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because of the lack of cooperation on DOE/RL part to make
contractor personnel and various partially completed records,
including parts of the SCF plans, available.

Comments below in item 2b concerning an analogous visit in the
rock mechanics/repository design area reflect the DDE’s stated

fdetermxnat:on not to interact with NRC Staff and the" significance

of this position.
2. Repository Engineering—-

a. Additional evaluation of the structural integrity of the
exploratory liner design is being conducted after an assessment
by the repository desiagn group indicated a high stress could
result in the liner as a result of inadequate fitup of the
external stiffener rings currently installed on the liner.

The design problem does not appear to affect public health and
safety, however, constructability is a concern. The failure of
the liner is associated with consideration of buckling
deformation during installation and grouting.

Attachment C summarizes the steps RHO is planning to resolve the
problem.

b. During the period two NRC staff members and a rock mechanics
contractor representative were assigned to this office to review
various aspects of repository design. The areas of interest are
outlined in Attachment D. The review was marginally useful since
DOE and RHO would not permit review of several key records
requested by Attachment D. In addition, interactions for review
purposes with cognizant RHD personnel was not arranged DOE or
RHO.

I stated to DOE (Mecca Olson and Anttonen) that I considered
DOE*s action not to allow review of the records, some of which
were not formally issued by DOE, was inconsistent with Appendix 7
of the DOE/NRC Site Specific Agreement. DOE (Mecca and Olson)
indicated that they do not consider that the provisions apply to
the personnel assigned to this office on an itinerant basis and
that the Yakima Indian Nation (YIN) had indicated a desire to
observe any "Appendix 7 visits" by NRC personnel.

The action on DOE*s part to not allow the free interaction and
review of DOE activities by NRC personnel is inconsistent with
the conditions NRC noted were necessary to expeditiously prepare
and accomplish licensing activities, including evaluation of the
SCP, in NRC letters, Palladino to Rusche of October 24, 1985 and
Martin to Coffman of May 12, 1982 (Attachment I). In addition
DDE’'s decision not to provide a copy of the records for retention
(for example,; the Engineering Study 10, which is the repository
conceptual design package prepared by KE/PB and reviewed only in
part by Staff) further hinders the Staff®s ability to fully
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gevaluate the information in this and other similar extensive
records.

The current effect'of the DOE decision not to interact is not
unlike that referred to in the NRC (Martin) letter cited above.

-For example, the last effective interchange with staff on a

technical matter was in December, 1985. This long period of
inaction on the technical issues is similar to pre-1982
DOE/RL—NRC Staff interaction timing.

cl. During the subject period I visited the Lucky Friday
silver/zinc/lead mine in Mullen, Idaho. This mine has a history
of rock bursts associated with high in-situ stresses. It was
noted by the mine crew that operations had been shut down because
of the loss of lives associated with rock burst accidents in the
last year.

Beotechnical parameters which characterize the in-situ stress and
the rock gquality-—-stress ratio and fractures per meter
respectivel y-—may be more consistent with stability than the
similar parameters associated with the BWIP repository horizon.
(Stress ratio was about 2.1:1 and rock fractures averaged about 1
per foot.) Drift stability was a serious problem in the mining
operations and led to the current shutdown. It was evident in
many locations throughout the mine that actions to stabilize
drift and raise surfaces were unsuccessful when local tectonics
associated with stress redistribution as a result of mining
activities occuwrred. It was noted that the extent of the
tectonics was not restricted to the vicinity of the opening, but
could extend tens and possibly hundreds of meters from the
surface where rock bursts occurred. A monitoring network using
geophones was used by the mine crew to determine the location/
extent of the tectonics.

This phenomena of stress redistribution is not unlike the
phenomena reported to occur in deep mines in South Africa (see
Attachment F for discussion of these phenomena.) There, also,
the extent of the tectonics was considerably beyond the local
vicinity of the mined openings. There as in the Idaho mine the
stress redistribution is thought to be associated with local
geologic structures, including zones of weakness in the rock and
faults.

c2. Extensive evidence of spalling of a raise following reaming
operations was observed in the Lucky Friday mine. The spalling,
similar to the spalling observed in vertical bore holes in the
basalt, occurred as reaming operations progressed below the
reaming head, which was about S feet in diameter, and filled the
reamed raise with spalled rock. This spalled rock was thought to
be instrumental in prohibiting further spalling by providing
mechanical support at the surface. The surface was later
stabilized with shotcrete as the spalled rock was removed.

Spalling may be a problem in the boring of the exploratory shaft,
since it is not apparent that the drilling mud will provide the

3
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/
/ MAY 13, 1386
/
/
/ TERMINATE_CRE_NOW
f RATIONALE: IF SECOND 'REPOSITORY IS NEEDED, SITES ARE AVA!LABLE FRCM
/ FIRST SUITE
/
/ PROS: -
! 1. Iamediate political relief from CRP States.
/ . 2. Possible bargaining chip fer MRS propcsal.
J 3. Makes additional funds available for balance of progran
elepents.
4. Makes experzenced staff available.
- CONS : ' o
1. Obvious political ploy. -
2. Severe political ‘backlash from 1st repository States.
3. Graphically demonstrates success moede of resistance.
4. Virtual certain GAO investigation.
S. Loss of utility confidence 1n total program 1f crysttllxne
1s stopped.
6. The utility cost 1.e. 1 mill/kw=-hr 1s based on havaing
a second repository progranm.
; 7. High probability of negating all CRP work done tc-cate.
8. Reduces probability of having sufficient sites for 2nd

repostitory (ref. CRP Strategy Paper).

It vould appear that i1mmediately
po.itical benafit to DOE via the
shortly therafter the objections
utilities would more than offset
and not at least have a regional
program mismanagement.

terminating the CRP would give a great deal
CRP States. It may in the very short ters .
raised by the 1st repository States and

the gain. To expend all the effort to date
screening document would be perceived to.be
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Bt

..



FOR RELEASE:: Immediately

CONTACT:. Ken Burton 202-225-2844
Sam Fowler 202-225-8331°

-t e

UDALL, CITING ADMINISTRATION 'POLITICIZING,' ENDS SUPPORT OF
DEPARTMENT OF ENERGY NUCLEAR WASTE REPQOSITORY SITING PROGRAM

Congressman Morris K. Udall, D-Atizona, chairman of the House
Interior Committee, today condemned the Department of Energy's efforts to
select sites for the nation's high-level nuclear waste repositor@es.

Addressing a joint meeting ofstwo industry trade associations,
Udall said DOE Secretary John S. Herrington and White House political

operatives had "put the election ahead of the safe, long~term storage
of nuclear waste." : .

-

Udall was one of the principal ‘architects of the Nuclear Waste
Policy Act of 1982, which set up the framework for the nation's nuyclear

waste disposal program. The 1982 law requires DOE to select sites for
two high-1evel nuclear waste repositories. '

»‘o. -

As chairman of the Hduse committee that oversees implementation of
the nuclear waste program, Udall had been one of the most vocal champions

of an objective process for selecting the safest and most sensible sites
for nuclear waste repositories. ‘ _ C

This spring, Udall had defended DOE from mounting public criticism
of the Department's effort to screen potential eastern sites-for a second
nuclear waste repository, and blocked legislative proposals that would
have exempted certain eastern sites for political reasons. '

However, in a surprise move on May 28, 1986, Secretary Herrington
postponed indefinitely site-specific work for a second repository and

- suspended further consideration of all eastern sites. L

On previous occasions, Udall called the Secretary's postponement
order a clear violation of the 1982 Act, taken by the Reagan Administration
"to protect Republican candidates from the public disapproval of the DOE's
selection process during an election year." ‘

Despite Udall's frustration with the DOE's postponement of the second
repository program, throughout the summer he had continued to defend the
1982 Act and to oppose legislative efforts to derail the first repository
program launched by Members of Congress from both parties. In July, Udall
was instrumental in protecting funds for the first repository program from
cuts proposed in the House of Representatives. R

Now, Udall told the nuclear inpdustry representatives, further
revelations of DOE's manipulation of the waste program for political purposes
and mounting questions about the absence of technical support for some of
DOE's siting decisions has-undermined public credibility of the nuclear -
waste program and hurt the nuclear industry as well,

3. N O T A - e . o -
- --——-—~= ydall cautioned that unless the nuclear waste program is put back on
track and public confidence restored, other nuclear.legxsl§txon in the
100th Congress may become irrelevant. ”Without.a V}ab}e hlgh-lgvel waste
disposal program, the future of the nuclear option is in doubt, .Udall said.

The Chairman's criticism was motivated in part by abMay_;3, 1986f
imternal DOE memorandum which outlired. cptions for the department's action
in terminating the second repository saying that §uch a move ﬁould bring
"immediate political relief from CRP (secondary site) states. Udall
noted that several of those states had close Senate and House races.

_30- Al
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for nuclear waste repositories. ' o

This spring, Udall had defended DOE from mounting public criticism
of the Department's effort to screen potential eastern sites-for a2 second
nuclear waste repository, and blocked legislative proposals that would
have exempted certain eastern sites for political reasons. ’

However, in a surprise move on May 28, 1986, Secretary Herrington
postponed irdefinitely site-specific work for a second repository and
suspended further consideration of all eastern sites._ ‘

. On previous occasions, Udall called the Secretary's postponement
order a clear violation of the 1882 Act, taken by the Reagan Administration
"to protect Republican candidates from the public disapproval of the DOE's
selection process during an election year." ) :
Despite Udall's frustration with the DOE's postponement of the second
repositeory program, throughout the summer he had continued to defend the
1982 Act and to oppose legislative efforts to derail the first repository
projgram launched by Members of Congress from both parties. 1In July, Udall
was instrumental in protecting funds for the first repository program from
cuts proposed in the House of Representatives.

Now, Udall told the nuclear industry representatives, further
revelations of DOE's manipulation of the waste program for political purposes
and mounting questions about the absence of technical support for some of

! . DOE's siting decisions has-undermined public credibility of the nuclear
! waste program and hurt the nuclear industry as well, )

LAE REL I B s e . -

tdall cautioned that unless the nuclear waste progran is put back on
track and public confidence restored, other nuclear legislation in the
100th Congress may become irrelevant. "Without a viable high-lsvel waste
disposal program, the future of the nuclear option is in doubt, _Udall said.

The Chairman's criticism was motivated in part by a May_lS: 1986,
internal DOE memorandum which outlined options for the department's action
in terminating the second repository saying that such a move ﬁould bring

{ : "immediate political relief from CRP (secondary site) states." Udall
; noted that several of those states had close Senate and House races.
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APPROACH TO RESTART

e Develop management and technical controls

Perform Management Systems analysis

Perform general training

-~ Orientation of all personnel

- Management Systems training
~ Training of "services” personnel

DOE-RL conduct readiness review

Partial Lift of Suspension

Subject blocks of new or stopped work to initiation
procedure

-~ Initially DOE, QA Functional, and Pro;ect Management
- - Ultimately Functional Management

Subject blocks of ongoing work to transutlon procedure
DOE-RL audit selected work activities

S
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BASALT WASTE ISOLATION PROJECT
INTEGRATED LOGIC FOR PARTIAL LIFTING OF STOP WORK ORDER

: DOCUMENTS ISSUED
- DRAFT PLANS REVIEW/REVISE 1SSUE DOE-RL REVIEW REVISIONS/UPDATES
pocumentatioy B > >@ —>(O—
’ AND PROCEDURES , S ‘
ISSUE READINESS REVIEW
. FIELD INTERVIEWS REPORTREQUESTING FOR
COMPLETE PARTIAL LIFT OF SWO
SN
@ SELECT TEAMS/TRAIN, PREPARE CHECKLISTS >@ DOCUMENT FIELD INTERVIEWS PREPARE asw:m%
CONTRACTORS/ROCKWELL . REVIEWS : REPOR'I' APPROV.
T . +
T 1 "
MANAGEMENT | i DISCREPANCY 1 i
APPRAISAL [ i
| & Rreports _ i
1o I '
i i i
! | & o I
1 ACTIONS - ' ‘ . i
. NON-CONSTRAINT CORRECTIVE ACTIONS i
| N
! 0 o : SERVICES TRAINING COMPLETE
@ ORENTATION MANAGEMENT | conpucr services - P@/ NEWREVISED TRAINING
SYSTEM TRAINING i TRAINING AND R g
: : , READING PROGRAM
TRAINING i 1
|
@ SELECT AND % I
TRAIN INSTRUCTORS I
|
}
PLAN THE i
TRANSITIONOF . | B
ONGOING WORK IMPLEMENT P
TRANSITION OF PACKAGES TRANSITION OF
ONGOING WORK

- ONGOING WORK

-
e




GENERAL RESTART PLAN

AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

8'15' 22'2915[12' 19'26'3 |10| 17'24'31 |7|14| 21'2815 | ‘IZI 19'26'

| |
|
i
i Submit Package for Partial Suspension Lift
Prepare Documents \/ - V
sk -
i
1
|
i
|
|
Management Systems PlawForm Teams Perform '
Analysis ‘ ===

-_-J

Plan Perform

Perform General Training

- am == ey
———d

= =

DOE-RL Readiness Review X ' r

[ S

" a ' . : T 'MA1119 10 1€0ARY




DOCUMENT PREPARATION TO RESTART WORK AS OF NOVEMBER 14, 1986

160 —
150 — - | |

sq0 " - o . 141
130 —
120
110 |—
100 |—
90 |—-

80 |—

Number of 70
Documents

Planned

60 [—
50|—
40 [
30 [

20 — Actual
10 |— (Released) _.--~

In Review Cycle

-
-
-
-
.
-
-
- .
-
-
-

-
-
-

0 —

Pfigr{o I I I ‘ I . l . I ) | I I I
- 81 8n 8/8 815 8/22 8/29 9/5 9/12 919 926 11/14

*One procedure in preparation. Thir'ty-six documents are at DOE-RL for revi'ew/appfoval.

]




TRAINING STATUS

General Employee Orientation .

@ Complete for all employee§ -

Management System Briefings

© Complete for all employees

_EM86119-1 (SMR).



TRAINING STATUS

ACTIVITIES FOR»IPARTIAL LIFTING OF STOP WORK ORDER

Mandatory Reading

Lists prepared for all employees
Reading in progress

o Completion possible by December 15, 1986 -

Training of Service Organization Personnel
@ = All activities planned

Estimated completion by December 15, 1986 |

Documents

M&IP Section draft complete

M&IP Annex (Qualification and Tralnmg System Plan) in sign-off as an
$D Document .

Project Management Procedures complete

LM861119:4.(SMR)




APPRAISAL STATUS (November 18,1986)

- @ All 19 appraisals initiated
® Includes Rockwell, BCSR, PNL, WHC M- K, and KE/PB

@ Status:
Organization Deficignties Concerns
Open  Closed | Open  Closed

PNL a4 2 12 ‘ 11
WHC 7 3 Y P
M-K 0 0 9
KE/PB 11 0 12 0
BCSR - — — ~

Rockwell 27 0 31 9

LM861119-2(SMRY_



- TRANSITION OF ONGOING WORK TO NEW
- MANAGEMENT SYSTEM CONTROLS

® Transition of each package scheduled, including:
- Preparation of work logic network
— Graded QA evaluation
~ Required procedures availability‘
~ Training schedule
- Required hardware/software evaluation.

® Complete transition of work currently estlmated for
mid-FY 1987.

LAARE1119.3(SMRY |




RESTART READINESS REPORT

e ©¢ ©¢ 6 6 o e e

Executive Summary
Quality Program
Management System
Training

Appraisals

Restart of Work
Action Items
Appendixes

1 RARE1 1195 (SMR)




CRITICAL ISSUES -

'RESTART

Issue

Impacts

»Corrective Action

© Late submissions for DOE
approval

@ Parallel document
preparation

o DOE staff saturation

® Inconsistencies
@ Retraining to revised
documents/procedures

Prioritized review
Schedule improvement
Ten-week look ahead by
DOE-RL

Check for inconsistencies
during Appraisal Process .

Retrain as required
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BWI DIVISION WEEKLY REPORT “=°°
NOVEMBER 20, 1986

= I. Critical Items Status

0

At a meeting on November 6, the Readiness Review Board received

. the General Restart checklist for review/comment. The board also

reviewed the Design Basis Study final report and has made its.

S recommendation to the Assistant Manager for Commercial Nuclear SoE

4TA rev1sed draft of the “General Restart Criteria,” which is

planned to be used as the basis for allowing Rockwell to restart -

" work, was submitted to the Readiness Review Board.: The revision -

17 was provided on the revised format, and includes both "Action _fg;gte»jfgfr
~ Required" and "Acceptance Criterfa . o0 T s

‘v_li.'h_Significant Accomplishments/Information Items

"E&c

Branch

f* The Rockwe]] Naste Package Program Office compieted a. rev1ew of S
.z the Common Canister issues. There is concern that the adoption of; -
- a Monitored Retrievable Storage common canister may have - .. - . . .-
“significant impact to the Project and the recommendation was made.‘

RPING R

for three site-specific canisters instead of one common canister.

The preparation of logics to support the drafting of the BWIP
Waste Package Strategy Document continues.. Members of the .
Rockwell staff traveled to DOE-HQ to assist in the preparation of
this document. The Waste Package Strategy team is currently .

meeting at HQ and discussions are scheduled to be comp]eted on.

G&T

November 21.

Calculations for the container lifetime distribution ca]culations_
for carbon steel consolidated spent fuel waste packages utilizing
a deterministic approach were completed. The calculations were
aimed at obtaining container lifetime distributions based on more
realistic heat load distributions. The heat load distributions
were calculated from the spent fuel thermal receipt
characteristics generated by the WASTE II program at PNL.

Branch

By request from Lynne Fitzpatrick of the Rock Mechanics
Subcommittee of the National Academy of Sciences, the’

December 18-19, 1986, meeting will be deferred until January 1987
(date to be determined) A review of the Rock Mechanics Technical



‘ 5]”; ﬁES’Branch

Plan by Z. T. Bieniawski, Neville Cook, Evert Hoek, and

Wilson Blake will be held in Richland on December 18-19

oifiThe HQ review of Chapter 4 Geochemistry, found it to be of
. .7 sufficiently high quality to be elevated to a Chapter Review.
... Following this Chapter ReView, and based on HQ review of quality

.?’!_o‘liSCP Status

Aiffflssues L,

Chapter
_ Chapter
i Chapter

Section
Section
Section
Section
Section
Section
Section

~and accuracy, information copies will be forwarded to the States,
: f.Indian Tribes, and the NRC Chlae B

EEECPIEN ; .

qf[ReviSion l of the Licensing Strategies is being prepared :

" Guidelines from Revision 1 will be’ provided as well as spec1fic '

dedicated personnel assignments from various BWIP organizations.

A new concept to be used will be an integrating review team to

. . ensure that all strategies reflect the BWIP program. Special _
. emphasis will be placed on performance allocation (particularly on

l 4 l 5 and l 6)

iy,i Incorporation
:mj,the follow1ng

52- Hydrology

6
7
8
8
8
8
8
8.
8.

of comments from earlier reviews is continuing for :
chapters/sections' : o e e L 2

- Conceptual De51gn of a Repository

- Waste Package R .ua;e_:=1“~;”,ff.__ L

3.l.l - Overview L T TR
3.1.3 - Hydrology ' B o
3.2 - Repository Program

3.3 - Seal System Program . - = '

3.5 - Performance Assessment Program Plan. -

4 - Planned Site Preparation Activities

7 - Decontamination and Decommissioning

Chapter 2, Geoengineering, was revised and turned over to-
Technical Publications for word processing.

Collection and verification of SCP references is continuing. An
"SCP Reference Summary Report" program.was developed and is now
being used to track progress for all SCP chapters/sections._ -y

'Section 8.3.1. 2 Geology, was sent out for JOlnt DOE/Rockwell

revi EW.



. The joint DOE/RoCkwe]] review of the following chapters/sections
is continuing. Scheduled Comment Resolution meeting dates are
also indicated: :

Chapter 1 - Geology (12-2-86)
Chapter 4 - Geochemistry o (11-18-86)
Section 8.3.4 - Waste Package - = (suspended)

. Section 8.3.1.2 - Geology o (12-2-86) .-

.- Section 8.3.1.4 - Geochemistry. ... - (11-12-86

- Section 8.3.1.6 - Resource Potential (12-02-86
~ Section 8.5 - Schedules : . (suspended) -
Section 8.6 - Quality Assurance D (11 13- 86)

Comment Resolution meet1ngs/workshops for the following S
chapter/sections were completed on November 5 6 1986.
" Chapter 6 - Conceptual Des1gn i ”f_ 't;; }“jﬂ]igigifﬁéil;:iift?j."“7
Section 8.3.2 - Repository Design C e :
Sect1on 8.3. 3 - Seals . ,-‘..';ﬂggs’gugrgﬁ

s

o F1nalization of the EMMP and SMMP documents for distribut1on to
the State of Washington and affected Tribes on December 1 is -
proceeding on schedule: A concurrence draft of the SMMP will be
forwarded to HQ on November 21, . ‘ e

' Other )

<. o  Briefings and tours covering BWIP activities and facilities were
B provided to County Commissioners from Benton, Franklin, and Grant
Counties, State of Washington, and Area Emergency Management
~ representatives on November 20,

II1. -Upcoming Events
. See attached pages. -
J. J. Keating, Director
; Basalt waste Isolation Div1s1on



" BWI UPCOMING EVENTS
NOVEMBER 20, 1986

Date Event

HQ Meetings

November 13-21 - 'Waste Package Strategy WOrkshop

November 2% ?'_ES Design Basis Study Restart

‘December 15 - ~'fj-:_Geoh_ydrology Task Force Meeting

| TBD‘{[ th? ..Review of BNIP Systems Integration ‘;;

fik; Activities LT

Coordinating Group Meetings

January 12 13 Geoscience Coordinating Group

November 24 City of Pasco briefing

November 24 State of Washington Representative-Elect
o T Jim Jesernig \

December 6-7 ISCG Meet ing

December 11
- . Department of Transportation
February 1987 = . ASQC

April 19-21, 1987 western Regiona] Energy Conference

Internal ProJect Meetings

November SCP Reviews

November 25 ~ Monthly Project Review
December 2-4 GAO Discussions covering BWIP

December 3-5 Geohydroiogy wOrkshop

Location

Contact

Aiino;A§i4
w
.. Richland - Py

Tw
, State/lndian/Public Interaction o ,& jg_7ff:1:i N .

| Pasco -
'Richland. . A
‘Las Vegas

Christine Masters, State ofiﬂasnington?*'ffmw}5555’°f"
... Richland -

Las.Vegas

Richland

Richland -
.. Richland  Anttonen
“h:Richland’;

'?1?:Richland='

~ Dahlem/ \\\\\\\\\\\

ot

Olson

~ LaMont

'Anttonen "::}

Dahlem

”»4Squ1res S

Anttonen/
Squires

whitfie]d/Powell

sauires

Dahlem

Dahlem - ///

Dahlem/Staff




Date - ) _ - Event . R : Location

Contact

January 1987 Rock Mechanics Committee - NAS _ Richland
January 1987 S Hydrology/Geochem1stry Meetlng B TBD ..

with the USGS

: «’."_-'-:-_ SN

;‘NRC Interactions

’:December 2-5-~7ﬂofL*Hydro]ogy Data Review 'Aﬁﬁ:':;ﬁ1:?9“ —iﬁ.iR1Ch]a"df?ﬁ

f  fTBp' i Repository Design (workshop)

”fKTBﬁ’

' ARC meeting to discuss SCP Issues,;
. ... Bierarchy, Resolution Strategy,,
'Z; Data Needs et

2 International SRR

e February 2, 1987 NEA Tour. and Briefing v Richland

1537};_Richland3;ﬁ
. yi;‘HQH#

_ugi.IAEA Natural Analog Meeting | lf" . HQ‘,£~Q{ .

Lassila

o Furman/Thompson _

sThompson/Dahlem'
-+ Mecca - L
Nicoll/Kovacs

fMecca/Dahlem

?Squ1res E

Dah]em;‘”ig;_,f_s:v



BWIP
MAJOR CONTRACTORS

) . SUPPORT
DOE-RL SERVICES
A ELL ‘ BATTELLE PACIFIC
| HANFORD KAISER ENGINEERS/ WESTINGHOUSE
OPERATIONS | | PARSONS BRINKERHOFF Mocngxlzzggécg#gzen HANFORD (HEDL) NORTHWEST
QUADE & DOUGLAS MANAGER WASTE PACKAGE | | LABORATORY (PNL)
TECHNICAL " AJE . AGE » TESTING WASTE PACKAGE
INTEGRATION DEVELOPMENT-

SUBCONTRACTORS SUBCONTRACTORS




OFFICE OF ASSISTANT MANAGER FOR
COMMERCIAL NUCLEAR WASTE (AMC)

Assistant Manager — Antlonen*
Deputy - Olson
inst. Lialson - Powell
Oper. Admin. - Turner
Cost Control Spec. - Higgins
. Secretary - Wagnild

|

BASALT WASTE ISOLATION
DIVISION (BWI)

QUALITY SYSTEMS DIVISION (QSD)

STORAGE AND TRANSPORTATION
DIVISION (STD)

Director - Keating
Secretary - Vale

Engineering and Construction Branch

Chief - Holten

Secretary - Hickman
Mining Engineer - Boileau
Project Engineer - Rokkan
Projec! Engineer - Nicoll
Project Engineer - Petrie
Project Engineer - Smith
Project Engineer - LaMont

Geoscler;ce & Technology Branch

Chief - Dahlem

Secretary - Maclaren
Geochemist - Furman
Geologist - Marjaniemi
Hydrologist - Knepp
Hydrologist - Thompson
Project Engineer - Lassila
Project Engineer - Squires

Licensing/Environmental/Safety Branch

Director - Saget

QA Engineer - Davies

QA Engineer - Kasch

QA Engineer - Litz

QA Engineer - Subramanian
QA Specialist - Newby

Chief - Mecca

Secretary - Jacobs

Licensing Specialist - Bell
Licensing Engineer - Kovacs
Project Engineer - Krupar
Environmental Scientist - Whittield

Director - lzatt

Secretary - Thompson
Program Engineer - Crouter
Program Engineer - Langstaff
Program Engineer - Goranson
Program Engineer - Collins
Traffic Manager - Peterson
Trans. Engineer - Kenyon
Trafl. Mgmt. Spec. - Jarrell

OFFICE OF THE ASSISTANT MANAGER .
FOR COMMERCIAL NUCLEAR WASTE (AMC)

* PROJECT MANAGER FOR BASALT WASTE ISOLATION PROJECT

(11/1/86)



'BASALT WASTE ISOLATION PROJECT

PROJECT MANAGEMENT ORGANIZATION

DOE-RL
MANAGER

M.J. LAWRENCE

OFFICE OF
COMMUNICATIONS

S.H. LEROY

OFFICE OF
CHIEF COUNSEL

E.E. PRIDE

OFFICE OF CIVILIAN
RADIOACTIVE WASTE
MANAGEMENT

8.C. RUSCHE, DIRECTOR

OFFICE OF GEOLOGIC
REPOSITORIES

S.H. KALE, DIR.

\d

ASSIST. MGR. FOR ASSIST. MGR. FOR ASSIST. MGR. FOR ASSIST. MGR. FOR
FACILITIES AND COMM. NUC. WASTE
ADMINISTRATION OPERATIONS
M. ROSSELLL LAB. MANAGEMENT H. ANTTONEN .
- J.L. RHOADES A.J. RIZZO O.L. OLSON - DEPUTY
ASSIST. MGR. FOR QUALITY SYSTEMS BASALT WASTE ISOLATION
SAFETY AND SECURITY o?:a‘gf:'roc;‘n ot::tve'cs:l':mn
T.R. FITZSIMMONS o
R.P. SAGET J.J. KEATING

STORAGE &
TRANSPORTATION
DIVISION DIRECTOR

R.D. 1IZATT

GEOSCIENCE AND
TECHNOLOGY BRANCH

D.H. DAHLEM - CHIEF

ENGINEERING AND
CONSTRUCTION BRANCH

R.A. HOLTEN - CHIEF

LIC./ENVIR./SAFETY
BRANCH

J.E. MECCA - CHIEF




BWIP QA PROGRAM
OVERVIEW

WASHINGTON STATE |
NUCLEAR WASTE BOARD MEETING

AT

OLYMPIA, WASHINGTON
NOVEMBER 21, 1986

BY ..
R. P. SAGET, DIRECTOR
QUALITY SYSTEMS DIVISION

U.S. DEPARTMENT OF ENERGY
RICHLAND, WASHINGTON




CHRONOLOGY OF BWIP
QA PROGRAM DEVELOPMENT .

ACRONYMS:

+ DOE-RL: DEPARTMENT OF ENERGY RICHLAND OPERATIONS OFFICE
RADT: REACTOR DEVELOPMENT TECHNOLOGY

NWTS: NUCLEAR WASTE TERMINAL STORAGE PROGRAM

BWIP: BASALT WASTE ISOLATION PROJECT
NQA: NUCLEAR QUALITY ASSURANCE

QA-ICE: QUALITY ASSURANCE INTERFACE COORDINATION GROUP

NE: NUCLEAR ENERGY

OGRD: OFFICE OF GEOLOGIC REPOSITORY DEPLOYMENT
QACG: QUALITY ASSURANCE COORDINATION GROUP

6/83

OGR QA PROGRAM
GUIDANCE-
“52‘:5"; g"' BENNETT
DOE-AL ESTABLISHED/ Py
BWIP AUDITS (NQA-1 & 10CFR60)/ OGR QA PROGRAM
INITIATED BWIP ADOPTS .~ NQA-1REPOSITORY  NQA-1 WASTE  GUIDANCE-STEIN
DOE-RL CHAPTER/ 12/78 SYSTEMS “°  ,QATASKGROUP  MANAGEMENT = MEMORANDUM Do - BWi o
APPENDIX 0820 ROCKWELL ENGINEERING ‘ " ESTAULISHED  SUBCOMMITTEE  (NRC QA REVIEW ¢ o ©LAN
(RDTF2-2) STANDARD APPROACH _ 1763 ESTABLISHED PLAN)  olseD SRS
wira OPERATING &/%0 : 5/84 10/84
. BWIP PROCEDURES DOE-HQ ORDER. DOE-RL ORDER OGR OA PLAN
ESTABLISHED ISSUED 5700.6A (NQA-1) 5700.1A (NQA-1) 1SSUED 11785
5/76 Ve /81 ms v
Y Y, v x[;
1974 ){} 1976 1977 1978 1979 1980 1981 1_982 1983 1984 1985 1986
NWTS ROCKWELL NOA-1 NWTS QA PROGRAM - __9 L
ESTABLISHED DEPARTMENT PUBLISHED GUIDANCE-COOLEY OERD QACG
276 OF WASTE 8/79 MEMORANDUM M QA ‘
ISOLATION (NOA-1) ESTABLISHED OCRWM QAMPR :
ESTABLISHED DOE-RL ORDER 10/81 Va4 1SsUED
nn 5700-1 (NQA1-)/ 10/85
OE-HQ ORDER
FIRST ROCKWELL :IESMD (NQA-1) NRC SITE BOARD SCHEDULED
QA PLAN ISSUED o/80 : CHARACTER— RELEASE (10CFRS50,
(18CRITERIA ’ 10CFR60 SUBPART G _ 1IZATION APP.B; NRC QA
FORMAT) & PUBLISHED QA REVIEW PLAN REVIEW PLAN;
578 (1GCFRSO, APP.B) (10CFRS0, APP.B) NQA-1)
6/84 2/86

NRC: NUCLEAR REGULATORY COMMISSION
OGR: OFFICE OF GEOLOGIC REPOSITORIES
OCRWM: OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
GAMPR: QUALITY ASSURANCE MANAGEMENT POLICIES
AND REQUIREMENTS
BQANRD: BASALT QUALITY ASSURANCE REQUIREMENTS DOCUMENT

PREPARED 8Y: M.F. NICOL
2/14/88  6-8456




SOURCE OF QUALITY ASSURANCE
PROGRAM CRITERIA
10 CFR 60, SUBPART G
10 CFR 50, APPENDIX B

U.S. NUCLEAR REGULATORY COMMISSION REVIEW PLAN
FOR SITE CHARACTERIZATION | .

ANSI/ASME NQA-1




APPLICABLE DEPARTMENT OF ENERGY
QUALITY ASSURANCE PLANS AND
REQUIREMENTS DOCUMENTS

DOE ORDER 5700.6A, “QUALITY ASSURANCE”
DOE/RL ORDER 5700.1A, “QUALITY ASSURANCE”

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT
' “QUALITY MANAGEMENT POLICIES AND REQUIREMENTS”

OFFICE OF GEOLOGIC REPOSITORIES “QUALITY ASSURANCE
PLAN FOR SITING AND SITE CHARACTERIZATION,” OGR/B-3

BASALT QUALITY ASSURANCE REQUIREMENTS DOCUMENT
(BQARD), DRAET




BQARD;
COMBINES BASE REQUIREMENTS FOR QUALITY LEVEL 1

ITEMS INTO A SINGLE DOCUMENT

INSURES CONSISTENT IMPLEMENTATION OF
REQUIREMENTS AMONG PROJECT PARTICIPANTS

PROVIDES BASIS FOR “FULLY QUALIFIED” QA PROGRAM

- USES 18 CRITERIA FORMAT



QA PLANS

QA PROCEDURES
TRAINING

BWIP VERIFICATION
PROGRAM

DOE/HQ VALIDATION
AUDIT

NRC VALIDATION
AUDIT

- AUDIT FINDINGS

RESOLUTION

PROGRAM LOGIC

Vol ol P dP -




BWIP QA PLANS STATUS REPORT
I

AS OF QUARTER ENDING 9/30/86

q MAJOR ' REV. APPROVAL

PARTICIPANT DOCUMENT IDENTIFICATION | NO. | STATUS* DATE REMARKS
RHO RHO-QA-MA-3 2 5 8/4/86
KE/PB BWIP PROCEDURES MANUAL 2 4 NONE KE/PB INCORPORATING
' ) ' COMMENTS FROM INTERNAL

REVIEW

M-K  BWIP QA MANUAL ' 1 a 10/16/86** **DOE-RL PREPARING TO
APPROVE WITH COMMENTS

PNL QA MANUAL FOR LICENSING 1 5 9/5/86

RELATED PROGRAMS (PNL-MA-60)

QA MANUAL MG-197 . 8/6/86
BOARD 6/6/86
DOE-RL QA PLAN 8/14/86
*STATUS LEGEND:
1-PLANNED . 4 - FOR PROJECT APPROVAL
2 - UNDER PREPARATION 5 - ISSUED FOR IMPLEMENTATION

3 - FOR COMMENT RESOLUTION



SATUS

| PROCEDURES|

QA PROCEDURES DEVELOPMENT SUMMARY

DOE-RL

RHO

KE/PB

MAJOR PARTICIPANTS

M-K

PNL

WHC

PROJECT

TOTALS

AS OF 9/30/86

REMARKS

TOTAL
REQUIRED

36

32*

48

.26

80

68

290

*TO BE ISSUED AS QAPP’S
IN RHO-BW-MA-17

ISSUED FOR
IMPLEMEN- 33 0 0 0 80 68 181
TATION
' *10 SUMBITTED TO DOE-RL
APPROVED **M-K R.1 IMPLEMENTING
BY 35 o* 0 ** | NA*™"| NA*** 35 PROCEDURES TRANSMITTED
DOE-RL TO DOE-RL FOR APPROVAL

***APPROVED BY ROCKWELL

*7 OF 9 ARE REVISIONS TO

UNDER , : PREVIOUSLY APPROVED
REVIEW OR g* 31 ag* |26 | — | — 114 PROCEDURES
COMMENT **INTERNAL REVIEW BY KE/PB
***DOE PREPARING TO APPROVE
WITH COMMENTS (10/16)
|  UNDER
| PREPARATION

NOT YET
STARTED




DOE/RL BWI TRAINING PROGRAW

INITIAL PROCEDURE ORIENTATION

PROJECT ORIENTATION
ADVANCED AUDIT TRAINING

AUDITS AND SURVEILLANCE FOR THE
TECHNICAL PARTICIPANTS

PERFORMANCE-BASED TRAINING SYSTEM

- TRAINING MATRIX DEVELOPMENT

- JOB FUNCTION IDENTIFICATION

- LESSON PLAN DEVELOPMENT (25 COURSES)

INSTRUCTOR TRAINING

DETAILED TRAINING AND ORIENTATION
FOR IDENTIFIED JOB FUNCTIONS

COMPLETE
COMPLETE
COMPLETE
COMPLETE

ADOPTED

COMPLETE
UNDERWAY
UNDERWAY

COMPLETE

TARGETED

07-05-86

09-15-86
08-27-86

09-25-86

08-23-86
09-05-86
12-01-86
FEBRUARY

10-22-86
MID-OCT.

THRU NOV.,,
1986



BWIP FY 86 QA AUDIT STATUS REPORT

AS OF QUARTER ENDING 9/30/86

INITIATING AUDITS AUDIT FINDINGS
ORGANIZA- | FISCAL YEAR| QUARTER FISCALYEAR QUARTER REMARKS
TION | PL} cO | . cO s (cLjorP| 1S | cL
RHO 11 9 3 20 | 25 | 23 3 8
KE/PB 6 1 0 13| 1 2 0 0
M-K 2 2 0 4 4 0 0
PNL 17| 17 ] s 13 | 13 0 1
WHC 2 1 o |1 1 0 0
DOE-RL 8 8 0 27 1 37 0
LEGEND:
PL = PLANNED IS = ISSUED OP = STILL OPEN

CO = COMPLETED CL = CLOSED



BWIP FY 86 SURVEILLANCE STATUS REPORT

AS OF QUARTER ENDING 9/30/86

INITIATING AUDITS AUDIT FINDINGS
ORGANIZA- | FISCALYEAR| QUARTER |  FISCALYEAR QUARTER REMARKS
TION PL | CO co |1s jcLjop| s |cL
RHO 395 | 443 141, 443 | a22 | 37 | 141 | 130
KE/PB 308 | 398 65 308 | a1 | 17 | 65 | 59
M-K 0 0 0 0 0 0 0 0 | NOACTIVITIES
: TO SURVEIL
PNL 156 | 156 32 156 | 151 | 5 | 32 | 32
‘WHC 12 | 11 2 1 | 10| 1 2 1
RHO = 21
DOE-RL | 44 | 29 10 20 | 20 | 9 | 10| a WHC = 6
| PNL = 1, KE/PB = 1
LEGEND:
PL = PLANNED IS = ISSUED OP = STILL OPEN
CO = COMPLETED CL = CLOSED



QA STAFFING STATUS REPORT

AS OF QUARTER ENDING 9/30/86

IR R
MAJOR PARTICIPANTS
FUNCTIONAL REMARKS
ACTIVITY DOE-RL RHO KE/PB M-K PNL WHC

EX| REQ | EX | REQ | EX | REQ | EX | REQ | EX | REQ | EX | REQ

| ADMINISTRATION/ *QC SUPERVISOR

w
MANAGEMENT | ! 1T [} 11 1 2 | 15| 1 1 2 | 2 |Tgs o
PROGRAM
DEVELOPMENT | 2 3 7 7 1 1 1] 15 | 3 | 425 | 4 2
PROGRAM

| VERIFICATION 2 2 25 25 0 0 1 2 5 6.5 1 3

| CONSULTANTS 17 17 0 0 0 0 0 0 2 4 0 0
OTHERS 0 11 1 0 0 0 0 0 0 0 0
TOTALS 2 :

EX = EXISTING STAFF S '
REQ = STAFFING REQUESTED FOR THE FY




HISTORY

BWI AUDIT/SURVEILLANCE PROGRAM

- LACK OF ADEQUATE QA PROCEDURES
- LACK OF TECHNICAL PROCEDURES
- LACK OF TRAINING/TRAINING PROGRAM

3/14/86 BWI REQUEST TO THE CONTRACTOR TO EVALUATE WORK
ACTIVITIES AGAINST MANAGEMENT CONTROL PREREQUISITES

4/11/86 CONTRACTOR RESPONSE

- REVIEWED 450 WORK ACTIVITIES - RECOMMENDED 41 ACTIVITIES BE
STOPPED
- FAILED TO IDENTIFY BASIS FOR SWO RECOMMENDATION

- LATER SUBMITTAL OF WORK EVALUATION SHEETS DID NOT SUPPORT 4/11/86
RECOMMENDATION

5/1/86 DOE/RL STOP WORK LETTER TO CONTRACTOR
- IDENTIFIED SIX CATEGORIES FOR EXCEPTIONS

5/14/86 CONTRACTOR RESPONSE
- APPROXIMATELY 850 WORK ACTIVITIES REVIEWED

- APPROXIMATELY 350 WORK ACTIVITIES RECOMMENDED FOR SWO
FOLLOW-ON ACTIVITIES

- ADDITIONAL ITEMS WERE STOPPED BASED ON FOLLOW-ON REVIEWS

- ULTIMATELY 1,300 ACTIVITIES WERE REVIEWED AND APPROXIMATELY HALF
WERE STOPPED. THE REMAINDER FELL INTO ONE OF THE SIX EXCEPTION
CATEGORIES




SWO PURPOSE

TO REFOCUS PROJECT ATTENTION AND PRIORITIES TO
INSURE APPROPRIATE MANAGEMENT AND TECHNICAL
PREREQUISITES ARE PUT IN PLACE TO SUPPORT LICENSING

PERMIT THE FOLLOWING ACTIVITIES TO CONTINUE

- DATA GATHERING - FOR WHICH INTERRUPTION COULD RESULT IN
LOSS OF SIGNIFICANT DATA

- MANAGEMENT, OPERATING, AND QA SYSTEMS UPGRADES

- SAFETY/MAINTENANCE ACTIVITIES

- ADMINISTRATIVE ACTIVITIES .

- SITE CHARACTERIZATION PLAN (SCP) PREPARATION ACTIVITIES
- ESSENTIAL ACTIVITIES/IMPRUDENT TO STOP




BWIP STOP WORK STATUS

STOP WORK ORDER ISSUED MAY 1, 1986 |

QUALITY AFFECTING ACTIVITIES STOPPED

SOME ACTIVITIES CONTINUING - IMPRUDENT TO STOP
BWI READINESS REVIEW BOARD ESTABLISHED

PROJECT PARTICIPANTS REVISING PROCEDURES TO MEET BQARD
AND SYSTEMS ENGINEERING REQUIREMENTS

SURVEILLANCES BEING CONDUCTED ON CONTINUING ACTIVITIES

- TRAINING
- PROCEDURE WRITING
- RECORDS

RHO APPRAISALS OF DIRECT FUNDED CONTRACTORS - WHC, PNL,
RKE, M-K |

RHO INTERNAL APPRAISALS STARTED IN LATE OCTOBER 1986
DOE/RL AND DOE/HQ AUDITS/ASSESSMENTS TO FOLLOW
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DOCUMENTS APPENDIX



e @
cetele me e
%

eee
o me

I bt S
.o o
-

-
.
- -
Lce s ®w=
ce: s
: ‘e
- -

EXPECTED uTRTY

- 97.6 -

{

SENSITIVITY TO SCORES .

high hk,!h

100 g
90.8
9.6 -
99.4
89.2 -

99 -

28.8 -
28,6 -
98.4 -
8.2 -

98
97.8 -

97.4 ~
97.2 ~

87 -
96.8

m'f &_7 TIVRTT ¢
fow

: :l.'.' N _i, 1 3 DAV'S

el
3

[ ) . [ ]
RICHTON T DEAF SMITH YUCCA.
SIEs '

Flgure S-1,

Hote: “High® refers to all scores set at hgh values; "Tow" refers to all scares
set at low values,

HANFORD

-

¥ INIWNJ0Qa




.
3
c - mem . e

- . ®
-»
- .
- .

.

. T . .
St pa camu s S Ca G W @O o
.. . e et -
.

