Function
oI process

Performance measure

Underground facility
access (continued)

Ventilation routing
{supply and
exhaust)

YL-TE'8

Sealing

Pressure drop in
shafts and ramps

Shafts and ramps
compat ible with
requirements for
repository sealing

Tentalive Goal

20 ft diameter
tuff ramp
clearance ade-
quate for tuff
conveyor, move-
ment of major
construction
equipment and
utilities

Grades

Waste ramp grade
<108

Tuff ramp grade
<20%

Shafts and ramps of
sufficient size to
limit flow veloci-
ties. Size suffi-
cient to provide
cont ingency to
cover changes in
future air quan-
tity requirements

Ramp velocities
<1,500 ft/min
Shaft velocities
<3,000 ft/min

Materials used com-
patible with seal-
ing requirements

Const ruct ion met hods
compatl ible with
sealing require-
ments

£5-1 shaft liner
capable of being
removed at time
of closure

conf idence

Needed

Performance or
design parameter

Medium
Elevation at ramp
High entry ramps
Medium
Pressure drop per unit
length of drift
Medium
Medium
High
High
High

Preliminary performance allocation tor system elemenL 1.2.1.1, access construction (page 3 of 4)

Eapected
value

Current
contidence

Needed

Tentative goal cont idence

Topographic maps Medium Medium I m contours

with 1 m contours

Site data required will be pressure drop measurements made in
shafts and ramps construcled in different types ot rock.
Measurements wills be repeated for each consLiuction method
and liner type used.

Parameters (information needed) have been identified under
1ssue 1.12, Table 8.3.3-9.

No site characterization date required

No site characterization data required
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Table 8.3.2.5-3. Preliminary performance allocation for system element 1.2.1.1, access construction (page 4 of 4)

Funct ion Needed

or process Tentative Goal

Performance measure

No shaft (except High
ES-1) should pene-
trate into Calico
Hills unit

Sealing (continued)

Water storage High
capacity at base
of shafts (exclud-
ing ES-2) to be
150 m?

The thickness between High
the bottom of ES~1
or any exploratory
studies facility (ESF)
drifting and the
ground-water table
should be greater
than the minimum
thickness of the
Calico Hills above
the water table
anywhere within
the repository
boundary

SL-TE8

conf idence

Performance or
design parameter

Elevation of upper
Calico Hills

Ground water table
2,400 ft elevation
at £5-1

) Needed Current txpected
Tentat ive goal contidence  confidence va lue
Elevation within High High At ES-2 - 2,
5m 128 tv; at men

and materials
shaft 2,742
fu; al waste
vent ilation

shatt
2,806 tL
No site characterization data required
High High 2,400 ft
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Table 8.3.2.5-4,

Preliminary performance allocation for System Element 1.2.1.2, drift construction (page 1 of 2)

Function
or process

Performance measure

Needed

Tentat ive goal confidence

Current
contidence

Expected
value

Needed
cont idence

Performance or

design parameter Tentative goal

Underground facil-

9L-TE'8

ity access for
personnel, sup-
port materials,
waste handling
systems during
construction,
operation
(including
retrieval), and
decommissioning

pDrifts usable for
100 yr with rea-

sonable maintenance

Compliance with
10 CFR 60.133¢€

Drift closure (com-
bined performance
of rock and rock
support system)

Rock fall (perform-
ance of rock sup-~
port system)

Acceptable mainte-
nance frequency

Access to construct,

High
emplace and retrieve

waste, close and
decommission for

100 yr

Limit rock damage
during construction
Overbreak <6 in.
average
Extent of fractur-
ing in intact
rock <3 m

Medium

Medium

Extent of closure

<1 mm/yr in main
and access
drifts

<3 mm/yr in waste
emplacement
drifts

Total closure
<6 in., in 100 yr
for all drifts

Medium

Medium

Medium

Rockfall

<5 ton (average)
per 1,000 ft of
drift per yr

Rockfall con-
tained by sup-
portL system

Maximum size of
rock or slab
fall <2 tons

No rockfall
sufficient Lo
disrupl or
damage waste
transporter

Medium

High

Medium

Medium

Frequency
Inspection and
minor mainte-
nance will be
done on a con-
tinuing basis

High

The parameters required for these performance goals for System Element 1.2.1.2
ate the same as specifed under rock properties in primary areas under System
Element 1.1.2 (subsurface)

The parameters required for these performance goals for System Element 1.2.1.2
are the same as specified under rock properties in primary areas under System
Element 1.1.2 (subsurface)

The parameters required for these performance goals for System Element 1.2.1.2
are the same as specified under rock properties in primary areas under System
Element 1.1.2 (subsurface)

The parameters required for these performance goals for System Element 1.2.1.2
are the same as specified under rock properties in primary areas under System
Element 1.1.2 (subsurface)

The parameters required for these performance goals for System Element 1.2.1.2
are the same as specified under rock properties in primary areas under System
Element 1.1.2 (subsurface)
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Table 8.3.2.5-4.