.’

* O e e B swme "

. sow ~v

“etue wa
-

rem amplde o
e o .owm . ace

S

LN o @ee 0 ‘mm.n ]

L T R Lol T LT TR
ety > aw o
v et . ase
BT e e o,

o - mamye

Ny
-

RPN

R
w .

EXPECTED UTRTY

SENSITIVITY TO SCENARIO PROBABILITIES
bw b |

v

100 1) T_r—' l“‘llla T B Y

high

9.4 - o high

£
-

high

—
DAvIS RICHTON ~ DEAF SMIH YUCCA

ARy, SITES -

F' 9“" 8‘2 L]

Hote: “"High® refers to all scemario probabilities set to high values;
*Jow" refers to all scensrio probabilities set to low values,

 MANFORD




1

- e -

SENSITIVITY TO SCORES AND PROBABILITIES

bemt caso best cose ‘bost caso ~ bevt cas beot caso

100 g 3 | ? : e
ggg"l caso worst cao worst case

899.6 =~

98.4 ~

. 99.2 -
99 -
08.8 - .

. 98,86 = ~ worst cagse
98.4 -
08,2 -
08 =
97.8 =
‘o v 7.6 ..
T 974 -
972~

EXPECTED UTRITY

: '
- DAVIS RICHTON . . DEAF SMMTH i YWCCA HANFORD
e STES : . 8 -
17'%.° . . ) . .

il Flgura S-3,

. »
cafy ad
.

. one Mo
cwm

. Note: "Best case® refers to all scores set Mgh and probabilities Jow;
. "worst case” refers to scores low and probabilities high,

—————
N te .- * ..-o
I S A

s Tamev
c@ N e ddume g

v e .

o ——-




! . . ' m‘m.“ 1” w“ﬁ‘.ﬂn:.:.‘?:::.w.‘- ‘o .. -.‘---‘«; . R _' N
' 1a v

l ‘ . ‘ , :' .; ‘. t " .
% X B
y by ¢t
ea Trestlos Heafthh and ‘ MM!C.$“anm Menrmree » - Mivwns 82 Ja2es
Mo e, SelaTy Envivenmamtol Trpedls Econemie Duruilian | | Eemnamte Catts] | :,1 it
' | IR
] . . » 5 ‘. ..:':’
Y [ . : A -, ! ‘: ,_.
| | I H
Maswasne, Vroctasne, . Licall LI B8 ‘-At"h " "W
' Heolth o=d Sclcdy : 'U::\m‘::& Dryrededion a("h‘ - :‘;“ Calle Trorsptiies| 1}
. | | S
o H Mi . L
P I = TE N B (el I [y o
et v PomiapTlie] | Peeabmtoguel - 1y
O£4Ty we w . e
'Y“""a"“ " |Comas of vp..”."..f."‘...,o Cousas of i
Emasieng e, Foulily Emestiang Traas :
. : ‘
| N | ] 1 :
. Mumwmize § 1 Mintemeze tatemm eBe Mo na -
1 Wervee TAbtie, n.oker Publie , ‘ '
) Dwa ® e
] T NS P
[ Q::L..nt\ '
i vt i
‘ | | X .
;'< Menwrapte Menrmide :
Wevkar Tobbt . : .
';"‘“"" Bus| Ircieitee Pua
Y
| Horntemtoyes emyedmigach
aiff o [4 7
‘ '£ Trevipest)ce .::Qﬂﬂﬁ- .
ﬂ .

th."s.l « “Preclsrove, Obicalwes H !.H'mk‘ .




- d ) 8
' “PRECLOSURE
- TABE S.0,, BASE c€aST JMIACTE OF CRNDIPATE ETes
. h)
_CasmvaTE £ vt
aivee . RICHTON  DEAF SMITH _ DAVIS YUCCA RENFOR
Xt A -1 B | | = 4,8
oth xS 28.6 2.4 6.6 2.4
§ solety x4 o 0 o ] [
xS ) 0.7 0.46 0.52 0.S6 ¢
X6 1.7 2.1 2.5 2.9
x7 1.3 1.6 2.1 S ]
- \x8 s.3 6.7 e.4 10,2
~ xsh 0.C% 0.3%8 g . 0,33 «
bl S T 0 o 0412 0,12
-y X§ tuo : 0. 1604 s 0. 11 e 0. o8 G,
m‘mxl:“- : 0.2 0.1604 ve - Q. 0538 G,
gris €50y £SO RO . BS00 1
Canenllx14 970 1120 230 1450

e wpe Tt Lor he eaviconmeTel ard socioeonemit.  pretEemen

: tussures ore Pe eomporent ceft Qct\:\vg\u'(\ hings ecledl freem

-ﬂ\‘_ Low. cass. efTmdla m"TAL 5.4 subitlited .l The €y, 29,
mptd‘vda\ Beom T S,

Netes
b This ‘whormalion comes Frim differest
“teehpiced oml\se:

.. ‘;om 6( cq¢5n3c§“u "GM\ET\M (-.a. e wuttiafted;
u:hls‘lq Lurnlien thet it 0dddive) guitifies
Suwmanmq \mga&. over e.o.c\\ ?u{wmm,_

. ~ % Es N *
alure, st Sl R
. . . . AR
R no s o el e
- "L W e . To* °
,_-.-.‘..n."g'- .'., .t ~~'
. . e T tv g o p - . . PO N
. . ». - -
. e J e &--.-- PR T WL e e \w. l¢"a-“-~'
LI S 4 e PRl L Y “oeer 0.-.~ i
LR T - = s R ‘e T ow - .
. ) .o::- - - e e e o 4+ et ..- - ‘---—-
e o4 et ® PP - 2tk e e e e emaes c0 immme Yavens o ol i
. . . - e . S el —— Rt it -'n.-.‘-o et
“re oo - . .o _J. * eew e w. T 0t emerseagis 3 st wpas. . e
- . - . e - o 0t - o -.Q.o ----- , '...—. -M-o-\.--.‘-
. . - W e oas MW, e e a - o—. \
~




. 1 - _
! L]
- . .

e

Reduced Descriflion & Tmpods ™

“Fredlecn Environwsaial & teramit
iy

Health h Socioecovamd Cect
Yy | ¢ Wﬁ &K conemn  tadlens
Tt fati,  Souseeont o dollers
o s m@ BH o0
DectSath () 20 () 2S(s) 9o (d)
Dovis U () 2@ 4z(s) % (s)
‘{qcco. 13 (4) 31 (:,) 3 (z.) G900 (q)
Hoderd 15 () 54 () 4 (9 13150 ()

iﬁ -u-,:» " )
- Iﬁg‘\.t.a‘-\'aﬂt . ) ) '
o w‘.ﬂ\ouf “t’mnam wu‘ﬁ O"i\ e.mwomm'Ta\ tcas ecomonl
wipadle. e\t © Wty & by ond coft,
Honford w loct .
v Yueeoo ;ﬂ\‘ﬁ& CMP:T\“V(. wih “Three f‘-‘-“ :Tu
v .Amo-.ﬂs saft éfes RickTon ard ek Svith ave otk
bitee “than Tavic on all Lour +Boenes ko
- . ", e el N

1
s . **te ®
SO TS
R Te ..
P TS . .
PP ) .. .
4 L « e -®
oo ., -
e D -
- -—e o w .
bl VS . . . R A0S
- ° nele iegm,e 0 TR ‘e . e
e @, “v Fe & .' Bleuse »a ;-:- ol
; - N L Tl Gaue e 4e
. baghd - . ee oo ' g ‘en .
- rvee. Sumet co e — e - - H '..’.:- o .
. P - ae - wle's -
- es @ e | oo »
- - - - ovle o, ~e -
ey eow.o Sanieg W ® ® wogasc, .
® ce P’ oo, wn WL Semp - oo g Bt



Commedl -on Ancluris & Semsihvily of el

N Compm'e. waltidiribite analyets - d@flu"&\q
T caetled with “thae tm?\\cﬂ' teas

.
-

- ExplicalV \'nc\urim' of lercer Bcvnéx' dves
‘né heve RQY\{O?'A Om“PPm& ony Stk
sles “wndec any mma‘o\&- ws.m'ﬁm

¢ Wilh ‘mproved cofV eﬂ{n;‘\'al fia _saﬁ siles [ The
traplicclions  eon\d c\w'ﬁz.' omong Thesa

“ Numstons stecihvily onelycar connislent w"‘lk
e iwplicslions were 9«'(‘om.gds
v low ‘i’rw:?w'Tcm’m cCenoio
v gredfer wewhl on sotwc oot \neodls
7 complite rwn%z et Wt -/c:.ﬁ' velwe Trodss
a’c&m&u n fumlamsatel Tt dar Toworrd bth
\'uo.ﬁ‘k& 565{’01 ond ey Mtc_ w:\:.r

=.
~' .—'
- oK
K --_ h"'f.‘..‘.
; “”-"3 '-‘.‘ W T
) Preq,
B .
3 o 20 .1‘-‘: Crad = 3°
C.gen? Lo N . -'\.., 8. o= anTa .
L tems . e " el ...‘.‘.“.-": L: T~ .4'5 b2 ¥y 3 ek :
0. o0 = cw rerwn - ope . -.‘~"_.:".-.‘.._'.._.\,.‘3-'..'. . e, :‘:.: r.n
.~ « .- (UMt XL ey o nr Sy e—e :_
T I I el A s b A I S AR S L Soekr el
-~ - o pncue 0o 0w - . Berr B Om - Comn S s e P P! - 0 <
..':--.—. aee e cie. eme es o = oew ..__._.., .._..'gp.::-!p!:.:.dta.\.\--h{-u.sf‘{:-h‘;--:
.. - ”\ ‘.,.. - v .‘:.- et PRI Y] ~...=‘..-m.g - “-“.m St -

Simneetame oo —-——e = R LR o~o---‘o- > mer ey ey @iy ¢ —-—w -P-—-w“-.\\
- .,_ - .,...-. T..’- .... _-: .oc S o e & o » enw. gmem "?—-“ﬂ."""";"mr



R E——————————....

.o Oyg,t.q\.l -ersdh - .Elecl..“‘( Pfﬁ;"&:ﬂ- 4— E‘f“"d. Pa.ulmm

-

=

T R

g

b fbod § 4

~4 11
puiys
- utl
4 g
pe
-t
wtheo § ofndn
:q. 44

e §
a—
.

e

=

.
ale ol Rodod

L | Ldedd=

N o

i

3

N.-J

Rt TTvieating Weilt o Postel

L . *
. ey

D T 2 LY

ol * e g
& Tee o 2 -.... SOy o A
s e L= IRTESRTEY

- 3
-
-
P o

-

/




' 4 8 3

P SRt Atrntan, § e ————— "
Y ahaind

o . Ouvetal Rarotts w{o Cests |dz¢- 'In.{'n B eount
~2 _. R 3
¢ “' ‘ B

,&, [ 1 3 3 2 3
-4
N
i \J!
o : H
«' o a
L. . :
mT“. _flL ‘[L —__\‘ 4 >
:“Ts —- 7 L)
~—T 1
« B
- ‘ “I
S
+
~ : Y
Q + 1 1
§] T J 3
mEEs,
é, & :
k]
. =
; T
i
H +
;‘ $¢ 3
{ :
N
% K
Xy
A ‘“‘ == EpRp Y {Taddd
?
Ot
[ v ;-‘ 1¢ * I& }ég.s

?‘vo"a T e R ‘...:.-....' .....:.- . .;.. '.“ ‘ v."s’m &tﬁb.€$‘u

-404\'50-'




Conclusions (Telkiog Points)

© Curreot results consistent with tbose precested back {a August 1985

("fessidility etudy"}.

o

o FEisple draft EA methods probably produced erroseous results, as

suggested by several commenters on draft EA methods,

o Fothing less than a several billdon doliar error io lncil!ty cost can

make Hanford “show™.
o Richton and Deef Szith appear to be clear choices of salt sites.

© Yuccs Mountain currently replaces Davis Canyon and Deaf Scith 4n top
three io sensitivity analyses. More recent cost estimates (this

\
year's fee report) will place it o top three, for sure.

o Even witbout mev cost estimates, Yucca Mountain clear choice between

2 Federal gites.
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’Auiting guidelines. This avoids over- or dnégr-counting. Cefes

thy has formal methodelogy ®ade such g éifference!

Formal methodolegy aggregates techaical acsessments consistent with
logic of cystezs analysis, vhile éraft EA gnalysis ¢id vot. 4As &
result, renkings fo 3 of & guideline groups change significantly.

=g

‘ Hetﬁodolo;y accounte for true intersctiors azong end influences cof

ttanspottution;-

Draft EA used "means” to describe ¢ifferences in pdstclo:ure
fétformaﬁéé. This led to large éifferences. Refined onalysis shov
cuck smaller differences among eites in postclosure period coopered

to draft EA.

Weights derived consistent with logic end procedures suggested io
professional litersture, mot from some 111-defined generic icportasnce
of & guideline category. As a result éraft EA enalysis over-counted

sxall raédiclogical safety differences end under-counted buge costs

éifferences.

Metbodology accounted for thiogs mot éirectly addressed by simple

éraft EA metbods, e.g., worker radiological ssfety.
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e

‘The methodology described herein can be used 28 a heurfatic dev!ée for
tnvelving the larger Chapter 7 working group. We ate developing a édetajled
plan fot invelving this group and will be transmitting this to you scon for
teviev, s

3£ you have any Questions please let me know,

e

T

Tom Longo

Attachnent
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BACKGROUND
[ Draft EA presented three simple ways of uggxegétlng performence
agsinst individual technical guidelines.

o RAS panel and state-consulting groups severely criticized methods.
‘, Two ordinal-based methods diemissed outright, vhile one method
"ﬂ 5 (utility-estimation method) acknowledged to hold promise if done
9“’;‘“ according to procedures suggested by proteuio.nal literature.

{K -] To address concerns small group set about to usesi feasibility of
applying formal utility-estimation method using draft EA information,
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PROCESS FOR APPLYING' FORMAL UTILITY ESTIMTlOﬁ METHOD

" 1. Jdentify siting objectives with reference to intent of Guidelines.

©

Can be above, equal to, or below guideline level.

2. Esgtablish performance measures, X, for each c&tlng objectlve (scale

of 0to10). ) dellars, env. uufbﬂ"; dentl

-]

Verify independence among objectives.

3. Define utility cucrves for performance measures {(U = £ (X) Fi

©

“ Establlch veights, k, lor utility functlcnc.
°

Y

Utility curve relates a given performance gcore to the vilue of
achieving that ecore for each objective. = e, 9-) 70 Q{

=

Involves value trade-off: of one performance ncasure aqainst ancther.

verify consistency with guideline constraints.

}'5; Pertorn numexical calculations.

-

Score sites egainst perfornance aeasures.»
Ccmyute uttlity values for each pezfo:mance neasure fct each site.

Apply weights to utility values and sum results to cbta;n overall
score for each gite.

Calculcte sensitivity of overall scores to slternative value
trade-offs.



KEY DIFFERENCES BETWEEN FORMAL METHOD
AND DRAFT EA METHODS

Redefined objectives to avoid interdependencies and under- and
over-counting.

Used utility curves to account for nonlinear value of scores.

Formal technlquecAused to derfve veights (value trade-offs)
consistent with guideline requirements, .

Many more steps and judgments involved, all of whtchnare nade

expliclt. .D“( ol M "” M}# :
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RESULTS OF VERY PRELIMINARY ANALYSIS

Technical inputs developed very quickly, without benefit of expert

teviev,

Results for postclosure analysis show sites about equal and meet
objectives exceptionally well, -

Results for preclosure analysis show Eanford scores significantly
. Deviation frox DER results ‘seers traceable

primarily to undercounting of transportation factors and facility

below other sites

COEtB.

Because of requirerents of primary :lgnlficance of postclosure

guidelines, sensitivity and uncertainty analyses are likely to ghow
sites are virtually indistinguishable, considering on balance 21l of

siting guidelines.

apparent.

Distinct suite of top three sites may not be

Other considertiiéns; such ci.divéx:ity ot'rock type: risk of
failure, licensability, etc., need to be evzluzted. These aspects ‘;

could be evaluated through formal methodology or qualitatively.
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PRO'S

PRO'S AND CON'S OF FORMAL bscxson METHOD

As with any methodologvo should be used only as an aid to decision
makings 1t should not make the decision,

I\*.fp&w.l Aty st ons \.QI N
\ﬁﬁk‘l,‘#‘ﬂJL“ et 4;Uhtalxaa
wx{u-vlah-pu

logical interacticns among guidelines accounted for-in comprehensive
fashion.

Responsive to severe crtt!cisma. :!

State—of-the—art.

logic and results traceable and explicit;
Appesrs consistent with approach of 2nd repository program.
less understandable to general puﬁltc.

Some technical inputs more difficult because of assignment of scores
above guidelane level; however, some inputs easier .

Fresents some new concepts ané greater detail.

Consistency uith siting guidelines may not be teadlly apparent and
may be contested,



NEXT STEPS

Review report desczlbtngb preliminary epplication of .fonnal

methodology. t(fn{- fg NkS "aanv{

Present methodology to Nus panel.v

 With help from hrqer pool of expe:use. 1) check and teﬂne

methodology, and 2) develop technical input,

g
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INTRODUCTION

A

SlTE RECOMHENDATION PROCESS o

. W Initla! order of preletence using decision-aidlng methodology

2. Final order of preference using diversity guidelines

(geohydrologic settings and rock types) -
SITE RECOMMENDATION OBJECTIVE |
1. Best set of 3 sites (not best 3 sites) - portfollo decision
2. Hust lncludc at least 1 non-salt site L |

3. ?rimacy of geologie considerations

DECISION-AIDING METHODOLOGY

A.

B.

c.

DESCRIPTION

1. Huiti-attributé. alloving disaggrek;iiqn of probl;Q int§ its
component parts for evaluation, then re-aggregation .

2., Utility-estimation, alloving explicit technical and vtlue:;
judgments or tradeoffs

POSTCLOSURE EVALUATION

1. 4All gites several orders of magnitude better than EFA limit for
base case best-estimate, little distinction between sites

2. Importance of scenarios, uncertainty, sensitivity

PRECLOSURE EVALUATION

1. Individual groupings corresponding te guidelines

2. Cost driver

-3. Use of differences in characterization costs for recommendation




111. DIVERSITY

A. GEOHYDROLOGIC SETTINGS. ,
1. Differences in ground water flo; sys;ems: differences in
asccesgible environment
a. water quantity -
b. water quality
€. water use
(1) type
(2) amount ©
(3) alternative sources
d. land use
B. ROCK TYPES
1. Avoid common failure
2. Different waste package
3. Different repository designs
4., Differences in retrievability

S. Llicensing issues

6. Portfolio decigion

IV. FINAL RANKING



OVERVIEW
INTRODUCTION

Section 112(b) of the Nuclear Waste Policy Act (the Act) requires that
subsequent tc the nomination of at least five sites as suitable (oi site
characterization, the Secretary shall recommend teo the President three of the
Qomiqated sjtes fér characterization as candidate gites. The prdcgss used by
the Department of Energy (DOE) te recoﬁmend sites for characterization is-
des:fibed in Section 960.3f2-3 of the bOE's siting gﬁidélines
(10 CFR Part 960). In summary, this procesi involves the followin;'sequence
of two distinct steps: | |
1. Determination of an inftisl order of preference of sites for

characterization, based on (as thé availadle ;eophysical. geologic,

geochemical, and hydrologic data; (b) other information; and (c) the
associated evaluations and findings in the environmental assessments for

the nominated sites.

2. Determination of a final order of preference of sites for
characterization, bzsed on a re-evaluation of the initial order of
preference in light of the siting guidelines on the diversity of

« geohydrologic settings and the diversity of rock types.

The objective of this process is to ensure that “the sites recommended as

*

candidate sites for characterfzation shall offer, on balance, the most



;dyantageOus combination of characteristics and conditions for successful
development of repositories at such sites." The DOE, therefore, is faced wiéh
i}i.pc;iféllc'décision. f.e., to recommend for charscterization the best get of
thf?é sites. This is substantially different than & decision to récomﬁend the
three "best" sites. As part of this portfolic decision, the NRC has indicated
{n the statement of considerations accompanying 10 CFR Part Sﬁftha; the 505
should characterize three sites, at least one of vbich {s & non-salt site.
Inherent to the recommendation decision, the DOE is required tec ensure
“that g;blogic considerations are the priﬁéiy faéi&tAi; evaluating sites for
geologic repositories. For example, the Act states that the siting guidelines:
“§h511 specify detailed geologic considerations that shall be primary criteria
for the selection of sites in v;riﬁus ge;lﬁéic ﬁédiﬁ;”_ The siting guidelines,
fs turn, specify th;t site evaluations "shilivbicge'primary.significance on
the postclosure guidelines and secondary significaﬁce on the preclosure
guidelines, with each set of guidelines considered collectively for such
surposes.” Further, the Nuclear Regulatory Comnission (NRC) has mandated in
10 CFR Part 60 that, although they require a multiple-barrier approach to
vaste isolatfon (with no one barrier relied upon totally to provide the
pecessary isolation), they will require that the site (natural barriers) be

the primary means of waste isolation.

DECISION-AIDING METHODOLOGY

The DOE has developed and applied a formal decision-aiding methodology 2s

aa 2id ia deciding which sites sre preferred for recommendation for



characterizatioﬁ- vThe'met_hodolt.’sy. which {s based on the multi-attribute
4utility theory. allows disa:&fexation of & complex siting problem into its
component parts fot evaluation. and re-a;zregation in a logical and )
appropriate manner to determine an order of prefetence for the sites. As

| such, the decision-aiding methodology vas vell suited to the first step of the
decision process'vberein the separate guidelines, aﬁd their e::ociated
favorzble and poientially adverse.conditions. are consfidered separately and
then collectively. In‘addition.‘the methodology ie explicit in'identifyin;
the pros and cons of each sieevand the factéee (e.g.. teehnicel dats,
professional judgments, value judgments, policy decisieas. and models) that
are most crucial to the relative desirabili:y of the sites. The methodology
also is readily amenable to sensitivity analyses to incorpor;te other
viespoints and to quantify uncertainty. and. the impiications of these
éifferent vievpoints can be eesily identified and examined. From these, the

DOE can drav {nsights into the basis for the site-recommendation decision.

like all formal methods, however, the multi-attribute decision-aiding
pethodology is capable of providing only a partial and hpptoximate accounting
of the many factors important to the first step of the site-recommendation
decision. Also, the decision-nidin‘ methodology does not encompass the second
step of the decision process, i.e., the application of the diversity
guidelines to determine a final order of preference. In addition, the
deeision-aiding methodology is not constructed to make the portfolic decision
with which the DOE.is faced, Accordingiy. the application of the methodology
can provide DOE with insights into the basis for the site-recommendation

decision but cannot make that decisibn.



The six basic steps of the decision-aiding methodology, as applied to the

evzluation of sites, are the following:

1. Estadlish the objectives of repository siting and develop ﬁretlosure and -
"postclosure performance measures for quqntifying levels of performance

il

with respect to these objectives.,

3. For the postclosure analysis, specify a set of scenarios that, should
they occur, might affect the performance of the repository system as -

represented by the postclosure-performance measures.

3. For each scenaric, estimate postclosure pgrformance with respéct to each

ﬁostciosu}téperfbéhanéé ﬁéékhf&.’ Ektiﬁétefiieclésure:petfdrﬁﬁhéé and

impacts with respect to each preclosure-performance measure.

4, Assess relative values for different impact levels for each objective
($.e., assess & utility function over each performance mezsure) and
assess value tradeoffs to integrate the achievement of different

objectives into an overall utility function.

§. Using the overall utility function, aggregate impacts to obtain a

composite score indicating the relative desirability of each site.

6. Perform sensitivity analyses to determine which models, data, technical

judgments, and value judgments seem most sigﬁificant for drawing insights

from tﬁe analysis.




POSTCLOSURE EVALUATION

The DOE identified two postclosure cbjectives related to the extent to
wvhich the geologic reposiiory would isolate the waste and pr;vent adverse
impacts on the health end safety of the public after ripésitory closure.

A

These cbjectives are:

1. Minimize the adverse health effects attributable to the repository during
the first 10,000 years after repositcsy closﬁrq; ;
2. '>Hiniﬁiie the adverse health effects attribgtable_(q the:repository during

the period 10,000 to 100,000 ye@rs after repository closure.’

Fgr bo:h objectives, the limits on cumulative releases of radionuclides to the
accessible environment (as defined bf the Environmental Protection Agency
(EPA) in 40 CFR Part 191) were used 2s 2 surrogate performance measure for
adverse health effects. In addition, DOE developed sets of site
characteristics for which various multiples of the cumulative releases vere
Judged to be reasonaﬁle. In this manner, the DOE was able to use the results
" of both the preliminary performance sssessments contained in the environﬁen:al
assessments, to the extent practicable, and the technical evaluations of site
characteristics contained in the environmental assessments in assessing the
performance of & site against constructed performance measure scales for each
postclosure objgctive. Scenarios affecting postclosure performance were
identified and high, median, and.lev estimates of their fespective
probabilities vere made. Eigh, best-estf;afe. and lov scores were then

assigned for each scenario against the appropriate performance measure scale

fa order to GQuantify repoiltory performance. .




As indicated in the assessed utility of cumulatfve releases during the
first lb.OOO years foilowing repository‘closure (Fikure JiS). the DOE has made
" a policy jndgment that & site with relesses thst.ere 10, bOO tines‘lover than
the EFA limit (seore of 10 for the performance meesure in Figure 3. 3 and
wtility of $9.99 in Tadle 3-5) has 1ittle practical advantage over e site vith
releases that are 100 times higher (score of 6 for the performance measure in
Figure 3.3 and utility of 99.00 in Table 3-5). Likewise, for the assessed
u:ility of Cumulative releases during the period of 10 000 to 100, 000 yesrs »
B foIXOVing repository closure (Figure 3 6). the DOE has made & similer policy
*Jdgment. In both cases. the policy judgment is reasonable because the f
releases would be go smail as to be insignificant in eomparison vith
‘aek;round radietion end. as indiceted in Teble 3—5. further inereases in
ssore above 6 éai}€{§054 to very small reduetions in the magnitude of '

releases. Indeed, & score of & has an associated utility of epproxinately 90

gpercent for both the first 10,000 years and the period of 10,000 to 100,000

years.

For both time periods, the best-estimate scores assigned tor ell sites
for all scenarios were 6 or greater (Table 3-4). Comtining the best-estimate
score for the base case with the median probability for that scenario results
in a coomputed base-case expected postclosure utility ranging between $9.76 and
$9.99 (Table 3-6) - clearly indicating there is little practical advantage of
cce site over another site with respect to postclosure relezses. This does
not mean that the sites are equzl; to the contrary, there is an order of
cagnitude difference in equivalent releases between the sites. However, this

difference in equivalent releases is not considered to be significant since



the site vith the highest equivalent releases, the Hanford site, {s nearly
three orders of magnitude lower than the EPA release limits. 1In eddition, the
improvement between the sites with the highest and lovest equivalent releases
corresponds to a very small change, i.er. from two one-thousandths of the EPA

relezse limit to one ten-thousandth of the EPA release limit,

When locking at both the base case and the other postclosure scenarios,
the range of utility for each site wvas droadened, especially for the non-salt
sites (Figures 3.10, 3.11, and 3.12), The results of sensitivity analyses

.rongly suggest that sites with lower expected postclosure utilities also
tend to have greater uncertarnties in postclosure performance. Ihis range of
uncertainty indicates lictle opportunity for the sites to improve. based en
, the results of sitc characterization studies, beyond tbe best-cstimate
'rvalues. However. there is considerable opportunxty. especially for the
ron-gsalt sites, to retrogress. based on the results of site chzracterization

studies, below the best-estimate values.

Prior to sitc characterization, the DOE believes the best-ectinate vilues
are the appropriate measure of postclosure performance. Accordingly, although
the DOE has identified a clear distinction between the sites and a vide range
of uncertainty for certain sites, the differences are not considered to be |

significant with respect to the best estimate of postclosure performance. .



PRECLOSURE EVALUATION

The'DOE_identlfied four pteciesure objectives, ﬁinimizing edverse impaétif
'pn health ind tafety'before closuré. minimiie ad§eri¢ environmental impacts,
ninimize adverse sociceconomic impacts, and minimize economic costs. fhe DOE
further developed efght performance measures related to healig.and safety of
the public and workers, three performance seasures related to environmental
impacts, one performance measure related to socioeconomic impacts. and twvo

performance measures related to economic costs.

Base-case or best estimate scores were assigned for each site against
each performance measure. In addition, a range of scores was e#tablished‘by
estimating high and low scores. Throu;p the'usz pt nﬁlti-;;iiibﬁte ut!lfiy
functions for each performance measure, the séparite preclosure utilities were
aggregated to determine base-case impacts and to perform sensitivity analyses
across the range of estimated impacts. In this manner, the aggregate imﬁacts
for each of the four preclosure objectives can be determined, and, the

aggregate impacts for the total preclosure analysis can be identified.

As indicated in Table &4-11, the base-case consequence-equivalent impacts
fqr the eight performance measures related to health and safety, doth
radiological and non-radiclogical, of the public and workers can be aggre;;ted
to .show that the Richton Dome site results in the least impacts, followed by
the Deaf Smith County site, the Davis Canyon gite, the Yuccs Mountain site,

and the Ranford site. Likewise, the base-case consequence-equivalent impacts

for the four environmental and socioeconomic performance measures can be

10




aggregated to show that the Hanford site rerUIts in the least impacts,

followed by the Yucca Mountain site.'the Desf Smith County site, the Richton

" Dome s!te. and the Davis Canyon site. Also. the base-case
onsequence-equivalent impacts for the tvo performance measures related to
repository and transportation costs can be aggregated to show that the Yucca

Mountain site results in the least impacts, fol!ovee by the Richton Dome site,

the Deaf Smith County site, the Davis Canyon site, and the Banford site.

Each of these three grOupings cln then be aggregated to determine rhe
combined base-case consequences-equivalent impacts for all fourteen of the
preclosure performance measures. The Yucca *ouneain site results in the least
impacts. fcllowed by the Rxchton Dome site. the Deaf Smith County :ite. the

Davis Canyon :ite. and the FRanford site.

Rowever, looking at other combinationsvof preclosure performance measures
can produce substantially different orders of site preference. For example,
if the base-case consequence-equivalent impacts of all preclosere performance
measures, except repository and transportation costs; are aggregated, the
Banford site results in the least impacts, followved by the Yucca Mountain
site, the Deaf Smith County site, the Richton Dome site, and the Davis Canyon
site. 1Indeed, the combined base-case consequence-equivalent impacts for all
fourteen of the preclosure performance measures ere strongly driven by the )

estimated total repository costs - a factor that was given the least

fmportance of 21l guideline subgroups in the sitihg guidelines.

11



DOCUMENT H

__Principal shortcoring

New write-up blantantly manipulates the methodology and its
application to force it to epit out the ®proper® sites. It ‘
throve out certain factors, arbitrarily reduces or increases the
value of others, picks certain trade offs as better than others
and portrays the methodology as decision-maker, ‘

Initial vrite-ug tells {t like {t i{p. It describes the
pethodology as decision-aiding, evaluates both results and
insighte from the application of the methodolegy, and describes
the ratiocnale for the site selection. It recognizes the
{mportance of guideline requirements and other considerations a
policy-maker pust legitimately consider in reaching a final
decision. ' : S _

Serious Shortcomings A L |
= FProvides no technical justificai:ion for the decision -

- Arbitarﬁy throvs out cost as a 'considération in
viclation of Act and Guidelines.

= Winds up saying s'ocioéconomics is the basie for the
decision

= §States that post-closure should not tre wefghed too
heavily in direct violation of Act, Guidelines, NAS
recommendation and common sense

= Arbitarily decides a post-closure veighting between .50

and .57 is correct. Reduces Richton v. Hanford to this one
factor : :

= Incorrectly izmplies little difference in health an
safety ippacts among sites . -

= Portrays the methodology as decislion-maker - a very
dangerous approach

= Portrays rock diversity as requiring 3 types, 1If that
vere the case, no need for this rethodology - sirply pick
one salt site

Leaves out : ' - .- T
- Understanding of proper role of the methodology as
n

decision-aiding and its place in overall departmental
process of selection .




Underatandinq ot lnplicatlona of nakinq a portfelic
, deciaion

‘e
»

Proper understandlng ot role of geoloqic conaiderationa
Description of value and content of the rethodology

Consideration of accessible cnvironment differences,
strongly recomzended by KAS

A pmost inportant conclusion that all cites ere expected

to perforn exceedingly well in post-closure, alloving us the
tlexibility to plck aites that score 'lower' for other
-Teasons: -

Any discussicn ot insights qained tron aensitivity
anaiyses

The array of tesults the nethology produces from looking
at the various comdinations of factors that provide
Justitication for our decision o _

Discussion that this is a prelininaty deciaion of vhich :
gites to characterize-so cost comnmitments are not for total
program, only for characterization

Digcuseion of value of and need for considerations of
rock diversity




optiﬁistic. or pessimistic assumpti.ns are adopted unless a very high weight
{s assigned to postclosure, in which case the salt sites have composite
utilities that are nearly equal. Yucca Mountain is the site that is affected
most signif!ciutly by the chofice of pessimistic, base-case, or optimistic
assuzptions. Under pessimistic assumptions for postclosure performance, Yucca
Mountain reéeives a lower postclosure expecﬁed utility due to the possibilicy
of relatively poor performance of the site under a disruptij; scenario
involving a magmatic event. If pessimistic assumptions are adopted for
postclosure, then Yucca Mountain is ranked first only if the scaling factét
kyess is lcss than about 0.2; it is ranked in the top three enly if kpess

is less th;n about 0. 35. Under base-case or optimistic assump:ions for
postclosure, Yucca Mountain is ranked first across nearly the entite rangés 6!

kyre and LITIIL

Because of the sensitivity of the ranking ot Yucc& Sountaln among the
sites to the relatlve weights ot k,.. and k..... it is of i{nterest to .
consider the reasonableness of different weights., As in the case with the
sciling factors used in Chapters 3 and &4, the scaling factors k,.. and
Kpess Dust be based on & value judgment; specifically in this case on a
value tradecff between performance in postclosure and performance in
preclosure} To judge whether particular weights for kyee and kpee, are
reasonable it is necessary to review that value tradecff. Because the
ultimate concern of postclosure radiological safety is to minimize public
cancer fatalities to future generations, this is probably easiest to interpret
when preclosure public radiological safety is traded off against postclosure

public radiational safety. However, this cannot be done as directly as it may

appear.
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PreCIOSufe prlic racdiolegical safety is measured iﬁlterms of éancer.
fatalities and postzlosure public radiological safety is measured in terms of
cunulative releases of radionuclides. Hence, the value tradeoff must specify
. 8 givgn nusber of preclosure cancer fa:alifies that is equally undesirable as
'ibgivén postclosure release y. Tablels;l'shoés’the rgiatﬁenships of the
veigﬁts k;.. and kyeos 8nd several different value tradeoffs for th§ case

where preclésure cancer fatalities are set at 20. These vei:.calculated using

the following steps:

1. The change in preclosure utility due to an additional 20 public

. tadiqibgicii fatalities is cilcul;tgd usingJEquitidg‘h-l
C(1/200)(4)(20) = 0.4, o
2. The change in postclosure utilit} due to an ad4£tional.reléa;§ of y

is calculated using Equation 3-3 to be (0.526)(100)(y) -.52.6yQ

3. The change in composite utility due to both thebprecIOSure and
postclosure changes above must be equal if and only if the increase
of 20 public radiological fatalities is indifferent to the increase
of y releases. Equating these changes in composite utility using

Equation 5-1 yields
t’r.(O.k) = k..cu(SZ.Sy)

vhich implies

y =0.0076 kypo . - - (5-2)

kpoct
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Table 5-1. Relationship Between Preclosure and Postclosure Valge
Tradeoffs ard Various k,., and kjpes:

Postclosure

releases y as

undesirable zs ) '

20 preclosure ‘ ' Implied value

public cancer Postclosure ... tradeoff between
. fatalities cancer fatalitiess postclosure
Kpenr (fraction of resulting from and preclosure
| T (= l1-k;re) standard) y releases* cancer fatalities
1.0 0.0 - - -
L0889 0.01. 05 o527 o . a6
09 - 01 0.7 e liza
0.8 02 ‘o003 a2 na
0.79 0.21 0.03 . 20 . 1:1
c.7 _ 0.3> . 0.02 - | 12 _ 1.6:1
0.6 0.4 0.01 8.0 | 2.5:1
0.5 0.5 0.008 5.3 3.8:1
0.4 0.6 0.005 3.6 ' 5.6:1
0.3 0.7 0.003 23 8.8:1
0.26 0.75 0.0027 2.0 ~ 10n
0.2 0.8 0.002 1.3 15:1
0.1 0.9 0.0009 0.6 3:1
0.01 0.5%¢% 0.00008 0.05 az2:1
0.0 1.0 C - : - -

*Assuming that for each 1,000 MTHM, releases at the level allowed by the
standard would result in 10 health effects
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The lhird colurn in Table 5-1 shows the amount of y vhich is indifferent to 2
preclosure pudlic fatalities for various veights of k,rs and Kpeers

The reasonableness of the various value tradeoffs may be interpreted mor:
easili if a telationship is assumed between postclosure releases to the
accessible environment and postclosure he;lth effects. As noted in Chapter 3,
| Lo cre 190 adopted the assumption that for cach 1.000 netrlo tons of heavy
‘netal (HTBN). cumulative releasos ot the level alloved by the EPA standard
would result in 10 premature cancer deaths. Because a repository at any of
the nominated sitosvis assumed to be designed to hold 70,000 MTHM, releases at
the loveivalloved.oy the standard uould produco approximately 700 cadoer
fatalities.} The fourth colum in Table 5-1 sb0vs the numbers of postclosute
cancer fatal!ties. based on thc EPA assumption. tbat vould be produced by the
various postclosure releases. Because these are.oquivsleutly undesiradle as
20 preclosure public radiological cancer fatalities, it is nov easy to compute
the implied value tradeoffs between preclosure and postclosuto public cancer
fatalities shown in the fifth colum of Table 5-1. Because the rtlationship
above used to provide an estimate of postclosure radiological fatalities
likely overestimates these fatalities, the implied value tradeoff likely is a
lower-bound on the actual relative significance given to postclosure

fatalities.

It seems unreasonable to be willing to save 1 postclosure cancer fatality
at the expense of more than ten preclosure cancer fatalities. Thus, the
weight on Xyees from Table 5-1 must be less than 0.7. For all kpese €
0.74, the composite utilitieo imply an overall site ranking of Yucca Mountain,

Richton Dome, Deaf Smith, Davis Canyon} and Hanford for all cases vhere

DRAFT MLGEO 122 -13- 1:15 pm 0L/04/86




Vpcstclosure impacts are assumed to be base-case or optimistic regardless of
the preclosure assumptions about estimates. If péssimistic assumptions are
used for postclosure performance, Yucca Mountain falls out as the preferred
overall site when the jinplied value tradeoff between postclosure and
precloiére radiological fatalities {s appro#imately one-to-one (i.e.,

Eposr ® Q.Zl). It drops from among the top three sites when this implied .
value tradeoff 1s approximately 2 preclosure fatui;ties i;requivalent to 1

postelosure Fatality (f.e., Kyese = 0.35).

5.2 INITIAL ORDER OF PREFERENCE FOR SITES FOR

RECOMMENDATION FOR CHARACTERIZATION

The coverall rankings presented in the previcus sections suggest that tke

initial order of preference for sites for recommendation for characterization

is Yucca Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Eanford. This
ranking is stable for 21l but the most extreme g:sumptions on postclesure
performancé.hnd the most extreme weightings ofbpcstclosure considerations
‘versus preclosure considerations, as explained.beiOV.

For all assumptions and weightings, the B;nford site remains ranked
last. For-all assumptions about postclosure conditions and wide range assucmed
to be realistic for weights (i.e. kyaor ¢ 0.8), the relative r;nking of the
salt sites is stable; namely Richton Dome is preferred to Deaf Smith which is
preferred to Davis Cariyon. For pessimistic péstclosure assumptions, Yucca
HountxinAdfeps»ffom first ranked to fourth ranked as the postclosure weight

increases -from approximately 0.2 to 0.35 depending on the preclosure

-assumptions.
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The clear implication from the cempesite aﬁalysis is-that shzf;:cce

Mountain, Rxchton Dome, and Ceaf Smnhy&‘ﬁthe preferred sef.“.or

characteris&vee There are no realistic assumptions about either preelosure

or postelosure expected performance or eboutr the value: used to evaluate -
performance that can result in Eanford being anything but the'lasf:;anked
site. And the significance of the performance differences between Ranford an
all the other sites is substantial. Similarly, the Davis:Eanyon site is less
preferred than Richton Dome and Deaf Smith for essenfialiy all Eealiseie“ |
assunptions. The differences in performance of Davis Canvon and these two
other sites is also substantial, even though Davis Canyon is much preferred ke
Eanford in the analysis. Only for some extreme cases (i.e. pessimistic |
postclosure assumptions)could one argue»ditectly from the analysis that the
three sites to be characterized should be Richton Dome, Deaf Smith, and Davis
Canyon. Eowvever, the Nuclear Regulatory Commission requiees that at 1e.s2“:;!’
of the sites characterized not have salt e::ihe bhost rock. Thus, it can be
definitively stated that the results of the :ggyJ:::;::fE;elysis strongly

suggest characterization of the Yucca Mountain, Richton Dome, and Deaef Smith

sites.

The combination of the Yucca Mountain, Richton Dome, and Deaf Smith sites
offers maximum diversity in geohydrologic settings. The Yucca Mountain site
is unique among these sites because a repository would be constructed in the
unsaturated zone. The advantages of disposing waste in thick unsaturated
zones have been noted in the literature for over a decade. A major advantage
is the very slow flux of water that probably exists at Yucca Mountain. |
Another is that the underground facility can be designed s0 as to allov only

minimal contact of the vater that does enter openings with the wastes
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package. Still another is that underlying tuffs contain sorptive zeolises a-
clays that could act as additional barriers to the downward transport of

" radionuclides from a repository to the vater table.

The geohydrologic settings associated vith the Richton Dome and Deaf
Smith sites.are also clearly distinguishable ftom another, but not ag
obviously as ftom Yucca Mountain. Richton Dome is kioilatsin many respects to
Deaf Smith becsuse both have salt as a host rock. but Richton is a piercement
structure of fcirly uniform propertzes surrounded by sedimentary materials.
The dome is surrounded by aquifers at dxfferent depths. The bedded-salt
setting at Deaf Smith is underlaxn by . re!atively horizontal bedded sedimentary
rocks capped by the Ogallala Formation.v The ;eohydroloxic system iz dominated
by the Eigh Plains equifer. Minor aouifers ofhooor vater qoality occur in

deeper strata, nearer to the salt units.‘

The advantages of salt as a host rock for disootai have been documented
elsevhere many times, and so are not repeated here. Chapter 1 (Sectien

1.2.2.) lists some of its expected advantages.

_The Yucca Mountain, Richton Dome, and Deaf Smith sites do not offer

maximum diversity in rock type. They do, however, meet the requirement for
diversity of the Nuclear Regulatory Commission. As was explained in Section
2.1, the site-recommendation decision is analogous to a portfelio problem

since the DOE must choose, not a single site for repository development. but
three from five well-qualified sites for site characterization and related

. : po3stsd
nongeologic data gathering. Combinations cf three sites PhaCaks properties s

that cannot be attridutable to single sites Sf;ﬁc diversity of geohydrologic
e.e.
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settings and rock types), Thus, the set of three sites indicated as mos:
preferadle ty the multiattribute utility ana!ysis may not be the preferred set
when these portfolio effects are taken into account together with the

implications of this analy:is.ﬂ These considerations are examined in the

C{te-recomendation letter report accompanying this report.
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Figure 5.6. Site composite utilities calculated using optimistic assumptions
for postclosure and pessimistic assumptions for preclosure.
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May 18, 1986

Tom, Bill, Benry, Bob:

Hy overall reactions after spending several hours with the two rev
weres e

1) The GC piece was too narrow in focus but had an appeal
to brevity and sharpness, i.e., needed to be enhanced.

2) Our 24 pager was too "chatty" - just seemed much too
- conversational but it made many essent1a1 points and

added substékive basis.

I tried to tighten up our piece and then showed on the GC copy how
would attempt to merge or reshape the pair. 1I'm sure the resultir
product would need much smoothing - e.g. transitions, etc. I have
a feeling the resulting product could still be tightened up more
and should be, if practical., I think our arguments on final pre-

ference are more persuasive, i.e. - The .57 postclosure argument ¢
contrived. _Please take these thoughts as a suqaestion only, add t
to your own - no more - no less., Out of this will come an even be -
basis for this most important decisjon. I know you can do ittt -

Ben
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As poted sbove, &txe overall ranking of gites is largely & reflection of
differences in coste. This dependence on cofts wes recognized by the Board on
Racicactive Waste Management of the Nationsl Academy of Sclences in its
corments on the application of the methodolfgy (see sttachment to Appendix E,
Jetter dated April 10, 1986, p. &4): "On the beeis of the Boerd’s reviev of the
applicstion to a single site, ft appears that the expected total repositery
ané trensportation costs will have & cajof, §f not controlling, ¥ffect on the
rackings under pre-closure factors.” In/view of the requirements of the
siting guidelines that costs be among the factors given the least importance
axcng preclosure considerations, I T must be cerefully considered.&As
shewn in Figure 5-7, when repository and transggrtatlou coste are not
étscriminating end the postclosure veightwiclets~then sbout .57, the three
top-ranked sites ere Yucce Mountain, Deaf Smith, and Eanford. dizntreuneiad

= ’ : ‘ » S
Afostclosure performance, the three top-ranked sites & Mountain, Desf
////’ Seith, and Richton. ¥ The need to congider carefully the results cbtained with;

the methodology vas also recognized by the Board in the sbove-cited letter:
"This recognition of the heavy dependence on cost reinforces the Board‘s
Judgment that the principal usefulness of the multi-attridbute utility method
{c to illuninate the factors involved in & decicion, rather than to make the
decision itself.” , , o ——

Furthermore, as explained in Section 2.1, the site-recocmendstion
decicion is analogous to a portfolio-selection protlem becsuse the DOE is not
choosing & single site for repository development; rather, tke DOE must
chaose, from & suite of five well-qualified sites,three sites for 3
chzracterization. Combinations of three sites pogess properties that caanot ~
be sttributed to individual sites, such as diversity of geohydrologic settings
and rock types.

N how \égus cue .\t'uiZT~Lu--4=ty
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SUMARY

DOCUMENT

RECOMYENDATICN BY THE SEeRETARY OF ENERGY
OF CANDIDATE SITES FOR SITE CEARACTERIZATION

FOR TEE FIRST RADIOACTIVE-WASTE REPOSITORY

Pursuznt to the requxrement: of the Nuclear Haste_

Policy Act of 1982 (the Act) and the Department of Ener;y —

(DOE) siting guidelines, the five sites nominated as
suitahle fot site characterization in the environmentel
a:sessment: have been evaluated in order to reccnmend three
candidate sites for characteri:ation vhich offer, on
balance. the most advantageous combination of

characteristics and conditions for the succe;sful

__development of repositories at such sit-:_—!The DOE has

developed and applied ajzz;;;%:-decision-aiding methodology
to aid in determining sn initial order of preference fnr
the nominated sites and to provide insight, from‘the
application of the methodology, on which factors have the
oost iuflnence on the initisl order of preference. 1In
eddition, the DOE has considered the provisions in the
siting guidelines for diversity of geohydrologic setting
and diversfty of rock type and other relevant information

which besrs on the site-recorcendation decision in arriving

&t & final order of preference.

AN



\ ) Based on these considerations, the Secretary has
1 . determined that the best set of three sites for

'_ recocmendation as candidate iltet for characterization

consicts of sites &t Yucca Mountain, Nevada; Deaf Smith

County, Texas; and Eanford, Washington. In sddition,

pursuant to the requirements of Section 114(f) of the Act,
the Secretary has made s preliminary determination that all

three sites are suitable for deve!omeﬁt ai’g§°1¢‘1é»‘.i

v.'téﬁoéitdriés consistent with the'sitiﬁg gﬁidéliﬁ€§; f;*if;

Ry —

Section 112(b) of the Act requires that, following issuancevpf ihe sitihg
guidélines and consﬁltation Viih the Governors of the affected States, the
* Secretary shall nominate at least five sites that he determines are suitable
for site characterization for selection'of the first reposiig;y site.
Further, the Act requires in Section 112(b)(1)(E) that each nomination of a
site shall be accompanied by an environmental assessment. Accordingly, the
Secretary has nominated the Davis Canyon site, the Deaf Smith County site, the
Ranford cite, the Richton Dome gite, and the Yuceca Mountain site as suitable
for site characterization and has caused tc be published final environmental

assessments, consistent with the requirements of the Act, for each nominated

site.

Subsequent to the nomination, the Act requires that the Secretary shall

recocwend in writing to the President three of the nominated sites for




characterization as candidate sites. The process used by the ME to recorrend
;iies for charlctérization is set forth in Section 960.3-2-3 of the DOE's .
;itin; guidelines (10 CFR Part $60). fhat section states that the
recomoendation dec!sion shall de dased on the avai{able geophysical, geologic,
geochemical, and hydrologic data;.other information; and ssscciated
evaluations and findings reported in the environmental assessments
sccoopanying the site nominations. On the basis of this evidence, the sites
neoinated as suitable for characterization shall be considered as to their
order of p{tference as candidate sites for characterization. Subsequently,
siting provi:iéﬁi specifying diversity of geohydrologic settings and diversity
of rock types shali be éonsideted in determining & final order of preference

for the characterization of such sites.

The‘objective of this process fk to enshre that "the sites recommended asAA
candidate sites for characterization sh;ll offer, on balance, the most
advantageous combination of characteristics and conditicns ;Ot successful
development of repositories at such sites." The DOE, thérefore. is charged
with making & portfolio decision, i.ef. a decision to recormend for
characterization the set of three sites which best meets this objective. As
part of this portfolic decision, the Nuclear Regulatory Commission (NRC) has
previously indicated in the statement of considerations for 10 CFR Part 60

that the DOE should characterize three gites, at least one of which is a

no=-salt gite.

In the recommendation decision, the DOE is required to utilize geologic

corsiderations &s the primary factor in evaluating sites for geologic

.
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ggéositorie:. The Act states that the giting guidelines "shall specify \
. detailed geologic éﬁnsiderations that gshall be prizary criteria for the |
gelection of sites {n various geologic media.” The siting guidelines, in
turo, specif; that site evaluations "shall place prizary significance on thé )
postclosure guidelines and secondary significance on the precloggre |
guidelines, with each set of guidelines considered collectively for such
purposes.” The siting guidelines also state that “comparstive site
evalu?tions shall piace primary importance oﬁ tﬁe natural barrierc of the

site."i Further, the NRC has mandated in 10 CFR Part 60 that, although a

cultiplé-barrier approach is to be applied to waste isolation (with no one
barrier relied upon totally to provide the necessary isolation), the natural

| tarriers are to be the primary means of waste !solatioﬁ.

PURPOSE

The purposes of this report are to identify the three sites the Secretary

recommends to the President ag candidate sites for characterization for the

pation's first geologic repository, to document the basic for that decision,
and to record the preliminary\determination, pursuant to Section 114(f) of the
Act, on the suitability of the rexommended sites for development as geologic
repositories. The report briefly describes the decision-aiding methodology
used by the DOE in determining an initial\order of preference for the five

nocinasted sites, the results of the applicat n of the decision-aiding

pethodology (including insights gercane to the te-tecommendﬁtion decision

froo application of the methodology), the diversity provisions prescribed in

the Act, and the results of the application of the divdgsity provisions and




otter considerations to d)&erzine e firal order of preference for the sites

trecomended for charac:erizkt{on.

DECI1SION-AIDING METHODOLOGY

The DOE has developed and epplied a8 formal, multiattribute.
ility-estimation, deci:icn-aid'ng methodoloxy to aié in deterain!ng

prefecrred sites for recommendation for characterization (DOE/RW-0074,

Huliinttribute Utility_&na;ysii cf Sites Nomina;ed for Ch#racterization for

the First Radicactive-Waste Repository--A bééisloﬁ;ﬁiding ¥ethodolory). fhé

pettodology allovs disaggregation of & complex siting problem into ite
cocponent parts for evaluation, and then re-aggregation in a legical and
appropriste manner to deterzine an initial order of preference for the sites.
As such, the decision-aiding methodolsgy fs well-guited to the firgt step of
the decision process wherein the separate postclosure and preclosure
cbiectives are considered individually and then collcctively.. The cethodology
is constructed to elucidate the uncertainties inherent at this stage of the
siting process, and the methodology is explicit in identifying the pros and
cocs of each site and the factors (e.x..'technical data, professiﬁnal
juégoents, value judgments, policy decisions, and models) that critically
affect the relative desiradility of the sites. The methodology ic well-guited
to sensitivity analyses which allow for a range of viewpoints snd evaluate
glternative combinations of the factors that describe discrete aspects of site
perforrance. The implicatians of these sensitivify a2nalyses can te easily
fdectified, examined, and factored into the basis for fhe site-recommendation

decision.

'i."n."..~‘ o'. .
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copabie of providing only a partial and approximate accOuntiﬂz'of the zany
factors lmpoitantAto the site~recommendation decisfon. Furthermore, the
declcion-t!ding methodology does not apply the diverc!fy guidelines required -
to determine & final order of preference among the sites and is not structured
for the portfolio decision. The application of the cethodology does, however,

provide valuable insights contriduting to the site-recomendation decision.

evaluation of site:, are the follovzn;.

1.

2.

1.

_ The six basic steps of the decision~aidxng methodolo;y. os applied to the

Establish the objectives of repository :itin; and develop preclosure and

cbjectives {nto an overall utility functioen.

Like wost forzal methods, however, the decision-aidih; methodology is

whte

postclosure pertormance measures for quantify;ng levels of performance

wvith respect to these objectives.

For the postclosure analysis, specify a set of scenarios that, should
they occur, might affect the performance of the repository system as

represented by the postclosure performance measures.

Estimate postclosure performance for each scenaric with respect to each
postclosure performance measure. Estimate preclosure performance and

impacts with respect to each preclosure performance measure.

Assess relative values for different impact levels for each objective
(§.e., 2ssess a utility function over.each performance measure) and

assess value tradeoffc to integrate the achievement of different

. .-;_ a” e ee R -
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S. Using the overall utility function, sggregate izpacts t> obtain a

composite score {ndicating the relative‘desitability of each site.

6. PFerform sensitiéity enzlyses to determine which models, data, technical .
Judgments, value judgments, and alternative combinations of factors seen

most significant for drawing insights from the snalysis.

 POSTCLOSURE EVALUATION

The DOE idintiffed'iw§‘posté!ésure objecti?ékrtéllied to the !tblatién of -

spent fuel and‘high-level waste froz the accessible environment and prevention
of adverse impacts to the health and safety of the pub!ic afﬁer'tepository

- F

closure, These objectfves are!

1. Minimize the adverse health effects attridbutable to the repository during

the first 10,000 years after repository closure.

2. WMinimize the adverse bealth effects attributable to the repository during

the period 10,000 te 100,000 years after repository closure.

For both objectives, the limits on cusulative releases of radionuclides to the
accessidble environment (as d;fined by the Environcental Protection Agency
(EPA} in 40 CFR Part 191) vere used as a surrogate perforrance messure for
edverse health and'iafety fizpacts. Performance ﬁéﬁsﬁre scalek. based on
various m;ltiples of the EPA limits, were éoﬁstructed. In addition, the DOE

developed sets of site characteristics for vhich the various multiples of the



- v ——

EPA limits on the.perfOraance Dessure scales were 5udged to.te reasonable.

. cousistent vith the EPA standard and NRC regulation, the DOE applied the EPA

| release linitt at ‘the edge of the accessible environsent. The National
Acadexy of Sciences Board on Radicactive Waste Management recomcended that DOE
evaluate_the differences among the sites with respect to pathwezg from the
aceeéiipte_eqvi?onmeqt to the bfospheee. The DOE eeviewed the estimates of
eu:ulattve releeses to'the accessibte environment and grOund-vater travel
ti:es {in the environmental assessments and observed that radionuclides
transported through the ;round-vater :ystems should not dischar;e to the
rﬂ;round Surface or Surface—vatet bcdies during the next 10 000 to 100 000
years. Instead likely pathways to the biospbere vould consi:t of wells or
bo'ings drilled for water or pineral exploration. For both of these pathways,

releases vithin the controlled area have been evaluated in the environmental

assessments and, es appropriate, in the decision-aiding methodology. “‘--___,J
)

Scenafies affecting postclosure performaqce wvere identified aﬁd high,
base-case, and 15« estimates of their respectiQe probabilities wvere made for
each site. IHigh. base~-case, and lov gcores were assigned for each gite for
each scenario for both performance*measuee seales using the site (::

characteristics, technical evaluations, anéd preliminary performance

assessoents contained in the environmental assessments. Combining the
base-case probability and base-case score for any one scenaric yields the best
estizate of expecteﬁ releases for that scenario. Comdining the base-case

probabilities and base-case scores-for all scenarics yields the best estimate

. ) . -

or expected vslue of releases for a site, - R



The\?§q\postclo:ure performance measure scales wvere construsted on

logarithoic scales. On these gscales, the differences between integer values

for the scores becomd\increasingly sraller as the integer values for the

_scores become hi;her; e.g.~for the 0 to 10,000 year performance measure scale

betveen scores of & and 6 is from 0.1 tc.

-

ce in estizated relesses between

tke differe&ce in estizated releas
0.01 of the EFA limit, vhereas the differ
scores of & and 10 is ftog 0.001 te 0.0001 of the EPA limit,
_ In ;hé.applic;tion of the methodology, the‘DOE assessed the utility of
uicuﬁulative-:elé;ges durihg the firgi 16.000 yéifg f§IIQVing réposito:y éléfugg_,ﬁ
aﬁé gpade & judgment fhat a site with releases that are 10,000 times lower thanl
the EPA limit (score of 10 on the performance measure scale and utillt; of
99.95) has little practical advantage over a site with releases that are 100
tizes bigher (scor§ of 6 on the performance measure scale and utility of |
§5.00). The DOE cade a similar judgment for the utility of eunulative
releases during the period of 10,000 to 100,000 years following repository
clekure. In both cases, the judgment ii reasonablé because the relea;e; would
be so sm2ll as to be insignificant in comparison with both the EPA standard
and natural background radiation and because further increases in score above

6 correspond to very seall reductions in the magnitude of releases, as shown

above.

" For both time periods, the base-case scores assigned for all sites for
21l scenarios were & or greater. The very lov cumulative releases (and high
sccres) are consistent vith numerous studies, expert opinion, and peer review

reported in the literature over the past decade. Coodining the base-case




scores with the base-case probabilities for 21l scenarios }esults in expected
pcstclosure utilities for the sites ranging between 9§.76 and 99.99 - clearly \
. fndicsting ttet all fi;e sites are expected to perform exceedingly well and
that there {s little practical advantage of one gite over another gite with
respect to postclosure performance. This does mot mean that the sites are
equal; to the contrary, the scores indicate there may be as nucgnas en order

of magnitude difference betveen the sites in releases to the accessible (

environment over 10,000 years. Bavever. this difference in releases is not

eoﬂsidered to be :ignificant since the site vith the highest releases, the

BAﬁfotd site. is estimated to be neariy three orders of magnitude lower than
.'tbe EPA 1inits. In eddition, the improvement betveen the sites with the
highest and louest releases eorresponds to a very small change, i.e.. trom tvo
”one-thOusandths (0.002) of the EPA limit to.one ten-thousandth (0.0001) of the
EPA limit, The results of the preliminary performance assessments in the
environmental assessments tend to confirm both the low estimated releases and
the slight differences in estimated releases among the sites. ~——

—

s of sensitivity analyses combining the high and lov sceres and

The resu

the high and low probabilities for each postclosure scenario define the range ,

of utility and uncertai for each gite. The sensitivity analyses indicate

that the non-salt sites haveNpoth slightly lover expected postclosure

utilities and greater uncertaintidg in postclosure performance. The

secsitivity analyses shov both the uncéctainty in scores due to the limited

data available prior to site characterizatior and the uncertainty in

probabilities of the various scenarios that may fect repository

performance. The tensiti#ity anzlyses also shov that\\Decause the

10




best-estimate utilities\are so high, there s little chance the sites will

est-estimate values after site characterization.

' schieve utilities above the

Eowvever, the range of utilities Npdicates that, especially for the non-salt

gites, there g some chance the sitég will schieve utilities bel

best-estimate values after site charactecization.

e eetererae,

PRECLOSURE EVALUATION

The bOE‘identifiedufouf'preclosure 6bj§c£ives: Vnin;miziné';dvers; :
f=pacts on”health and gafety before closure, ninim;zing adverse environﬁenta!
lcpactk.:mi;!mitfn; ;dverse socioeconomic impacts, and nihimi;}nt ecéﬁémic; :

‘éo;tf. 4?;;Athese‘os5§ciives..the DOE developed ei;ﬁt EQ;férméhée measur;s';"
. related to health and safety of the public and workers, three performance
peasures related to environmental iﬁbacts. one performance measure related to

socioeconomic impscts, and two performance measures related to economic costs.

Base-case scores were assigned for each site for each performance
peasure. In addition, a2 range of score? w#s established by estimating high
and lov scores. Through the use of multiattribute utility funétions for each
performance measure, the fndividual preclosure utilities were sggregated to
Cetermine a best estimate of impacts and to perform sensitivity analyses
across the range of estimated iwpact;. In this manner, the impacts for each
of the four preclosure objec;ives vere determined, and, the aggregate impacts
for tbe total preclosure analysis were deriQed. As in the case of the
postclosure evaluation, the application of the methodology has provided DOE

vith valusble insights related to the site-recommendation decision.

11
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For the eight performance measures related to tadiolpiical and !

dioloxicki heelth and safety of the public and voékers. the sggregation;

shovs that, &5 8 best estimate, the Richton Dome site causes the

folloved by the Deaf Szith County/site, the Davig Canyon site, |

least impacts,

the Yucca Mountainngite, and the Ranford sitel For the three environmental

ard one socioeconomic Pegformance measurey, the aggregation of impacts shows
that, as 8 best estimate, th\Hanford gite causes the least impacts, followed

by the Yucca Mountain site, the DAY Smith Céunty site, the Richton Dome site,

ané the Davis Canybn site. For fhe twogerformance measures related to
repository and“trinépoititib' cékts.‘the agg atibn of impiéii‘khBQs'thht. £§~.
8 best estim&te; the Yuccd Mountain gite causes t leas§ impacts, followed br

’the Riéhfon Dome site the Deaf Smith County site, the avis Ciﬁyoﬁ site;band

the Eanford site. /If thésc three groupings are theﬁ ig;reg id to determine

the best estimate of combined, base~case impacts for all fourteen the
preclosure performance measures, the Yucca Mountain site causts the least
izzacts, followved by the Richton Dome site, the Deaf Smith County site, thf

Da~igc Canyon site, and the Hanford site. , » /

’

\, . . ' o
b wer-tomsty preclosure performance measures providef
significant insight into the factors that most influence the relative
desirability (i.e., order of preference) of the sites as determined using the
decition-aidiﬁg methodology. Alternstive combinations of preclosure

pé:formance messures yield different orders of preferenze not only betveen the

por-salt and salt sites but alsc among the salt sites. For example, if the

two preclosure performance measures on repbsitory and transportation costs are

not considered and the base-case impacts of the other twelve preclosure

12




performance Deasures are aggregated, the Eanford site causes the least
iepacts, folloved'by the Yucea Mountain gite, the Deaf Smith County site, the
ltichton Doac’cite.‘and the Davis Canyon site. This alternativé coobination
'demonstrates that the combined base-case impacttrfbr all fourteen of the
preclosure performance measures are most strongly influenced by the estimated
repository and transportation costs — factors that ere the leasi”important of

81] guideline subgroupe in the siting'guidelines;

The combined base-case impacts for only those pteciosure'petforma‘ e

Deasures that estimate impacts on the public near the repository €ite show

that, as & best estimate, the Eanford siie casuses the leasr”impacts, followed

by the Yucca Mountain gite, the Deaf Snith County sjiteé, the Richton Dome sité.i

and the Davis Canyon site. Intrecducing the ipgacts to the pubiié as;déiatédf’1y'§?7'

with transportation of the wvastes to th epository siteg, however, results in

an increase in impacts as the distapfe from the reactors increases and the

order of gite preference chang to the Richton Dome site, the Deaf Smith

County site, the Davis Canyén site, the Yucca Mountain site, and the Kanford

gsite. This slternati combination demonstrates the influence of the

estimated health zfid safety impacts (primarily non-radiological) to the public

end vorkers ¢4ring transportation of the wastes to the repository sites. This

influence” however, is of little significance in the aggregation of all

.
fourteen preclosure performance measures because of the strong influence of

————,

repository and transportation costs.

~
4:2;;%5752; sensitivity analyses in the preclosure evalustion indicate t{

that the estimated repository and transportation costs dominate site

13
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preferen?es detercined by aggregaiin; the four;een preclosure perfortance

" peasures over fhé range of high. base-case, and 10; scores. Although it is
clear from the Act and the siting 3uideiines that costs are an ipportant
-factor in site selection, it is equally clear that the postclosure performance

- of the titgs anq other technical factors should take precedence over costs.

 This s especially appropriste :iven.the preliminary natufe'of_zée r;pository
cost estimates available at this tive. Ina §enturé as icportant as the
disposal of spent fuel and high-level vastes, a choice of the lov-cost option
ocught to occur only after the geologic suitﬁbilify‘ot the éites has been more
fully demonstrated following site characterization. The KNational Academy of
Sciences Board om éadioactive Waste Hanageméni ibpearc to confirm this
Qiequint in thélf.iﬂ&;pendent reviev of the decision-aiding methodolegy

" wherein they staté:; “This recognition of fhe heavy dependence on cost
reinforces the Boafd's judgment that the principal usefulness of the
pultiattribute utility method is to illuminate the factors involved in a

decision, rather than to make the decision {tself.” \\\\-‘-‘-

\

e

COMPOSITE ANALYSIS AND INITIAL ORDER OF PREFERENCE

‘The results of the postelesure and preclosure analyses were aggregated teo

determine composite utilities for the sites. As—purt-cfdeveleag—ood

eppd id4 3 $ * Site
~Urtiities—would define the initial order of preference for the sites.

Thereforey—using
-9¢¢£o:=aaee-ncasurus::ti; initial order of .preference, froz most-preferred to

least-preferred, is the Yucca Mountain gite, the Richton Deze site, the Deaf

14




S=ith County site, the Davis Canyen cite, and the Hanford site. \ ensi}(vity

————
e g

v.
acalyses shov that this initial order of preference is unchanged foy/a wide

range of weights or scaiing factors ¢

izpacts.

ing postclosure and pr

The tensiti:j;y snalyses do shov, however, that the differences among the
sites in composife utiliiy>chante as the lative weights isf(;ned té
postclosure ‘biéclosure impacts pifange, vith very sma}{ differences in

cosposite utility vhen nearl 11 of the relative veight is assigned to

postclosure impacts and larger differences in composite utility ag the

relative vei(ht a;si;hedito preclocure impacts increases.

Y

These results clearly fndicate that because the differences among the
sites in postclosufe utility are so szall as to be insignificant, the
éifferences among the sites in preclosure utilify largely determine the
inicial order of preference. As_disca;eeé—?rcv§v=1%77 hetb.précleture
differences are docinated by the l;rge influence of tepository and
transportation cos;g. Truye (costs, given the least importance of all
guideline subgroups in the siting guidelines, are very preliminary at this
tise, vould =5ty not be realized until after site characterizaticn and
would be realized at only the one site selected from among the three
characterized gites for development es the naticn's first geologic
repository. Indeed, the site-recormendation decision for characterization
does not connii the DOE te séend these dollars for repository and
trassportation costs at any of the three sites. Rather, the

site-recomendation decision for characterization only commits dollars for

15



site characterization activities and other studies performed in parallel st
the three sitet; When considering only costs during the site ch@racterizatioﬁ
period, the differences betveen the sites are small and the costs can be

considered reasonadly comperable for eny three sites.

The repository costs estimates are highest for the Eanford sité.. These
estimated costs are sharply reduced for all sites, especi;lly'thgyﬂanfqrd
sité. if’th; cost estimates are based on ihe tize value of‘donéf; rather than
constant 1985 dollars, for activities that will occur decadek-!at;t. €.8.y
backfilling, decomvissioning and closure. Likevige, the cost differences
b;fveeﬁ:fhe Eanfbrd site and tﬁe salt sfies.vo;id sé:ofE}e: 5} tﬁé é;tinated A
differences in the cost of retrieval, in the unlikely event that retrieval
would be necessary. Accordingly, the higher costs at the Eanford gite zre not
so firo as to be the dominant factor in the gite-recommendation decision. In

addition, the selection of 2 site with higher costs for development as the

first geologic repository would be entertained only if the postclosure
performance of the sites and other technical factors evaluated during site
characterization show the higher costs te be warranted.

DIVERSITY PROVISIONS

The siting guidelines specify that diversity of gechydrologic settings
and 3iversity of rock types shall be considered in determining & final order
of pteferéACQ for the characterization of candidate sites. The five sites
porinated by the Secretary as suitable for.site characterization prévide the

raxizun diversity in geohydrologic settings because each site {s in a distinct

16




geohydrologic setting. Any cocbination of three recommended sites will,

;gher¢f°"' provide the maxizum diversity in ;eohydrolo;ic settings.<:ff%3=?t,

the 3nated gites inclu t_rock

.t,
-

The DOEiiﬁterprets the provision on diversity of rock Eypes te prqvidé ‘

both Insurance a;ainstqgﬁi’common-mbde deficiencies or faildre.-eiégeaouilfé a
particui&r rock type and in.opportun;ty to ev;lua:g ghe»sitinf. design,
1icensing, construction, and operation of & xeologig.i§§o¥iior1 for di?erie'i

. rock types. T§e provision on diversity of rock types offérs an opportunity

| f;i the DOE to consider, du}fng the site selection process, the sdvantages cf
altematives fn such areas asvr§pository design, waste pscka;e éé;ign;HAnd 7
options for re:rienbility.%ﬂ%mwmm |
alternaii§e perfdr;ance ;llocations &nd petfqrmance assessment capabilities
for sites in different rock types. . CZn consider ve

advantzages diverse rock-types—provic assuring the highes skelinocod of a

S o o

1{~ensable gite emerging from <i

éevEloped 3¢ a licensed FeoiogiT Tepository.

e provisa _"_;-_:ffriijfji?o{—aoek—zype:-a*evngfy-iuftﬁiﬁiis the

o110 deciiion to tecor chrstret=si=thrrevites. The Act
specifles that the giting guidelines ghall require the Secretary to "consider
the various geologic media in which sites for repositories may be located and,
to the extent practicable, to recomwmend sites in different geologic media.”
The :§ting guidelines state that "to the extent practicadble...sites

recormended as candidate sites for characterization shall have different types

17
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of host rock.” ~Thasg tequireceniT¥, Yaien togetner vxth the gu:di?xne to
fi:;:::ue&e
.cons ify—vf—rnct‘t’pes in deternining a*T‘Fxt-vrﬂerﬁﬁL1uwf¢:anej

gp— 4

‘_-.—d
etxzatlon of s;tes. nake the intent of the Act end the siting

for

.{‘ diver:ity of rock type is lufficiently.

guidelines clear.

izoortant to slter the initial order of preference, determined yfing the
informat!on pre:ented in the environmental assessments and the epplication of
the deeisicn-eiding methodology. if the d;fferences betveen sites are small

" and the sites recommended are vithin an ecceptable range. !ndeed. these
requirementté%gsie interpreted to favor the reconnendation of sites in three

different rock types unless there are eompellin; reasons to do cthervise.

.

o

anptes o id—not. .3, "'%: n20 :'*:;.?aveein; :
diversity-ef—ro 143 NETECOnmended sxv ot found 5 5€ Tuitab
for site chars teriz; 5. inds g5 ioulated f;> ppendix—Hof
-~  the siting guideliines have not D sched, The analyses and findlngs in the

f—
environmental assessments demonstratz the recommended sites have been found
suitable for gite characterization; and, the results of the éreliminery

performance assesspents in the environmental assessments and the postclosure

evaluation i{n the decision-aiding methodology indicate doth very small
cusulative releases to the accessible environment and a high degree of
eonfideqce that all of the sites will oeet the EPA standard. Indeed, these
?m varrant the prelicinary determination by the Secretary that each

of the three recormended sites {s suitable for development as & geologic

repositery.
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Fi¥AL ORDER OF PREFERENCE

ndated by'the'siting guidelines, the DOE has evaluated the svailadle

‘ geophysicel, geclogic, geochemical and hydrelogic data; other information; and

luations and findings reported in the environmental

asgociated ¢

sssesswents. In\addition, the DOE hag developed and applied a.formal
decigion-aiding wethodology te determine an initial corder of site preference
undyfrov;de‘insi;hts con ribﬁtln; to the site-recocmendation decision.
Su&seqﬁently. the»bot hes congidered the siting ptoQisions specifying'
diver#ity of geqbydroloxic sett ; and divei:itj-of roci types to determine a

firal order of preference of three dgndidate sites for characterization froh_

among the five nominated sites in the e ironmen:a} assesspents.,

In reaching the site-recommendation decis n, the Secretary has placed

erzhasis, commensurate with the provisions of the Act and the giting

guidelines, on the diversity of rock t;pes. The Secratary bklieves that it is
izportant at this time to maintain the insurance providey by the giversity of
rock types against common modes of failure in a perticular Xock type. In
addition, the Secretary believes that it is important to presexve, through the
period of site characterization, the opportunity to evaluate different types
of bost roci for the advantages of alternative waste package designy and
developoent programs, repository designs, performance assessment capabilities,
performance ellocations azong the various repasi:ccy subsystems (e.g., t

site, the en;inee;ed barrier system, and the vaste package), and options fo.\\

retrievability. This flexibility can also .enhance the probability of having

at least one licensable site following site characterization.
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‘ The Secretary'\also has placed emghasis on the requireoents in the Act,

. the #iting guldeliney, and fhe NRC regulation (10 Cfﬁ Part 60) that the
lotg=ters ﬁeffdrmance f the natural barriers (!.e.; the si;e).nhould bave
prizary importance. Theé Secretary flndi that all gites are expected to have

releases orders of magnitdde lower than the EPA gtandard and that there i

11ttle difference among the \sites on this oost signiffcant sspect of the site

evaluaticng. The Secretary récognizes that the discrimination among the sites
" iodicated by the preclosure evaluation, therbfoie. becomes 2ll the more

determipative in establishing the \{nitial ordei of preference — a2 situation

which §{s not consistent with the intent of the Act, the siting guidelines, and

10 CFR Part &0.

" In coming te a final order of prefere éé. the decisidh-&iding pethodology
has provided signiFicent insights vhich contyibute to the site-recommendation
decisfon. These insights include doth the rel}tive desirability (order of

preference) of the sites and identification of the factors that most influence

the order of preference. In the postclosure evaluption, it is sgignificant

that all sites are expected to perform exceptionally vell in isolating the

bigh-level wastes and spent fuel from the accessible épvironment. Although

there hr; peasutable differences between the sites, theske differences are

szall and not significant with respect to the sbility to médet the EPA

standard. Thus, the postclosure evaluation is most importanty mot as a
, %itérfhidlﬁor. but as evidence that all sites are quite attractive with regard

to postclosure performance.
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_ There 1s aldo much Insiéht to be détived froo an analysis of the

preclosure results.\ Once sgain, all sites are expected to perform well,

keéeyer. ic the precldgure evalustion there are more performance cbjectives,

'vhich'provide & greater Wriety of performance peasures and a greater -

cocplexity in aggregating them into a composite score. Accordingly, it is

appropriste to lock at various ombinations of performance oessures to develop

insight into those factors that ¢ se discrimination among the sites. Several

icgights are readily apparent. In the coéposite aggregation of all the

preclosure performance measures, repository and transportation costs docinate
the resultz, even though thevsitiﬁg guideNnes pl;ce cosis Anong thg least
icporf;n; category of cohfiﬁefdfiqn. behind éil;h andlgifety; environ;ent.
coéioecpdomic;; ;n& traﬁsﬁdf:aiion. Agire;ati all prcciosure pgifofm&q;e
aéasures.othet than r;ﬁosit;Qy;Andﬂ;;aﬂ;portation osts ﬁarkedly alters the

rank ordering of the gites. Other alternative combimgtions of preclosure

pezformance measures (e.g., aggregating only health and »efety impacts at the

repository site instead of health and safety impacts both in }ansporting the

vastes and at the repository site) can also markedly alter the oxder of site

preference.

er—

Taking this informstion into aécount. the Yucca Mountain site scores well
and §s attractive as a candidate gite. It is expected to perform very well in
postclosure and scores best in preclosure vhen all performance measures are
eggregated. In almost every alternative cémbinagion of preclosure perform&nce
ceagures considered, the Yucca Mountain sitg scores at or near the top. It is

2lso the only tuff site and therefore preserves the option to characterize the

eaxioum number of rock types.
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The Baoford site also_ccores vell in postclosure. Thousﬁ.it is highest

. {a expecte4 relesses to the environnen;. the eitimatgd releases over 10,000
years represent only two-tenths of one percent (0.002) of thbe EPA gtandard.
Its relative standing among the sites in preclosure depends markedly on the .°
glternativé coebinations of performance measurecs considered. While it g
ranked last vhen all of the preclosure objectins are aggrexate;; it {5 clear
that thi; ranking is driven by the si;nificaﬁtly higher expected costs. In
fact, if all preclosure cbjectives excebt repository and transportation co:éc
are aggregated, Eanford becomes the most desirable site, a telling factor
given the lov r;lative importance assigned by the siting guidelines to costs.
Tbe Eanford site also scores first in sinimizing Iimpacts on the environment,
pinimizicg impacts on sociceconomic conditions;-;ﬁd minibiiiﬁg impééis on tbe~
bealth and safety of workers and the public at or near the gite. While
expected repository and transportation costs are significantly higher than for
the other four gites, and the transportation impacts, primarily
ion;radiolc;ical. evay from the site are higher than for the other four gites,
the decision being made now s to choose a slate of three sites to
characterize. The costs of characterization of all the tites. including
Eanford, are quite comparable. Since Banfor& is the only basalt site, it too

preserve; the option to maximize the number of rock types characterized.

This leaves consideration of thé three salt gites. First, it is clear
that all three sites are expécted to perform exceptionally well in
postclosure. In fact, thg an@lyset shov them perforzing exceedingly well,
even in the event that highly unlikely disruptive eQents occur. BHowever, the

preclosure evaluation shove clearly that the Davis Canyon site iz the
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lesst-preferred salt cite for the overall sggregstion of preclosure
.perlornance peasures and any of the other combinatiops considered.

| Evaluat(pg the relet!ve perfofmance of the Deaf Smith County site and the
Riedton bome site {s more difficule. For exampie. sggregating e}! of the
precloture'performance peasures shows 8 slight preference for :Qé Richton Dome
s{te over the Deaf Smith County site. Aggregating the saxme perforzance
sezsures except for repository and transportation costs, howvever, shovs a
slight preference for the Deaf Smith County eite over the Richeon Dome site.
Likevise. a;;re:ating the preclosure health and cafety impacts both during
transportetion end at the repository shows a clight preference for the Richton
Doce site over the Deaf Smith County site. but. axxregat!n( only the impectc ,
to the public and vorkers at or near the reposi:ory site shovs 8 slight f
preference for the Deaf Saith County site over the Richton Dome site. In
adeition, sggregating the performance measures related to environment and
sociceconomics shows & slight preference for the Deaf'Smith ceunty cite over
the Richton Dome site. In facte, ehe various cocbinations of preclosure
performance aeesures considered in this analysis shov that the Deaf Smith
County site alwayes ranks second or third in order of preference, whereas the

Richton Dome site ranges from first to fourth in order of preference for the

sase combinations of preclosure performance measures.

Given thig informat

éecisj:g_!j,ncy—the—decasicﬂ—%ﬁ-reccr:gnd-fvr—tﬁz T
. —
three\:iﬁgs,vﬂfEE—SEst seets the siting oblertivEtovovifery—oa-balance, fhe

oogt advantageous cocbination of characteristics and conditions for successful

23

(




developoent of repotitoriesz {s best met by recc:mendiﬁ; sites et Yucca

Mountain, Nevada; Deaf Szith County, Texas; and Eanford, Washington for

characterization as candidate sites. Jbherexmerdacion o

for ::::ecttffiition provides themaxisum div

; consistent with the provisions of the Act and tﬁz';isin; guidelines.

-—

_;_,’_"_595-1_&&0&7 _ U o the requirene 114(f) of the Act,

A;shg_Sectetcry hes iade7a-prclinin&:y_deLernination_&ba: 211 three s

are
~—— .o

guitable for development evicgic—sepasitories—eonsiztent with the siting

guidelines,

r 3
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Chapter §

COMPOSITE ANALYSIS

This chapter combines the results of the postclosure.ﬁgd preclogure
sultiattribute utility analyses to obtain an overall ranking of the sites and
explores the sensitivity of that ranking to basic assumptions. Section 5.1
formally aggregates the qﬁantitative results g;ing the logic of multiattridbute
utiliiy analysis. Hséction 5.2 presents the initial;drﬂer of pr fefgnce for |

Plese

¢
sites for recommendation for characterization. ;Eh&c relies on qualitative

©
Iogiqkreinforce the insights obtained from the formal aggregation.
5.1 FORMAL AGGREGATION OF POSICLOSURE AND PRECLOSURE RESULTS

The results of the postclosure and preclosure analyses may be formally
aggregated using the logic of multiattribute utility analysis. Based on
independence assumptions discussed in Appendix G, the composite utility, which

quantifies the estimated overall desirability of a site, may be expressed as
Ucoup = kpr."’r. + k'oulz(u;.nlc_))o (5-1)

vhere Uyre is the preclosure utility of the site computed from Equation
(4-1), E(Uyees) 15 the expected postclosure utility of the site (sum of the
postclosure utilities estimated assuming various postclosure scenarios

| weighted by the estimated probabilitieﬂ of the scenarios) calculated frﬁm

tquatioﬁ (3-4), and k,,¢ and kyese are scaling factors that sum to l.:
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s 3 a < i . 'Ie selec't‘ specific
scaling factors requires value tradeoffs to be made between preclosure and

i is nbopadi & Conde

postclosure imp'acts. Before discussing this in deteil, a uns:txvity analysi
A

over the entire resoi-b-l'z—range\ of bﬂrk,..' and k,... le—inform=tive.

Figure 5-1 presents the composite ‘utili,ty for each si;e using base-case
estizates for both pr;closure and postclosﬁre. Figure 5-2 expands that part
of the raﬁgés of kyre ,md kyess in which a change of the ranking of sites
sccording to composite utivlity occurs. The base-case 'ut‘ﬂity fo-f piec.ldsure’ ;1 B
is takeﬁ from Table &4-11 and thé base-case expected .utility for écstclosure s

taken from Table 3-6.

The full range of possible rehtive weight!ng is considered. :ince k,n e

and kyeey range from Kyey = 0 and kyeey = 1 ( all welght xiven to

postclosure considerations) to k,re = 1 2and I:,... = 0 (a1l weight given to

preclosure considerations). 91: is clear from the figures that the ranking of
Ouer wnss ok +L, ¢c

the gites remains the same for a wide range of weightings.‘\la order of |

overall desirability._m;_siu.:umgris Yucca Mountain, Richton Dome, Deaf

Smith, Davis Canyon, and Eanford.:

WVhen an extremely high weight is assigned to postclosure impacts (i.e.,
Eyess 2 0.998), the ranking becomes Davis Canyon and Richton Dome
(approximately tied for firsg, Yucca Mountain and Deaf Smith(approximately tied

[N A
for thir&. and Hanford last.
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pos&e%oeuee-ut+4g¢+&o*' Because the differences among the expected postclosurg

utilities are very small, the differences among the composite utilities for

the varicus gites are very small if essentially all of the weight is given to

postclosure.

Figures 5-3 tbrough 5-6 show composite utilities for ‘the five sites vhen
assumptions other than base-case.aumﬁacéiissumptians are used. Figute 5-3
shows the rtsultt vhen optimistic assumptions (hikh scores and low
probabilities for disruptive and unexpected fe:td:es sdenqrios) are used for
postclosure and optimistic assﬁmptions (lov impact levels) are used for
preclosure. Figure 5-4 shows the results when pessimigstic assumptions are
used (lov scores and high probabilities for disruptive and unexpected featuxes
scenatio:) are used for postclosure and pessimi:tic assumptions (high impact
levels) are used for preclosure. Figures 5-5 and 5-6 show the mixed cases in

- which optimistic or pessimistic assumptions are adopted for the postclosure

analysis and the reverse assumption is adopted for preclosure,

Although the weights of kyee &nd kyoer 2t which the ranking of the
sites change?,depending on vhether base-case, pessimistic, or optimistic
assumptions are adopted, certain patternc sre clear and ttahle under a wide
range of assumptions. Most significantly, the Hanford site is in all tases
ranked last (i.e., has the lovest composite utility), regardless of the
relative weight assigned to precldture and postclosure. This is so because it
W’ is ranked last for all sets of assumptions in both preclosure‘-:- postclosure‘

V whvrge-gsmoondn  The relative ranking among the salt sites (Richton Dome,

Deaf Smith, Davis Canyon) remains the same regardless of whether bdse-case,
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optimistic, or pessimistic assunptions are adopted unless 2 very high weight
is assigned to postclosure, in which case the salt sites have composite
utilities that are nearly equal. Yucca Mountain is the site that is affected

most sirnificantly by the choice of pessimistic. base-case, or optimistic

assumptions. Under pessimistic assumptions for postclomre petformnce. Yucca

erp felebivdd
Hountain receives a lower postclosure utility due to the possibihty of &r}.

\ » o [l Sorq B4
r‘;é‘;‘gm;.—p&a-ﬁ:wwo& the site under & disruptive scenario involving

a magmatic event. If pessimistic assumptions are adopted for postclosure.

then Yucca Ho\muin i‘.s ranked first only if the scaling factor kpess is less
than nbout 0 2' it is ranked in the top three only if t,... is less than A |
about 0.35. Under base-case or optimistic assumptions for pestclosure. Yucca

Mountain is ranked first across nearly the entire range of ky,e 8nd kjesns

possibilities.