Preliminary pecrformance allocation for System Element 1.2.1.

Function
or process

Performance measure

Tentative goal

Needed
conf idence

Performance or
design parameter

2, drift construction (page 2 of 2)

Cutrent
conf idence

Needed

Tental ive goal conf idence

Underground facility
access (continued)

LL-TES

Vvent ilation routing
(supply and
exhaust}

Sealing

Drift sizes and
slopes compatible
with requirements
for personnel and
material trans-
port and utility
routing

Pressure drop in
drifts

prifts (underground
layout) compatible
with repository
sealing

Major maintenance
frequency >25 yt

Drift cross-section
6 ft greater than
maximum mobile
equipment width

Drift grades <8%

prifts of sufficient
size to limit air
velocities to
<2,000 ft/min

Underground drift
layout and grades
should provide
water drainage
from waste emplace-
ment to designated
nonemplacement
drifts

Drift layout and
and grades within
the exploratory
studies facility

should drain to the

£5-1 shaft

High

Medium

High

Medium

High

High

Upper and lower
contact eleva-
tions for the
TSw2 formation
over the entire
repository area

Upper and lower
contact eleva-
tions for the
TSw2 formation
within the
potential
repository area

Upper and lower
contact eleva-
tions for the
TSw2 formation
within the
potential
repository area

Medium

No site characterization data required

Upper and lower Medium
contact eleva-
tions for the

TSw2 within 20 m

No additional site characlerization data required.

Expect ed
value

Elevat ions
accurate Lo
20 m

requirements related to nonradiological health and satety
are identified in Table 8.3.2.5-8 under System Element

1.2.1.1, mining ventilation

Upper and lower Medium Medium
contact eleva-

tions for the

TSw2 within

20 m

Upper and lower Medium Medium
contact eleva-

tions for the

TSw2 within

20 m

Elevat ions accu-
rate to 120 m

Elevat ions accu-
rate Lo ¢20m

Site data
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Table 8.3.2.5-5.

Preliminary performance allocation for

System Element. 1.2.1.3, borehole construct ion

Function/
process

pPerformance measure

Provide for
emplacement

Provide waste
emplacement

Constructability of
usable borehole
for waste disposal
envelope

Installation of
borehole liner

Needed Performance or Needed Current Expected
Tentative goal Confidence design parameter Tentative goal® conf idence conf idence value
25 ft deep x 29 in. High Abrasiveness of Reasonable cutter  Medium Medium Cannol b esti-
diameter vertical rock life mated based on
borehole Current dota
363 ft long x 36 in, High The additional parameters required to access constructability of usable boreholes
diameter horizontal are the rock parameters identified under System Element 1.1.1 {subsurface)
borehole
Ability to install High Mechanical system---No additional site characterization data required
vertical hole liner
Ability to install High Mechanical system-~-Because Lhe lon

up to 363 fr of
horizontal hole
liner

gitudinal boreholes are lined as they are drilled,
no additional site characterization data required

*Tentative goals, including ranges, for performance or design parameters a
dnalyses (Tables 6-11 through 6-16), and limited sensitivity analyses reported
its references and in Ehgartner (1966).

8L-Tt8

re based on current reference values used fo
in Appendix I of the Site Characterization p

T repository conceptual design and supporting
lan-Conceptual Design Report (SWL, 1987) and
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Function/
process

Removal of mined
rock

Table 8.

3.2.5-6 Preliminary performance allocation for System Element 1.2.1.4,

Performance measure

Performance or
design parameter

Tentat ive goal

Ability to remove
mined rock at
rate of generation

Needed
TenlLative goal conf idence
3,000 tons/day Medium

Size range of
blast-fractured
rock

Angle of repose of
fractured rock
piles

Maximum rock size

Actual angle of
repose $5°

rock handling

Needed Current Expected
confaidence conf idence value
Low Low <12 in.
Low Low 25-30°
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Table 8.3

.2.5-1.