Because of the sensitivity of the ranking of Yucca Mountain emsag-the——

ri-é-oe’—;o the relative ieight.s of kpre 8nd kpeses it is of interest to

consider the reasonableness of different weights. As in the case of the
scaling factors used io Chapters 3 and &, the scaling factors kyre and
kyeses must be based on & .vilue judgment apeci@-i:ctﬂ-r in this case e?a

value tradeoff between performance in postclosure and performance in :

preclosure. TWM&&*W

tm

t
ca 3 rerationms—this—is prohably esciect to interpret
% afety-is—treded—olffagainst—postelosuce
( pumm{eﬁon&ﬂhrfmwrﬂhjr-h—m—u—ﬂuﬁ—mﬁmr— '
Lopsas ¢
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Tadle 5-1. Relarimaship Between Preclosurs end Postclosure
Zredanflisasd Varicus Kyre afd Epens l%‘,:‘?:
- - B
Jwr"hl 53 ’
Postclosure . ) .
releases ".VJI\IJ as — __._,_/c' el
undesirsdle as —° R ~se’
{& @0 preclosure  , - / Teplied Value ™
public cancer : Postclesure s trsdeoff between
fatslicies ’ cancer fatalities (postelosure)
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epseuning that for esck 1,000 MTEM, releases st tie level allowed by the
stasdard vould result {a 10 bealth effects ‘/..
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0 pteclex e public Iatalit:e arious weights of k,,, and k,....

e th rd ¢o! in Table S 1 shows the g)of y which is § fferent
to

plesal? 1 1Ll S

The tcascnableness ef the variOus value tradeotffﬂuay be interpreted more
easily if a relationship is assumed between postclosure releases to the
accessible environment and postclosure health effects. 4s noE;d:in Chapter 3,
40 CFR 150 adopted the assumption that for each 1,000 pe:ri;‘toﬁs of heavy
wetal (MTHM), cumulative relesses at the level sllowed by the EPA standard
vould result in 10 premature cancer deaths. Because a tepositofy at any of -
the nomfnaie&”siéés ik‘issumed to be designed to hold 70,000 MIEM, releases at

the level .umd by the standard would produce approxiutely 700 cancer

et T z bed .
f“.u““. e able S shows the r—-m-of.d‘euf postuﬁgsgg‘ w
~amphed by o Veriouy kot ¢l me‘ € b relecrss shq.ﬂ .
cancer faulitics

Tebl. S-1 trq (.,,N“LJ o L pastcleace &Lf«hu Jsta'y He km £33
W——iwwm

e are eqQu

lsr ubl ‘ it

colwinh © r « PRecause the relationship
Bduc‘f.. Pé*‘\’-:w-e h'au; nd -8
"~

radiolegical fatalities

1ikely everestimtes these fatalitie:. the implied value tradeoff likely is a

lover-bound on the sctual relstive significance given to postelosure

fatalities.

f the ex than ten preclosure ¢car- N
cmwwm%wﬂ

/ Mrthe composi@utilities imply an overall gite n-k.ing of Yucca '., .
Hountain. Richton Dome, Desf Smth. Davis Canyon.'a;d .l;;n?orrd tor?:l-l‘—:.ca—ses .

cea e v, "
b wh:r'e postclosure impacts are assumed té be base-case or optimistic\regardless

| .
of the preclosure assmptions}ahodt’ estimtes. If pessimistic assumptions are
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used for postclosure performance, Yucca Mountain falls out}’{’thg preferred

cverall site when the implied value tradeoff between postclosure and

preclosure radiological fataljties is approximately one-to-one (i.e. . kyesy =
JAC 2 XA Y ('NJ
0.21). It drops Irom among the top three sitesvChen this implied value
Swek Lol by aw‘qu cvayS

ttadedff is approximately 2 preclosure fatalities i{c—equivelent—te 1
A

postclosure fatality (i.e.. Kpess = 0.35).

5.2 INITIAL ORDéR OF.PREFEﬁENCE FOR SITES FOR
RECOMMENDATION FOR C!ARACTERIZATION
The overzll rankings presented in théhpre#iéﬁs“ieétiénsk:uggésiv£hatvtﬁé,'“
initial order of preference for sites for recommendation for char:cterizatiou
is Yucca Hountain. Richton Dome, Denf Smith, Davis Canyon. and Banford. This
ranking is ttable for all but the most extreme assumption: on pos:closure |
perfcrmance and the most extreme weightings of postclosure consideratlonn

versus preclosure considerations.

The sites in the top-three positions offer maximum diversity in
geohydrologie seitings. The Yucca Mountain site is unique among these sites
because & repository would be constructed {n the unsaturated zone. The
sdvantages of disposing waste {m thick unsaturatéﬁ zones have been noted in
the literature for over a2 decade. A major advantage is the very slow flux of
vater that probably exists at Yucca Mountain. Another is that the undergroun
facility can be designed so as to allov only minimal contact of the water tha
does enter openings with the waﬁtes paékage. Still another is that underlyir
tuffc contain sorptive zeolites and ci{gt that could act as additional

barriers to the downward transport of radionuclides from a repository tc the

vater table,
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The ;eﬁhydrologic settings assbciated with the Richton Dome and Ceaf
Smith sites are also clearly distinguishable from another, but not ag
" obviously as from Yucca Mountain. Richton Dome is similar in many respects to
Deaf Scith because both hﬁve salt as & host rock, but Richton is a piercement
structure of faifly uniform properties surrounded by sedimentary materials.,
The>6ome ig surrounded bty aquifers at different deptﬁs.' The_gédﬁed-salt’
séttinz at Deaf Sﬁith is underlain by relatively ﬁotizoniai beddeﬁ sedimentary
rocks capped by the Ogallals Formation. The geohydrologic system {s dominated’
?y theAl};§ Plains aquifer. Minor squifers of poor water quality occur in’

deéper strata, nearer to the‘sa!t units.

The advantages of salt as a host rock for disposal have bé;n‘documented
elsevhere many times, and so are not repested here. chaptéé:l.(Séciioﬁ"

C1.2.2.) l;sts some of its expected advantages.

The Yucca Mountain, Richton Dome, and Deaf Smith sites do not offer
paximus diversity {n rock type. (They do, however, meet the minimum |
requirement for diversity of the Nuclear Regulatory Commission.) As vas

explained in Section 2.1, the site-recommendation decision is analogous to a

portfolic problem since the DOE must choose, not & single site for repository
development, but three from five well-qualified sites for site

characterization and related nongeclogic data gathering. It is possidble that
otker coobinations of three sites would have properties not possessed by the
individual sites in the top-three positions. Whether the set of three sites
indicated as most preferable by the methodology is acceptable as a portfolio

i exanined in the site-recommendation letter report accompanying this report.
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. DOCUMENT N
Chapter 5

CCMPOSITE ANALYSIS

This chapter combihes the results of the postclosure and preclosute
multiattribute utility analyses to obtain an overall ranking of the sites and
explores the sensitivity of that ranking to basic assumptions. Section 5.1
formally aggregates the quantitative results using the logic of multiattribute
utility analysis. Section S 2 present: the initial order of preference for |
sites for recommendation for eharacteri:ation.A This relies en qualitative

logic to reinforce the insights obtained from the formal aggregation,
“"8.1" FORMAL AGGREGATION OF POSTCLOSURE AND PRECLOSURE RESULTS

The results of the postclosure and preclosure anzlyses ﬁaf be formallj
aggregated using the logic of multiattribute utility analysis. Eased on
independence assumptions discussed in Appendix G, the composite utility, which

quantifies the estimated overall desirability of a site, may be eipressed as
Uceny = KpreUpre ¢ k’.li[E(u)’ll!)]' (5-1;

vhere Uyre is the preclosure utility of the site computed from Equaticn
(4-1), E(Upess) is the expected postclosure utility of the site (sum of the
postclosure utilities estimated assuming various postclosure scenarios

weighted by the estimated probabilities of the scenarios) calculated from

Equation (3-4), and kyee and kyeqs are.scaling factors that sum to 1.
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To use Equation 5-1, EfCeess] and Upre for the sites are taken
directly from results in Chapters 3 and &4 respectively.. The determinatiss
specific ;calihg factors requir?s value tradeoffs to be made between
preclosure and foﬁtclosure impacts. Before discussing this in detail, a
sensitivity analysis over the entire aqssible ranges of both k,,, and

k,..; is informative.

Figure 5-1>presents the composiierutility for each site.;sing bqse-caée
estimates for both preclosure and postcxosure. Figure 52 expands that part
.of :he ranges ot k.ro and kpass in vhich a change of the tanking of sites
accordin; to composite utility cccurs. The base-case utility for prec!osurc
is taken from Table 4-11 and the base-case expected utility for postclosure
taken from Table 3—6. The full range of possible relative weighting is
considered, since k.'. and k,... range from Kpre = 0 and t.... «1(

2ll wveight given to postclosure conslde:a:ions) to t.,. = 1 and k,... =0
(all weight given to preclosure considerations). It is clear frc@ the figu:
that the ranking of the sites remains the same for & vide range of
weightings., In order of overall desirabil§ty. the site ranking i{s Yucca

Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Hanford.

When an extremely high weight is assigned to postclosure impacts ii.e;
kpese 2 0.998), the ranking becomes Davis Canyon and Richton Dome
approximately tied for first, Yucca Mountain and Deaf Smith approximately t

for third, and Ranford last.
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Figure 5.1. Site composite utilittes for all pbsslblé preclosure-postclosure
weightings caiculated using base-case and nominal assumptions.
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As indicated in Chapter 3, all the sites have exttemely highveg;ectgd
postclosure utilities. Because the differences amorg the expected.pos:czos;
‘utilities are very small, the differences among the composite utilities for
the varions sites are very small if essentialiy all of'tne weight is given t

postclosure.

Figures 5-3 through 5-6 show composite utilities for ine five sites wher
assumptions other than base~case, nominal assumptions are used. Figure $-3
shows the results when optimistic assumptions (high scores and low |
probabilities for disruptive and unexpected features scenarios) are used for
postclosure and optim;stic assumptions (low impact Xevels) are used for
"preclosutc. Figure 5-4 shows the results when pessimistic assumptions are-
used (low scores and high prodabilities for disruptive and unexpected feature
scenarios) are used for postclosute and pessimistlc assumptions (high impact
levels) are used for preclosure. 4Flgntes S-S and 5-6 show the mixed cases.in
which cptimistic or pessimistic assumpticns are adopted for the postclosure
anzlysis and the reverse assumption is adopted for prec!osure.

Although the weights of k,. ;nd Kpese 2t whtch the tanking of the
sites changes depending on whether base-case, pessimistic, or optimistic
assumptions are adopted, certain patterns are clear and stable under a wide
range of assumptions. Most significantly. the Hanford site isvin a2ll cases
ranked last (i.e., it bas the lowest composite utility), regardless of the
relative weight assigned to preclosure and postclosure. This is so because it
{s ranked last for all sets of assumptions in both preclosure and
postclosure. The relative ranking among the salt sites (Richton Dome, Deaf

Smith, Davis Canyon) remaing the'same tcg;tdless of whether bsse-case.
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DOCUMENT

Chapter §

COMPOSITE ANALYSIS

This chapter combines the results of the postclosure and preclosure
meltisttribute utflity analyses to obtain an overall ranking of the gites and.
explores the sensitivity of that ranking to basic assumptions, Section S.1
formally aggregates the quantitative results using the legic of multiattribute
utility an2lysis. Section 5.2 presents the inftial order of-preference for
sites for recommendation for characterization. This discuscion relfes on
qualitative logic to reinforce the insights obtained from the formal '
aggregation. ’ .

S.1 FORMAL AGGREGATION OF POSTCLOSURE AND PRECLOSURE RESULTS . -

The results of the postclosure and preclosure analyses may be formally
aggregated using the logic of multiattribute utility analysis. Based on -
independence assumptions discussed in Appendix G, the composite utility, which
quantifies the estimated overall desirability of a site, may be expressed as.- .

""'; = EyrelUpre ‘>t;tt\(£(09u;y)lib’ o | a (sflﬂ

wvhere Uyee is the preclosure utility of the site computed from Equation

(4-1), E(Uyees) is the expected postclosure utility of the site (sum of the
postclosure utilities estimated assuming various postclosure scemarios '
weighted by the estimated probabilities of the scenarios) calculated fream
Equation (3-4), and kyrq 8nd k,q4, are scaling factors that sum to 1. The
selection of specific scaling factors requires value tradeoffs to be made
betveen preclosure and postelosure impacts. Before discussing this in detail,
ft is informative to conduct a gensitivity analysis over the entire range of
Kpee and kpests

Figure 5-1 presents the composite utility for each site using base~case
estimates for both preclosure and postclosure. Figure $5-2 expands that part
of the ranges of ky,re 8nd ¥y in which & change of the ranking of sites
according to composite utility occurs. The base-case utility for preclosure
ig taken from Table 4-11 and the base-case expected utility for postclosure is
taken from Table 3-6. The full range of possible relative veighting is
considered, since kyre and kpoe¢ range from kyre = 0 2and kpees = 1 (
all veight given to postclosure considerations) to kyre = 1 and ky00y = 0
(all veight given to preclosure considerations).

It is clear from the figures that the ranking of the sites remains the
same for a wvide range of wveightings. Over most of the range of possible
wveightings, the order of overal) desirability is Yucca Mountain, Richton Dome,
Deaf Smith, Davis Canyon, and RHanford. When an extremely high weight {s
assigned to postclosure impacts, 1.e., kKpoue 3 0.998, the site ranking
becomes Davis Canyon and Richton Dome {approximately tied for first), Yucca
Mountain and Deaf Smith (spproximately tied for third), and Banford last.
Because the differences among the expected postclosure utilities are very .
small, the differences among the composite utilities for the varfous sites are
very small {f essentially all of the weight 1s given to postclosure. '
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Figure 6.1, Site composite utilities for all possible preclosure-postclosure
weightings calculated using base-case and nominal assumptions.

-

meet

0
o Ve -



MY

100 oo
ocaf ' ' L B R
DSy N\ _ . .
ooy 0 o o A
"o | VW U
I :
e . .
(¢
‘.'0&"- N :g.,a
oS
i‘!;‘o L, ad K g'c'.o
3 \
9
1
!‘)Jsué- ‘DC: ‘Davis Canyon i -
: 0S: ‘DesfSimith
E ‘H: ‘Hanlord -
: ‘R: ‘Richtonh Dome .
1 ¥ VuccaMouritain
ETNTE PO, NN SO T A ] y y i

Mpge T MY AIE T eSS e 833 a5z an a0
Kpee 8 oY W82  MO3 006  BOS  .038 007 008 003 010

Figure 5.2. Site composite utilities for high postclosure weightings
‘calculated using base-case and nominal assumptions.



Figures 5-3 through 5-6 show composite utilities for the five sites when
gssusptions other than base~case assumptions are used. Figure 5-3 ghows the
results vhen optimistic assumptions (high scores and low probabilities for
disruptive and unexpected features scenarios) are used for postclosure and
optimistic assumptions (lowv impact levels) are used for preclosure. Figure
§-& ghovs the results when pessimistic assumptions (low scores and high
protabilities for disruptive and unexpected features scenarios) are used for
postclosure end pessimistic assumptions (high Impact levels) are used for
preclosure. Figures 5-5 and 3-6 shov the mixed cases in which optimistic or
pessizistic assumptions sre edopted for the postclosure analysis and the

-8,

reverse assunption is adopted for preclosure. . ‘ =

Although the weights of kyre and kye¢s at which the overall ranking
changes depends on whether base-case, pessimistic, or optimistic assuzptions
are sdopted, certain patterns are clear end stable under & wide range of
assusptions. Most significantly, the Eanford site $s in all cases ranked last
(i.e., it hag the lowest composite utility), regardless of the relative weight
assigned to preclosure and postclosures This fs so because it {5 ranked last
for all sets of assumptions in both preclosure and postclosure. The relative
ranking among the salt sites (Richton Dome, Deaf Smith, Davis Canycn) remains
the same regardless of whether base-case, optimistic, or pessimistic
assuzptions are adopted unless a very high wveight is assigned to postclosure,
in which case the salt sites have composite utilities that are nearly equal.
Yucca Mountain is the site that is affected most significantly by the choice

. of pessimistic, base-case, or optimistic assumptions. Under pessimistic
A assusptions for postclosure performance, Yucca Mountaln receives a lover
T . expected postclosure expected utility due to the possibility of salaxiuexy—-‘z—'
~——%targe releases from a repository at the site under a disruptive scerario -
: involving & magmatic event. If pessimistic eassumptions are adopted for
postclosure, then Yucca Hountain is ranked first only if the scaling factor
kpess 16 less than about 0.2; it is ranked in the top three only if k,.q
is less than adbout 0.3S. Under base-case or optimistic assumptions for
postclosure, Yucca Mountain is ranked first across nearly the entire ranges of

kyre and kyeste ‘

Because of the seasitivity of the ranking of Yucca Mountain to the
relative veights of k,,e and kye01, it is of interest to consider the
reasonableness of different weights. As in the case with the scaling factors
used in Chapters 3 and &, the scaling factors ¥gpeqe and ke must be based
on & value judgment; in this case a value tradeoff between performance in
postclosure and performance in preclosure. To judge whether particular
nunerical values for kyee 8nd k,ee¢ &re reascnable it {5 necessary to
select convenient measures for sumarizing preclosure and postclosure
performance and to consider whether the tradeoffs between these measures are
ressonable. This tradeoff is most conveniently considered in terms of
preclosure and postclosure radiological safety. Specifically, if preclosure
radiclogical safety is expressed in terms of public cancer fatalities and
postclosure radiological safety is expressed in terms of cumulative releases,
the value tradeoff may be expressed as postclosure releases y (occurring in
the firgt 10,000 years) that would be just as undesirable ag the occurrence of
10 additional preclosure cancer fatalities. Table S.1 shows the weights
kyre a0nd kpqq¢ corresponding to several different tradeoffg. These were
calculated using the following steps: o
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Deaf Smith because both have salt as a host rock, but Richton Dome i5 a
piercement structure of uniform properties surrounded by sedimentary
materials. The dome is surrounded by agquifers at different depths. The
bedded-salt setting at the Deaf Smith site is underlain by relatively
horizontal bedded sedimentary rocks capped by the Ogallala Formation. The
geohydrologic system {s dominated by the High Plains aquifer. Minor aquifers
of poor water quality occur in deeper strata, nearer to the salt units., The
advantages of salt as & host rock for the disposal of radicactive waste have .
been documented elsewhere many times, including those sumarized fim Section

1.2.2. :

The Yucca Mountain, Richton Dome, and Deaf Smith gites do mot offer
naximun diversity in rock type. They do, however, meet the requirement of the -
Nuclear Regulatory Commission for diversity. As was explained in Section 2.1,
the site~recommendation decision is analogous to a portfolio problem since the
DOE must choose, not & single site for repository development, but three from
five wellequalified sites for site characterization and related nongeologic
data gathering., Combinations of three sites possess properties that cannot be

~ attributable to single sites (e.g., diversity of geohydrologic settings and - - - -

rock types). Thus, the set of three sites indicated a2s most preferable by the
pultfattribute utility analysis may not be the preferred set when these - ’
portfolic effects are taken into account together with the implications of
this analysis. For the sites recommended for characterization to change from
those suggested in the composite analysis, the relative advantages of the
portfolio effects for the changed set would have to be judged to be greater
than the relative advantages of the expected superior performances of the ' ~
Yuces Mountain, Richton Dome, and Deaf Smith sites over the Davis Canyon and ~
Banford sites. These differences in performance range from the equivalent of
1 to 5 billion dollars in preclosure impacts in addition to postelesure =
impacts. These considerations are examined in the site-recommendation letter
report accompanying this report. : - ’ ;
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‘!‘ablé S-1. Value Trideoffs Between Preclosure Radiological Health Effect:
and Postclosure Relesses Implied by Various k,., end k,.,,
. ; Postc!osuie relesses y valued as
Kpess undesirable as 10 preclosure public
kpre (= l'k"')f cancer fatalities (fraction of EPA standar
10 0.0 - - -
0.99 0.01 0.38
0.8 - 01 L 003
0.7 0.3 - 0.01
0.6 o4 0.0s
0.5 . 05 T ewoe
0.4 0.6 | | © 0.003
0.3 07 - - . 0.002
: 0.2 0.8 ~ 0.001
0.1 0.9 - ~ 0.0004
0.01 0.99 _ 0.00004
0.0 1.0 -
DRAFT KLGEO 122 -9- 9330 am 04/05/86



1. The decrease in preclosurg.utillty due to an additional ten publie
cancer fatalities 1s calculated using Equation &4-1 to be
(1/200)(%)(10) = 0.2,

2. The decresse in postclosure utility due to an sdditional relesse y
during the first 10,000 years is calculated using Equation 3-3 to be
(0.526)(100)(y) = S2.6y. - _ .

3. The tradeoff of postclosure versus preclosure implies that each of
the above changes produce the same decrease in composite utility.
From Equation S5-1, therefore, -

k’rt(Ooz’ = t,.cc(SZ.Gy)
which implies
g = 0.0038 kyro

t'oli

Tﬁe entries in Table S-1 indicate the-releases y (expressed as fractions of
the EPA standard) that would be regarded as equally undesirable as 10
preclosure public radfological fatalities for various weights k,,e and

k'.‘l' )

The rezsonableness of the various value tradeoffs presented in Tadle 5-1
may be interpreted more easily if a relationship is assuved between . '
postclosure releases to the accessible environment and postclosure health
effects. As noted in Chapter 3, 40 CFR 190 adopted the assumpticn that for
each 1,000 petric tons of beavy wetal (MIEM), cumulative releases at the level
allowed by the EPA standaré would result in 10 premature cancer deaths. '
Because a repository at any of the nominated sites Is assumed to be designed
to hold 70,000 MIEM, releases at the level allowed by the standard would
produce approximately 700 cancer fatalities. Table 5-2 shows the tradeoff
between preclosure and postclosure cancer fatalities ioplied by various k,,,
end Xyees if the releases shown in Table 5-1 are converted to postclosure
fatalities using the EPA assumption. Because the EPA relaticaship between
postclosure releases and radiclogical fatalities likely overestimates these
fatalities, the implied value tradeoff likely ig & lowver-bound on the zctual
relative significance given to postclosure fatalities.

As may be geen from Figures 5-1 to 5-3 and Figure 5-6, the composite
utilities i{mply an overall gite ranking of Yucca Mountain, Richton Dome, Deaf
Smith, Davis Canyon, and Eanford for all kyees ¢ 0.99 provided that
postclosure fmpacts are assumed to be base-case or optimistic (regardless of
the preclosure sssumptions). Values of kpees greater than 0.99 would,
sccording to Table $S-2, imply a willingness to accept more than 350 preclosure
cancer fatalities to avoid one postclosure cancer fatality. Most pecple would
probably view such a high postclosure veight to be unreasonable. If
pessimistic assumptions are used for postclosure performance, Yucca Mountain
falls cut as the preferred overall gite when the implied value tradeoff
between postclosure and preclosure radiological fatalities fs approximately
one-to-one (1.e., kpees = 0.21), It drops froca among the top three sites,
under pessinistic assumptions, when this implied value tradeoff is guch that
approximately 2 preclosure fatalities would be accepted to avoid 1 postclosure
‘ltll‘t’ (ioeo. k'..l = 0035).
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Table S-2, Value Tradeoffs Betveén'PreCIOSure and Postclosure Radiologfcal
Health Effects Implied by Varioug kpre 2nd kpoay

. Implied Value Tradeoff

: Epese Betwveen Preclosure and Postclosure
kpeo (= 1-kyre) Cancer Fatalities
1.0 0.0 -

0.99 0.01 1:26
0.9 oL, S 1:2.4
0.8 0.2 | T 1a
0.79 0.21 1:1
0.7 0.3 ) 1.6:1
0.6 o4 T e
0.5 0.5 , 3.8:1
0.4 0.6 T s
0.3 0.7 8.8:1
0.26 0.74 10:1
0.2 0.8 15:1
0.1 0.9 3s1
0.01 0.99 372:1

0.0 1.0 -
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5.2 INITIAL ORDER OF PREFERENCE FOR SITES FOR
RECOMMENDATION FOR CHARACTERIZATION

The oversll rankings presented in the previous sections suggest tiat: mie
initial order of preference for sites for recommendation for characirizuginr:
{8 Yucca Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Ranfext., MNMda
ranking is stadle for all but the most extreme assumptions on postelusmure
performance and the most extreme weightings of postclosure considerztions
versus preclosure considerations, as explained belov.

For all sssumptions and veightings, the Eanford site remains rurlai
last. For sll assumptions sbout postclosure conditions and the vide ranmpe
assumed to be reallstic for weights (f.e., kyees € 0.8), the relative smriicing
of the salt sites is gtable} speciﬂcany'ltichton Dome is preferred to Der3
Soith vhich is preferred to Davis Canyon. For pessimistic postcloscre
assuzptions, Yucca Mountain drops from first ranked to fourth rankes ar thm
postclosure veight increases from approximately 0.2 to 0.35 dependirg an tite

preclosure assumptions. .

e - , - e TTTTET O i ¥
[34 Y1, The clear implication from the composite analysis is that Yuces Mpunzasd,
Richton Dome, and Deaf Smith are the preferred set of sites for —

’ -«
* 7 v characterization. There are no realistic assumptions adbout either jrezlowme
,.): w7) or postclosure expected performance or about the values used to evala:ace
¢ “A! " performance that can result in the Banford site being anything but tie Pase
.. ranked site. The significance of the performance differences betwees the
TR Bacford site and all the other sites is substantial. Similarly, the davig
- Canyon site is less preferred than the Richton Dome and Deaf Smith sites for
essentially all realistic assumptioos. The differences {n performante of tie .
Davis Canyon site and the other two salt sites is also substantial, evex
though the Davis Canyon {s much preferred to the Eanford site in the
analysis. Oaly for some extreme cases (i.e., pessimistic postclosure:
assumptions) could one argue directly from the analysis that the thise sites
to be characterized sbould be Richton Dome, Deaf Smith, and Davis Csayom.
Bowvever, the Kuclear Regulatory Commission requires that at lesst oce of tide
sites characterized not have salt as the host rock. Tbus, it can be
definitively stated that the results of the composite analysis strowyly , ‘/
suggest characterization of the Yucca Mountain, Richton Dowe, and Dexf Sniixh.

sites.

9,
4
L]

L]
v

—
e — e

The combinatfion of the Yucca Mountain, Richton Dome, and Deaf faith, sives.
offers maximum diversity in gechydrologic settings. The Yucca Mountaia size
is unique among these sites because & repository would be constructed ix thw
unsaturated zone. The advantages of disposing waste ia thick unsatcamck
gones bave been noted in the literature for over a decade. A major idvamaage:
ie the very slow flux of ground water that probabdly exists at Yucca MounCadn.
Another is that the underground facility can be designed so as to allow amily
pinimal contact of the vater with the waste packages. Still another ks tHac
underlying tuffec contain sorptive zeolites and clays that could act o
additional barriers to the downward transport of radionuclides froman
repository to the water table. -

The geohydrologic settings associated vith the Richton Dome and Yeaff
Smith sites are alsoc clearly distinguishadle from another, but not ar
obviously as from Yucca Mountain. Richton Dome ig similar in many recgezts to
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Deaf Smith because both have salt as a host rock, dbut Richton Dome {5 &

- plercement structire of uniform properties surrcunded by sedimentary

- materials, The dome is surrounded by aquifers at different depths. The
bedded-salt setting at the Deaf Smith site is underlain by relatively
horizontal bedded sedimentary rocks capped by the Ogallala Formation. The
geohydrologic system is dominated by the Eigh Plains aquifer. Minor aquifers
- of poor water quality occur in deeper strats, nearer to the salt units, The
advantages of salt ac a host rock fer-the disposal of radicactive waste have
Been documented elsevhere many times, Including thoge gummarized f{n Section

1.2.2.

. A -

The Yucca Mountain, Richten Dome, and Deaf Smith sites do not offer
maximum diversity in rock type. They do, however, meet the requirement of the
Nuclear Regulatory Commission for diversity. As was explained fa Section 2.1,
the gite-recommendation decision is analogous to & portfolio problem since the
DOE must choose, not & single site for repository development, but three from
five well-qualified sites for site characterization and related nongeclogic
data gathering. Combinations of three sites possess properties that cannot be
asttributable to single sites (e.g., diversity of gechydrologic settings and
rock types). Thus, the set of three sites indicated as most preferable by the
pultisttribute utility analysis may not be the preferred set when these.
portfolic effects are taken into account together with the implicatiens of
thic analysis. For the sites recommended for characterization to change froz
those suggested in the composite analysis, the relative advantages of the
portfolioc effects for the changed set vould have to be judged to be greater -
than the relstive advantages of the expected superior performances of the '
Yucca Mountain, Richton Dome, and Deaf Smith gites over the Davig Canyon and
Banford gites. These differences in performance range from the equivalent of
1 to § billicn dollars in preclosure {mpacts in addition to postclosure
i{mpacts. These considerations are examined in the site-recommendation letter

report accompanying this report.
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o IMSERT(A)5.2 INITIAL ORDER OF PREFERENCE FOR SITES FOR {lelse
RECCMMENDATION FOR CHARACTERIZ2ATION
% T \« W ey, e e wath o W i e suny

ag Suggest that the
initial corder of preference for sites for recommendation for characterization
is Yucca Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Hanford. This
ranking is stable for 21l but the most extreme assumptions on postclosure
performance and the most extreme weightings of postclosure consxderetxons
versus pteclosure consideratxons. as explained below, '

For sll assumptions and weightings, the Hanford site remains ranked
last. For all assumpticns sbout postclosure conditions and the wide range
assuted to be realistic for weights (f.e., kpase ¢ 0.8), the relative
ranking of the galt sites is stabdble; specifically. Richton Dome is preferred
to Deaf Smith which i{s preferred toc Davis Canyon. For pessimistic postclosure
assumptions, Yucca Mountain drops from first ranked to fourth ranked as the
postclosure weight increases from approximately 0.2 to 0.33 depending on the
preclosure assumptions.

The clear lmplication from the composite analysi is that Yucca “ou
Richton~Dgme, and Deaf Smith are the preferred e-t-eizsites for

characterizéd en.g

-fef{oeme~ee—&aae—t;3=¢e§2:§—rn—the-ﬂaafeed—st%e—be*ﬂg—acx&hiag—tu;-zhe-lasz.
“rznked-sites The signifivance of the performan ffferences between the

Eanford site and all the othee\sites is substan el. Similarly, the Davis
Canyon site is less yreferted thin the Richttn Dome and Deaf Smith sites for
essentially all realistic assumptionsa~<5§e differences in performance of the
Davis Canyon site and the other two gilt uites is also substantial, even
though the Davis Canyon is much preferred to“the Eanford site in the
anslysis. Oanly for some extreme cases (i.e., pessi\}stic postclosure
assumptions) could one argue directly from the snalysxs\;::e the three sites

to be characterized spoild be Richton Dome, Deaf Smith, Davis Canyon.
However, the Nucl Regulatery Commission requires that at teast onme of the

sites characgp zed not have salt as the host rock. Thus, E&-caa:&g~

lock~faulted

mountains eohydrologic

setting.

entirely of volcanic gdcks. The site ik in the
1y dry unsatufated zone, well sbove/the water table. itz iz a unique
in comparisc Ixjtﬁ the other sites, whith are all
situfted well below the\water table. e Yucca Mountain gite wil rely
priﬁcipa!ly on a very lok water flux Xhrough unsaturated rocks in\a very arid
euvironment the natural dbility of /this type of system to exclude\flowing or
:anding water from the repository, and the sorption characteristic\ of the
(/:xnerals in the host rock td ensfire waste containment and isolation.

relati
geohydrologic subsetti
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e another,
Richton Dome is gimilar in mdny resfects to

" plercem i Itperties surrounded by se¥imentary

materjals, ¥y aquifers at different Ade

nearer to the

Th
of radiocact .

- Lo do not offer
maximum diversity in rock type. fhey do, however, meet the requirement of the
Nuclear Regulatory Commission cer—diversity. 'ds was explained in Section 2.1,
the site-recommendation decision is analogous to a portfolio problem since the
DOE must choose, not a single site for repository development, but three from
five well-qualified sites for site characterization and related nongeologic
dats gathering., Combinations of three sites possess properties that cannot be -

5 attributable to single sites (e.g., diversity of geohydrologic settings and

rock types).” Thus, the wsmyimsticn—ef three sites indicated as most
preferable by the multiattribute utility analysis may not be the preferred
combination when these portfolio effects are tzken inte account together with
the implications of this analysis. For the sites recommended for
characterization to change from those suggested in the composite analysis, the
relative advantages of the portfolic effects for the changed combination would

7 have to be Judged to be greater than the relative advantages of the expected
superior performances of the Yucca Mountain, Richton Dome, and Deaf Smith

sites over the Davis Canyon and Eanford sites. These differences in
performance range from the equivalent of 1 to 5 billion dollars in preclosure
impacts in sddition to postclosure impacts. The relative advantages of other
combinations of three sites as portfolics are examined in the gite- :

recommendation letter mmp>we accompanying this report.
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Chapter 5

COMPOSITE ANALYSIS

v This chapter combines the results of the postclosure and the preclosure
pultiattribute utility analyses to obtain an overall ranking of the sites and
explores the sensitivity of that ranking to basic assumptions. Section 5.1
uses the logic of multiattribute utility analysis to formally aggregate the
quantitative results. Section 5.2 summsrizes the insights obtained from the
sultiattribute utility analysis and presents the initial ordei of preference
for sites for recommendation for characterization. :

5.1 FORMAL AGGREGATION OF POSTCLOSURE AND PRECLOSURE RESULTS

Using the logic of multiattribute utility analysis, the results of the
postclosure and preclosure analyses can be formally aggregated. Given the
independence assumptions discussed in Appendix G, the composite utility, which
quantifies the estimated overall desirability of a site, can be expressed as

ern’_- k’foup;c + t’oll[z(“’.ll)]'v | (5-1)

vhere Upre is the preclosure utility of the site computed from Equation &-1,
E(Uyese) is the expected postclosure utility of the site calculated from
Equation 3-4, and kyre and kye¢. are scaling factors that sum to 1. (The
expected postclosure utility is the sum of the postclosure utilities estimated
for various postclosure scenarios weighted by the estimated probabilities of

the scenarics.)

As explained in Appendix G, it is not easy to interpret the scaling
constants since they depend on the ranges of the performance measures.
Independent of their ranges, the scaling constants most emphatically cannct be
used as indicators of the importance of the respective performance measure.
The selection of specific scaling factors requires value tradeoffs between
preclosure and postclesure impacts. These value tradeoffs measure how much
one is willing to give up on postclosure performance to gain a specific amount
on preclosure performance. Before discussing this in detail, it is
informative to conduct 8 sensitivity analysis over the entire range of k,.,

and t,.a:.

Figure 5-1 presents the composite utilities obtained from the results of
snalyses for the preclosure and the postclosure pericds. Figure 5-2 expands
that part of the ranges of the scaling factors kyre and kjeee in which a
change in the ranking of sites according to composite utility occurs. The
base-case utility for preclosure performance is taken from Table 4-11, and the
tase-case expected utility for postclosure performance is taken from Table
3-6. The full range of possible relative wveightings is considered, from the
case where a1l the weight is given to the postclosure utility (k,;.q = 0 and
Kpess = 1) to the case where all the weight §{s given to the preclosure
utility (k". = 1 and kyeor = 0).
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Figure 5.1. Site composite utilities for all possible preclosure-posiclosure
weightings calculated using base-case and nominal 2ssumptions.

5-2

0213-00335C 3733708

~ \ M L ) . 2L /
QI\ \‘ R ’:' t / b ’
100 . ‘ L4 /,/ 3.
OC.I.DS.Y.H B j . l 1 ] ' —. 1 /' [} » . /.
\ . b Y8
Vo
3 ,/
90 < - /
. ic -+ -
3 |
1 v
&5
n - - [
Ds s
-1+
t0 <+ o
8-+ DC: Davis Canyon i
DS: Deal Smith "
H: HRanford
R: Richton
. Yucca Mouniain
‘o. 1 1 | & [ ] [] 4 1
Kpe © a | 2 3 £ 3 R | J ]
Xpogt ! K] . g . 2 K| [



COMPOSITE -

urniITY.

100

OC.R
bs.Y

99.70 «

$9.50 =~

99.40

Davis Canyon
DS: Deaf Smith
H: Hanfotd

R: Richton

s Yucca Mountain

~0s

3 BC

I’" [ ]
x’“' '

001 L02 003 004 008 .00¢

N
L07 o 008 010

399 .98 .37 596 - 8398 334 993 282 9 .$30
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It is clear from Figures 5-1 and 5-2 that the ranking of the sites
remains the same for a wide range of weightings. Over most of the range of
possible weightings, the order of overall desiradility is Yucca Mountain,
Richton Dome, Deaf Smith, Davis Canyon, and Eanford. When an extremely high
weight is assigned to the expected postclosure utility (i.e., kpess 2
0.998), the site ranking becomes Davis Canyon and Richton Dome (approximately
tied for first), Yucca Mountain and Deaf Smith (approximately tied for
second), and Eanford last. Because the differences among the expected
postclosure utilities are very small, the differences among the composite
utilities for the various sites sre also very small when essentially all of
the weight is given to the expected postclosure utility.

-

Figures 5-3 through 5-6 show composite utilities for the five sites when
assumptions other than base-case assumptions are used. Figure 5-3 shows the
results when optimistic assumptions (high scores and low probabilities for .
scenarios involving disruptive events and unexpected features) are used for :
the postclosure analysis and optimistic assumptions (lev impact levels) are
used for the preclosure analysis. Figure 5-4 shows the results when -
pessimistic assumptions (low scores and high probabilities for scenarios
$nvolving disruptive and unexpected features) sre used for the postclosure
analysis and pessimistic assumptions (high impact levels) are used for the
preclosure enalysis. Figures 5-5 and 5-6 shov the mixed cases in which.
optimistic or pessimistic assumptions are adopted for the postclosure.
and the reverse assumption is adopted for the preclosure analysis.

o

analysis: .

© . Although the values of the scaling factors at which the overall :iﬁiiﬁgA?:;fPt

changes depend on whether base-case, pessimistic, or optimistic assumptions:
are used, certain patterns are clear-and stable under a vide range of A o7
assumptions. NMost_sigaificantlyy g3 Eanford site is in all cases renkod laxT
(3.e., it has the lowest composite utility), regardless of the relative weight
assigned to the preclosure and the postclosure utilities. This is so because
it is ranked Jest for ail—eto—of—wssurpiions—in both the preclosure and the
postclosure analyses. The relative ranking ng- the salt gites (Richton
Dome, Deaf Smith, Davis Canyon) remains tNe’{ané tegiTdlési of wbbther
base-case, optimistic, or pessimistic assumptiofs are used unless a very high
weight is assigned to the postclosure utility, in which case the salt sites
bhave composite utilities that are nearly equal. Yucca Mountain is the site -
wvhose ranking is most affected by the choice of pessimistic, base-case, or
optimistic assumptions. Under pessimistic assumptions for postclosure
performance, Yucca Mountain receives a lower expected postclosure utility
because of the possibility of relatively large releases from a repository at
the site under a disruptive scenaric involving a magmatic event. If
pessimigtic assumptions are used for postclosure performance, then Yucca
Mountain is ranked first only if the postclosure scaling factor kpes: is
less than sbout 0.2; it is ranked in the top three only if kpeed is less
than about 0.35. Under base-case or optimistic assumptions for postclosure
performance, Yucca Mountain is ranked first across nearly the entire ranges of

k". and k’.g‘o

Because of the sensitivity of the ranking of Yucca Mountain to the
relative values of kyre 8nd kpesry it is of interest to consider the
reasonableness of different weights. As in the case with the scaling factors
used in Chapters 3 and &, the scaling factors k,re 8nd kjos1 must be based
on & value judgment, in this case a value tradeoff between postclosure
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Figure 5.4, Site composite utilities calculated using pessimistic assumptions
for postclosure and preclosure.
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petformance and preclosure performance. To judge whether particular numerical
values for k,,, 2nd k,..\ are reasonable, it is necessary to select

convenient measures for summarizing preclosure and postclosure performance and
to consider whether the tradeoffs between these measures are reasonable. This
tradeoff is most conveniently considered in terms of preclosure and
postclosure radiological safety. Specifically, if preclosure radiological
safety is expressed in terms of cancer fatalities and postclosure radiclogical
safety is expressed in terms of cumulative releases, the value tradeoff can be
expressed as postclosure releases y (occurring in the first 10,000 years) that
would be just as undesirable as the occurrence of 10 additionai preclosure
cancer fatalities. Table S5-1 shows the scaling factors k;,e¢ 8nd kpesn
corresponding to several different tradeoffs. These scaling factors were

calculated as fcllows.

1. The preclosure-utility decrease from an additional 10 public
fatalities from cancer is found from Equation 4-1 to be
(17200)(4)(10) = 0.2.

2. The postclosure-utility decrease from an additional release y during
the first 10,000 years is found from Equation 3-3 to be
(0. 526)(100)(y) = 52, 6y. where y is expressed as fractions of the EPA

standard.

3. The postclosure-versus-preclosure tradeoff implies that each of the -
- above changes produces the same decrease in composite utility. Froa
Equation S5-1, therefore, ,

t".(OQz) = k'on(sz-G‘Y)o
vhich implies that )
y= 0.0038 (k'r.lk..gu)o

Table S-1 shows the releases y (expressed as fractions of the EFA standard)
that would be regarded as undesirable as 10 preclosure pudblic fatalities from
cancer for various values of the scaling factors.

The reascnableness of the various value tradeoffs ian Table 5-1 can be
seen wore easily if a relationship is assumed between postclosure releases to
the accessible environment and postclosure health effects. As noted in
Chapter 3, in 40 CFR Part 191 the U.S. Environmental Protection Agency adopted
the assumption that, for each 1000 metric tons of uraniun (MIU), cumulative
releases at the level gllowed by the EPA standard would result im 10 premature
deaths from cancer. Because a repository at any of the nominated sites is
assumed to accept 70,000 MTU, releases at the level allowed by the standard
would produce approximately 700 cancer fatalities.

Table 5-2 shows the tradeoff betveen preclosure and postclosure cancer
fatalities implied by various values of the scaling factors if the releases
shown in Table S-1 are converted to postclosure fatalities under the EFA
essumption. Because the EPA relaticnship.between postclosure releases and
cancer fatalities probably overestimates the fatalities, the implied value -
tradeoff is likely to be a lower bound on the relative significance of
postclosure fatalities.
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Table 5-1, Value tradeoffs between preclosure ?tdiologiu‘l health effects
and postclosure releases implieg By varipys values
of the scaling factors &,,, and | P

Pestclosure release y

g,
kyre *koess (Fraction of EPA standarg)
1.0 0.0 -

e
0.99 6.0 0.38
0.9 0.1 1 0.03
0.8 0.2 ' 0.02
0.7 6.3 0.01
0.6 ) ' 0.4 ' 0.006
0.5 0.s 0.00¢
0.4 0.6 0.003
0.3 0.7 ' 0.002
0.2 | 0. 0.001
0y 0.9 o 0.0004
¢.0 ) 0.99 €.00004
0.0 1.0 -

8Since the scaling factors sum to ¥, here koqee = 1 = kypq.
*Preclosure cancer fatalities incurred by the public froa the

repesitery. .
¢Primary containment requirements of 10 CFR Part 191, Subpart B.
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Tadble 5-2. Value tradeoffs between preclosure and postclosure radiological

health effects implieg by various values of

the scaling factors Korp an¢ hyyuye

Implied value traceoff
between preclosure and postclosure

.;r. : "-n.. cancer fatalities -

1.0 0.0 " p—

0.99 0.0 1:26

0.9 0.1 2e

0.8 0.2 1:3.0

.79 0.21 1

0.7 .3 1.6:0

o.é 0.4 2.5:) C.T
0.5 0.5 e
0.4 0.6 5.6

0.3 0.7 8.8:1

0.26 . R 10:1

0.2 0.8 N

a.1 0.9 )

0.01 X - 3722

0.0 1.0 -
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_ 7o A% cam te seen from Flgures S-1, $-2, 5-3 and Figure 5-6, the composite
" wthtities tmply that the overall site ranking is Yucca Mountain, Richton Dome,
geal Selth, Davis Canyon, and Hanford for all postclosure weights equal to or
tess than 0,98, erVided that postclosure impacts are assumed 0 be at the
tese~case level or optimistic (regardless of the preclosure assumptions). \
;. Calwas of t,... greater than 0.99 would, according to Table 5-2, imply a :
" _willingness to accept more than 350 preclosure cancer fatalities to avoid one
" postelosure cancer fatality. Most—pécple—seuid—prabably censider such a-high.
apostelosure—vright-to-be-unreasonabies If pessimistic sssumptions are used .
for postclosure performance, Yucca Mountain falls out as the overall preferred
site vhen the implied value tradeoff between postclosure and preclosure cancer
fstalities is approximately 13l (f.e., kpess = 0.21). ¥e—dreps—fromemong
g _top thres—sites vhen, under pessimistic assusptions,-this~implled Value
, eo;dao&#—&t-sceh—thzt—zppruxtmattiy-twﬁ"?E‘IE"“E'?!t:titres—-cu%d-te---
Treepred to_gyvcidone-postelosure~fetakity{due o Kooz 0,35).