ST

Function/
process

Performance measure

Preliminary performance allocation for System Element 1.2.1.5,

Removal of process
water

Removal of natural
C water

_ Removal of water

resulting from
condensat ion in
ventilation
returns (potential
during operations)

apo site characteriz
bCondensate potentia
{waste handling ventilat

All process water
removed

Removal rate equal
to rate of inflow

Removal rate equal
Lo rate of con-
densation

Needed performance or
Tentative goal confidence design parameter
Removal capacity Medium Quantity of
>600 gph process water
Removal capacity Medium Natural water
>50 gpm inflow
Removal capacily Medium Condensate quantity

> potential rate
of condensation

water removal

Needed Current Expect ed
Tentdat ive goal conf idence cont idence value
{a)
Actual inflow rate Medium Low <50 gpm

to accuracy of
¢10 gpm

(b)

ation data required.
1 and quantities wil
ion) .

values will be developed in the plan for reposito
1 be determined using parameters specitied in Syste

1y design.
m Elements 1.1.2 (subsurface),

1.2.1.6 (mine ventilation), and 1.2.2.17
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Table 8.3.2.5-8. Pieliminary performance allocation for System Element 1.2.1.6, mining ventilation (page 1 of 2}

18-T°t'8

Function Needed Pesformance or Needed Current Expected
o1 process Performance measure Tentative goal conf idence design parameter Tentative goal confidence  contidence vdlue
Supply quality air Compliance with 125 ft3/min per unit High In situ temperature of TSw2 23-25°C Medium Medium  23-25°C
to working area 30 CFR Part 57 diesel horsepower host rock
{considering: in use
temperature, Diurnal temperature Temperature/ No site characterization data
humidity, dusl Compliance with Noimal operation air High and humidity varia- humidity vs. required. Existing data suffi-
content, and threshold limit cooling power = tion of ambient air time-of-day plots cient when normalized to site
other pollutanis) values and bio- 300 w/m? at 45°C at intake and exhaust for year (based
jogical exposure (dry bulb) locations on historical
indices specified data)
in ACGIH® 210 ft?/min per High
(1986) worker Seasonal temperature Temperature/ No site characterization data
and humidity varia- humidity vs. required. Existing data suffi-
60 ft/min minimum high tion of ambient air time-of-day plots cient when normalized to site
afir velocity in at intake and exhaust for year (based
work areas locations on historical
data)
Surface topography ot Topographic maps Medium Medium I m contours
intake and exhaust with 1 m contours
locations
Pressure drop/unit Actual pressure Low Low (b)
length of accesses . drop for rock
or drifts exhibiting dif-

ferent surface
characteristics
and for each

method of con-

sttuction

Silicon dioxide High Rock chemistry Potential for Si0; Medium Medium  Si0, content
particulate con- of 1ock
centration <0.1 bust generation poten- Particulate size Medium Medium (c)
mg/m? tial tor mining and and quanLity data

drilling operations

Oxygen concentra- High Equipment type and No site characterization data required
tion >19.% vol- utilization times
ume percent

Radon daughter con- High Potential for radon Rock uranium Mcdium Medium ()
centration <1.0 content
working level Radon emission rate Radon emission tate Medium Medium ()

(W) in active trom rock
working area

(lssues 2.2 and

2.1
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Table 8.3.2.5-8.

Preliminary performance allocati

on for System Element 1.2.1.6,

mining ventilation (page 2 of 2)

fFunction Needed performance or Needed Current Expected
or process performance measure Tentative goal conf idence design parameter Tentative goal cont idence  confidence value
Supply quality air Personnel exposure High pPotential for radon Rock uranium con- Medium Medium ()
to working area to radon daughters tent.
(considering: <4 WL months Radon emission rale Radon emission rate Medium Medium (c)
temperature, {Issues 2.2 and from rock
humidity, dust 2.7)
content, and
other pollutants)
{cont inued)
provide flexibility System design flexi- Flexibility in High Underground design No site characterization data requited
to allow changes bility to allow design of layout
in air quantities changes in air and flow control
and routing quantities and features {regula-
routing tors and
stoppings)
provide safe escape vent i lated escape ventilated escape High Underground design No site characterization data required
routes for work routes available routes provided operation plan
force for all active by design
work areas
provide indepen- Compliance with prift layout and High Underground design No site characterization data required
dence between 10 CFR 60.133(9) contructed fea-
ventilation tures (bulkheads,
systems airlocks, etc.)
designed to ensure
independence of
systems
Leakage Lo be from High permeability of dis- pPermeability of Low Low )
mining ventila- turbed rock rock affected by
tion to waste mining operations
emplacement (blasting)
ventilation
system Pressure differentials No site characterization data required
between systems
aACGIH = American Conference of Governmental Industrial Hygienists.
venlilation calculations have been based on handbook information.