$.2 INITIAL ORDER OF PREFERENCE FOR SITES FOR
*  RECOMMENDATION FOR CHARACTERIZATION

As indicated in Chapters 1 and 2, the purposes of the decision-aiding
pethodology are to provide insights as to the comparative advantages and
disadvantages of the five sites and, in so doing, to determine an initial
order of preference for sites for recommendation for characterization. With

A\:«j reference to the postclosure, preclosure, and composite analyses of sites

presented previously, the major insights derived from the multfisttribute
utility analysis are summarized as follows:

Postclosure analysis

e Al)l five sites appear capable of providing exceptionally good
radiclogical protection of future populations for dt least 100,000
years aftet closure.

e The Davis Canyon. Deaf Soith, Richton Dome, and Yucca Mountain sites
appear toc be virtually indistinguishable in terms of the expected
postclosure performance. The Eanford site is just discernibly less
favorable than the other four sites, but its performance is still far
above the threshold of acceptability established by the EPA. It is
noted that the primary containment requirements of the EPA—the
criterion of acceptability used here--provide a very stringent
standard for protecting public health and safety: the risk to the
public is not to exceed the risks that would have existed if the
uranium ore used to create the wastes had not been mined to begin
with.

¢ The confidence in the performance of the three salt sites (Davig
Canyon, Deaf Smith, and Richton Dome) is exceptionally high, and it
i{s higher than that for the nonsalt sites (Hanford and Yucca
Mountain). -

¢ The overall postclosure ranking of Davis Canyon, Richton Dome, Deaf
Smith, Yucca Mountain, and Hanford is stable over a wide range of
sensitivity analyses.
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P_reclosm'e analysis /7?

With regard to preclosure health and safety, the site rankings are
Richton Dome, Deaf Smith, Davis Canyon, Yucca Mountain, and Banford.
The differences among the sites do not appear to be large, however,
especially when viewed in the context of the very small incremental
risks being imposed on workers and the general public from repository
siting, construction, operation (including waste-transportation
cperations), and closure.

o With regard to environmental and sociceconomic'impacts. the site

rankings are Eanford, Yucca Mountain, Deaf Smith, Richton Dome, and
Davis Canyon. The difference between sites is greater than the
difference on health-and-safety impacts. However, this difference is
relatively small in comparison with differences in total economic

costs.

With regard to total economic costs, the site rankings are Yucca
Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Eanford. The
difference between the most favorable gite and the least favorable
site is verrlarse, equal to 4,380 million (4.38 billion) dollars.

The overall ranking of sites considering all preclosure impacts isg
Yucca Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Eanford.
This ranking i stable over a wide range of sensitivity analyses.

The overall preclosure ranking is mainly sttributable to the large
differences among sites in total economic costs. The fact that cost™
4g the major preclosure discriminstor can be explained by the

screening process that led to the nominated sites (see Chapter 1).
Because criteria used in screening were concerned with health and ~
safety and the environment, but mot with economic costs, sites

expected to perfornm poorly on objectives other than ‘costs have .
already been eliminated. If cost had bteen & screening criterion as @ -
well, the cost variability among the nominated sites would algso be ; -~
smaller,

Composite analysis

Because the differences in postclosure site performance are very
small and the differences in preclosure site performance are
relatively large, the overall composite results sre largely a
reflection of the preclosure impacts.

The composite overall ranking of sites is basically insensitive to
the relative values of the scaling factors, kjpesr and k,.q.

The composite overall ranking under a wide range of assumptions is
Yucca Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Ranford.

It follows, therefore, that the initial order of preference for sites for

recormendaticn for characterization is Yucca Mountain, Richton Dome, Deaf
Smith, Davis Canyon, and Hanford. This ranking is stable except for the most
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extreme assumpticns adsut postclosure performance combined with the moste
extreme weightings of postclosure impacts versus preclcsure impacts, as
explained below.

For all assumptions about postclosure conditions and the wide range

d to be realistic for the values of the scaling factors (i.e., koeus ¢
O.Bf}\yhe ranking of the salt sites is stadle; specifically, Richton Dome is
preferred to Deaf Smith, which {s preferred to Davis Canyon. For pessimistic
postclosure assumptions in the composite analysis, Yuccas Mountain drops from “
the first-ranked site to the fourth-ranked site as the postclosure weight
{ncreases froa cpproximately 0.2 toc 0.35, depending on the preclosure
a:sumptions. .

For 21l reasonable assumptions and weightings, the Ranford site is ranked
N

:hg_;h:ae—sz—e:-isdicasod-a;_nnsz_p:A£::ahlg_hx_z:a_aa:badalngy-.xugge-..__
tr—RKITRton Dome, 4 ann'ﬁmmferwzwaxsiq.u ——— e
;eohydrolo;ic settings -but .not maximum-diversity "{f Tock typewtilrey da, - -
Sowever, meet the requiresent—of—the—Nociear—Regulatory CommiesIOn IOz & =77 -
<Guereity. As explained in Section 2.1, the site-recomendation decision is -
analogous to a portfolic-selection problem because the DOE iz mot choosing a |
single site for repository development; rather, the DOE must choose, from a !
guite of five well-qualified sites, three sites for site characterization.
Combinations of three sites possess properties that camaot be attributed to
individusl sites, such as diversity of geohydrologic settings and rock types.
Thus, the three sites indicated as oost preferadle by the multiattribute
utility analysis reported here do not necessarily constitute the most

" preferred combination when these portfolic effects are taken into account.:

The grelative advantages of other combinations of three sites as portfolics
together vith other {nformation the Secretary of Energy believes is isportant
to making the decision are examined im the site-recommeadation report.
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Chapter &

- DOCUMENT T

PRECLOSURE ANALYSIS OF TBE NOMINATED SITES

This chapter presents a preclosure anslysis of the five gites nominated
as suitable for characterization. Section 4.1 presents the objectives defined
for the evaluation of the sites. Section 4.2 defines & performance measure
for each objective to indicate the degree to which the five sites schieve the -
objectives, Section 4.3 descridbes the performance of each site in terms of a
get of performance measures. Section &.4 discusses the multisttribute utility
function assessed to iotegrate the ratings on the different performance
measures into an overall evsluation of the sites. The regults ' of the
base-case evaluation and sumercus sensitivity analyses are presented in
Sections 4.5 and 4.6, respectively.

4.1 TEE OBJECTIVES EIERARCEY

The perspective taken in this analysis is that the sites should be
evaluated in terms of minimizing adverse preclosure impacts. This requires
that the set of objectives characterize in an operational manner the meaning
of "adverse preclosure impacts.” Specifically, the preclosure guidelines
(10 CFR 960.5) specify the factors to be considered in evaluating and
comparing sites on the basig of expected repository performance before
closure. The preclosure guidelines specify three categories of factors:
radiological safety; environment, socioeconomics, and transportation. and ezse
and cost of siting, construction, operatiou. and closure.

The preclosure xuideline: were used as the basis for constructing the set
of objectives represented by the objectives hierarchy in Figure &4-1, A
combinaticn of a top-down and botton-up approach was used tg develop the
objectives hierarchy shown. In the top-down approach, members of DOE
managenent identified in Appendix A were ssked tc make explicit the most
general values bearing oa the ranking of the sites for the
site~characterization decisicn. It was decided to make anticipated site
performance the fundamental basis for site ranking. The most general values
bearing on site performance were then identified (e.g., bealth, environmental
quality, socioeconomic welfare, and economic costs). These general values
were then made more specific by asking what was meant by each, why it wag
important, hov it might be affected by site selection, and so forth. Criteria
‘of completeness, nonredundancy, significance, operaticnality, and
decomposability were then applied to refine and improve the specification of
lower=level objectives. The bottom-up epproach involved working with DOE
technieal taff to generate lists of evaluation criteria using the siting
guidelines the “Supplementary Informaticn" and Appendix IV to the guidelines.
The identi ?ied criteria vere then organized in a hierarchical fashion and

refined.
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. The Hanford site is least favorable in the categories of public health,
worker health, and economic costi it is most favorable in terms of
environmental and socioceconomic impacts. HRowever, in comparison with Yucca
Mountain, a tremendous relative weight would need to be placed on equivalent
socloeconomic impacts for the sites to be close to equally desirable.
Specifically, for Eanford to be competitive with Yucca Mountain, it would be
pecessary for the value tradeoffs to indicate a willingness to increase total
fatalities by cover 30 and costs by over § billion dollars in order to decrease
the equivalent socioeconomic impact by 9 percent of the maximum fmpact. Such
value tradeoffs seem unreasonable. For Eanford to be competitive with any of
the salt gites, the value tradeoffs would need to indicate a willingness to
increase total fatalities by over 25 and costs by over 2.5 billien dollars to
reduce socioeconcaic impacts by 3% percent of the maximum impact. The
necessary value tradeoffs would need te be even more extreme to compete with -
the best two of the three sites is salt. The implication is that, subject to
the impact data on the sftes, it seems unlikely that ewpoints would be
consistent with the value tradeoffs vecessary for !anford’to be 8 competitive
gsite on preclesure congiderations. many
The same logic as above suggests that the most favorable of the five

noninated gites on preclosure considerations is Yucca Mountain, Of the four
remaining sites (f.e., all candidates except Eanford), Yucca Mountain i3 most
favorable io terms of worker fatalities, environmestal and sociceconcmie
impacts, and economic costs. Because of the possibility of transportation
_ sccidents fovolving the public, Yucca Mountain hes six more statistical publie

fatalities than has the gite with the fewest public fatalities (i.e., Richten
Dome). When public and worker fatalities are combined, Yucca Mountain hag the
fewest (equal to the number at Richton Dome) of all sites. Hence, if the
value tradeoffs indicate that sgix public fatalities due to transportaticn
accidents are less important than (1) six worker fatzlities, (2) over 10
percent additional equivalent sociceconcmic impact relative to the maximum,
and (3) over 1 billion dollars of cost, the most favorable site is Yucca
Mountain. Most viewpoints would be consistent with such values.

As a consequence of the asbove, the salt sites would be expected to fall
between the most favorable site (Yucca Mountein) and the least favorable site
(Eanford). Among these, the Davis Canyon site is dominated by the Richten
Dome site and essentially dominated by the Deaf Smith site. That is to say,
Davis Canyon 1s less favorable thac Richton Dome in terms of public
fatalities, worker fatalities, environmental and sociceconomic impacts, and
economic costs. Davis Canyon is less favorable than Deaf Smith in terws of
pudblic fatalities, eavironmental and socioeconomic impacts, and economic
costs, and only very slightly better in terms of worker fatalities. ,
Regardless of the value tradeoffs among these categories, Davis Canyon must be
less preferred on preclosure considerations than the other galt sites for
almogt any set of values.

Comparing Richton Dome and Deaf Smith, it is clear that Richton Dome is
preferred to Deaf Soith with respect to both public and worker fatalities and
economic costs, whereas Deaf Smith is preferred on .environmental and
sociceconomic impacts. If the &4 percent of equivalent sociceconomic impacts
by which Richton Dome exceeds Deaf Smith s less important than (1) two
additional public fatalities, (2) two additional worker fatalities, and (3)
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650 million dollars, then the Richton Dome site is preferred to Deaf Smith,
Value judgments representing most viewpoints would be consistent with thig
conclusien,

'/f In summary, with thﬁoaggtegation of impacts shown {n Table 4-8, which are
based on relatively noncpgntroversial value tradeoffs, a preclosure ranking of
sites that would be consistent with a wide variety of vievpoints is Yucca
Hbu?tain first, follcved by Richton Dome, Deaf Smith, Davis Canyon, and
Eanforde .. ---

&4.5.2 BASE-CASE ANALYSIS

The aggregate analysis may, for many £ndividualc; produce sufficient
Snsight to develop & reasonable ranking of the oominsted sites. It ig
vevertheless worthwhile to present the complete base-case analysis for three

Tessons?

¢ To verify the inplications of the ug;regate base-case analycil.

o To gain additional insights. especially tbrough answers to ”vhat it
" Questions asked of the ansalysis. , , )

. @ To illustrate the methodology so that other part!es cay examine the
implicaticns of different data and of different gets of value
Judgments felt to be appropriate for the problem.

The presentation of the base-case znalysis is intended to indicate exsctly
vhat conclusions follow from which impact data and value judgments and why.

Table 4-9 uses the component disutility functicos fn Table 4-7 to convert
the base-csse estimates of impacts for each site to component disutilities.
These can be easily substituted into the utility function (Equatioa 4-1) or
the equivalent-consequence function (Equation &-3) to evaluate the sites. The
component disutilities ere identical with the base-case estimates of impacts
in Table 4-6 except for the environmental and sociceconomic performance
measures. To caslculate thke equivalent consequence for a site, Equaticn &4-3 {s
used. For eack site, the appropriate K, value from Tsble 4~7 is multiplied
by the appropriete C; value from Table &4-9 to cobtain the
equivalent-consequence impacts for eack performance seasure in Table 4-10.

The results are sumed by using Equation &4-3 for each site to get the overall
equivalent consequence shown at the bottom of Table &4-10. The expected
utility calculsted using Equation 4-1 for each site is also provided. Before
examining these results, it iz important to understand where they come fro
wvhich is illustrated by considering the consequence-equivalent numbers 10&52—:)
Table 4-10 for the Richton Dome sfite.

In Table 4-9, the number of nonradiological public fatalities from
transportation:'to Richton Dome, represented by performance measure Xg, is
S.3. In Table 4-7, the value tradeoff Ky between units of this performance
peasure and costs is &, indicating that & million dollars in additionsl cost
is indifferent to a statistical nonradiclogical public fatality from
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Base-case component disutilities of nominated sites®

Table 4-9,
. Performance
peasure Richten Dome Deaf Smith

Davis Canyon

Yucca Mt, Banford

. -

X
X3z
Xs
Xe
Xs
Xe
Xs
Xs
Xs
Xie
X|l‘
Xiz
X1

Xie

-
.

2 2
0.7 0.5
27 29
o 0
0.52 0.64
2.4 2.9
‘1.3 1.6
5.3 6.7
33 33
6 12
15 12
20 16
9,000 9,500
970 1,120

0.1
27

0.73
X
2.1
8.4
100
56
29
20
10,400
1,240

4 9
0.1 0.7
18 43

0 0
0.81 0.90
4.1 4.3
2.5 2.7
102 1

3 3
23 6

10 12

6 3

7,500 12,900
1,400 1,450

*Component disutilities are calculated by substituting the base-case
estimates of impacts shown in Table 4-6 into the component disutility function

in Tadble &-7.
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transportation. Eence, the 5.3 fatalities is multiplied by the &4 million
dollars per fatality to yield a 21.2 contribution to the equivalent-
consequence impact associated with performance meagsure Xq for the Richton
Dome site (Table 4-10). Regarding the socioeconomic {mpact X1 at Richtonm,
the performance measure level 2 i{n Table 4-5 describes that impact. This has
a digutility of 20, as shown in Table &-9. The value tradeoff K;; for a
unit ({.e., percent) of socioeconomic impact is S millicn dollars, as
indicated in Teble &4-7. Multiplying 20 by 5 yielde the contribution of 100 to
the equivalent-consequence impact for performance measure Xi3 {n Table

&-10. The rest of the entries in Table 4-10 in the column for the Richton
Dome site can be calculated similarly. Sumning the equivalent-consequence
contributions for the Richton Dome gite for the 14 preclogure performance
measures ylelds :he value 10,173 in Table &4-11.

It is clear from Table 4-10 that the Yuces Hbuntain gite fs the most
favorable of the five sites. The szlt sites follow in the order Richton Dome,
Deaf Smith, and Davis Canyon. These four sites are all significantly more
favorable in terms of equivalent consequences than the Hanford gite. In
interpreting the differences in equivalent consequences, recall that one unit
is equal in value to 1 million dollars.

Table 4-~11 aggregates the information ia Teble 4-10 in numercus ways to
gain insights into the reasons for the relative site evaluations, The first
four rows aggregate the implications of the sites for the performance measures
on hezlth and safety, environmental impactsg, socloeccnezics, and economic
costs, respectively. For instance, the gum of the first eight rovs in Table
4-10 provides the equivalent-consequence contributicn from health-and-safety
impacts (row 1). For Yucca Mountain, the equivaleat consequence is 83. Row §
of Table &4-11 sggregates all noneconomic impacts, and row 6 agxregate: the
environmental and sociceconomic impacts. . : .

Row 7 aggregates the impacts that night be collectively considered as
the detrimental impacts on the public living near the repository site. It
includes the health-and-safety impacts and the environmental and sociceconomic
impacts experienced by the public near the site. Row 8 includes the health-
and-safety impacts on the workers at the repository. BEence, row 8 might be
considered an aggregation of the total impact felt by sll members of the
community near a site. 4

Rows 9, 10, 2ad 11 Indicate different aspects of the health and safety
implications. Specifically, rov 9 refers to the equivalent-consequence
impacts of worker fatalities, row 10 refers to the equivalent-consequence
impacts of public fatalities, and rov 11 refers to the equivalent-consequence
impacts of radiological heslth effects.

Rows 12 and 13 are included because of their potential usefulness in
sensitivity analysis. Row 12 aggregates all the bealth and safety and cost
impacts of the different sites, and row 13 aggregates all the impacts except
for facility costs Xi3.
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. ‘ _ Table 4-10. Base-case equivalent-cousequence impacts
- esformance ' o = _ L .

measure | Richton Dome Deaf Swmith Davis Canyon Yucca Mt. Eanford
n 2 2 2 P 9"
X 2.8 2 S04 - 0.8 2.8
Xs 27 29 27 18 43
X4 0 o 0 0 0
X 0.52 0.64 0.3 om0 0.90
X 9.6 11,6 14 16.4° 17.2
X 1.3 1.6 . 2.1 2.8 2.7

CXe - a2 6.8 33.6 0.8
B - . w0 w3
X1o 1.2 2.4 1.2 4.6 1.2
X1y 4.8 3.6 8.7 3.0 3.6
Xis 100 86 100 - 30 15
Xia 9,000 9,500 10,400 7,500 1:.900'
X1 970 1,120 1,240 - 1,400 1,450

Total '

equivalent

fmpact 10,173 10,813 11,940 9,054 14,492

Expected '

Orility 70.13 66.94 61.30 75.73 48.54
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Table 411, Rase-case equivalent-consequence impacts for various
aggregations of performance measures®

Performance : ' . X
flow stasures Richton Dome Deaf Smith  Davis Canyen VYucca Mt.  Hanford

Health and Safety: . ' :
' X,-Xs 7 74 & %) 120

Environmentel: .
2 XoXyy 39 3 : 120 All 8

: Sociceconomi .
3 Xeg : 160 80 100 n 1s

Ecenomic: - o
4 Xya-Xee $.970 10,620 n,e0 . 8,500 - 14,350

Noncost: : : o
[ Xy=Xs g 203 183 300 154 - 142

Eavironment andg

: Sociceconomi ﬁ:
[ Xo=-X¢2 139 g 220 n 23

Pyblic near Stte:

? Xae Xao . . o

 Site twpacts: . . R T T AT
8 KyeKeyo i ST T
Xe=Xs g N 17 182 . 3‘9j L . ey 72

Worker Fatalities:
9 x'l xSO o i ) ) .
Xso X» : ki 3 32 &8 : $6
Public Fatalities: )

W l.. !.. .
Koo Xs k) « o 8 64

Radielogical
Fatalities: -

n Keo K30
Xs, Ko 15 16 1} 22 30

Fatalities and

Costs:

12 ‘l‘xto
Kiz-Xee V0,034 10,694 11,720 8,583 14,470

13 All except '
tcnsim@
Xe=K1geXra 173 1,313 1,540 1,554 1,892

" AN Xy=Xyy 10,173 16,813 1,940 9,054 14,492

SThe nunbers §a the tadble represent consegquence-equivalent impacts -
rounded te the nearest unit. .
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4,5.3 SUMMARY OF THE BASE-CASE ANALYSIS

A few implications are readily apparent from the base-case analysis.

From Table 4-9, the Richton Dome and the Deaf Smith sites dominate the Davig
Canyon site oo all performance measures except Xi: and X3. This ceans that
. the ratings for both Deaf Smith and Richton Dome are &t least as high and

. sometimes higher than the corresponding rating for the Davig Canyon site on =~
all other performance measures. When the consequence-equivalent impacts are -
aggregated into bealth-and-safety, environmental, sociceconomic, and cost
impacts, the Richton Dome site and the Deaf Smith site dominate the Davis
Canyon site. Hence, the Davig Canyon site ig the least favorable salt site

given acceptance of the base-case impacts. ’ -

Another implication of the base-case analysis fs that the Yucca Mountain
site has a lower equivalent conseguence than any of the galt sites. It is the.
equivalent of 1,119 million dollars more desirable than the most favoradble
salt site (i.e., Richton Dome) and 2,886 million docllars more desirable than
the least favorable salt site (i.e., Davis Canyon). The Yucca Mountain gite
{s the equivalent of 5,438 millicn dollars wore favorable than the Hanford
site.. o ‘ : B

Table 4-12 aggregates and ranke the sites in terms of performance-measure
categories, The first colum shows tbat the overall ranking of the gites is
Yucca Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Eanford. The
rankings in Table &4-12 clearly demonstrate that no changes {n the value =
tradeoffs (f.e., scaling factors) betwveen the different categeries of . -~
performance measures could change the relative ranking of Davis Canyon as the
least desirable of the salt gites. The Richton Dome site should be preferred
to the Deaf Smith site unless a very high value ig placed on environmental and
socioeconomic impacts versus heaslth-and-safety impacts and costs. Sioilarly,
only an extremely high value on the environmental and sociceconomic impacts
versus the others could possibly result in Hanford being anything but last.

Bowever, one sust be careful not to misinterpret the significance of a
ranking. With the ranking, the difference in desirability between sites
ranked first and third could be much less than the difference in desirability
between sites ranked third and fifth. Indeed, this 1s the case with the
rankings in Table &4-12, as can be seen from row 14 of Table &-11. Here, the
difference between the first-ranked Yucca Mountain site and the third-ranked
Deaf Sxmith site is equivalent in vzlue to 1,759 millien dollars, vhereas the
difference between the third-ranked site (Deaf Smith) and the fifth-ranked
Eanford site is equivalent in value to 3,679 million dollars.

4.6 SENSITIVITY ANALYSES

There are of course numercus sensitivity analyses that can be conducted
to appraise wvhich of the impacts and value judgments seem critical to any
implications drawn from the analysis. Below several sensitivity analyses are
presented to address the main factors that may influence these implications.
The first set of sensitivity analyses focuses on changes in the impacts from
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Figures 5-3 through 5-6 show composite utilities for the five sites when
assumptions other than base-case assumptions are used. Figure 5-3 ghowg the
results when optimistic assumptions (high scores and low probabilitieg for
disruptive and unexpected features scenarios) are used for postclosure and
optimistic assumptions (low impact levels) are used for preclosure. Figure
$-4 ghows the results when pessimistic assumptions (lov scores and high
probabilities for disruptive and unexpected features scenarios) are used for
postclosure and pessimistic assumptions (high impact levels) are used for
preclosure. Figures 5-5 and 5-6 show the mixed cases in vhich optimistic or
pessinmistic assusptions are adopted for the postclosure analysis and the
reverse assumption is adopted for preclosure. , <

Although the weights of k,re and kpeqo at which the overall ranking
changes depends on whether base-case, pessimistic, or optimistic assumptions
are adopted, certain patterns are clear and stable under & wide range of
assunptions. Most significantly, the Hanford site is in all cases ranked last
(i.e., it has the lowest composite utility), regardless of the relative weight
assigned to preclosure and postclosure. This fs ¢o because it ig ranked last
for 211 sets of assumptions in both preclosure and postclosure. The relative
ranking among the salt sites (Richton Dome, Deaf Smith, Davis Canycn) remaing
the same regardless of whether base-case, optimistic, or pessimistic
assumptions are adopted unless & very high weight is assigned to postelosure,
in vhich case the salt sites have composite utilities that are nearly equal.
Yucca Mountain is the site that is affected most significantly by the choice
of pessimistic, base-case, or optimistic assumptions. Under pessimistic:
assumptions for postclosure performance, Yucca Mountain receives a lower -
expected postclosure expected utility due to the possibility of u:la&iue&gh—*“"

——-1=rge-re1eases from a repository at the gite under a disruptive scenario .

involving a magmatic event. If pessimistic assumptions are adopted for .
postclosure, then Yuccs Mountain is ranked first only if the scaling factor
kyess i less than about 0.2; it is ranked in the top three only if k,.,,

is less than sbout 0.35. Under base-case or optimistic assumptions for
postelosure, Yucea Mountain is ranked first across nearly the entire ranges of

kyee and kpoqes

Because of the sensitivity of the ranking of Yucca Mountain to the
relative weights of ky,e and kjpesey it is of Interest to consider the
reasonableness of different weights. As in the case vith the scaling factors
used in Chapters 3 and &, the scaling factors k,ee and kyess must be based
on a value judgment; in this case a value tradeoff betveen performance in
postclosure and performance in preclosure. To judge vhether particular
numerical values for kyeqe and k,eq. 2re reasonable it is necessary to
gelect convenient measures for summarizing preclosure and postclosure
performance and to consider whether the tradeoffs between these measures are
reasonable. This tradecfl is most conveniently considered in terms of
preclosure and postclosure radiological safety. Specifically, if preclosure
radiological safety is expressed in terms of public cancer fatalities and
posteclosure radiological safety is expressed in terms of cumulative releases,
the value tradeoff may be expressed as postclosure releases y (occurring in
the first 10,000 years) that would be just as undesirable as the cccurrence of
10 additional preclosure cancer fatalities. Table 5.1 shows the weights
kyre 8nd kyoey corresponding to several different tradeoffs. These were

calculated using the following steps:

'DRAFT MLGEO 122 4= - 9330 am 04/05/86




100
DC,ROS.Y.H

50
E E
8
s
70 -
€0 4= -
s 4+ DC: Davis Canyon ' .
0S: Deat Smith
H: Hanlord

R: Richton Dome
Y: Yucca Mountain

&0 [} [] . | 1 A 1 ] 1 1
: KP“‘ 1 K | 4 J ¥ K A 3 2 N
Kpre K | 3 4 5 4 7 a8

Figure 5.3. Site composite utilities calculated using optimistic assumptions
for postclosure and preclosure. .
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Figure 5.4, Site composite utilities calculated using pessimistic assumptions
for posiclosure and preclosure. .o
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Figure 5.5. Site composite utilities calculated using pessimistic assumptions
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Table S-1. Value Tradeoffs Between Preclosure Radiological Kealth Effects
and Postclosure Releases Implied by Varjous k,,, e&nd Kpesos

Postclosure releases y valued as

: Kpass undesirable as 10 preclosure pudblic
Kpre (= 1-k,,.) cancer fatalities (fractiocn of EPA standard)
1.0 0.0 - -
0.9  0.01 L 0.38
0.9 0.1 | 003
0.8 0.2 ' T o.02
0.7 0.3 3 0.01
0.6 o4 - - 0.006 o
0.5 O 0008 e
ok - o6 T om0 )
0.3 e ' 0.0z
0.2 0.8 0.001
0.1 0.9  0.0004
.01 0.99 | " 0.00004
0.0 1.0 | -
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1. The decrease in preclosute.utility due to an additional ten publie
cancer fatalities is calculated using Equation 4-1 to be
(1/200)(4)(10) = 0.2.

2. The decrease {n postclosure utility due to an additional release y
© during the first 10,000 years is calculated using Equatlon 3-3 to be
(0. 526)(100)(7) = 52.6y.

3. The tradeoff of postclosure versus preclosure 1nplies that each of
the above changes produce the same decrease in composite utilicy,
From Equation 5-1. therefore, -

t,'.(O.Z) L k’.ll(S:.‘Y’
vhich {mplies
y = 0.0038 k,,,

k. [ ] ...

The entries’in Table 5-1 indicate the releases y (expressed as fractions of
the EPA standard) that would be regarded as equally undesirable as 10
preclosure publie radiological fstalities for various weights k,,, and

k'.l"

: The reasonableness of the various value :radeof!s presented in Tadle S-l
may be interpreted more easily if a relationship is assumed between -
postclosure releases to the accessible environment and postclosure health
effects. As noted in Chapter 3, 40 CFR 150 adopted the assumption that for -
each 1,000 petric tons of heavy metal (MTEM), cumulative releases at the level .
alloved by the EPA gtandard wculd result in 10 premature cancer deaths,
Because & repogcitory at any of the nominated sites is assumed to de designed
to hold 70,000 MIEM, releases at the level allowed by the standard would
produce approximately 700 cancer fatalities. Table 5-2 shows the tradeoff
between preclosure and postelosure cancer fatalities implied by various k.,
and kyees if the releases shown in Table 5-1 are converted to postclosure
fatalities using the EFA assumption. Because the EPA relationship between
postclosure releases and radiclogical fatalities likely overestimates these
fatalities, the implied value tradeoff 1ikely ig a lower-bound on the actual
relative significance given to postclosure fatalities.

As pay be seen from Figures 5-1 to 5-3 and Figure 5-6, the composite
utilities imply an overall site ranking of Yucce Mountain, Richton Dome, Deaf
Smith, Davis Canycn, and Hanford for all k,eee ¢ 0.99 provided that
postclosure fmpacts are assumed toc be base-case or optimistic (regardless of
the preclosure assumptions). Values of k o« greater than 0.99 would,
asccording to Table 5-2, imply a willingness to accept more than 350 preclosure
cancer fatalities to aveid one postclosure cancer fatality. Most people would
probably view such a high postclosure weight to be unreasonable. If
pessimistic assumptions are used for postclosure performance, Yucca Mountain
falls out as the preferred overall gite when the implied value tradeoff
between postclosure and preclesure radiological fatalities is spproximately.
one-to-one (i.e., kyees = 0.21). It drops from among the top three sites,
under pessimistic essumptions, when this implied value tradeoff fs such that
approximately 2 preclosure fatalities would be accepted to avoid 1 postclosure

. “t‘l‘ty (ioe.. k'.‘l = 0.35"
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Table 5-2. Value Tradeoffs Between Preclosure and Postclosure Radiological
Health Effects Implied by Various k,.. 2and kyeee
Implied Value Tradeoff
Kpesr - Between Freclosure and Fostclosure
kyre (= 1-k;yee) Cancer Fatalities
1.0 0.0 -
0.99 0.01 1:26
0.9 0.1 1:2.6
0.8 0.2 1:1.1 -
0.79 0.21 1:1
0.7 0.3 1.6:1
0.6 0.4 | 2.5:1 ‘
0.5 0.5 ERE
0.4 0.6 S.6:1
0.3 0.7 8.8:1
0.26 0.74 10:1
0.2 0.8 15:1
0.1 0.9 321
0.01 0.99 372:1
0.0 1.0 -
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. versus preclosure considerations, as explained below.

" Richton Dome, and Deaf Smith are the preferred set of sites for ' —

- ranked gite. The significance of the performance differences betwees tiaw

5.2 INITIAL ORDER OF PREFERENCE FOR SITES FOR
RECOMMENDATION FOR CEARACTERIZATION

The overall rankings presented in the previous sections suggest mac.. i
initial order of preference for sites for recommendation for charactriZzusin
is Yucca Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Hanfeati DM
ranking is stable for all but the most extreme assumptions on postclusruce
performance and the most extreme weightings of postclesure consideritions

For all assumptions and weightings, the Hanford site remsins rivleds ,
last. For a1l assumptions about postclosure conditions and the widr sanp>
assumed to be realistic for weights (i.e.,kpeee ¢ 0.8), the relative spicog
of the salt sites is stable; specifically Richton Dome is preferred :o Dexd
Soith vhich is preferred to Davis Canyon. For pessimistic postclosure
assuzptions, Yucca Mountain drops from first ranked to fourth ranked a3 tie
postclosure wveight increases from approximately 0.2 te 0.35 depending cm e

preclosure assumptions.
-——— —r

. . . .
- . -

The clear implicatfon from the composite analysis §s that Yucci Mwreass

characterizaticn. There are no realistic assumptions about either 134 TS ITERIN
or postclosure expected performance or zbout the values used to evalians: :
performance that can result fn the Banford site being anything but tle Face -

Banford site and all the other sites is substantial. Similarly, the lavis
Canyon site is less preferred than the Richton Dome and Deaf Samith sites For
essentially all realistic assumptioos. The differences in performance of the
Davis Canyon site and tbe other two salt sites is alsc substantial, evex
though the Davig Cacyoun is much preferred to the Eanford site in the
analysis. Ooly for some extreme cases (i.e., pessimistic postclosur:
assumptions) could one argue directly from the anslysis that the thrze sites
to be characterized should be Richton Dome, Deaf Smith, and Davis Crayonm.
Bowever, the Nuclear Regulatory Comxission requires that at least cce of z2e
sites characterized not have szlt as the host rock. Thus, it cazc be
definitively stated that the results of the composite analysis strowgly:
suggest characterization of the Yucca Mountain, Richton Dome, and Desf Szl

sites.

s ammay
- o -

The combination of the Yucca Mountain, Richton Doze, and Deaf faith. siizes
offers maximun diversity in geohydrologic settings. The Yucca Mountiia siize
is unique among these sites because & repository would be constructel im rir
ungaturated zone. The advantages of disposing waste iz thick unsatvared:
zenes have been noted in the literature for over a decade. A major tdvamiage
fc the very slow flux of ground water that probably exists at Yucca Mouncesy.
Another is that the underground facility can be designed sc as to alicw onwiw
oinimal contact of the vater with the waste packages. Still another iis: z¥as.
underlying tuffs contain sorptive zeolites and clays that could act s
additional barriers to the downward transport of radionuclides from

repository to the water table.

The geohydrologic settings associa.ted with the Richton Dome and Jeaf’
Smith sites are also cleerly distinguishable from another, but not ax
obviously as from Yucca Mountain. Richton Dome ig similar in pany rrsopeats €O
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Desf Smith because both have salt as a host rock, dbut Richton Dome {5 4
plercement structure of uniform properties surrounded by sedimentary
materizls. The dome is surrounded by aquifers at different depths, The
bedded-salt setting at the Deaf Smith site i{s underlain by relatively
horizontal bedded sedimentary rocks capped by the Ogallala Formation, The
gechydrologic system is dominated by the High Plains aquifer. Minor aquifers
of poor water quality occur in deeper strata, nearer to the salt unitg, The
advantages of salt as a host rock for the disposal of radicactive waste have
been documented elsewhere many times, including those summarized in Section

1.2.2- .

The Yucea Mountain, Richten Dome, and Desf Smith sites do not offer
paximun diversity in rock type. They do, however, meet the requirement of the.
Nuclear Regulatory Commission for diversity. As was explained in Section 2.1,
the site-recommendation decision 1s analogous te a portfolio prodlem gince the
DOE must choose, not a single site for repository development, but three frem
five well-qualified sites for site characterization and related nongeclogic
data gathering. Combinations of three sites possess properties that cannot be
attridutable to single sites (e.g., diversity of geohydrologic settings and
rock types). Thus, the set of three sites indicated a2s most preferable by the
multiattribute utility analysis may not be the preferred set vhen thege
portfolic effects are taken into account together with the {mplicatfons of
this analysis., For the gites recormended for characterizaticn to change from
those suggested in the composite analysis, the relative advantages of the
portfclio effects for the changed set would have to be judged to be greater . -
than the relative advantages of the expected superior performances of the
Yucca Mountain, Richton Dome, and Deaf Smith sites over the Davis Canyon and
Eanforé sites. These differences in performance range from the equivalent of
1 to §S billion dollars in preclosure impacts in addition to postclosure ‘
impacts. These considerations are examined fn the site-recormendation letter
report accoopanying this report.
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Chapter &

PRECLOSURE ANALYSIS OF THE NGMINATED SITES

- Ihis chapter presents & preclosure analysis of the five sgites nominated
as suitable for characterization. Section &4.1 presents the objectives defined
for the evaluation of the sites. Section 4.2 defines a performance measyre

- for each objective to indicate the degree to which the five sites achieve the
objectives. Section 4.3 describes the performance of each site in terms of a
set of performance measures. Section 4.4 discusses the multiattridute utility
function assessed to integrate the ratings on the different performance

. measures into an overall evaluation of the sites. The results of the

... base-case evaluation and numerous sensitivity analyses are presented in
. Sections &. 5 aad &.6, respectively.

-

4.1 THE OBJECTIVES E1ERARCEY

The perspective taken in this analysis is that the sites should be
evaluated i{n terms of minimizing adverse preclosure impacts. This requires
that the set of objectives characterize in an operational manner the meaning
. of “adverse preclosure impacts.” Specifically, the preclosure guidelines
(10 CFR 960.5) specify the factors to be considered in evaluating and

= comparing sftes on the basis of expected repository performance before

closure. The preclosure guidelines specify three categories of factors:
radiological safety; eovironment, sociceconomics, and transportation; and case
and cost of siting, comstruction, operation, and closure.

) The preclosure guidelines were used as the basis for constructing the set’
of odjectives represented by the objectives hierarchy in Figure &4-1. A .
_ combination of a top-down and botton-up approach wasg used to develop the
objectives hierarchy shown. In the top-down approach, members of DOE
panagement {dentified in Appendix A were asked to make explicic the most
geoeral objectives bearing on the ranking of the sites for the
site-characterization decision. These general objectives pertained to health
and safety, environsental quality, sociceconomic welfare, and economic costs.
The general objectives were then made more specific by asking what was meant
by each, why it was important, how it might be affected by site selection, and
so forth. Criteris of completeness, nonredundancy, significance,
operationality, and decomposability were then applied to refine and improve
the specification of lower-level objectives. The bottom-up approach involved
working with DOE technical staff to generate lists of evaluation criteria
using the siting guidelines and the "Supplementary Information" and Appendix
IV to the guidelines. The identified criteria were then integrated into the
initial version of the objectives hierarchy developed from the top-down

ayproach.

» As is‘readily evident, the minimization of preclosure impééts is defined
to be equivalent to achieving to the degree possible the following four major
objectives:
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ranges estimated for possible impacts, the relative ranking of sites obtained
in the base case is totally insensitive to any changes in the level of
impacts, except for costs. The ranking {s insensitive to any reasonable
changes in the value judgments or in the form of the utility function.

, Because the differences among costs at different sites are in the
billions of dollars, costs have & strong influence on the overall preclosure
racking., Eence it seems prudent to examine the potential for significant
overlap in total costs among the sites. For example, if the costs associated
vith the Eanford site could be at low levels while the costs for the other
sites simultanecusly were et their high levels, then the Hanford site would be
a competitor. The probability of this occurrence with regard to
transportation costs is obviously extremely low since costs are a strong
" function of distance and Eanford is the farthest from the sources of waste.
Other highly correlated components of transportation costs include fuel and
labor rates. The positive relationship of repository costs at different sites
is less cbvious because of uncertainty in subsurface conditions and ‘
consequently repository design prior to the sinking of exploratory shafts.
Eowever, some major repository costs are positively correlated among the
gites. Future labor rates and costs for power are direct components of costs
that would likely have a similar influence on repository costs at all sites.
Indirectly, technological advances for sinking large-diameter shafts or waste
package design and changes in regulatory requirements are examples of causes
-~ that lead to correlated repository costs. Thus, the likelihood that the '
. relative repository costs st Eanford, for example, would be lover than those

at any other site would likely be very low. . . .
_ With the insight provided by the analysis, it is easy to explain and
" understand the results. All of the sites have some undesirable bealth and -
safety, environmental, and socioeconomic impacts. Because any such impacts
are important, the sites have been selected and screened to reduce such
potential impacts and mitigation procedures would attempt to oinimize them at
any given site. This tends to reduce both the level of impacts and the
differences in such impacts among sites. No analogous procedures have been
conducted for costs which do have very significant differences (i.e., billions
of dollars) in estimates.

Eanford is the least desirable site because of its enormously greater
costs sand greater health effects can not be made up for by its relatively
piniscule favorability in environmental and socioeconomic impacts.

:..t i ‘t ’

Yucca Mountain {s the most desirable site because ot the other four sites
it has the best environmental and sociceconomic impacts and is more than 1
billicn dollars less expensive than any other site. These advantages far
outveigh its slightly greater health and safety impacts.

The salt sites must fall between Yucca Mountain and Eanford. Davis
Canyon is dominated by both Richton Dome and Deaf Smith meaning that it is
least desirable in terms of health and safety impacts, environmental and
sociceconomic impacts, and costs. Thus, Davis Canyon is the least desirable
salt site, and hence, it is the fourth-ranked site. Richton Dome is slightly
preferable to Deaf Swith in terms of health and safety and slightly less
desirable in terms of environmental and socioeconomic impacts, but Deaf Smith
costs are 650 million dollars greater than Richton Dome. Thus, Richton Dome
{s the number two ranked site and Deaf Smith is ranked third.
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. objectives concerrf‘f}}

with the fatalit

DOCUMENT
N
4.6.4 OTHER SENSITIVITY ANALYSES OF THE SET OF OBJECTIVES

Sections 4.1 and 4.2 presented the basis for selecting the objectives and
associated performance measures used in this analysis, As explained in
Appendix G, other potential objectives were not included because it was felt
that their inclusionigg d not affect the implications of the analysis. Some
hezlth-and-safety Légﬁ%-) serd -—
(e.g.3illness and in uries), and another objective concerned the socioeconomie
impacts of the transportation system. The possible implications of including
these cbjectives in the analysis are now considered with a knowledge of the

study results.

Sk
The nont‘atak,pealth-and-safety icpaets are likely to !;f highly correlated
debarea, “Bbws _their inclusion woulMe im‘glications .-
similar to those from a greater value being placed on f'atalitk 4epester Thus,
as {llustrated in Table 4-18, the inclusion of nonfatal health-and-safety effets
ispa%g\should pot affect the implications of the znalyses.

The sociceconomic impacts of waste transportation are probadbly directly
related to the totsl number of miles traveled to deliver waste to the
repository and hence to the transportation impacts. These impacts,
represented by performance measures Xg through X¢ and X;4, have the same
ranking as the overall impacts for the salt sites end Eanford. The
socloeconomic impacts of waste transportation to Yucca Mountain could be
slightly greater than those associated with the salt sites. Given the overall
differences in desiradility as indicated by the equivalent-consequence impacts .
in Table 4-10, it is unlikely that there would be any change in the ranking of

sites. .