Values used to this point fot

byo est imate available.
eatly available ddata.

¢Cannol bLe estimated based on curt
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Table 8.3.2.5-9.

Preliminary performance allocation for System Element 1.2.2.4, emplacement

Function Needed Performance or Needed Current Expected
or process Performance measure Tentative goal confidence design parameter Tentative goal confidence confidence value
Transport waste to Ability to transport Transport 10 pack- High Mechanical activity--no site characterization data required
emplacement loca- the required number ages per day
tion of waste packages
per day using Nonradiological High Parameters pertinent to nonradiological safely that are dependent on site charac-
methods that will safety (Issue 4.2) teristics are presented under System Element 1.2.1.1 (access construction) and
ensure personnel System Element 1.2.1.2 (drift construction)
safety
Compliance with Radiological safety High Parameters pertinent to radiological safety that are dependent on site character-

ALARA*

Compliance with
other require-
ments relating
to worker radia-
tion doseP

(see Issue 2.7

for radiological
safety goals,
1gssue 2.2 for.
normal conditions,
and Issue 2.3 for
accident condi-
tions)

istics are presented under System Element 1.2.2.5 (retrieval)

©ALARA = as low as reasonably achievable.

®The goals and parameters required to develop assurance of worker

8.3.2.3.

radiological safety are discussed and presented in detail in Sections 8.3.5.4, 8.3.5.5, and
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Table 8.3.2.5-10.

Function

or process Performance measure

Tentative goal

Preliminary performance allocation for System Element 1.2.2.5, retrieval

Needed
conf idence

Needed
confidence

Current
cont idence

Performance or
design parameter

Expected

Tentat ive goal value

Access to emplace-
ment borehole

Retrieval of
emplaced waste

Access to waste
package

-7¢e'8

Waste retrieval Retrieval time

Operator safety

Waste transport Operator safety

Access available for
100 yr with reason-
able maintenance of
accesses and drifts

Rock temperature at
borehole wall <275°*C

Borehole liner defor-
mation <2 in. ver-
tical emplacement,
<3 in. for hori-
zontal emplacement
{in 100 yr)

Liner corrosion <1/2
liner thickness in
100 yr

Retrieval time
< emplacement time
plus construction
time

Radiation dose rate
for retrieval opera-
tions personnel
<1 rem/yr

Radiological safety®

Nonradiological
salety?

High Access to the emplaced waste for retrieval will be ensured by setting Uhe goals
for rock damage, closure, and rockfall stipulated in Systems Elements 1.2.1.1
{access construction) and 1.2.1.2 (drift construction). The patameters needed
to predict performance of the accesses and the drifts are specified i1n System
Element 1.1.2 (subsurface)

Medium Access to the emplaced waste for retrieval will be ensured by meeting the goals for
rock damage, closure, and rockfall stipulated in Systems Elements 1.2.1.1
{access construction) and 1.2.1.2 (drift construction). The parameters needed to
predict performance of the accesses and the drilts are specified in System
Element 1.1.2 (subsurface)

Medium Access to the emplaced waste for retrieval will be ensured by meeting the goals for
rock damage, closure, and rockfall stipulated in Systems Elements 1.2.1.)1 (access
construction) and 1.2.1.2 {drift construction). The parameters needed to predict
performance of the accesses and the drifts are specified in System Element 1.1.2
{subsurface)

Medium Water and forma- Quant itative and Medium Medium Cannot be

tion chemistry qualitative est imated
analysis of based on
formation and current data
water

Medium Operations plan No site characterization data required

High Radiation shield- Attenuation factors Medium Medium  Cannot be
ing character- for neutron and estimal ed
istics of rock gamma radiation based on
current data
High Radiation shield- Attenuation factors Medium Medium  Cannot be
ing character- for neutron and est 1mat ed
istics of rock gamma radiation bLased on
current data
High Operations plan No site characterizdation dala required

aThe goals and parameters needed to develop assurance of worker radiological satety are identified and discussed in detail in Sections B.3.5.4, 8.3.5.5, and

8.3.2.3.
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Table 8.3.2.5-11. pPreliminary performance allocation for System Element 1.2.2.7, waste handling ventilation

— o _>.__ﬁ____~_._______ﬂ___—________—___u___”__-__v___" . S
Function/ Needed performance ot Needed Current Expected
process performance measure Tentative goal conf idence design patameter Tentalive goal contidence contidence value
— e — — __M__um._mu_w_____ﬂ_mum__~.“-ﬂ__ﬂ“<4,~~m_a

Supply air to waste The performance measures, goals, and needed Site data required for this System Element is the same as the data required by
disposal areas conf idences for this function are the System Element 1.2.1.6
during emplace- same as for System Element 1.2.1.6
ment and retrieval (mining ventilation) except for the

addition of cooling requirements to pro-
vide for retrieval of waste packages from
heated drifts, the additional requirement
is
Air cooling power Air cooling power High
for retrieval or for retrieval or
preparation retrieval prepara-
tion = 500 wW/m? at
40°C (Dry Bulb)
Radiological safety petection of air- Immediate detection High
borne radioactive of airborne radio-
material active materials
Reduction and Reduct ion of venti- High
redirection of lation flow by 50V
vent flows in the
event that air- piversion of ventila- High
tion flow Lo filter

borne radioactive
particulate is system
detected .

e measures and goals are the same

provide flexibility Performanc
to allow changes as System Element 1.2.1.6 (mining
in air quantities ventilation)
and routing neces-
sary Lo accommo-
date changes in
requirements
provide safe escape performance measures and goals are the same
routes for work as System Element 1.2.1.6 (mining
ventilation)

force

pProvide indepen- performance measures and goals are Lhe saire
dence butween as System Flement 1.2.1.6 (mining
ventilation ventilation)
systems
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Funct ion/
process

Table 8.3.2.5-12.

Performance measure

preliminary performance allocation for System Element 1.2.4.1, underground closure

Tentative goal

Needed

conf idence

Current
conf idence

Needed
conf idence

pPerformance or

design parameter Tentative goal

Removal of reposi-
tory structures

Installation of
seals

Installation of
surface markers

Construction of
diversion styuc-
tures or water
flow barriers

Installation of
backfill

Compliance with
requirements for
decommissioning

Compliance with
requirements for
postclosure seals

Marker permanence

Construction accord-
ing to sealing
requirements

Filling of all
underground
openings

pecommissioning
operations and
designs compatible
with postclosure
requirements

Preclosure designs
compatible with
requirements for
postclosure seal
installation

Preclosure and
decommissioning
materials compati-
ble with post-
closure seals

Seals installed pec
requirements of
sealing program

Marker lifetimes
equal to require-
ments

Lifetime and material

requirements met

Openings filled with

High

High

High

High

Medium

Medium

High

materials acceptable

Lo waste package

performance require-

ment s

Openings filled wilh
materials meeting

High

sealing requirements

Parameters needed are identified in System Elements 1.1.1 tsurface) and 1.1.2

(subsurface). Requirements will be identified in the decommissioning section

of the operations plan and the repository design plan

Parameters required are jdentified in System Elements 1.1.2 {subsurface},
1.2.1.1 (access construction), and 1.2.1.2 (dcift construction), and lssue
1.12, Table 8.3.3-8

parameters required are identified in System Elements 1.1.2 (subsurface},
1.2.1.1 (access construction), and 1.2.1.2 (drift construction), and lssue
1.12, Table 8.3.3-8

Parameters required are identified in System Elements 1.1.2 (subsurface),
1.2.1.1 {access construction), and 1.2.1.2 (drift construction), and Issue

1.12, Table 8.3.3-8

parameters needed are, identified in System Elements 1.1.1 (surface) and 1.1.2
Requirements will be identified in the decommissioning section

{subsurface) .
of the operations plan and the repository design plan

Parameters needed are identified in System Elements 1.1.1 (surface) and 1.1.2
Requirements will be identified in the decommissioning section

(subsurface) .
of the operations plan and the repository design plan

parameters required are identified in System Elements 1.1.2 (subsurface),
1.2.1.1 (access constiuction), and 1.2.1.2 (drift construction), and lssue
1.12, Table 8.3.3-8

Parameters required are identified in System Elements 1.1.2 (subsurface),
1.2.1.1 {access construction), and 1.2.1.2 (drift construction), and lssue
1.12, Table 8.3.3-8

Expected
value
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