&.7 CONCLUSIONS FROM TH

Before discussing the conclusions for the overall preclosure analysis, we
reviev the insights from aggregations of certain perfcrmance-measure
categories. Muck of this information wags presented in Section 4.5.2, in
particular in Tables &-11 and &4-12, but, is nonetheless repeated here to
provide context for the discussion of the overall preclosure results. Table
£-23 repeats selected information from Table &4-1l.
P M vemingdd

Row 1 of Table 4-23 shows that the relative ranking ofysités on
preclosure radiological safety is Richton Dome, Deaf Smith, Davis Canyon,
Yucea Mountzin, and Eanford. The difference between the first-ranked site and \{«-L
fifth-ranked site is equivalent to 15 warker radiclogical fatalities,. a
difference largely attributable to tia=tufdwewce—=f transportation. : L
"W wot Ry
Row 2 of Table 4-23 gshows that the relative ranking of sites on wo
fatalities (radiological peg nonradiclogical) is Yucca Mountain, Richton
Dome, Davis Canyon, Deaf Smith, and Hanford. The Yucca Mountain site is
slightly preferred to the three salt sites, which are barely distinguishable
from one another, while the Banford site is significantly less favorable.
This significant difference is attributable to nonradiological fatalities t&* ‘rm
repository workers (mostly fr mcmining accidents), which, in turn, reflects the
larger labor requirementscssg%azmi:h repository construction and
operation at the Eanford site.
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Sections 4.1 and 4,2 presented the basis for selecting the objectives and
associated performance measures used in this analysis, As explained in
Appendix G, other potential objectives were not included because it was felt
that their inclusionigg d not affect the im lications of the analysis. Some

hea impiﬁgz -

objectlvec’concerﬂ% th-and-safety - i
(e.g.3illness and fnjuries))and another objective concerned the socioeconomic

impacts of the transportation system. The possible implications of including
these objectives in the analysis are now considered with a knowledge of the
study results. ' '

4.6.4 OTHER SENSITIVITY ANALYSES OF THE SET OF OBJECTIVES

¢ ‘ .. :
Tke nonfata&npealth-and-safety sdﬁfﬁ&i are likely to §f highly correlated
wvith the fatalit) ieFexas, St _their inclusion voulg“ﬂkgi ieglications A
similar to those from a greater value being placed on fhtalitk-iefo‘;er Thus,
as illustrated in Table &4-18, the inclusicn of nonfatal health-and-safety effod
infaiég\should not affect the implicat{ons of the analyses.

The socioeconomic impacts of waste transportation are probably directly
related to the total number of mileg traveled to deliver waste to the
repository and hence to the transportatiocn impacts. These impacts,
represented by performance measures Xs through X, and X1, have the same
ranking as the overzll impacts for the salt gites and Eanford. The
socioeconomic impacts of waste transportation te Yucca Mountaio could be
slightly grester than those associated with the salt sites. Given the oversll
differences in desirability as indicated by the equivalent-consequence impacts
fn Table 4-10, 1t fs unlikely that there would be any change in the ranking of ta

sites.

4.7 CONCLUSIONS FROM TEE_BRECLOSI'RE ANALYSIS

Dbl (L.
Before discussing the conclusions for the overall preclosure nxi;lykis. ve

reviev the insights from eggregations of certain performance-ceasure
categories. Much of this information was presented in Section &.5.2, in
particular in Tables &-11 and 4-12, but, is nonetheless repeated here to
provide coatext for the discussion of the cverall preclosure results. Table
423 repeats selected information from Table 4-11.,

e wominedld .

Rov 1 of Table 4~23 shows that the relative raskieg ofysités oo — -
preclosure radiclogical safety is Richton Dome, Deaf Smith, Davis Canyon,
Yucca Mountain, and Banford. The difference between the first-ranked site and t[c

fifth-ranked site is equivalent to 15 washer radiological fatalities, . a JE——
difference largely attridutable to ths—fafiwemce—cf transportation. ‘lwg::;::f k:
¢

Rov 2 of Table 4-23 shows that the relative ranking of sites on wo
fatalicies (radiologicsl pssg'nonradiological) is Yucca Mountain, Richton
Dome, Davis Canyon, Deaf Smith, and Banford. The Yucca Mountain site is
slightly preferred to the three salt sites, which are barely distinguishable
from one another, while the Hanford site.is significantly less favorable.
This significant difference is attributable to nonradiological fatalities te® ‘v
repository vorkers (oostly fr mcmining accidents)‘,which. in turn, reflects the
larger labor requirements«assgz¢:zzd:!i=h repository construction and
operaticn at the Banford site.
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Table 4-23. Bash/e_eqm'ulent consequence, npagu fo
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» _ Row & of Table &4- 3 shows that the relative ranking of sites sgainst all
hezlth-snd-safety impaqts is Richton Dome, Deaf Smith, Davis Canyon, Yucca
Mountain, and Hanford.j In tegms, of equivalent-consequence impacts, the
difference between thetfirstdan ourthArpgked—eiteod(19 equivalent worker
fatalities) {c about half the diﬁerence between the[fourthqpm and Moex

f!,ftW(ﬁ equivalent worker fatalities). .HL; o ! ]

Row S of Table 4-23 ghows that the relative ranking of sites on the °‘S’ ‘L\k
environmental and sociceconomics performance measures is

ST rrtiomal
Banford, Yucca Hountah;‘” D;g{ th, Richton Dome, and Davisg Canyon. The '
difference between ttx'é}\ our Sdekisn=Bomereiti. and the fift Q:c.2
DevtsTampog site is most significant, equivglent to 81 oillfon dollars (afout o~
903 of the difference betveen the first- andfourth-racted sites). Da
Rov 6 of Table | 23yshovs that the relative rankisg of sites on the 1
impacts that would agnss'm' the public in close proximity to the site fs '\ “r

" Banford,,Yugca Mountain, Deaf Smith, Richtom Dome, and Davis Canyon--the saome
rankifig S'B‘éined by considering only environmental &gg spciceconomic impacts.
The msc'signifjcant difference is between thé, '7:' re _@%&M
and tbe fift!fgnw:ﬁ?mm If e . workers are included,
the ranking rfemajis the same (row 7, Table 4=23). ‘

B . LMUI Q':t-\»\‘-dv\ Dov_ 0\/\“A Da2s wyo“'.
If all noncost performance meagures are aggregatedyas in Rov 8 of Table .
4-23, the relative rankisg is Eanford, Yuccs Mountaism, %eat Spith, Rickten L

Dome, and Davis Can ain, the oost sigoificant d}_{hggn_cg_u_ej_\'jeen the 5t
¢ oyeth 3 e and & fift!b-mm (LA.‘
97 eillion dollars. This ference ig larger than&e‘%een } our

nged

~
v Ak
@. Nanked sites %_’to 61 oillicn dollars). This ranking is
> / drastically by, S %f coats. When transportation costs are sdded, the

ganking becomes Richton Doze, Deaf Soith, Davig Canyon, Yucca Mountain, and
', ganford. When repository costs are added, the racking becomes Yucca Mountain,
Richton Dome, Deaf.Smith, Devis Canyon, and Eanford (Kov 9, Table 4-23). This

i ranking pemaing the same wvhen both v&R transportation and repository costs are-
adde v 10, lable b-23).cq~ }- S o 7 S
(&J,.J,v,_ Yo b Pewlen 1) '

Ak .
With tbese raokicgs §2 performance-ceasure cat gories in mind, the '
concluslozé for the oversll base-case enalysis and 2@1!3 sensitivity

analyses e summarized.

' 3
The bese-case analysisyoumnsrized in Table &-25% that the

relative ranking of sites $ iog all preclosure Zpwe> is Yucca
Mountain, Richton Dome, Deaf Szith, Davis Canyon, and Eanford. In terms of
equivalent-consequence ispacts, the difference between Yucca Mountais and

. Richton is the equivalent of 1,119 millicn dollars, between Richton Dome and
Deaf Szith 640 million écllars, bdetveen Deaf Smith and Davis Canyon 1,127
pillion dollars, and betwveen Da\é:‘ Lanyon and Banford 2,552 millicn dollars.
Thus, the largest difference DetiSen the five sites is between the
fourth-ranked Davis Canyon and the fifth-ranked Eanford site.

The stability of the base-case results vas exazined by seasitivity
analyces involving changes in the level of impacts, in the value judgments,
and in the form of the multiattribute utility function {tself. Within the
ranges estimated for possibdle impacts, the relative ranking of sites obtained
in the base case is totally insensitive to any changes io the level of
{rpacts, except for costs. The ranking is insensitive to any reasonadble

changes in the value judgoents or in the forn of the utility fuaction.
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, Rov & of Table 4-23 shows that the relative ranking of sites against all
health-snd-safety f{mpacts is Richton Dooe, Deaf Smith, Davis Canyon, Yucca
Mountsain, and Eanford. In teg ,_;f equivalent-consequence impacts, the -
differecnce betveen the first nd fourth-ranked sites(19 equivalent worker
fatalities) is about half the diff:rence between the fourth-yadisd and 3.,
fifch-ranked site3(37 equivalent worker fatalities). R i

Bov § of Table &-23 shows that the relative ranking of sites on the o%

. ERertiowal envirenmental and socioeconomics performance measures is
Eacford, Yucca Mountain, Deaf Smith, Richton Dome, acd Davis Canyoa. The
difference betveen the fourth-rankrd &lehlea=Bome~cidd- and the fifth-ranked

site 1s oost significant, equivplent to 81 millfon dollars (about
703 of the difference between the first- an Aou:th-nnked sites). T
tr , _

Rov 6 of Table 4-23 shows that the relative ranking of sites on the

impacts that would cccur to the pudlic in close proximity to tbe site is

ganford, Yugca Mountain, Deaf Seith, Richtea Dooe, azd Davis Canyoa—the same

unkiﬁﬂ s%‘é'ined by considering only environmental and sociceconomic impacts.

The mut significant difference is betwveen the fourth-gagked Richton Dowe site

end the fifth-ranked Davis Canyon site. .1f impacts to workers are included,

the ranking remains the same (rowv 7, Table £-23).

, o S Vi A : f A

- all pencost performance measures are aggregatedsas {n Row 8 of Tabdle

4=25, the relative ranking is Eanford, Yucca Mountain, Deaf Smith, Richten o

me, and Davig Can ’ ain, 'tho oost significant ¢ifference is between the

curth-ranked ,‘chhton Dome) ite,and the fifth-ranked(avis -Canyonisite,” equst &L

to 87 million dollars. This ference is larger thn(&e en first 2o

; A-J“ ranked gites % to 61 millicn dollars). This ranking {s changed -

2 drastieslly byl e bf costs. Whea trangportation costs are a;ded. the

R nnking(mose Richton Rome, Deaf Szith, Davis Canyon, Yucca Mountain, and T

Banford, Wb ¢ ‘tepositcty costs are godmmd, the ranking becomes Yucca Mountain,

Richton Dome, Deaf.Szith, Davis Cpafon, and Hanford (KovEy, Tsble 4-23). Twiew

L J
: ) - D h Cuw""'(uv# ~entesly ) totimd il s
& With these rackings f2 performance-wessure catggories in mind, the

conclusiogs for the cverall base-case analysis and sengitivity
analyses Ei'ﬁae suzmarized. 5

: ' 3
~ The base-case snalysigygumparized in Table :.-z:,iéa;éu that the
g relative ranking of cites u_ngnaa a1l preclosure E=pr=E3- is Yucca
equivalent~consequence impacts, the difference between Yucca Mountain and

/0:(-, q//ﬂq}d/ﬂ- s 2,

Mountain, Richten Dooe, Deaf Szith, Davis Canyon, asd Eznford. In terms of
Richton is the equivalent of 1,119 million dollars, detween Richton Dome and
Deaf Szith 640 million dollars, betveen Deaf Smith and Davis Canyen 1,127
zillion dollers, and detween Davg.t Canyon and Hanford 2,552 millicn dollars.
Thus, the largest difference beiadnthe five sites is betveen the
fourth-ranked Davis Canyon and the fifth-ranked Eanford site.

The stability of the base-case results was examined by sensitivity
analyses {ovclving changes {n the level of impacts, im the value judgments,
and in the form of the multiattribute utility function itself, Within the

 ranges estimated for possible impacts, the relative ranking of sites obtained
in the base case is totally imsensitive to any changes in the level of :
impacts, except fér costs. The ranking is fnsensitive to any reascnable
changes {o the value judgments or in the form of the utility function. .
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Row & of Table 4-23 shows that the relative tankxng of sites against all
health-and-safety impacts is Richton Pome, Deaf Smith, Davis Canyon, Yucca
Mountain, and Ranford. In terms of equivalent—consequerce impacts, the
difference between the first-and fourth-ranked site (19 equivalent worker
fatalities) is about half the difference between the fourth~ranked and’
fifth-ranked site (37 equivalent worker fatalities). -

Row 5 of Thble k-23 shows that the relative ranking of sites on the
collection of environmental and sociceconomics performance measures is
Eanford, Yucca Mountain, Deaf Smith, Richton Dome, and Davis Canyon. The
difference between the fourth-ranked Richton Dome site and the fifth-ranked
Davig Canyon site 1s mwost significant, equivalent to 81 million dollars (about.
70% of the difference between the first- and fourth-ranked sites).

Row 6 of Table 4-23 shows that the relative ranking of sites on the
impacts that would occur to the public in close proximity to the site is
Eanford, Yucca Mountain, Deaf Smith, Richton Dome, and Davis Canyon——the same
ranking obtained by considering only environmental and sociceconomic impacts.
The most significant difference is between the fourth-ranked Richton Dome site
and the fifth-ranked Davis Canyon site. 1If impacts to workers are included,
the ranking remains the same (row 7, Table 4-23).

, If all noncost pcrtormance measures are aggregated as in Rov 8 of Table
b—23. the relative ranking is Eanford, Yucca Mountaim, Deaf Smith, Richton

Dome, and Davis Canyon. Again, the most significant difference is between the
fourth-ranked Richton Dome site and the fifth-ranked Davis Canyon site, equal ..
toc $7 million dellars. This difference ic larger than between the first four
ranked gites (equivalent to 61 millicn dollars). This ranking is changed
drastically by inclusican of costs. When tracsportation costs are added, the
ranking becomes Richton Dome, Deaf Smith, Davis Canyon, Yucca Mountain, and AR
Eanford. When repository costs are sdded, the ranking becomes Yucca Mountain,
Richton Dome, Deaf Smith, Davis Canyon, and Eanford (Rov 9, Table 4-23).. This
ranking remaing the same when both the ttansportation and repository costs are
added (Row 10, Thble 6-23). , S _ ,

Hith these rankings in performance-measure categor;es in oind, the
conclusions for the overall base-case analysis and numerous sensitivity
analyses may be summarized. .

The base-case analysis summarized in Table 4-24 indicates that the
relative ranking of sites considering all preclosure impacts is Yucca
"‘Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Hanford. In terms of
equivalent-consequence impacts, the difference between Yucca Mountain and
Richton. {s the equivalent of 1,119 million dollars, between Richton Dome and
Deaf Smith 640 million dollars, between Deaf Smith and Davis Canyon 1,127
willion dollars, and between Davis Canyon and Eanford 2,552 million dollars.
Thus, the largest difference between the five sites is between the
fourth-ranked Davis Canyon and the fifth-ranked Banford site.

" -~ The stability of the base-case results was examined by sensitivity
analyses involving changes in the level of impacts, in the value judgments,
.and in the form of the multiattribute utility function itself. Within the
ranges estimated for possible impacts, the relative ranking of sites obtained
in the base case is totally insensitive to any changes in the level of
impacts, except for costs. The ranking is insensitive to any reasonable
changes in the value judgments or in the form of the utility function.
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Row & of Table 4-23 shows that the relative ranking of sites against all
health-and-safety impacts is Richton Dome, Deaf Smith, Davis Canyon, Yucca
Mountain, and Hanford. In terms of equivalent-consequence impacts, the
difference between the first-and fourth-ranked site (19 equivalent worker
fatalities) {s about half the difference between the fourth-ranked and
fifth-ranked site (37 equivalent worker fatalities).

_ Row 5 of Table 4-23 shows that the relative ranking of sites on the
collection of environmental and socioeconomics performance measures is.
Eanford, Yucca Mountain, Deaf Smith, Richton Dome, and Davis Canyon. The:
difference between the fourth-ranked Richton Dome site and the fifth-ranked
Davis Canyon site is most significant, equivalent to El million dollars (about
70% of the difference between the first- and fourth-ranked sites).

Rov 6 of Table 4-23 shows that the relative ranking of sites on the
impacts that would occur to the public in close proximity to the site is
Banford, Yucca Mountain, Deaf Smith, Richton Dome, and Davis Canyon—the same
ranking obtained by considering only environmental and socioeconomic impacts.
The most significant difference is between the fourth-ranked Richton Dome site
and the fifth-ranked Davis Canyon site. If impacts to workers are included,
the ranking remains the same (row 7, Table 4-23).

If all noncost performance measures are aggregated as in Row B of Table
4-23, the relative ranking is Hanford, Yucca Mountain, Deaf Smith, Richten
Dome, and Davis Canyon. Again, the most significant difference i{s between the
fourth-ranked Richton Dome site and the fifth-ranked Davis Canyon site, equal .
to 7 nillicn(dollars. This difference s larger than between the first four
ranked sites (equivalent to 61 million dollars). . ;gis ranking is changed
drastically by inclusion of costs. Hbeniﬁ&fff’are 2dddd LRowe—Suand—ibrioiie o
abb=f3y, the ranking becomes Richton Dome, Deaf Smith, Davis Canycn, Yucca
Mountain, and Eanford. Whew vepesite cests are :.l-lul, e '..k;ﬁj y o
Yuceca Hoewntaln, Rislitnn Danc,ﬁ Suw'rle, Dan'g a—qﬂ‘ ,A-O{ o ret
With these rankings in performance-measure categories in mind, the
conclusions for the overall base-case analysis and numercus sensitivity 9L 7;‘5-

analyses may be summarized. Tla's r

The base-case analysis summarized in Table &4-24 indicates that the Feomans
relative ranking of sites considering all preclosure impacts is Yucca Samc
Mountain, Richten Dome, Deaf Smith, Davis Canyon, and Easford. In terms of Bott,
equivalent-consequence impacts, the difference between Yuccs Mountain and °
Richton is the equivalent of 1,119 millicn dollars, between Richton Dozme and f”'f
Deaf Smith €40 million dollars, between Deaf Smith and Davis Canyom 1,127 a.,j
million dollars, and between Davis Canyon and Eanford 2,552 million dollars. "7
Thus, the largest difference between the five gites is bdetween the Costs

fourth-ranked Davis Canyon and the fifth-ranked Hanford site. ‘_‘[1‘((
The stability of the base-case results wvas examined by sensitivity /0,7

analyses involving changes in the level of impacts, in the value judgments, /

and in the form of the multiattribute utility function itself. Within the 4/

ranges estimated for possible impacts, the relative ranking of sites obtained
in the base case is totally insensitive to any changes in the level of
impacts, except for costs. The ranking is insensitive to any reasonazble
changes in the value judgments or in the form of the utility function.
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Table 4-24., Summary of the,ﬁﬁg;;cszé/K‘:;ysis

e

).

A
v

-+

Expected,ﬂ{llity

quivalentyConsequence~
‘ ,)ﬁpacts

Site
. ‘AL
ai “
Yucca Mountain 75.7 9,054
Richton Dome 70.1 10,173
Deaf Smith 66.9 10,813
Davig Canyon 6l1.3 11,940
Hanford 48.5 » 14,492
PLIC L o
NAL WA
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. ¢ |
Because tﬁgo;ifferences among soeb—tt~diffevast sites are in the -
billions of dollars, costs have a strong influence on the overall preclosure
ranking. Eence it seems prudent to examine the potential for significant
overlap in total costs among the sites. For example, if the costs assovievede;!:

3{ «tth the Hanford site could be at low levels while the costs for the other

¢

sites simultaneocusly were at their high levels, then the Hanford site vould be

" a competitor. The probadbility of this occurrenc vxt’,tegard to L
re-

transportation costs is obviously extremely lo costs prd=x strongl5
_£nn=ziza-n£‘aistancg,and Hanford iz the farthest from the sources of waste.
Other highly correlated components ofitransportatioa costs incluﬁ:ffuel and
iabor rates. The positive relationship f Fepos costs at different siteg
ig less obvicus bezause of {1 tainty ig.sﬂh5§§éé2£ziagditioas and ,
consequently repository design,
However, some major repository costs are positively correlated among the
sites. Future labor rates and costs for power are direct components of costs
that would likely have a similar influence on repository costs at all sites.
Indirectly, technological advances for sinking large-diameter shafts or
changes in regulatory requirements are examples of causes that lead to
correlated repository costs. Thus, the likelibood that the relative
repository costs at Eanf » for example, would be lover than those at any
other gite iz also & ry lov. _

With the insi;hf”provided by the analysisg, it is easy to explain and
understand the results. All of the sites have some undesirable health-anad™
safety, eavironmental, and socioeconomic impacts. Because any such impactl

7Y are important; a larger number of poteat! ites have beea previocusly . - - .
" gereened to redgb z‘h tential impacts a4 repositorygqand nitigation vqh4

’
'ﬂ" The salt sites nust fall betveeu Yucea Hountain and Banford.

inimize them at any site develcped for a

Jroeeducss woul

" reposite 'tutﬁﬁis—ehtae tend to reduce both the level of impacts and the . s
a:: ("thferencea in guch impacts among sites. No analogous procedures have deen (:Z

o

enployed for costs, which do have very significant differences (i.e., billions

_ o! dollars) in estiuates.

Hanford iz the least desirable site because its enormously greater costs
and greater health effects are not compensated for by its relatively slight
advantage io envircnmental and socioeconomic impacts.

X £ tlﬁ)uv' L“
Yucca Mountain fg the most desirable site of the other four fites because
it has the lowest environmental and sociceconomie impacts and {sVmore than 1
billion dollars, lesT—expensives These advantages far outweigh 1:: slightly
greater heslth-and~safety impacts.

)» N N~

Davis

:h ("“E; cu’cn Loyt d—b oyt : e Tl Rttt 18
- least desitable in terms of heulthrandfsafety impacts. environmental and
sociceconomic impacts, and costs,

funrtu‘?zﬂk!u‘rttew- xichizg Dome is slixh:ly
preferable to Deaf Smitb in terms of healtb-and“safet lightl esq,
desirable in terms of environmental and socioeconomid impacts, but
Smith¥s costs are esq million dollars gzeater Xtah Richton Dope. Thus,
Richton Dome is the’'nimber wwo ranked' and Deaf Smith ig\raﬁked third,

Cu‘w u«.a,_lluu .Ja:

{
N '“wa
/7
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DOCUMENT
Chapter &

PRECLOSURE ANALYSIS OF THE NOMINATED SITES

This chapter presents a preclosure analysis of the five sites nominated

_as suitable for characterization. Section 4.1 presents the objectives defined
for the evaluation of the sites. Section 4.2 defines a performance measure

for each objective to indicate the degree to which the five sites achieve the
objectives. Section &.3 describes the performance of each site in terms of 3
set of performance measures. Section 4.4 discusses the multiattribute utility
function assessed to Integrate the ratings on the different performance
measures into an overall evaluation of the sites. The results of the
tase-case evaluation and numerous sensitivity analyses are presented in
Sections 4.5 and 4.6, respectively., Section 4.7 discusses the conclusions of
the preclosure analysis of sites. : .

4.1 TEE OBJECTIVES EIERARCHY

The perspective taken in this analysis is that the sites should be
evaluated in terms of minimizing adverse preclosure impacts.  This requires
that the set of objectives characterize in a useful way the meaning of - .
»adverse preclosure impacts.” Specifically, the preclosure guidelines
(10 CFR 960.5) specify the factors to be considered in evaluating and
conparing sites on the basis of expected repository performance before
closure. The preclosure guidelines specify three categories of factors:
radiological safety; envircnment, sociceconomics, end transportation} and ease
and cost of giting, construction, operation, and closure. - : .

The preclosure guidelines were used as the basis for constructing the set
of objectives represented by the cbjectives hierarchy in Figure &-1. A :
combination of a top-down and bottom-up approach was used to develop the
objectives hierarchy shovm. In the top-down approach, members of DOE
panagesent identified in Appendix A were esked to make explicit the most
general objectives bearing on the ranking of the sites for the
site-characterization decision. These general objectives pertained to health
and safety, eovironmental quality, socioeconomic welfare, and economic.costs.
The general objectives were then made more specific by asking what was meant
by each, wby it was important, how it might be affected by site selection, and
so forth., As suggested in the e fessional literature, criteria of
completeness, nonredundancy, significance, operationality, and decomposability
vere then applied to refine and improve the specification of lower-level
objectives. The bottem-up approach involved working with DOE technical staff
to generate lists of cbjectives using the siting guidelines and the
“Supplementary Information"” and Appendix IV to the guidelines. The identified
objectives were then integrated into the initial version of the objectives
bierarchy developed from the top-down approach..

As is readily evident, the minimization of preclosure impacts is defined
to be equivalent to achieving to the degree possible the following four major
objectives: : .
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The Eanford site ig least favorable in the categories of public health,
worker health, and economic cost; it {s most favorable in terms of
environmental and socioceconomic impacts. However, in comparison with Yucca
Mountain, a tremendous relative weight would need tc be placed on equivalent
socioeconomic impacts for the sites to be close to equally desirable.
Specifically, for Eanford to be competitive with Yucca Mountain, it would be
necessary for the value tradeoffs to indicate a willingness to increase total.
fatalities by over 30 and costs by over S billion dollars In order to decrease
the equivalent socioeconomic impact by 9 percent of the maximum impact. For -
Eanford to be competitive with any of the salt sites, the value tradeoffs
would need to indicate a willingness to increase total fatalities by over 25
and costs by over 2.5 billion dellers to reduce sociceconomic impacts by 39
percent of the maximum impact. The necessary value tradeoffs would need to be
even pore extreme to compete with the best two of the three sites in kalt.

The implication is that, given the impact data on the sites, a wide range of
value tradeoffs indicates that Eanford is not a competitive site on preclosure

considerstions, N

The same logic as above suggests that on preclosure considerations the
most favorable of the five nominated sites is Yucca Mountsin. Of the four
remaining sites (i.e., all candidates except Eanford), Yucca Mountain is most
faverable in terms of worker fatalities, environmental and socioceconomic
impacts, and economic costs. Because of the possibility of transportation
accidents involving the public, Yucca Mountain has six more statistical public
fatalities than has the gite with the fewest public fatalities (i.e., Richton

fewest (equal to the number at Richton Dome) of all sites. Eence, if the "7

" value tradeoffs indicate that six public fatalitfes from transportation .

accidents are less iomportant than (1) six worker fatalities, (2) over 10

- percent sdditional equivalent sociceconomic impact relative to the maximum, .

and (3) over 1 billion dollars of cost, the most favorable site is Yucea =
Mountain. - : R ST

. As a consequence of the above, the salt sites would be expected to fall -
between the most favorable site (Yucca Mountain) and the least favorable site
(Eanford). Among these, the Davis Canyon site 1s dominated by the Richton
Dome site and essentially dominated by the Deaf Smitk site. That is to say,
Davis Canyon is less favorable than Richton Dome is terms of public
fatalities, worker fatalities, environmental and socioceconomic impacts, and
economic costs. Davis Canyon ic less favorable than Deaf Szith in terms of
public fatalities, environmental and socioeconomic impacts, and economic costs
and only very slightly more favorable in terms of worker fatalities.
Regardless of the value tradeoffs among these categories, Davis Canyon must be
less preferred on preclosure considerations thaa the other salt sites for
almogt any set of values.

Comparing Richton Dome and Deaf Smith, it is clear that Richton Dome is
preferred tc Deaf Smith with respect to both public and vorker fatalities and
economic costs, whereas Deaf Smith is preferred on environmental and
socloeconomic impacts. If the & percent of equivalent socioeconomic impacts
by which Richton Dome exceeds Deaf Smith is less important than (1) two .
additional. public fatalities, (2) two additional worker fatalities, and (3)
€50 million dollars, then the Richton Dome site is preferred to Deaf Smith.
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In summary, with the aggregation of Impacts ghown in Table 4-8, which are
based on relatively noncontroversial value tradeoffs, a preclosure ranking
that {3 likely to be consistent vith a wide variety of viewpoints is Yucca
Mounteain first. followed by Richton Dome. Deaf Smith, Davis Canyon, and
Hanford.

&.5. z" BASE-CASE_ANALYSIS

The axgregate analysis may, for many individuals. produce sufficient
inaight te develop a reasonable ranking of the pominated sites, It is
gevertheless worthwhile to present the complete base~case analysis for three

reasons?

e To verify the implications of the aggregate base-case analysis.

¢ To gain additional insights, especially tkrough answers to “what if"“
questions asked of the analysis., v

¢ To {llustrate the methodology sc that other parties may examine the
implications of different data and of different sets of value
Judgments felt to be appropriate for the problem.

The presentation of the base-case analysis 1s intended to indicate exaetlj U
vhat conclusion: follow from which impact data and value judgment: nnd vhy.~§»**

Table &-9 uses the component disutility functicas in Table 6-7 to coavert,’
the base-case estimates of impacts for each site to component disutflities. -
These can be easily substituted into the utility functioa (Equation 4-1) or:
the equivalent-consequence function (Equation 4-3) to evaluate the gites. The
cooponent disutilities are identical with the base-case estimates of impacts
in Table &-6§ except for the environmental and soclceconomic performance

- measures. 7To calculate the equivalent consequence for a site, Equation 4-3 is

used. For each site, the appropriste K, value from Table &4-7 is multiplied
by the appropriate C; value from Table 4-9 to obtain the
equivalent-consequence impacts for each performance measure in Table 4-10.
The results are sumved by using Equation &4-3 for each site to get the overall
equivalent consequence shown at the bottom of Table 4-10. The expected
utility calculated for each site with Equation 4-1 s alsc provided. Before
exazining these results for all five sites, let us look at the calculations
for the Richton Dome site,

In Table &4-9, the number of nonradiological public fatalities from
transportation to Richton Dome, represented by performance measure X¢, is
S.3. In Table &-7, the value tradeoff K, between units of this performance
peasure and costs {s &, indicating that & million dollars in additional cost
{s indifferent to & statistical nonradiologfcal public fatality from
transportation. Eence, the 5.3 fatalities is multiplied by the &4 million

e o e mg B e
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dollars per fatality to yleld & 21.2 conptribution te the equivalent-
consequence i{mpact associated with performance measure X¢ for the Richton
Dome site (Table 4-10). Regarding sqgfioeconomic impacts (Xi2), impact level
2 in Table &4-5 descridbes that impact{ This has a disutility of 20, as shown
in Table 4-9., The value tradeoff K3 for a unit (i.e., percent) of
socioeconomic impacts is 5 million dollars, as indicated in Table 4-7.
Multiplying 20 by S5 yields the contribution of 100 to the
equivalent-consequence impact for performance measure X1z in Table &4- 10.

The rest of the entries in Table 4-~10 in the column for the Richton Dome site
can be calculated similarly. Summing the equivalent-consequence contridbutions
for the Richteon Dome site for the 14 preclosure performance measures yields
the value 10,173 4o Table &-10. _ .

EX

It 15 clear from Table &4-10 that the Yucca Mcuntaio gite is the most

" favorable of the five sites. The salt gites follow in the order Richton Dome,

Deaf Smith, and Davig Canyon. These four sites are ell significantly more
favorable in terms of equivalent consequences than the Eanford site. In
interpreting tbe differences in equivalent consequences, the reader should
recall that cone unit ig equal in value tc 1 million dollars.

Table 4-11 aggregates the Information in Table 4-10 iz numerous ways to
gain insights into the reasons for the relative site rankings. The first four
rovs aggregate the implications for health and safety, environmental {mpacts,
socloeconcmics, and econcmic costs, respectively. For instance, the sum of
the first eight rows in Table 4-10 provides the equivalent-consequence
contribution from bealth-and-safety impacts (row 1). For Yucca Mountain, the
equivaleat consequence is 83. Row S of Tsble 4-11 aggregates all noneconomic .

' £mpacts. and rov 6 aggregates the environmental and socioeconomic impacts.

Rov 7 aggregates the impacts that might be col!ectively considered as
the detrimental impacts on the pudlic living near the repogitory site. It
includes the health-and-safety impacts and the environmentsl and socioceconomic
impacts experienced by the public near the site. Row 8 includes the health-
and-safety impacts on the workers at the repositery. Hence, row 8 might be
considered an aggregation of the total impact felt by all members of the
community vear a site.

Rows 9, 10, and 11 indicate different aspects of the healtk-and-safety
implications. Specifically, row § refers to the equivalent-consequence
impacts of worker fatalities, row 10 refers to the equivalent-consequence
impacts of public fatalities, and row 11 refers to the equivalent-consequence
impacts of radiclogical fatalities.

Rows 12 and 13 are included because of their potential usefulness in
sensitivity analysis. Rowv 12 aggregates all the health-and-safety and cost
impacts of the different sites, and rov 13 aggregates all the impacts except
for repository costs Xi3.
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4.5.3 SUMMARY OF THE BASE-CASE ANALYSIS

A few implications are readily apparent from the base-case analysis.
From Table 4-9, the Richton Dome and the Deaf Smith sites dominate the Davig
Canyon site on all performance measures except X; and X;. This means that
the ratings for both Deaf Smith and Richton Dome are at least as high and
sometimes higher than the corresponding rating for the Davis Canyon site on
all other performance measures. When the equivalent-consequence impacts are
aggregated into health-and-safety, environmental, sociceconomic, and cost
impacts, Richton Dome and Deaf Smith dominate Davis Canyon. Hence, Davis
Canyon is the least favorable salt gite given the base-case impacts.

Another implication of the base-case analysis {s that the Yucca Mountain
site has & lover equivalent consequence than any of the galt sites. It is the
equivalent of 1,119 million dollars more desirable than the most favorable
salt site (i.e., Richton Dome) and 2,886 million dollars more desirable than
the least favorable salt site (i.e., Davis Canyon). Yucca Mountain i{s the
equivalent of 5,438 million dollars more favorable than the Eanford site.

. Table &4-12 aggregates and ranks the sites in terms of performance-measure
categories. The first column shows that the overall ranking of the sites is
Yucca Mountain, Richton Dome, Deaf Smith, Davis Canyon, and Eanford. The
rankings in Table &-12 clearly demonstrate that no changes in the value
tradecffs (i.e., scaling factors) between the different categories of
performance measures could change the ranking of Davis Canyon as the least
desirable of the salt gites. The Richten Dome site should be preferred to the
Deaf Soith site unless a very high value fg placed on eavironmental and - -
socioeconomic impacts versus health-snd-safety impacts and costs. Similarly,
only an extremely bigh value oa the environmental and socioeccnomic impacts
versus the others could possibly result in Eanford's being ranked anything but

fifth.‘. i

However, one must be careful pot to wisinterpret the significance of a -
ranking., With the racking, the difference in desirability between gites
ranked first and third could be much less than the difference in desirability
between sites ranked tkhird end fifth., Indeed, this is the case with the
rankings ia Table &4-12, as can be seen from row 14 of Table &4-11. Eere, the
difference between the first-ranked Yucca Mountain site and the third-ranked
Deaf Smith gite is equivalent in value to 1,759 million dollars, whereas the
difference between the third-ranked site (Deaf Smith) and the fifth-ranked
Eanford site is equivalent in value to 3,679 million dollars.

4.6 SENSITIVITY ANALYSES

Many sensitivity analyses can be conducted to determine which of the
impacts and value judgments are critical to any implications drawn from the
analysis. This section presents several sensitivity analyses to determine the
rain factors that may influence these implications. The first set of
sensitivity analyses focuses on changes in the impacts from

’
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¢ The relative values of units of enviroazental and socloeccrco
fzpacts are provided by the assessed value tudeoffa {n Table
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Table 4-8. Aggregate description of base—case Vmpacts®

Cavireanent
and
secleeconcales®
(c,viuhnt' X.. €concaie
. Statistical  Statistical of eaximum cost
) publie . workse sacloeconomie {millions
Site « . fatalities fatadsties {epact) of dollarsy)
Richton Ocoe e (1) N 12) 28 {4) $,970 (2)
Deaf Saith 10 (2) 33 (¢) 24 {3) 10,620 ()
favis Canyen 12 (3) 32 (Y 45 (S) 11,648 (4)
Yuecs Mountatin 14 (4) 28 (V) 14 (2) 6,900 (1)
_ Kenford (8 S6(S) sy 14,350 (8)

* The base-casa estimates fros Table €-6 ars caleulated with €quationg

" 4§ throvgh 4-8 and rounded to the asarest unit for each impact category, Mg

auaders 1a pirentheses represent the renking of the site for cach impict

category.

'11\0 aggregatiens fn this celumn use Cquatian 4-7 flrat to convert
2ite envirormental impacts inte equivaleat seciceccnoaic Tmpacts by using the
relative value tradecffs Betwaen cach envirenmental performance seasurs aad

.the secloecencmics parformance messure and then to add these te astimated

secloscanonic iapacts. Th¢ resull 13 the “equivilent percent of maxinua
secloeconcalc Tmpact,® which, when conbined with the O levels of envircnsental
{npacts, has the same desfradility as the set of estimated environeqnta) and

seclosconcuic l-«pn_en.

+
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¢ The relative values of units of environcentsal end socloeconce:
{opacts are provided by the essessed value tradeoffs {n Table

Using thesc value tradeoflfs, the.utility function (Equation 4-1) {s red

u(x;.....xu) w 121 = 17200(KenCoruX2 Xa,Xe,Xe) ¢ KuxCun(x;,x, X5, Xy

¢ XeaCra(xs X100X11,%X12) ¢ KeColx1¥iX14)),

vhere the C repren.ené the agxu;a:eb fopacts on pudlic heslth (PE), wvork:
health (WH), the environment and socloeconomics (ES), and costs ($),

Conlxz,Xe Xe,Xs) = X3 ¢ Xo + X¢ ¢ Xy -
Cun{X1,4X3,X5,Xv) = Xy ¢ X3 & Xg ¢ X9,

' 1 0.2 0.3 .
CeslXs X10oX11X18) = ; Ca(xs) o -;' vCu(xu’) . T_Cl_::(x‘u’) ¢ Cialxie)
Calxisoxie) = x5 @ Xuq, i
o md ﬁn'. Kune Kes, and Ko concern the velue tradeoffs u:on? the !zp.cg -
.  categories. It §s the latter value tradeoffs tbat are so difficult to e
A " agres on, Because the utility function (Equatica &-1) is sdditive, the
Equations &4-S through &4-8 provides a loglcal wey of aggregeting lcpacts
faforoative categories, and Equation &~& provides a conslstent vay of

cocbining these izpacte.

&.5 EVALUATION OF THE NOMINATIED SITES

The {mpacts of the five sites in terms of the performance weasures .
coobiaed vith the value judgzents expressed {a the oultiattribute utilie:
function to provide am overall evaluatien of the desirability of the site
The firet part of this section {uunn the sggregate base-case snalysis.
cooplete bage~-case analysis follove in the second part. Numerous sensit!
analyses involving chsngee in the possible Iopacts and alsc changes in ¢!
gultiattribute utility function for evaluating these izpacts are present:
SGCC%OG 4.6, }4 4{6\- ‘{ AUMELILS o b..rﬁf P ‘.:c .‘,(‘-v;g(;;, .
‘dt"”‘;fc‘L Mtn-- g v de v 2 ee e et e e,

L2 7CS : (R ¥ .

22,

L5 . LS. ACGRECATE BASE-CASE ANALYSTS
h .\' ¢ .
= J The eggregate base-case analysls uscs the base-case impact estimates
o+ ~* “Table 4-€ and the aggregate utility function represented in Equations &=t
£ 5 through 4-8. The first step is to cocbine the base-cise estimates in Tat
=1 4-§ by using the cstegories represented by Equations &-5 through &4-8. Tt

" gesult of this {s given in Table 4-8. Directly from this table soms cett
* poverful insights can be dravn.
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The Eanford s{te {s least favoradle in the categories of public he.
vorkar health, and econcric cost; {¢t s oost favorsble in terzg of

enviropmental and gocloecononie fzpacts. s 2 2

LY 19 ” - r

3 12 233 €, .,
Speciidiextty, gt Banford to be competitive wieh Yubls aounéun'."zt" wou!
ﬂcr'l!‘

nececsary for the value tradeoffs to indicate & willingness to

fatslitics by over 30 and costs by cver 5 billion dollars in ocder to de
the equivalent socioeconomic Impact by 9 percent of the maxioum {mpact, -
Ranford to be competitive with emy~cf the salt sites, the velue tradecft
vould veed to i{ndicate & willingness to Incresse total fatalities by ove
end costs by over 2.5 billion dollars to reduce socioeconozic {zpacts by

percent of the maximus impact. T ? oo
< : F3a sites in 13,

‘The ssme loglc «s adove suggests that ou preclosure considera

’ .mi f cthe five nominated sites is Yucea Mountsain,

ss—excopt—ioulerd)s Yucca Mountxis 1p -
s of worker fatalities, (eunviroenapta] eed gocloacons :
{zpacts, and ecconomie costs. (T the possidilicy of traasportat:’
sccidents laovolving the pudlic, Yucca Mountsia has six more statisticsl
fatalities than bas the gite with the fewast pudlic fatalitles (L.e., R!
Doo¢)., When public and vorker fatalities are cozbined, Yucea Mountain .}
fevest (equal to the nunber at Richton Dome) of all sites, Hence, i€ ¢

alus tradeoffs Indicate that six public fatalitfec froz transportation
accidents are less ioportsnt than (1) six worker fatalities, (2) over U
percent additional equivalent socloeconomic {zpact relative to the maxi:
e8d (3) over | bfll{cn dellezs of cost, the post favorable elte {8 Yuce:

Yountais,

As & conaequance of the adove, the salt sites vould be expected to
betveen the moet favorsble site (Yucca Mountain) W
$8aaford$.  Among these, the Davig Canmyon site is dozinated by the RIC
Do gite and essentislly dominated by the Deaf Samith sfte. That ig to
Davis Canyon 18 less favorable than Richton Dome in terms of public
fatalities, worker fatalities, environmental znd socioeconomic {mpaces,
econoaic costg., Davie Cacyon is less favoreble than Deaf Soith {n tern:
public fetalities, cuvirontental and sociceconcale Impacts, and cconoaic
and culy very slightly moce favorable in terms of vorker fetalities.

Regerdless of the value tradeoffs among these categories, Davis Canyos ¢
less preferred on preclosure considerations than the other salt sites £

slzoet any set of values.

Cocparing Richton Dooe snd Deaf Smith, dt—is—clesc_thet Richten Dor
preferred to Deaf Szith with respect to both public and vorker fatalitd
sconomic coets, whereas Deaf Scith is preferred ou eavironzental and
socioeconomic impacte., If the & percent of equivalent socloeconomic ic

y vhich Richton Doma exceeds Deaf Soith s less important than (1) two
additional public fatalities, (2) tvo additional vorker fetalities, and
€50 211llon dollars, then the Richton Doma aite {s preferred to Deaf So

-.'.'.L:'l
cs e N RIERVER s dvama Lo



In suwmary, with the sggregation of f=zpectes shovn in Table L-§,
£ e preclosure

that {s likely to be consistent vith a vldc variety of viewpolnes {:
Yountain firse, folloved 2y R!ch:on Dome, Deaf Soith, Davis Cuyor?

Banford. ’

&-—P:vv&.. /.'(V« ’*-"f b"""" ke ?"'"fv“f X L U;M,\/ﬁf
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£,5.2 lAS!-CASE ANALYS
. ’c "/-‘f ~l‘¢0~ v

The aggregats analy:h mdy, for many individials, produce suff

imi::/u/\klop ac le ranking of the nocinated sites, Tt
nevestBeless wor 1le to pr {Wu:-cgg, dlysis €

reasouds

¢ To verify the ioplications of the aggregate base-case analy

¢ To gain additional ingights, especlally throu;h ansvers to
' quc(tiom uked of the analylh. L ' o

. “”1'0 illutute tbe uehodology s0 that other part!u nay cu:
{mplications of different data and of different sets of val .
judxmnu falt to be nyproprhte for tbe problen. :

The presentation of the base-case mlnu is intmdcd to lndicatc e
vhat conclusions follow from whichk impact data and value Judgments a

Table 4-9 uses the component diszutility finctions {n Tadle &-7
the beac-case estimates of fcpacts for cach eits to cooponent disutd
These can be casily substituted {ato the utility funceion (Equation
the equivalenteconsequence function (Equatica 4~3) to evaluste the &
conponent disutilitice are {dentical with the base-case esticates of
{a Tadle &4-6 except for the environzentsal snd soclceconcmie performe
oeagures. To czlculate the equivalent cocsequence for a site, Equst
used, For ecach site, the sppropriste K, valua from Tadble 4-7 {g eyl
by the appropriste C; value froa Tedle 4-§ to cbtain the
cquivalent-congequence impacts for each performance messure ian Tadle
The resulls are suzmed by using Equation &-3 for each site to get th
equivalent consequence ghown &t the botten of Table 4-10. The exjec

“utility cealeulated for each site vith Equation &4=1 ig alsc provided.

exenining these results for all five sites, let us look at the calcnu
for the Richtou Doco site.

[

Ia Tadle 4-9, the nusber of nonradiological public fatalitles §
traosportation to Richton Doce, represented by performance cessyre X
$S.3. Ia Table 4-7, the value tradeoff K¢ betveen units of this pect
oessure and costy is 4, indicaticg thet & million dollers in additioe
is ipdifferent to & atatiuical nonradioclogical pudlic fatality from
transpoctation. Eence, the 5.3 fatslities is wultiplied by the & of

. . ~..-.-.': 3 eett,
cabgee o oS My vea®ie® i~'-:£‘.‘r¢"ﬂ".-'5s".-.'nw




Table €-9. Base-case component gigytilities of ncainated sitey¢

Mrfcruaéo Kessurse Richton Ocma  Deaf Smith Oavis Canyon  Yycca Mt,

Xy e repository worker 2 2 4
rsdiclogical fatalities

Xo ¢ pudlic radicloglcal 0.7 0.$ 0. 0.1
fetalities from
repository

Xy s repositgry-worker acn= 22 29 . 2?7 1]
radiological fatalities : =

X, « public neaﬁdiolog!a!' 0 [ 0 : [}
fatalitites froma ‘
repesitory ‘

X3 s transportition-worker 0.52 .64 0.73 6.81
redlological fatalities

X¢ « public radiatogfca) 2.4 2.9 28 4.1
fatalities from : : .
trensportation

Xy = Aransportaticn—worker .) 1.6 (A 2.5
aen~radielegical : v
fatalities . » _ ‘

Xe 3 public nonradiological s.3 » . 6.2 » . e.e 16.2
fatalities from e ) .
transportation . _ . ‘

K¢ = assthetic !npcct-: 13 ' 3 we ‘ B 1

Xiq « archaeclogical 3 i .86 o n
(opacts .

Xis = blalegical iepacts 18 L S 9 e

Xes = socleeconcaic 20 16 (- s
fepaces :

Xig = repository cest 9,000 9,500 10,480 7.500 12,

Xie & trangpertation $70 1.120 1,240 1,400 1
cost

Component disvtilities are caleulated by substituting the bise—cass estimates af iw
shewn In_fcbh 4.6 tato Lhe component ‘iwtdity functien ia Table &7,
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dollars per fatallty to yleld & 21.2 contribution to the equivalese
consequence {opact associated vith perforzance meesure X¢ for the 2
Doze site (Table 4~10). Regarding socloeconcalc impacts (Xii), {=p.
2 {n Table &=5 describes that ispact at Richtcn Dome, This hag a ¢
of 20, s¢ shova {n Table &-9, The value tradeoff Ky: for a unit (i

. percent) of socloscononic {mpacts is 5 million dollars, as {ndicacec
4-7, Multiplyiog 20 by 5 ylelds the contribution of 100 to the
equivalent-consequence {mpact for performince sessure Xy in Table ¢
The rest of the entries in Table 4-10 {n the column for the Richeon
can be calculated similarly., Summing the equivalent-consequence con
for the Richton Dome site for the 14 preclesuse pcrfomnce Bessures
the velue 10,173 {n Table &-10. et

It is clear from Table 4~10 that the Yucca Mountala site is the

' favoradle of the.five sites, The salt sites follew in the order Ric!

: Deaf Smith, and Davisg Canyen. These four sites ase ell significent]:

favorable in terms of equivalent consequeaces than the Eanford site.

iaterpreting the differences in equivalent consequences, the reader :
recall.that one unit {g aquzl fn velue to ] millioa dollers.

Table &~11 aggregates the information iz Table &4-10 {r numerous

gsino insighta intec the reascns for the relative site rankings. The f
rovs aggregate the implications for health god safety, environzental
socicecoconics, aad economic costs, respectively. For inmstance, the
 the first eight rows in Teble 4~10 provides the equivalent-congequenc
contridueicn froa beglth-snd-safety Impacts (rov 1) For Yucca Mount
equivalent consequence iz 83, Rov S of Tadle &-11 aggregstee all con
{ppacts, aad gov & n“rcgatu the environ:onul and socloeconozlc fap

Rov 7 aggregateg the lnpaéu thst a!ght be collectivcly conddcr
the detriocental impacts ca the public living near the repository site
includes the bhealth~gad-galety impacts snd the environzental and socic
{mpacts experienced by the pudlic near the site. Rov 8 inmcludes the t
acd-eafety iopects on the workers at the repository. Eence, rov € ei;
considered an sggregation of the total imzpact felt by all members of ¢
comouaity mear a site.

Rows 9, 10, and 11 indicate different aspects of the health-and-:
fzplications. Specificsally, row 9 refers to the equivalent-consequenc
inpacts of vorker fatalities, rov 10 refers to the equivalest-conseque
impacts of public fatalities, and rov 1l refers to the equivalent-cons
ispacts of radiological fatalitles.

Rows 12 and 13 are Included becsuse of their potentisl usefulness
gensitivity analysis. Row 12 aggregates all the health-and-gafety and
fopacts of the ¢ifferent sites, and rov 13 sggregates all the {spects -

for repcsitory costs X3, a‘ﬂﬁ |
Tl 4") 5, dot Tjgmﬁ 0t
e (%) ‘ULHYOS ‘)Wf

[/

e,

4
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/ Table 410, Case-case ;quivcl.n;-conscqucn:c lapecss
/ Perfoarsance :
Maasure Riehton Doms  Ocaf Saith  Davis Canyom  Yucca My, ¥
/la 3 reposttory—~orker F 3 F] 4
radiglogical fatalities
logicsl 2.8 2 6.4 0.¢
" f3cilitles) from .
X3 s repotitory—wgrier non- 7 3] a 18
redielogical fatalities e
X4 w publte acnradiolegical ¢ ¢ 0 ]
fatalitiss froa
repesitery
X3 e« transportaticn-workse 0.52 0.84 0.73 ¢.8! '
radiological fatalities .
Xy « public radiclogics) 9.6 11.6 4 16,4
fatslities from . :
transpartatien
Xy « transpertaticn—arver 1.3 1.6 2.1 2.8 2
: aonradielogical ‘
. fatalitles \ ]
Xe « pudlic ncarsdiclogical 21.2 .8 33.6 .8 <
« . fatslithes froa. . S }
‘ transpertation :
Xe = testhetic lupacts R 3 00 ‘33 3
Xye & archasolagical . 1.2 , 2.4 "2 4.6 ., 1
. tepscts i
i A s blolegical fmpacts’ 4.3 3.6 e.7 3.0 )
i3 = socloeconcate 100 80 " 100 30 1
{mpacts. .
i3 = repository cost $.000 9,500 10,400 7500 12
Xy4 = transpartaticn s0 1,120 1,240 1400 ]
cost . .
Tota) equivatent tepact 2 10,173 10,813 11,940 5084 t-
Cxpected wtility — 0O 70.13 66.54 61.30 75.73 &8
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Table €-11. Basp-csse equivalent-conseduence "P“H oF varigys
aggresations of garformance messures’

Perforastce L )
Row wsagyre ’ Richton Oone Oeaf Smithn  Oavis Canyon  Yucca N, w
) Health aad safety 1 4 & &3
< {Xs through X¢) o . .
2 Eavirgneent 3 3 . a2 L Q
(Xe through X4} . :
3 Secleaconomics - 100 80 100 k] ]
(Xea)
4 Ceosts 9970 10,628 11,848 8500 1
.(!" through Xie) . o
§ Noacosts 203 ' 193 = 00 T84
+ (Xy through Xqg) .
6 ‘Cavirenmant and 139 1e 220 n
sccioeconcmics
. (Xs through Xeg)
@mm neae aite i . o . o n
X *ihreugh Xoa) T
@sm scts. n 152 249 $3
(X' NUQH Xoo
Xe through X¢g . . »
9 Morker fatalittes N -+ S | R 2
(‘lo ‘.l x.o x' “
10 Pudlic fatglitias u 40 - a3 58
. (xlo Xeo Koo !.) .
1 Radieloglcal fatalities TR € 0 2 a
(X xto xtn !l, ) '
12 Fatalities and costs 10,034 10,694 1n,720 8583 1«

{Xy tﬂf‘\lqﬂ Xeo
Koy through Keo)

13 A1 excapt repositery ny 1313 1540 1884
cost (X. tthUih X".X..)

14 A1 agssures
(X theeugh Xy4) 0,173 10,843 11,540 9084 14,

SThe nuabars fn this tadle represent nulu‘lut-cms«ucnu impacts rounded te th
asgrest vnlt X

4y o Pfjw

7:30 pa 06/18/86

: IRNRER sty + SR R X P I P

ORArT MLGLO 42 43

®n e P
-



. 4.5.3 SWMARY OF T3E DASE-CASE ANALYSIS | o cont

. o
. A fev implications are readily apparent fr3a the buc-cu%gnuye
" From Table 4~%, the Richton Dome and the Ceef S=ith sites dexSxte the
Ao Canyon site on all performance messures except X; and Xs. This ceans
e the ratings for both Deaf Smith and Richton Dooe are at least as high
. v sometisas higher than the corresponding rating for the Davis Canyon si
-}U’ all other performance measures. Wwhen the equivalent-censequence impac
aggregated into heslth-and-safety, env EW’M socloeconoic, and ¢
\  Iepscts, Richton Dose and Deaf Smith e Davis Canyon. FEence, Da-
8}"&% Canyoa 1is the least favorable salt site given the base-case izpacts,

‘qg . : Another implication of the bLase~case analysis g that the Yuycca Mc
site hag & lover equivalent consequence ¢ g a8y of the salt sites. It
7/¢4Quiulen: of 1,119 oillicn dollars .ml:é_Zm:ﬂ‘ - ¢ than the moge favors
salt gice (4.e., Richton D°‘°°)J anex 2,886 milllon dollars muéfomik

the lesst favorable salt sice (i.c., Dm’gs Canyon)}‘ TuserHoTITT e
WS.UB eillion dollars anrd”fL:0rg2ty than the Eanford sit

Table &4~12 aggregates and ranks cthe eites ia terms of performance-

categories, The first columa shows that the cverall rasking of the sit

Yucca Mountain, Richton Dome, Desf Samith, Davis Canyon, and Eenford. T

raskiogs in Tadle 4-12 clearly demonstrate that no changes in the value
. tredeoffs (1.e., scaling factors) between the different categories of
N perfornance measures could change the ranking of Davi g op s the le.
‘6\' desirable of the salt sites. The Richton Doce site M
Deaf Scith gite unless & very high value fg placed en eavironmental end
socioceconomic impacts versus heslth-gnd-safety I=pects and costs. $i={:
" only ea extremely high value on the environzectsl and scclceconcuic i=pe

: % versus the others could possidly result in Zanford's Yeleg rankez esr

‘A Cifth. ) . ' A

. \){‘ Bowever, one must be careful noﬁ to n‘!sin:er;'::it the dg-nificnnu"c
WJ })’ rankieg. With the ranking, the difference in desicadility Letveen sites
& cacked first and third could be cuch less thsn the difference {n desiral

ﬂu . between sites ranked thicd and £{fth. Indced, this {s the cese vith the

Y] " rankisgs io Table &-12, ag can be scen from rov 14 of Tedle &-11., Eere
\’\ difference bLetveen the first-ranked Yuccsa Mountalr site and the third-cs
Desf Szith site is equivalent in value to 1,759 million dollars, wheress

difference between the third-ranked site (Desf Soith) and the fifth-rank
Beaford eite 16 equivalent in value to 3,679 oillion dollers.

4.6 SENSITIVITY ANALYSES

Many sensitivity analyses can be conducted to deterzine which of the
{mpscts and value judgdents sre critical to sny i=plications drawvn fro= t
 analysis: This section presents several sensitivity analyses to detern!:
gain factors that may influence these Implications. The first set of
seasitivity analyses focuses cu chznges in the fcpacts {rom

DRAFT MLGEO &2 A L-34 7:30 pa 04/15
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.6.4 OTEER SINSITIVITY ANALYSES OF TIE SET OF OBJECTIVES

Sectiocs 4.1 and 4.2 presented the basis for gelecting the ob 1,
essoclated perforzance cessures used {n this analysis. Az explalne:
Appendix G, other potential objectives vere not f{ncluded because ie
that their foclusion would not affect the implicacicns of the analy,
objectives concerned nonfatal health-and-safety effects (e.g., illne
injuries), and another objective concerned the socioeconomic impaceg
transpocrtation system. The possible ipplications of {ncluding these
objectives in the analysis are nov considered with a knowledge of th
results,

The nonfatal health-and-safety effects are likely to be highly
vith the fatalities., Thelr inclusica would therefore have {zplicati
similar to thoss from a grester value being placed on fatalities, T
11lustrated in'Tadle 4-18, the inclueion of nonfatal health-end-safe
should not affect the implicatlons of the analyses.

The socloeconomic {mpacts of waste transportation &re probably ¢
related to the total nusber of ciles traveled to deliver wvaste to the
repository and bence to the transportation impacts. These {opacts,
tepresented by performance messures Xy through X: snd X,¢, have the ¢
racking as the overall impacts for the salt sites and Hanford, The
socloeconomic izpacts of veste trassportation to Yuces Mountals could
slightly greater than thoge assoclated with the salt sites. Given tb =~
differences in desirability as indicated by the equivalent—coosequenc
in Table 4-10, it 1s unlikely that there would be any change ia the r
the sites. . : C " L o

Ve
4.7 CONCLUSIONS FROM TEE PRECLOSURE ANALYSIS “ ;»

Before dlacuseing the conclusicne for tﬁe cverall preclosure ana.

QaXZor i s mehsineer inforvation was presented {n Section 4.5.2,
[ [§

2 Teble A‘!lo

1ﬁpart£culat in Tablesg 4-11 and &-12, bux__2,"=ggg;sn;1£1£_££2£2£:2f%é!
Soz tha digcusetonr S the overall preclosure resuLly,

Row 1 GRTable 4-23 shove that the relative ranking of the nozin:
sites on preclodure radioclogical sefety is Richto oe, Deaf Smith, {
Canyon, Yuces Moundeln, sad Hanford. The diffsr€nce Yetween the firet
ed site 1z equivale 0 1S radiological fatall
ely attridutadit to transportation,

the relative ranking of siteg on v
adiologicsl) 4s Yucca Mountein, Richt

The Yucca Mountain sfte is¢ gli
ich are btarely distinguishadle ¢:r
less favoradble., This
oradiclogical fatalities 1
£), which, in turn, ref
ruction end operatio

alt sites,
aford site s
nce s attridbutable to
repository vorkdrs (moatly {rom iining acel
the larger la¥or requirements for repository co
Banford site.

preferred to the thre
snother, while the
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Sasa-cise eQuivaleant-consequence hpuu for variayg

Tadle £-23.
ssgregations of perfarvance metsyres®

Richton Oeaf Oavis Yucca
Rew Performanke—nesture catagory Gowse Smith Canyen Kountsia
1 RadlologicalPatalittes (X,, X, 11 113 1} 22
o Xeo Xo) — — -
& _ vorker fatalities (K., X5y %y, 3 3 32 b
T L ] _ o . o
3 ’h;a;c fatalittes (Xe, Xoo Xe, ” @ @ s
e
4 HesIth and safaty (X4 threugh Xy) &4 74 &0 €
-, S  Cavironment and 3eciosconcmics 139 119 226 n
(X. ‘h'ﬁ\!’h Xy ', .
6 Pudlic near tite {Xy, Xoo Xeo 2 12 220 n
threugh Xva : :
1 St lapuu (X, thrwgh Xy Xo m 152 249 %3
' through X
8 Koncests (Xi through Xig) 203 193 300 154
¢ Noacosts and transpertatica costs © 1173 1313 1843 1554
o (X through Xygs Xs4) .
16 Koncosts and ragository costs 9203 683 10,700 7654
: Xy through Xeg, X4y
11 Noncasts and totsl ceosts, f.e., 10,123 10,813 11,940 9084
' 21) weasures (Xy through Xee)
Sthe avabers 1a thls table represent the equivalenteconsaquence Impacts rounded to
unit, :
- C&v \s g
- 3 ’a ...' N
«~% e
NKQ,L \"'
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e

tenges cstizated for possible iopacts, the relative ranking of site,
in the base cage ig totally insensitive to any changes in the level o -
icpacts, except for costs. The ranking fs Insensitive to any reescra:
changes {a the value judgments or in the for= of the utility function

Becduse the cost differences among sites are {n che billlonsg of
costs havd & etrong influence on the overall preclosure ranking. Hen

scens prudknt to examine the potential for significant overlsp in tot
cmamse bha aVoaa Tav avamnlse. {f the cosls C‘tln&!ed fgr the gﬂntord

- - Aol .
..".!-". “I® aenim s v
M - - - .

Banford 1s tbe fartRest f[rom the sources of weste. vtner.aiguiy corc:
components of transpofQation costs include fuel sad lebor rates. The
velationsbip of repocitdgy costs at different gites 19 'leces obviocus b
preeent uicertainty abouthunderground conditicns and’consequently rep
desige. However, gomec majdr repository costs are positively correlet
the eites. Future labor rales and costs for power are direct cozpone:
costs that would likely have\a eimilar influence on repository costs .
sitess ladizectly, technologigal advances for ainking large—diaseter
or changes in regulatory requilements are examples of cauges that lea:
correlated repository coats. g, the llkelidhood that the relstive

repository costs &t Hanford, for ple, would be lover than those o
otber site s aleo probedbly very 1O . .~ - o o DL

vith che fnsight provided by the dqgalysis, {t {s casy to explain
understand the results, ALl of the sited bave some undesireble
health-and-safaty, environmentsl, and socideconcaic Impacts. Becsuse
{cpacts are {mportant, & larger nusber of poXeatial sitee¢ have been p:
screened to-reduce such potential iopacts frod .4 tepository, and emit!
peasures would be implemented to wminimize them kgt any site developed
repository. Both the screening and oitiggtion tknd to reduce both th
of icpacts and the diffecrences {n such Impacts ng sites. Ko snale
procedures have been ecployed for costs, vhich do have very significa
differences ({.e., billicus ot dollars) in estimated,

Eanford 1s thc".!eut. desfrable site because its ¢ ormously great
and greater health effects are not compengated for dy idq relatively
advantage . in environzentsl and goc{ceconcalc {mpscts, -

¢ has tbe 1dveat envizronmental and socioeconomic impacts and‘\c less
expensive &f core than 1 billfon dollsrs. These advantages far“outve

Tuces h?é\.tain is the oat desirable site of the cther
sligbtly gtecter hulth-mdagfcty impacts.

salt sftee must fell between Yucce Yountaln and Eanford. Da-
Casyon{ the fourth-ranked site, is least desirable {n terms of
health-and-safety impacts, environmental and gocloeconceie {mpacts, &
costd. Richton Dome is slightly prefersdble to Deaf Scith ia teras of
heg{th-and-safety impacts and slightly less desirsble {m terzs of =
eavironzental &nd gociceconomic impacts, but the costs estizated for '
Spith are 650 million"dollars higher thaa those for Richtom Dome. TR
ichton Dowe {1z the site ranked gecond, and Deaf Saith is the gite ra

/thlrﬁ.

DRAFT MLGEQ &2 4-55 727

Al s N P L PO LT "




 DOCUMENT vy

. The most i{mportant factors that affect the nuober of postclosure te.

- effects are the number of people exposed (the population at risk) and .
radiation doses each person receives. Radfation doses are assumed to ¢e '
on radiosuclide releases to the accessible environment and the transpore
retardation, dispersion, accumulation,” and uptake of the released
radionuclides along a variety of environmental pathways. These pathways .
determine the doses received by people from Ingestion, inhalation, oc
{omersion and are the factors designated 19, 21, 22. 23, ete., in Figure

Although the ingestion, inhalation, and inmersion dose pathways in :
sccessible environment are sbown on the influence diagram for completene:
evaluations of the factors influencing the sccessidle eavironment over ti

'252? .. mext 10,000 to 100,000 years are icpractical. -a4*ﬁeeeh—%hoce—cay—bc_c;a:

ated relecses € the s
enviconment.,

Factors 23, 24, 31, 37, and 38 in Figure B-2 represent a sizplified
{1lustration of the defense {n depth provided by the wultiple barriers of
 geolegic repository. The right-hand side of the performance easure scal
vag developed to provide a basis for estimating cumulative releases by
evaluating the factors that influence the releace and transport cf
radionuclides tbrough the engineered and natursl barriers of a geologic
- grepository. For example, cumulative releases to the accessible environze
are influenced by the quantities of radionuclides that are transported th
. the natural barriers in the controlled area to the accessible environnentA
. duging the period of interest.. : B S

The types and quantities of tad!onuclides transported and the period
tize over which transport occurs depend chiefly on the radionuclide-
travel tioe, the ground-vater flux, and the geochemical conditions of the
geohydrologic units in which transport occurs. The radionuclide-travel t
may depead on the ground-vater-travel time if ground water is the primcip
transporting oedium and on the processes that retard the sovement of the
dissolved radionuclides in relation to the movement of the ground water.

. of these factors is determined by the type and characteristics of the
ground-vater pathway and the postclosure characteristics of the natural
barriers (e.g., bydraulie gradients. conductivity, effective porosity, an
geochenistry).

The radicnuclides transported through the natural barriers originate
releases from the engineered~darrier system. The types and quantities of
radionuclides released from the engineered-barrier system are related to
behavior of the engineered-barrier system and the rate of release for
fndividual radionuclides. The behavior of the engineered-barrier system
(e.g., the response to the thermal pulse introduced by the emplaced wvaste.
releted to the design of the engineered-barrier system (e.g., waste-packa;
spacing) and any changes in the engineered-barrier system that are inducec
disruptive processes and events (e:g., the breach of waste packages by fau
displacement).
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Chapter 3

POSTCLOSURE ANALYS!S OF THE NOMINATED S1133

As descridbed in Chapter 2, the formal decision-analysh mr2nd Yaown. as.
rultiattridbute utility analysis was applied to obtein a quaoiitluiiwme
comparison of the five sites nominated as suitable for characlerizmwienm. e
application independently evaluated the estimated performance «f x ze3amitery
at cach potential site before and after closure. This cha;u:r decrries; Lie
analysis of postclosure performance. o - .~.'._

. The components of the postclosure analysis are presen:ca in a.‘le,' varicus
sections of this chapter. Section 3.1 descridbes the objectims srilmaad o
guide the analysis. Section 3.2 summarizes the performance messsimen dbffitmed
to quantify the degree to which these objectives are achiexwdl. Serciom 23
discusses the scenarios, or sequences of processes and everis, 1iaX aguld
affect the postclosure performance of a repository and the fudpmenaal
probabilities assigned for each scenario at each site. SexTimr 3.4 desexides
the performance estimated for each site, expressed in terms of praxfermance
peasures, for each applicable scenarfo., Secticn 3.5 descrides Tda
pultiattridbyte utility function developed to integrate the voxiams sssessmnt
into an overall postclosure evaluation and the variocus valie hidipreass for 14
aoalysis. Numerical results and sensitivity analyses are gremated fm Skoeic
3.6. Finally, the conclusions detived from the postclosum anal'ysis. ace

sumarized in Secticn 3.7.

3.1 OBJECTIVES

As noted in Chapter 2, a multiattribute utility analysSxc Zg ¥ased ons tie:
premise that the relative desirability of a site is determ@ind k3 vie exeac
to which the selection of that site would achieve the siting edfpzaives.. Te
{icplementation of this logic requires that site-selection abjuzaSwrys. lis ounfs
explicit., For this reason, specific statements of perforvmuce cliipctives fm
tbe long-term period after repository closure were develcoged. Frstnlomure
objectives establish the basis for judging the suitability of a sfme &Tner
repository closure and guide the specification of quantitztize pofrnsmme

measures.

Objectives may be stated as very broad and general ge=ls, such ax
pinicizing adverse fmpacts on the health and safety of the zudlir adtex
closure, or as specific objectives that must be achieved iv ord= fax tlim
general objectives to be achieved, such as minimizing the mwnther f Hewluk
effects attributable to radionuclide releases from a repisitory. Ko cie
application of a multisttribute utility analysis, specific #=d mlailvely

detailed objectives are required.
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Af/?’uthough there may be clear differences among the mominuzed sitax

pathways to the biosphere, the preliminary performance asorssmees rupes
the environmental assessments (DOE, 1986a-e) show that 1ie releusns vy =
accessible environment over the next 10,000 to 100,000 pezrs shruld be
relstively ingignificant. Indeed, the ground-water travel tine estsime.
the environmental assessments indicate that radionuclides selarsed Srom
engineered-barrier system are not expected to reach the greuod sirfage a-
discharge into surface-water bodies during this tice periof. LilZely gax
to the biostirere would, therefore, consist of wells or btorimgs @El'lerd £
vater or for mineral exploration. For both of these patiaays, selanses s
the controlled area have been evaluated in the x v

well 3c-the postglosure_analysis described here and in Chagcer P. ~Frray
soacon-and—for fonsisten f) ith the EFA and the NRC regolatimms, tRe: IXE"
approach to site evaluations,is based on comparing the cumrlatisa pmifioru
releases to the accessible environment against the EPA relicse limies.
Accordingly, the DOE has not evalusted differences among the sitss winh
respect to pathways to the bioqﬂgere within the accessiile exviiannmwens.

o e DS TRE ...
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Table &-26, Summary of tha base~case andlysis

Lquivalent-consequeng

Site Capected utility fmpacts
Yucca Mountaina 7!.?', 9.05¢
Richton Oome 70.1 ' o 10,173 .
Csaf Saith, ‘ £6.9 10,813
Davis Caayen €1.3 11,540
Hanford 48,5 14,492




2 = casbs 2. 5770 PN TS BERCTY I S Y

heslth-and-safely {opactsils Richton Dore, Deaf Soith, D on,
Mountsin, sod Haoford., In terms of equivalent-consequexce impacia, t
difference belveea the cltp ranked first and the fourgh (19 equivale
fatalitics) Ls about half phe difference betveen the fites ranked fou
E16eh (37 efuivalent vorkel fatalitles).
Row'
. the envirgnoental &nd sociceconomics perforzsnce meajures is Eanfoird,
Mounteinf Deaf Soith, Richtdn Dome, and Davis Canycfl. The difference
the sitcs ranked fourth and\fifth, Richtoo Doze snd Devis Canyon,
respectively, 1s oost significant, equivalent to 8f milllon dollses \,
percenf of the difference bedveen the fizst- and yne fourth-ranked ai
ow 6 of Table &-23 ghovs\that the reletive/ranking of sites on ¢t
iopalts that would affect the pPyblic in clese pyoximity to the site is
Esnford, Yucca Mountain, Deaf Saith, Richton Dghe, and Davis Canyog—t
vironmental and socicee

d the fifth—that i3, Richten Dooe\gad Davys Canyca. If effects on
re included, the renking remsine the sama (tow 7, Tadle &4-23), .
 If all moncost pecformance weasures &re sgrregated, se—in—ftovG-o
Lel3y the relative ranking is Renford, Yucca Mountain, Deaf Saicth, Ric
Dooe, and Davis Canycn. 4galayJhe oost significaat differesca is bat
sites ranked fourth and fifthg this difference {s equivalent im value
pillion dollers. This difference is larger than that between the firs
the fourth ranked sites (equivalent to 61 oillion dollers), This rank
changed drastically by the additicn of costs. When traceportation cos
/ co5b1ined vith the noncost performance measures, the ranking becomes Ri.
Dose, Deaf Salth, Davis Canyon, Yuccs Mountals, and Eenford (row 9, Tal
4-23). When repository costs are combined with the noncost performanc:
oegsures, the ranking decoces Yuccs Mountala, Riehton Dome, Deaf Soith
Canyon, and Banford (rov 10, Table 4-23). When both tracsportation an
repesitory costs are cocbined with the noncost performance meagures (4
perforzance messures ere considered), the rasking is Yucea Mountain, R.
Dove, Deaf Smith, Davis Canyon, and Eanford (rov 11, Table 4-23). :

With these rankings on performance-measure categories in mind, the
. conelusions for the overall base~case analysis and the sensitivity anal
i/ can be sumsarized, A )

The base—case anzlyeis, summarized o Teble &-26, shows that the ¢
ranking of sites on all preclosure iz Yuccs Mountain, Richton Dome, Dea
Soith, Davig Canyoa, acd Eanford. In terms of equivaleot-consequence {

v the difference betveen Yucca Mountaia and Richton {g the equivalent of
oillicc dollars, betveen Richton Dome and Desf Saith 640 willion dollsr
betveen Deaf Scith and Davis Canyon 1,127 oillfon dollars, and betveen
Canyon and Hanford 2,552 million dollars., M&w
mwﬂtcﬁrmwm-m—kmhmw

The stabilfity of the base-case results vas exazined by gensitivity
analyses {nvolving changes in the level of {mpacts, in tha velue Judg>c:
and In the form of the multiattribute ueility functican ftself, wWithin .
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Figures 3-11, 3-12, and 3-13 skow how the expected postclosure utilic?
for each site depend on basic uncertainties and value assumptions, Flgure
3-11 shows the range of expected postclosure utilities as the scores for e:
site are simultaneously varied from the high to the low estimates in Table
vith the probabilities of scenarios kept at the base-case estimates. Figur
3-12 shows the range of the expected postclosure utilities as the
. probabilities of disruptive and unexpected-feature scenarios are
sinmultanecusly varied from the high to the low estimates given {n Table 3-3
with the scores kept at base-case values. Figure 3-13 shows the range of t
expected postclosure utilities as scores and prodbabilities are simultanecus
varied from optimistic assumptions (high scores for the sites and low
probabilities for disruptive and unexpected-feature scenarios) to pessimist:
assunptions (lov scores for the sites and high probabilities for disruptive
and unexpected-feature scenarios),. .

Figure 3-14 shows the effect of assuming increasing aversion to risk.
obtain these results, possible outcomes involving high releases were given
greater weight through the use of an exponential function whose effect is
determined by a parameter called the "risk-aversion constant.” Chapter & -

- describes the method in more detail. When the constant {5 set to zerc, no -
risk aversion is assumed, and the results are identical with the - _
expected-value calculation. Increasing the value for the coefficient adjust
" the utilities to sccount for greater aversions to the possibilities fnvolvin
high releases. Although risk aversicn alters the relative utilities, {t doe -
not change the site rankings. The y-axis in the figure is expressed in term’

"‘.i of cqu#valépt ;glggses,  ;

Figure 3-15 shows the effect of changing the assumption that the
single-attridute utility functions are linesar in cumulative releases. The -
effect is tc intensify (or reduce) the impact of scenarics, but the ranking -
sites is oot changed. Thus, if the utility function is curved in such a way

_that the marginal value of reducing releases is greater vhen releases are lo
than it £s when they are high, the sites with smaller nominal releases attai: -
pore favorable expected utilities. Sensitivity analysis shows that the ‘
effects of such curvatures cn expected utilities are extremely small,

As explained in Section 3.3.1, scenarios involving disruptive processes.
and events considered only the processes or events that might occur during-t:
first 10,000 years after repository clesure. To check the effect of relaxin
this assuwption, the expected postclosure utilities of the sites were
recomputed with the probabilities of disruptive scenarios increased by a
factor of 10. Such an assuvption would tend to overestimate the effects of
disruptive processes and events that might occur during the first 100,000
years because, although this period is 10 times as long, disruptions occurrin
10,000 to 100,000 years after closure are unlikely to preduce cumulative
releases as large as they wvould if they were to occur in the first 10,000
years. The results, shown in Figure 3-16, thus provide & conservative
estimate of the effect of considering disruptions beyond the first 10,000
years. As indicated, there is little effect on the expected postclosure

vtilities.

The scaling constants k; and k; for iarly and late releases,
respectively, reflect a value judgment about the relative importance of early
and late releases. As shown by Figure 3-17, the Davis Canyon and the Richton
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Figure 3.15. Sensitivity of expected postclosure utility and equivalent
releases to varying assumptions on the curvature of the single-attribute utility

function.
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Porme sites are not significantly affected by the values-of the scaling
constants, gince estimated releases per 10,000-year interval are approxirmatc
constant, The Deaf Smith and the Yucca Mountain sites are slightly affectec
and the Hanford site is more strongly affected. As the scaling factors are
changed to increase the importance of later releases (i:e.. from k; = 1 and
ks = 0 to k; = 0.1 end k3 = 0.9), the latter three sites decrease in
expected utility. However, the rankings do not change, and the relative
differences betveen the sites are not significantly affected. The magnitude
of the effects is much less than that produced by varying the probabilities
- geenarios or the scores of the sites. ,

As explained in Section 3.4.1, the releases from & repository at variou.
cites vere estimated with the aid of constructed scales (Figures 3-3 and
3-4). These scales establish a correspondence between the hydrologic, _
geochemical, and geomechanical characteristics of 2 site and the radionuclid.
releases. As noted in the discussion of these scales, the releases
corresponding to any given set of site characteristics could be 10 times
higher or lower than the estimates given in the scales. Figure 3-18 shows tt
effect on the expected utility for each site as the releases are varied by a-
factor of 10 above and below the levels showm in Figures 3-3 and 3-4, = .
Although the éifferences among the expected utilities change, the ranking of .
the sites does not change. : T .

e SR

"7Fﬁ‘i;£5;-5;-v; 3.7 CONCLUSIONS FROM THE POSTCLOSURE ANALYSIS
~ A puzber of conclusions can be derived from the base-case expected
utilities, the ranges of uncertainty in releases, and the gensitivity
- analysis. ia:hapszﬁSst striking is that all of the sites are expected to
perforn extremely well and are capable of providing excepticnally good waste
isclation for at least 100,000 years after repository closure. As already
mentioned, this finding is consistent with other studies of repository
performance at carefully selected sites. When placed on & scale vhere 2 0 ca
be interpreted as performance at the minimum level required by the
primary-containment requirements of the EPA standards and 100 is perfection,
211 of the sites have expected utilities of 99.7 or bigher. This corresponds
to an assessment that all of the sites are as desirable as & site vith an
aversge release rate that is less than 0.00) 7z.tbe EFA iigit for 10,000 year
ek b5 e i,

The sanalysis chows that, under sgméﬂdii?uptive scenarios and pessimistic
assunptions, it is possible for a site to have releases that are a significan
fraction of the EPA limit. At the salt sites, releases could be as high as
one-tenth or so of the limit; at the nonsalt sites, releases could be equal t¢
or greater than the limit. FKowever, the probabilities of scenarios producing
these higher releases are judged tc be extremely low, only & few chances in 2
thousand at most.

From the relative ranking of the sites and estimates of uncertainty, it
appears that the postclosure performance of a repository at the Fanford site
would be slightly less favorable than that of a repository at the salt gites
or at the Yucca Mountain site. The principal bases for this conclusion are
technical judgments regarding the potential for waste dissolution,
radionuclide travel time, and the possibility of the existence of unexpected
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features at the site. It must be kept in mind, hovever, that the release
estimates are very low, and the utflity differences among the sites are
extremely small. The probabilfties of the various possible postclosure
releases and utilities (Figure 3-9) indicate that there is ors chance in f;
to one chance in ten that 8 repository at the Hanford site would actually t
2 lower level of releases than & repository at any of the salt sites.

Thus, there is greater confidence in the salt sites than in the nonsal
sites, and there is more confidence in the Yucca Mountain site than in the
HBanford site.. This is because of greater uncertainty in the performance of -
the nonsalt cites (especially the Eanford site) under expected conditions a
a higher probability of significant disruptive scenzrios and unexpected
features at the nonsalt sites. Despite these differences, however, it is
clear that the confidence in all sites 1s extremely high.

The postclosure rankings produced by the analysis are relatively
insensitive to variations in'assumptions, the uncertainty represented by the
range of release estimates, and alternative value judgments. The difference
in the expected postclosure utilities estimated for the sites, which quantif
- the relative postclosure desirabilities of the sites, are extremely small.
Uncertainties not accounted for in the snalysis, suck as errors associated
with the limits of human judgments or the possibility of unidentified
mechanisms for releases, may be greater than the small pcstclosure differenc

identified by the analysis.

i
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Chapter C-7

Other Considerations

The Department has described the s?ting process to be used in selection
of a sltg for development as the nation's first geologic repﬁsitory in Sectio
$60.3-2 of itz Ceneral Guidelines for the Recommendatfon of Sites for the
Nuclear Waste Repositories; Final Siting Cuidelines (10 CFR Part 960). Withi
the siting pfocesf. the recommendation ol-three‘sites to the President for

detailed site characterization is descrided in Section $60.3-2-3. That

ieclion states that:

*The recommendation decision shall be based on the
availadle geophysicsl, geclogic, geochemical, and
hydrologic data; other information (emphasis added);
essociated evaluations and findings reported in the
environmental sssessments accompanying the nominations; and
the considerations specified belov ...” )

These considerations include:

*the sites nominated as suitable for characterization shall
be considered as to their order of preference as candidate
sites for characterization. Subsequently, the siting
provisions specifying diversity of geohydrologic settings,
diversity of rock types ... shall be considered to
determine a final order of preference for the
characterization of such sites.”
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Accordingly, the reccmmendation decision can be represented

dlagramatically as follows:

‘ FINAL ORDER OF
P | PREFERENCE

INITIAL ORDER  DIVERSITY OF GEOKYDRO- DIVEéélff Of
OF PREFERENCE LOGIC SETTINGS ROCK TYPES

SITE RANKING DETERMINED ' OTHER
USING DECISION-AIDING INFORMATION
METRODOLOGY

AVAILABLE DATA IN - EVALUATIONS’AND FINDINGS
ENVIRONMENTAL _ IN ENVIRONMENTAL ASSESSMENTS

ASSESSMENTS .

No currcntl! availadble methodology, including the cne d@séiibed and
applied ia the freviogs chapters, is capable-of completely and accurately
accounting for all factors relevant to the site recomme;dation decision.
Consequently, it i{s prudent to supplement the results obtained through the
application of the methodology vith “other iﬁfcrmatiou” or "other

considerations™ dearing on the site recommendation decisfon. These “other

considerations™ are described in this chapter.

C=-7.1 Identification of Other Considerations

In order to identify subjects that may constitute "other considerations"”

wvhich have not been addressed in the eﬁalqations and findings within the




environ=cntal 2ssessments or the formal decision-aiding methodology, the
Department reviewed (1) the records of the EA sccping hearings, (2) cemrent:
received during development of the Siting Cuidelines, (3) comments received
the Mission Flan, (&) programmatic objectives i{dentified in the Siting
éu;nelines and the Hission Plan, (5) comments received on the draft

environmental assessments (includ!n; verbal comments at public hearings), an
(6) corments received from the National Acadeny of Sciences Board on
Radioactive Waste Management during their review ot the formal decision-aidi
methodology. These items were reviewed specifically with respect to (1) any
eommitments that the Department may have made with respect to “other
information” that could be considered, and (2) an} issues rai;ed that are not
addretsed in the evaluations and findings vitnin the enéitonmental assessnent‘
‘Ot the formal decision-aiding methodology hut nay have a significant bearing
on the recommendation of sites for detailed site eharacterization. In.
rev!eving all of the above-listed items. the Departnent exercised cauvtion to
aveid any double-counting of issues, such as repository.costs or land

ownership, which are already counted explicitly in the evaluations and

findfngs vithin the environmental assessments or the formal decision-aiding

methedology.

EA Scoping Hearing Comments

‘Review of the comments received at the EA scoping hearings identified a

long 1ist of issues, such as documented in ONWI-505, Summary of Issues and

Concerns Expressed During the April-May 1983 U.S. Demartment of Energy Publie
Eearings on Proposed Nomination of Sites'ior Site Characterization and

S oyt
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Reccrmendation of Issuves for Environmental Assessments and Site

Characterization Plans. Some of these {ssues have been covered ty the EPA

standard (such as individual dose limite). some of the issues have been
covered by the Siting Cuidelines (such as availability of water sources, the
fm;;ct'of off-site facilities, or the estimated value of mineral resources).
and many of the issues have been addressed in the environmental assessments
‘ (sueh as salt disposal, impact of the work foree on the socioeconomic
framevork of the community, fragility of the environment. or re-location

impacts on existing population during site acquisition). Issues rzised that

nay be suitable ags "other considerations” include:

) 8 distinction betueen nucleer end non-nuelear host Stetes.i,
i;' presence of other national programs. e x. defense programs or the
strategic petroleun reserves, . » . . o A

<§) reietive differences in the §roduetiv£ty (food and fiber) of the

accessible.environment. and

4. the presence of major surface water systems in the 2ccessible

environment, e.g. the Columbia anéd Colorado Rivers, which are relied
upon regionally for water supply, food supply, and recreation.

Witk respect to the distinction between nuclear and non-nuclear host
States, the Department does not believe that Congress, in.ettempting to
provide a2 remedy to a national nuclear waste disposal problem by enacting the
Nuclear Waste Polley Act of 1982, intended to restrict the disposal of spent

fuel and high-level radioactive wastes to those states vhose citizens derive

g



direct benefits from the use of electricity generated bv nuclear energy.
Likgvisc. the Department does not belfeve that Congrest intended to restrict
the geolog!c rcpositorics to those statcs vhich have not previously shared s
oubstantial burdcn for activitles or fac!lit!cr serv!ng thc natlonal {nterest
e 8 :

With respect to productivity or major rurface vater systcmr in the
acccssible environment. the EPA hag established a general standard for the
management and disposal of high-level wastes and spent fuel that rcstricts
potential releases to the accessible environment in order to avoid the obviou
problem of projecting the charactcristics of the accessible environment,
specifically factors like population distribution. types of crops, and water
use, over pcriods of tens of thousands of ycarr. The Dcpartment agrees with
' this approach' and. the post-closure performance mcarurcs employed in the
formal dccirion-aiding methodology arc bascd on cumulative rclcases to the

‘ acccssiblc environmcnt.

Based on this review, no issuco that may have a2 significant bearing on
thc recomnendation of sites for detajled site characterization were identified
1n the records of the EA scoping hearings vhich were not addressed in the

findings and evaluations in the environmental assessments or the

decision-aiding methodology.

Siting Cuidelines Comments

" Review of the commento received on the Siting Guidelines identified

§ssues that have been covercd by the final EPA standard, 40 CFR Part 191 (such

o “onty 0o
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as ground-water sources within the controlled ares or the consideration of
!ﬁdividual doses); issues covered in reﬁisioes to the Siting cqidelines be!i
_they vere finalized (such as the presence of ground-water sources along flo
paths to the accescible environmeht or the resource petentinl of tee host
;;;;): 1ssues that are addressed {n the formal dec{sion-aiding methodology
(such as explicit weighting fac;or: among the separate guideline groups, the
eonsideretion of potential radionuclide ieleases te the accessible environme
for periods of time up to 100,000 years, or ado?tion of a formai; numericai |
decision methodolegy): and {ssues that the Department does not consider
discriminators among sites in the site selection process (sucﬁ as adeptien °
; zero-release standard; application of ALARA, or the assessment of
differences between sites based on perceived risks). finaliy. the Departmeei‘
identified a set ot issues (sueh as differences among sites in retrievabilit,}:
or the availability of a vater supply for eonstruction and operation) whieh |
would be ﬂquble-eoqnted if treated ceparately under "other eonsiderations,'
As & result, the Department ¢id not find any additional_issues in ehe comzent
received on the Siting Guidelines which wvere not evalusted in the
environmental assessments or may have a significant bearing on the

recomuendation of sites for detalled site characterization and, therefore,

should be treated explicitly under "other considerations.”

Hissica Plan Comments

The reviev of comments on the Mission Flan centered on the synopses of

comments in DOE/RW-0005, Volume 2, Record of Responses to Public Comments on
the Draft Missfion Plan for the Civilian Radicactive Waste Management Program.



Since the comments received were addressed to fhe text of the draft Mission
Plan, they tended to be very gpecific with respect to that document and
reyisions wvhich the Department should make in finslizing the document., Nea
all of the issues raised in the comments that may havé in influence on the
;i:; recommendation have‘been addressed (n the Siting cuidelines.‘the

environmental assessments, and the formal, decisfon-aiding methodology.

Issues that may be suitable as "oth§r considerations” fnclude:

_1. ‘the differences among the sites in the ability, as part of the
decontamination and decommissioning of any site during or after sit
characterization, to re-vegetate & site to its original condition, .

2. the methods that would be uiéd to obtain land and niﬁerﬁl'ri;h:
. >§unership.(é.g;. fe&et;lfif¥l; trinifﬁf;‘eminéhi déhaiﬁ for ptivai?

land, and severed minéral riihis).

The first of these issues hasg been considered in tpe evaluation of sites
against the potentially adverse conditions on unavoidable and unmitigatible
changes in environmental quality im the envirconmental assessments and the
evalustion of the sites against performance measures related to environmenta:
quality in the decision-aiding methodology. The second of these issues is
highly speculative at this time because, as pointed out in the response to th
issue in the record of responses to public comments, there are a variety of
options availadle with widely varying degrees of difficulty. Further, the
Department cannot speculate, at this time, on the relative differences in
degree of diffical;y_between negotiating sales of land or mineral rights,

taking land or mineral rights through eminent domain proceedings, or obtaining

>
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Congressional apéroval for the transfer of title for federal land.
Accordingly, the Department did not identify sny “other considerations” in t
comments on the Mission Plan that are not already considered in the
environment;l assessments or decision-aiding methodology an& that may have a

s & :
significant effect on the site recommendation decision.

Mission Plan Frogrammatie Objectives

The major programmatic objectives identiffed in the Mission Plan rel?te .
to public health and safety, program schedule, waste disposal system costf,
and the likelihood of success_in.the.disposal of high-level wastes, spent
fuel, and defcn;e_wastes; In addition, Sé;tion 960.3-275 of the Siting

Guidelines defines the objective for the recommendation of sites asz

_ “the sites recommended as candidate sites for
characterization shall offer, con balance, the most
advantageous combination of characteristics and conditions
for the successful develcpment of repositories at such

sites.” ; E

From these programmatic objectives, the Department identified the

following issues for possible inclusion as “other considerations”:

1. the timing of the preliminary determination,

2, the licensability of the site,

3. the number of sites to be recommended for detailed site

characterization,

4. tﬁe risk of disqualification during site characterization or

construction,

< ew
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S. the potential for schedule delays during site characterization or
construction so as to serfously Impair the Department's ability tc
maintain the program schedule, |

6. the potential for significant cost increases beyond the estimated
ranges in the environmental assessments, |

7. thé ability to co-locate a‘teét and evaluation facility (TEF) st ti
repository site, | ' | |

8. the presence of issues which may not be reasonably resolvadle durir
site characterization given the time available or the
state-of ~the-art in testing, and . o o,

9._ the effect of an improved performapcg vaste édisposal system, -
‘dependen; uponICQngressional aathoriiatiéd pf the Monitored

RetrievahiéVStofagéifééiiitj fHRS).l1f

Severa] of the.issues (e.gf; ftems 1, 3, 7, and §) can bé‘gréuped‘
together under the subject of investment strategy. For- exanmple, the timing o
the prelim!n;ry determination is significant primarily from the vievpoint of
whether the Department should focus‘on success (i.e., the best set of sites
from vhich to develop a geologic repository) or on the avoidance of failure
(1.e., the need to have reasonadble expectation that all three recommended
sites will “survive™ detailed site characterization and will be shown suitable
for development as geologic repositories after characterization). The former
approach gllows the Department to evaluate not only the median scores for each
site, but also to consider the ranges of scores and the ¢iffering levels of
uncertainty that may be associated with the maximum and»miniﬁum séores. The

latter approach forces the Department to focus oh the median scores and to



avoid sites with a wide range of uncertainty. In efther case, the Departaeni
bas clearly delinested fts position that the Act permit:'thevpreiiminary .
determination of the suitability of the sites for development as geologic
:epocitoriet thortly efte; the recommendation of gites for detalled gite

o & :

chatacterization. The Department vill make & final determination of the
suitability of the site for development as a geolegie repositocy after

characterization in the license application for construction authorizatien.

The number of sites to be recotmended for detailed site characterization
is also primarily an investment decision, Bssed on the Department'l position ‘
on the prelimiuary determination. the Departnent will recommend three sitet

”uiufor detailed lite eharaeterization - at a projected ‘cost of 3500 nillion per .

:;site fot site characterization :tudies and 3500 niliiou per :ite fot other ij

studies (sueh as wvaste package deveiopment. repcsitory design. and dvancement
rof performance assessnent capabilities). Other examples of investnent is:ues
. are the ability, after receipt of & constructien authotization. to cc-locate a
| test and evaleation facility at the repository site, and the adopticn of an

improved performance waste disposal system.

Several of the issues (e.g., items 2, 5, and §) eae elsc be groupedc
together under the subject of program schedule, namely the licensadbility of
the site, the potentiel for schedule delays during site characterization or
construction, and the presence of issues that may be unresolvable during site
characterization. ;The licensability of the sites is largely determined by the
composite ef the findingt an ;uideline-bj-guidelipe evaluations in the |

‘environmental assessments. With respect io the potential for schedule delays

10



during site characterization, there {s concern that any one :ite, although not
decnnstrabli'unsuitable or dlsqualif!ed. ray fall substantizlly behind the
other sites during tharacterization and tberely not be tvailable ina
reasonsble timeframe for consideration as alternative gites in the

in:ironmental ImEaEt Statement, The Bepartment.»hovcver. has takeﬁ the

éositlon that;in such an instance, the Secretary can declare site
characterization sufficiently completed sc as to proceed with the seiection of
one gite for development at the naticn's first geclogic repositery. As

exanﬁles tf potentially unresolvable issues during the time allotted for site
characterizntion. the Department may not be adle to deflnitive!y characterize
eithe: the nechanisn of gtound-water flow over lar;e distances ia bedded or
domal salt or the amount and temporal ot spatial disttibuticn of flux throu;h ;}
the unsaturated tuff at the chca Hbunta!n site.: In the:e cases. the ' |
Departmcnt hns aéopted the approach to conservatively boand the phenomena fn
!to ca!culat!ons in order to demonstrate adequate ground-water travel time and
isolatien capabil!ty. In this manner, the fnability to resclve an fssue
during site characterization has been taken into account in the evaluations in

the environmental assessments and in the treatment of uncertainty within the

formal, decision-aiding methodology.

g ihe programmatic objective for cost-effectiveness raises the issue of
potentisl cost fncreases beyond the estimated ranges in the environmental
assessments (item 6). This fssue can be dropped using the double-counting
criterion, hcwtver. since the scoring process included a wide error band

(= 352) for the repository costs.

11



f!nai!y. the programmatic objective of success redses the {ssue of
possidle disqualification of & site(s, during site characterization and
construction (ftem &4). This issue has been addressed previously by the
application of tbe Burwitz procedure.

s &

Draft EA Comments ‘ St

.The reviev of comments received on the draft environmental assessment
focused on the suﬁmary of comments in Appendix C of the final environmental
assessment. Specifically, thig revtéw focused on comments that may spply
across all repository sites in Sections C.2, Policy'tssues. and C. 3. Siting
Proces: and Beciticus.‘ Site-specif!e eomments in Sect!ons 0.3 through C. B -
. were not reviewed for potential use as “btber considerat!onz.” Hearly 511 ofv;
the fssues raised by the comments that nay affect the reconmendation decisicn-‘
.have been addressed in the final environmental assessoents or the |
decision-aiding methodology. For example, on the issues-of the decrease in
property values near sites (federal land vs. private land) and ;he difficuley
fn land requisition (Congressional approval of title transfer vs. condemnatior
of private land), the Department has addressed these issues under the

sociceconomic and site ownership and control evaluations.
Issues that may be suitadle as "other considerations” include:

1. compliance with State and local regulations,

2. route-specific transportation analyses from the reactors to each

*
[)

site, and

3. productivity and quality of the accessible environment.

12
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With respect te compliance with State and local regulations, the
Deéartment does not believe it is appropriste to attempt to characterize the
anticipated difficulty in obtaining State and local permits or to base the

recommendation decision on that difficulty, except where there is & definitive

s & . .o . . : :
. technical basis to do 5o such as in the evelustion of projected air Quality

degradation. In these cases, the bépartnent has presented and-used the
technical evaluations in the final énvironmcutal’assessments and the

decision-aiding methodology, respectively.

With respect to route-specific transportation analyses from the reactors
to each site, the Defartment believes that the general methods and national
avera;e'dafa used are adequate aﬁ th!s'stagé ot_the siting process and are
consistent with Appendix 1V of the sxiiug cuidéllnes. Route-specific snalyses -
aﬁd‘an'eQaluatloh of the !upacts'on host'sfaiei and State; or Indian tribe? |

along transportation corridors will be included in the environmental impact'

statenment.

With respect to productivity and quality of the accessible eavironment
(e.g., prime farmland or nearby rivers), this issue vas discussed previcusly

under EA scoping hearing comments. Accordingly, the Department did not

fdentify any "other considerations” in the comments on the draft environmental

assessments or decision-aiding methodology and that may have a significant

effect on the gite recommendation decisien.

13



National Academy of Science Comments

Finally, the Department considered ccmment: received from the National
Acadcmy of Sclences Board on Radicactive Waste Management on the formal
decisiou—aiding mcthodoloxy. The comment the Departoent considers appropriate
for possiblc use s an "other conrideration“ is the fesue of differences amon;
sites in the quality of vhere potcntiai rcleases of radionuclides in the
accessible environment may occur, ¢.g., the differences between a highly
productive potable aquifer and a lov yield, brackish or ssline aquifer or the
differences between a surface water bcdy iepencec upon for water supply or
sustenance and & plays lake. As indicated previously in the discussion of EA
scoping bearing comments, the Department agrccs with thc EPA approach o!
restricting releases to the acccssiblc environment rathcr than attcnpting tc .
characterize the quality or other factors (such as population di:tribution._ f‘
crop type, or vatcr use) dcscribing the accccsibic cnvironmcnt for periods. of.
tens of thousands of years.

Cc-7.2 Discussion of Other Considerations

Based on the identification of issucs possibly suitablc'for use as "other
considerations” descrited in the previous section of this chapter, the
Department was able to identify ___ issues that were not addressed in the
findings and evaluations in the environmental sssessments or the formal
decision-aiding mcthodology but may have a significant bearing on the
tccoamcndation of sites for detailed site characterization. This section

describes these

fssues and qualitativéiy describes the differences among

the sites for each issue.
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The additional issues for possible use as other considerations eare:

1.
2.

4,

S.

6.

the licensability of the site,

the risk of disqualification during site characterization or
constrﬁctfon.

:he'yotentlal for schedule deleys duflng site charaetei!zatlon or
construction so as to sericusly fmpair the Department’s sbility to
maintain the program schedule,

the ability to co-locate a test and evaluation facility (TEF) at the

repository site,

the improved performancé disposal system, dependent upon

Congtessiénal authorization of the MRS,

(ADD OTHER ISSUES AS APPROPRIATE). -

The issue of differences anonk the sites based on the relative

1icensability of the sites may be summed up in the statement that g "good"

gite that takes an inordinate number of years to license is probadly not a

»good” site. Such a tité wvould place in jeopardy not only the Department’s

cormitment to scceptance of wastes for disposal inm 1998 but also the Missicn

Plan objective on cost-effectiveness.

Relative diffcrences in licensability axong the sites can arise from many

diffeteﬁt factors, some of which can be evalusted at this time (such as thé

.presence of potentislly adverse condithns) and others which cannot be

determined at this time, such as the ability to obtain applicable state and

local permits., Other factors, such as giﬁund-vater travel timeg that are




§nly sl!ghtiy sbove the 1,000 year d!SQualif!er.'cannot be evaluated as to
their effects on licenssbility until & performance sllocation among th§
various gng!neeted and natural barrier subsystems hag been established or th:
results of site characterization studies sre available. |

Y .. ,

With respect to the presence of potentliily adverse cond!;jons. the
Départment can reviev previous experlenée in licensing nuclezar facilities to
develop insight as to which potentislly sdverse conditicns have become highly
contentjous and resulted in major delays isn licensing. In thi: nanneg.'theb
presence of a particular potentially adverse conditionfs) pay be demonitrated
as more significant than the presence of others. The Department can
supplement this insight by placinx 8 telative order of :!;nificance on the
potent!a!ly adver:e conditions that have a closely-assoc!ated disqualifying
guideline than on the potentially adverse conditions that do not have s
closely-sssociated disqualify!ng gu!deilne. 1n the folloéing discussion, the
Department has used this approach to develep fnsight into what are likely to

be the most contentious potentially adverse conditions at each site.

The Davis Canyon gsite has eleven potentially adverse conditions that have
a closely associated ¢isqualifying guideline. Of these, the next si;nificant
are related to environmental quality and include significant adverse
enQironmenta} impacts that cannot be aveided or mitigated, proximity to or
significant environmental impacts on specified national lands, and proximity
to and significant environmental iﬁpact: on specified State or regional
areas. Each of th;se potentially adverse conditions related to environmental
qualily may be‘expected to be major subjects of contention and delsy in the

approval of the environmental impact statement and the Issuance of necessary

State and local permits for site characterization and construction at the site.
16
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The Deaf Smith County site has efght potent{slly sdverse conditions thae
have closely assqcitted disqualifying ;d!dellnes; The potentially adverse
condition related to geomechanical propetties of the host rock is likely to b
s content!ous issue; however, this fssue may be sddressed in lnr;e part durin
;i:; characte£l;ation prior to licensing. In addition, environmental impacts

ca the Ogallala Aquifer is a na jor concern wvhich éan_be sddressed in larie

part during site characterization prior to licensing.

The Richton Dome site has nine potentially adverse condit!ons that have
closely associated disqualifyinz guidelines. Of these, there gre two
potentially adverse conditions that are highly likely to ih:roduce'hajor,
contention and delay during licensing.> One potentialiy Adversé cohdltion is
the proximity to the town of Richton; it may be expected fo be 2 najor‘lsSue
in the approval o( the environmental inpact statement and the fssuance of
necessary State and local permits for site characterizatlon and conctruction
at the site. The second potentielly adverse conditien ic the presence of -
exploitable natural resources, vhich is intrinsic to the nature of the dome

and will not change as a result of site characterization studies.

The Eanford site has seven potentially adverse conditions that have
closely associated disqualifying guidelines. Of these, three potené!aliy

adverse conditions may be expected to be mzjor subjects of contention and

' dela}. These are potentially hazardous offsiie installations and activities;

Quaternary iaultin;. and pre-closure ground-water conditions that may require

complex engineering measures bejond reasonably available technology. This

" latter potentially adverse condition can gé evaluated ia large part during

17



gite characterfization and {5 therefore expected tc be largely resolved prior

to licensing of the site.

" The Yucca HOuntain site has five potentially adverse conditions that ha

o8 -
closely associated disquallfyin; guideline:. These include for the

.post-closurc perfod, Quaternary igneous activity and the correlation of

earthquakes with tectonic activity, and for the pre-closate pericd,
poteutially hazardous offsite sctivities, bost-rock flexibil!ty. and active
taultlng. of these. two of the potentially adverse conditlons. the
cortelation of earthquakes with tectonic features such that-the ftequency or
ragnitude may be expected to fncreese in the post;cloSure periodAand the
presence of active faulting in the prc-c!osure period have becn najor subjectr

of eontention and delay in l!censing of other nuclear facilities. ,1

43 & second approach to licensability, the NRc'regulation 10 CFR PertAGO

fndicates that the presence of any potentially adverse condition can lead to &

presunption of unsuitability of the site if the potent!ally adverse condition

may result in significant radionuclide releases, and any of the following are

valid:

1) the potentially adverse condition cannot be readily characterized or
podeled,

2) the poteotially adverse condition cannot be offset by favorable
conditionf, or _ ‘

A3) the potentially sdverse condition cannot be mitigated by reasonably

available technology. ’
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Chapter C-7
Other Information

The process to be used in gelecting a site for the first geologic
R .:I’.'
repository is descrided in Section 960.3-2 of the DOE's siting guidelines (10
CFR Part 960). As specifléd in Sec;ion 960.3-2-3, the recommendation of site

_ for site character!zaf!oh~};_:o be based ;q "the available geophysical,

geologic, geochemical, and-ﬁydrologie data; cther.fhfermat!eg (emphasis
added); aisoc!ated-evaluations andkfindings reported in the environmental
assessments accompanying the nominati§n33 dnd‘the conside}ationg specified
belov, unless tﬁé Sgéief&r&véeriifles that sﬁchiJQuilable dats will not be
adequate to satisfy ippllcable.requifemén;s of the Act fn the absence of

further preliminiry borings or excavations."

The "considerstions gpecified beldw" inélu& e sites nominated as
suitable for characterization shall be considered as to their or&gr of
perferences s8¢ candidate sites for characterization. Suﬁsequent!y. the'siting
provisions cpecifyin( diversity of geohydrologic settings, diversity of rock
types, shzll be considered to determine a final order of preference for the

characterization of such sites.”
Accordingly, the recommendation decision can be represented

diagrammatically as follows:
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FINAL ORDER OF
PREFERENCE

IVERSITY OF GEOHYDRO-
LOGIC SETTINGS

ANALYSIS
BASED ON DECISION-AIDING
METRODOLOGY

EVALUATIONS AND FINDINGS
IN ENVIRONMENTAL ASSESS%EEIE’)

AVAILABLE DATA IN
ENVIRONMENTAL
ASSESSMENTS

The analysis based on the decision-aiding methodology is intendgﬁ to

provide as many insights as possidble for evaluatint-gites for geoiogi;

repo:itoriet,; To do this, it focuses on the ®ajor factors'of'tbg decisfon

problea since attempting to address all possidle information and Impacts

wvould be counterprcductive and impraciiccl.~ The "other informatloné not  '.';

. included in the analysis are still, of course; relevant to the’deéision
process. This "other information” is described in this chapter, and its
implications'are combined vith the results of the analysis based on the
decision-siding methodology to determine an initial order of prefetehce ;hong

the sites.

C-7.1 1ldentification of Other Information

In order to {dentify "other information™ that has not been addressed in
the environmental assessments (EAs) or the decislon-aiding methodology, the
DOE reviewed (1) comments received during.the EA scoping hearings,

- (2) cormments on the siting guldelines..(3) comments oan the draft Mission Plan,

DRAFT  BRWM 103 . -2~ 9:30 am  03/14/86
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(&) the programnatic objectives {dentified in the siting guidelines and the

. Mission Plan, (5) comments on the draft ‘environmental sssessments ({ncluding

verbal comments at public hesrings), and (€) comments from the Board on

| " Radfosctive Waste Management of the National Academj of Sciences during its

tfzfev of the qSéisioh-aidlng methodology. These items were reviewed
specificslly for (1) any DOE‘commitmehtl on “other iﬁformatlon" that could be
considered end (2) eny issues that may have a significant bea??ng on the
recommendation of sites and are ﬁbt a&dressed in tSe.env!ronmehtal assesgment_
or the deci;lon-aidln; metﬁodoloxy. In‘kevigwiné 211 of the adove-listed
‘itébs; tﬁ§ DOE exercised_éaution‘fo avoid iqéluding issues, such as repositor
costs or land ownership, that are alreadj explkcitli included in the

esvironmental assessments Ot'thé decision-eiding methodology; including such,'

fssues would lead to double counting.
Comments'fecéived-in tAlscoging héarings o

The reviev of the comments recelved at the EA scoping hearings identifie
& long list of jﬁsues. such as ihose doéumented for the salt sites
(oxwx-SOS). ISome of these issues are covered by the EPA standards (e.g.;
individual dbse ximlts). some are covered by the siting guidelines (e.g., the
availability of vater sources, the impact of offsite facilities, or the
estimated value of mineral resources), and many of the issues have been
addressed in the environmentil asse;sﬁents (e.g., the disposal of the mined
salt, the impacts of the work force on the socioe;onomic framework of the

community, the fragility of the environment, or the relocation of people

"during land acquisi;ion). The issues that may qualify es "other information"

{oclude
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1. The distinction between "nuclesr” and "nonnuclear” host States,

2. Equity emong the States in termg of the presence of sther national
pro;rami (e.g., defense programs or the Strategic Petroleum Reserve

3. Differences in the productivity (food.and fiber) of the sccessidle
environment. |

4. The presence of major surface-vater systems in the accessible

environment (e.g., the Columbia and Colorado Rivers) that are reliec

on regionally for water, food, and recreation.

With respect to the distinction between "nuclear” and “nonnucleac™ host
States -- that is, States that contain commercial nuclear power plants and
those that do not -- the DOE does noi believe that Congress, im attempting to
provide a remeaybto a national vas;e-dispcsal‘problen by'ehactlﬁg the Nucléaf
Waste Policy Act of 1982, ibtendedbto restrict the &isposal of spent fuel and'
bigh-level waste to the States whose citi:eﬁs'derive directiﬁenefits f}oﬁ_tbg
use of electricity generated by nuclear ener;y.. In fact, “nonnuclear™ State;
derive sudbstantial indirecf benefits from the nuclear industry. With resp;ct
to the presence of other national érograms. the DOE does not believe that
Congress intended to restrict geologic repositories to only the States that
have not borne the burden of activities or facilities serving national

ioterests. Indeed, all States share the overall benefits and burdens of bein;

part of the United States.

With respect to the productivity or the presence of major surface-vater
systems in the accessible environment, the EPA standards restrict potential
releases to the accessible enviroament in.yrder to avoid the obvious problea
of projecting the characteristics of the ;ccessible environment --

specifically factors like population distribution, types of crops.'and wvater
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use -- over tens of thousands of years. The DOE agrees with this epproach,
snd the postclosure perfofmance measures employed in the decisfon-alding

pethodology are therefore based on cumulative releases to the sccessible

environment,

s ejeemm

This review of the comments received at the EA scoping hearings did_no;
{dentify anyv!:sues that may have 2 ti;nificqnt bearing on th:ﬁrecommendatlor
of sites for characterization and were not addressed in tﬁe environmental
assessments or the deé!sion-}idzng methodology. v

Comments on the siting guidelines

' The reviev of the comments on the siting juidelihes identiflea (1) issue

that havé been covered by the final EPA standards (e.g., ground-vater sources

bin the controlled ares or.llmits onrindlviduil rad!atibn doses); (2) issues

submitted in comments on revisions of the siting guidel!nes before they were
fssued {n final form (e.g., the presence of ground-water sources along flow
paths to the sccessible environment or the resource potential of the host
rock); (3) 1ssue; that are addressed in the decision-aiding methodology (e.g.
explicit wveighting factors for the various guideline groups, the consideratior
of potential radicnuclide releases to the accessible environment for periods
of up to 100,000 years, or the adoption of a numerical decision methodology);
and (&) issues that do not discriminate among sites fn the gite-selection
process (e.g., the adoption of a zero-;elease standard, the zpplication of the
"as-lﬁw-as-reasonably achievable” principle, emergency response and liability
for accidents during transportation, or tﬁe assessoent of fear and perceived

risks). Finally, the DOE identified a set of issues (e.g., differences among
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slt?s {n waste retrievability or the ava!labiiity of a vater supply for
.const:uction and operation) that would be double-counted if treated separate:
under “other information.” ”As-a result, {n the comments on the siting
tu!delinea'the Departmentidid not find any addltional fssues that may have g
fi!nlfiéant bearing on‘the recommendation of sites and vere éot evaluated in
the environmental sssessments or the decision-aiding methodolegy.

-k

Comments on the Mission Plan

The reviev of comments on the Mission Plan fécused on the-synopses of
comments in ghg Record of Responses to Public Comﬁents oo the Draft Missica
Plen (DOE, 1985.\Vol..ll). These comments tgnded to be very specific in the

‘ fssues theffr‘i#eﬂ ogﬁthe recommendations‘they made.

Nbafly.gll of theviiiuesuraiséd ln_the comﬁents that may have .'
significant bearing on site recommendation have been addressed in the siting
guidelines, the environmental assessments, and the décision-aid!u;

pethodelogy. ‘The two issues that nayvqualify as "other {nformation™ are the

folloving:

1. The differences among the sites in the ease of revegetating & site to
its original condition after site cha{acterization or repository
closure.

2. The methods that would be used to cbtain the ownership of land and
mineral rights (e.g., transfer of title between Federal agencies,
exercise of eminent domain for ps}vate land, and severed mineral

rights).
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The first of these issues hag been considered in the environrental
assessments (?n the evaluations of the sites sgainst the guidelines on
environmental quality) and in the decision-aiding nqtﬁodolbgy (in the
evalustion of the sites against the petforﬁance rmessures related to
fn:irdnmental quality). The second issue has alge been cén:ldered. in part,
fp the evzluation of sociceconomic impacts. The second fssue 1z uncertain gt
this time because, as pointed out in the record of responses ?;OE. 1985), a
variety of options is available to establish Federal owvnmership, and these
épt!ons vary {n difficulty. Furthermore, the DOE cannot speculate, ;g
present, on the relative differences in difficulty between negotiating sales
of Ignd or.mine;al rights, taking land or_m;neral rights through

eminent-domain proceedings, or obtazining Congressional apﬁioval'fcr the

transfer cf‘title for Federal land., =~
Accordinjly. the DOE did not idenfify fn the comments on the Hlssioﬁ
Plan any "other information" that may have a significant effect on site.

recommendation and have not been consiﬁeted and reasonadly accounted for in

the environmental assessments or the decision-aiding methodology.

Programmstic objectives

. The programmatic objectives identified in the Mission Plan and in the
siting guidelines were examined for the éiesence of "otherAlnformation.“ The
ma jor programmatic cbjectives in the Mission Plan rel;te to the protection of
public health and safety, program schedule, the costs of véstg disposal, and
the likelihood of success in the reposi;ofy progras. In the siting

guldelines, Section $60.3-2-3 defines thé following cbjective for the

- DRAFT  BRWM 103 -1- 9:30 em  03/14/86



recomnendation of sites: "The cites recocmended a¢ candidete sites for
characterization shall offer, on balance, the most advantsgeous combinstion ¢
characteristics and conditions fox the successful development of repositories

at such sites.”

-

o & )
From these programmatic objectives, the DOE {dentified the folloving

-t

fssues as candidates for "other informatioa™:
1. The number of sites to be recommended for site characterization,
2. The risk of disqua!jf!cation during site characterization or
repository constructiqn.

3. The presence of issues that may not be ressonably resolvable during
site characterizatfon given the time allotted or the.siate df the art .
in testing. ‘A _ | “'H : | -

i, The poteﬁtial-fOt‘si;niticant co*t !né;esses beicnd the ranges
estimated in the environmental cs#tisaents. |

5. The potential, during site characterization or repositery
construction, for schedule delays that would seriously impsir the
DOE’s ability to maintain the program schedule.

6. fﬁe potential for schedule delays due to contentious licensing

proceedings.

The first issue, the numder of sites to be recocmended for site
charecterization, {s essentially a strategic inves:hent decision regarding the
appropriate degree-of diversification of resources to retain flexidbility for
site selection. As required by the NRC {ggulations. the Dot viil recommend

three sites, at least one of which is not 2 salt site. For each s!té. the DOE
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projects a cost of $500 million {or site characterization and $500 million fo
concurrent studies (e.g., waste-package development, reposftory design, and
.dv;ncement of perforﬁance-assessment cepabilities), The DOE has evaluated
the option of recommending more than three sites, but has not found a.

sufficient pxogtammatic or technical basis to justify the edditional costs.
o & .

Issues 2 and 3 can be grouped together under the sﬁbject of site
1icensability. The relative licensability of sites iz largely determined $y
the findings and evaluations in the environmental tssessments. but it is
algc affected by two other factors: .(1) the potential for being disqualified
during site characterization and repository construction and (2) the presence
of issues that m&y not be resolvable during the time allotted for site
characterization. For example. the DOE may not be sble to deflnitively
characterize the mechanism of gtOund-vatet flov over large dlstances in
bedded or dome salt or the amount and temporal or-spatial distribution ot -
ground-vater Flux through the unsaturated tuff at the Yucca Mountain site. ;n
these cases, the IOE has adopted the approach of conservatively bounding the
phenomenon in its ca!culdtions in order to demonstrate eadequate ground-watet
travel time and weste-isolation capability. Thus, the inability to resclve
an issue during site characterization has been taken into account in the

evaluations in the environmental assessments and in the decision-aiding

oethodology.

Issues &, 5, and 6 can be grouped together under the programmatic
objective for cost-effectiveness. The issue of potential cost increases
beyond the estimated ranges in the environmental assessments has been included

fn the decisien-2iding methodology and would be doudle-counted {if treated
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under "other lnformation.“ The issue of potentisl gchedule delays

during site characterization {s the concern that any one site, though not
demonstrably unsuitable or disqualified, may fall gubstantially behind the
other csites during characterization and thus not be availadle on schedule as
?n: of the alternative sites evaluated {n the envircnmental impact sfatement.
This issue hag been considered {n part {a the envircnmental assessments,

{n evaluations egainst guldelines on the ease and cost of siting and
construction. In add{tion, the DOE has taken the position that, in such

an instance, the Secretary of Energy can declare site characterization
sdff!cicntly completed to proceed with the selection of cne site for

development as the nation's first geclogic repositery.

| The issue of potential schedule deiay:‘due toAﬁontentious licensing
proceedings can be summed up simply: i ”good“ site thai‘needs an {nordinate
number of years for licensing is probabiy nét a "éood“ site. Such a '
site would place in jeopardy'not only the Mission Plan opjective on
cost-effectiveness but slsc the DOE's cmnhitment toAaccepf vastes for

disposal in 1958.

Comments on the draft EAs

The reviev of comments received on the draft environmental sssessments
focused on the summary of comments fn Appendix € of the final environmental
assessments. Specificzlly, this review focused on comments that geﬁera!ly
apply to the reposjitory program rather than specific sites (Section C.2,
Policy Issues, and Section C.3, Siting Process and Decisions), Site-specific

cooments in Sections C.&4 through C.8 were not revieved for issues that may
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qualify as “other information," but those comments are speciflca!!y directea
at the evalustions of the site egainst the guidelines, the description of the
site and the repository, or the discussions of potential lﬁpacts. Nearly allv
of the.{ssues raised by the comments that may significantly affect the
Eesommendatiqn Qecision have been addr;ssed fa the finel environmental
assesspents or the decision-siding methodology. For example, the bot h;;
addressed decreases 1o property values.near sites and diff!culees in land

acquisition in the evaluations sgainst the guidelines on socioeconémlc

condftions and site ownership and control.

Three issues that were identified in the general comments on the draft

EAs as possible suitable for “other information":

1. Compiiaﬁce vith State and local regulations.

2. lack of route-specific analyses of transportation from the reactors o
L .

to each site.

3. Productivity and quality of the accessidle environment.

With respect to issue 1, the Dot does not believe that it is appropriate
to attempt to characterize the expected difficulty in obtaining State and
local permits or to base the recommendation decision on that difficulty unless
there iz & technical basis for so doing, such as in the assessment of

air-quality effects in the environmental assessments.,

With respect to issue 2, the DOE believes that the general transportation
analysis and national average data used in the final environmental assessments

are adequate at this stage of the s!tin;'process and are consisteat with
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Appendix IV of the siting guidelines. Route-specific analyses and an
evaluation of the impacts on host States and Staten or Indian Trides along
transportation corridors will be included in the env!tonmentel.lmpact
statement. With respect to igsue 3, the §ro§uct£v£ty and éuaiity of the
sccessible environment (e.g., prime farg}and or nearby rivers) vere discusse:
;}:;1ously under the comments on the EA tcopleg hearings.
v - ) | | . oty

Aecordingly. the DOE did not.!dentity in the comments on the draft
environmenta! assessments any “other Information™ that ﬁa& have a sigﬁif!cant
effect od site recomendation and are not cevered in the final envlroemental |

assessments nor the decision-aiding methodolegy.

Comments from the National Academy of Sciences

F(nally. the DOE considered the comments subu!tted by the Board on
Radfcactive Waste Hanagement of the Nhtional Academy of Sciences on the
decisicn-aiding methodoloxy. Among these comments vas the issue of .
differences among sites in some quality of the accessidble environment vhere
radionuclides may occur (e.g., the differences betveen & highly productive
aquifer that bears potadle water and s low-yield aquifer that earries
brackish or saline vater or the differences between a :urface-vater body used
for wvater or sustenance and a playa lake). This issue vas examined as a
possible cendidate for "other information.” However, it was dismissed
because, as indicated previously, the DOE agreek with the EPA approach of
restricting releaées to.the accessible environment rather than attempting.to
characterize the quality or othervcharactetistics of the aceessible
eovironment (e.g., population distributica, product!vitysof water use) for
periods of tens of thousands of years.
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C-7.2 Discussion of "Other Informationr

Favink'consioered the issuos thao ve;o candidates for “other
fnformation,” the DOE was able to identify three issues that may significantly
af{oct the recommendation of sites and were not addressed in the env!ronmental
;;seosoents or the decislon-olding methodology. These issues ere dlscussed in
this section, vhich also qualitatively descridbes the dlfferentis.amonk the

sites for each issue.

The issues that qualify as “other information™ are the following:

1. The risk of disqualification during sito characterization or

repository construction. o
2. The potont!ol during site oharactor!zation or repository constrnction
" for schedule delays that vould seriously !myo!r the DOE's abil!ty to .

maintain the program schedule,

3. The potential for schedule de!ays due to contentious llcensing issues.

Risk of disqualiffcation during site characterization or repository

constructicn

A reviev of the seventeen disqualifying conditions in'the-sitiog
guidelines, as documented in tho fioa! envitonmeotol assossments. showed
either Level 1A findings (the ovioence‘does:ggg support a finding that the
site is disqualified) or Level 2A findings (the evideoce supports a finding
that the site ig not disqualified on the hasis of that evidenco and 1is not

1ikely to beldisqualified). The findings in the final environmental
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assessments for the disqualifying conditions wvere all level 1A findings, wiv
the followin; exceptions where Level 2A findings wvere made: Davig Canyon,
each of the three population density and distribution disqualifying
conditions; Deaf Smith County, each of the three populatien density and
ﬁiittibution giaqualifying cohditions: Baﬁford. the etOtién. dissolution, an¢
each of the three population density and distribution disqualifying
conditions; Richton Dome, each of the three population'densiti"hnd
distribution disqualifying conditions and Yucca Mountainm, the é&issolution an

twve of the three population density and distriSution-disqualifying conditions

Further, the sites were compared against éach other on &
guideline-by-guideline basis in Sections 7i2 and 7.3 of the fiﬁal
environmental assessments. The intercomparisons among sites, however, did no
attempt to describe the relative likelidood or probability that site
conditions identified during site characterization or repository construction
may, in extreme cases, support either the Level 1B finding (the evidence4'

supports a finding that the site is disqualified) or Level 28 finding (the

evidence supports 8 finding that the site is disqualified or is likely to be

disqualified).

As part of the evaluation of "other information,” the DOE has looked at
esch site and the seventeen éisqualifying conditicns in order to identify any
sites vhere there 1s a reasonable likelihood that extremely poor site
conditions could result in a2 small, but significant, prodability of
disqualification (level 1B or 2B finding) for any disqualifying condition. It

should be noted that many of the seventeen disqualifying conditions (primarily




the preclosure disqualifying conditions) permit the use of mitigative measures
. or reasonably available technology to offset the adverse effects leading to

potential digqualification.

‘ For the Davis Canyon site, all three of the disqualifying conditions
;e;ated to environmental quality have a reasonable 1{kel{hood that extremély
poor cite conditfons could result in a small, but si;nificant,nérobability of
disqualification. For the Deaf Smith County site, the disqualifying conditior
related to inadequate protection or mitigation of eovironmentsl quality and
the socioeconomic disqualifying condition on.de;radat!on of the quality of
ground water for offsite supplies have & reasonable likelihood that extresely
poor site conditions could result in a small, but significant, probadility of
disqualification. For the Eanford site, there is a tmall, but significant,
probability of disqualification resulting from extremely poor site conditions
assocated with the disqualifying conditions for ground-vater travel tice,
Srreconcilable conflict vith atomic energy defense activities, rock conditions
beyond rea#onably availsble technology which present a sl;niflcant risk to
vorker safety, ground-water conditions beyond reasonzbly avalabdle technology,
and gr&und wotion which requires engineering beyond reasonably availbale
technology. For the Richton site, the disqualifying conditions related to
loss of waste isolation due to éﬁadvertent offsite resource recovery and the
loccation of the surface facility adjecent to & 1 square mile area having &
population greater than 1,000 persons have a reasonable liﬁe!ihood that
extremely poor site conditions sould result in & small, but significant,

probability of disqualification. For the Yucca Mountain site, there is a
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small, but s!gnl!lcané. probabllity of disqualification resulting from
extremely poor site conditions sssociated with the ‘¢isqualifying condition
for ground-water travel time, postclosutd tectonics, it?cconc(lah!e confld
wvith atonic energy defense activities, and ground motion which requires

enfineerln; beyond reasonably available technology.

Based on this review of disqualifying conditions, the Davis Canyon ilm
and the Eanford site appear to be the least favorable sites., The Deaf Smit!
County site and the Richton Dome sites appear te be the most favorable gites

and the Yucca Mountain site should fall between these two groupings.

Potential Schedule delays durins élte gaaracteri:ation and !egos!toiﬁ

contruction

(TO BE PROVIDED)

Potential schedule delays due te licensing issues

e

Relative differences in licensability among the sites can arise frch ﬁan)

different factors. Some can bde evaluated at this time (e.g., the presence of

" potentially adverse conditions), while others cannot (e.g., the ability to
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cdtain appl(cable State aﬁd local_permii:). Other factors (such ag
ground-vater travel times that are only slightly higher than the 1,000-year
disqualiffer) cannot be evaluated ag to their effects on licensability until
performance goels for the various components of the engineered and natural
Eairiet systems have been allocated or the results of site characterization
studles are available. ‘

.

Hitﬁlresﬁect to potentially adverse cbndition: that can be ev§luated at
this time, the DOE reviewed the licensing'experience éf_nuclear facilities to
determine which types of potentially adverse condifions have become highly
contentious and resulted in major licensing delays. This allows the DOE to
ascertain that a particular potent!allf adverse condition {s wore significaht
to the program schedule than other conditions. Accérd!ngly. thevppﬁ can
supplement the decision-aiding methbdoiogy by piicihi s ﬁ!iber.si;nificance onn
the potentially adverse conditions that may become highiy contentioqs and
result in najofldelays. In addlf!éﬁ. tﬁe DOE SelieQe; that the poteﬁti:lly ;
adverie conditions thai are closely associatgd with the disqua!ifyiﬁ; S
condlticn of ﬁ siting guideline havé a higher fotential for contention and
licensing delay than do the potentiallj.adverse condi;ions that sre not
closely associated with & diiqualifying coﬁdition. In thé discussion that
follows, these two approaches were combined tofidentify the potentially -

adverse conditions that are likely to be the most contentious for each site.

The Davis Canyon site has 11 potentially adverse conditions that are
clesely associated.with a disqualifying condition. The th}ee most significant
&re related to .environmental quality; they are significant adverse
environmental impacts that cannot be aioi;ed or mitigated to an acceptable

degree; proximity to, or signif!cant'environmental fmpacts on.‘speclfied
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. closely associated vith & disqualifying condition. Of these, three can be

national lands; and ptoximlty.to, and significant enviroﬁmentll impacts on,

specified State or reglonal resources. Each of these three potentially
sdverse conditions can be expected to cause major contention and §otentl¢1
delay in the spproval of the environmental impact statement and the issuance

ot‘the applicadble State and locel permits for site characterization and

- repositery comstruction.

-~ -

The Deaf Smiih site hag eight potenﬁ!ully a&verée conditions thﬁt aie
closely'associated with & disqualifying condition, and two ire likely to be
contenticus. One is related t; the geomechanical properties of the host rock;
this issue, however, can be largely resolved before licensing, during site
characterization. The second {s potentisl impacts on the Ogallala aquifer;
this issue can also be largely resoived during site characterization.

‘The Richton Dome site has nine potentially adverse cohditioﬁf that aré
closely assocfated with a disqualifying condition. and two can be expected to-
cauQe major contention and potentisl delly.' The first is pfexinity to the
town of ﬁichton: it éah be expectéd to be a mijcr issue in the spproval of-the
environzental inpgct statement and the issgance of the applic;blé Stite and

local permits. The second {s the presence of exploitable natural resources,

The minersl-resource value of the salt {s intrinsic to the dome, and the

resource value of bydrocarbons on the periphery of the dome will be evaluated

during site character{zation.

The Banford site has seven potentially adverse conditions that are

expected to cause major contention and potential delay: (1) potentially
hazardous offsite installations and activities, (2) Quaternary faulting, and
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(3) preclosure ground-vater'cﬁndit!ons thit may require complex engineering
ae&:q:gs ﬁeyond,teasonably avafladble technology. The éresence of Quarternéry .
faulting has been & major source of contention and delay during licensing
.prcceedin;s for other nuclear facilities at the Ranford site; hovever, thig
ptevious cxperience ray be expected to limit any potential delay on this fssu.
;u:inx 1icensing of the repository. -The third condition can be evaluated in

large part dur!ng gite characterizat!on and {6 therefore expected to be

largely resolved before licenslng.

~ The Yucca Mountain site has five potentizlly adverse conditions that
are closely associated Vi£h 8 disqualifying condition, two for postclosure and
three for preclosure. The postclosure conditions are Quaternary {gneous
activity and the correlation of earthquakes with tectonfc activity; the
preclosure conditions are potentially hazardous offsite}activif!?s.'hostérbck_
flexibility, and active faulting.. Of thé;e. the correlaticn of earthﬁuakqs
with tectonic features éucb that their freqﬁency or ﬁ%gnitude can be expected
to increase in the postelosure period agd-the presence oi active fsulting {a
the preclosure period ﬁave been Qajor subjects of cohténtionvind delay {n the

1icensing of other nuclear facilities.

Based on this review of poteni}aily adverse conditions with clo#ely ,
associated disqualifying conditions that may in:foduce éontention and
: potential delay. the Davis Canyon site and the Yucca Mountain site sppear to
| be the least favotable sites. The Dea! Smith County site and the Richton Do
cite appear to be most favorable since the results qf the environmental
gonitoring aﬁd nitig;tibn anﬁ.tﬁg‘;ité'éﬁiraéterlzation ctudlé: can be

expected to provide an adequate data base'lo démdnstrate compliance with
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. : 'env{ronmental_ end safety regulations. The Eanford site should fall between
these two grbupln;s. lar;ely'becau:e of the concern whether the data collec.te
from site characterization studles in the underground test facility will be
representative of the spatially heterogeneous conditicns over the 2,000 acres
peeded for the repository.

—~
P
.
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October 30, 1986 | ' .

10: Dean Fostar/tuft fschels
- FROM: HMike Gﬂ‘lett (Cong. Serift)

I'n sending two sets of documents that will be released today, and ehfch I
understand you have discussed with fancy Snith (on Harkey's subcommittee staff):

1. Lettcr {dated 10/29/86) to Herrington from Suift. a,yden. tarkey & &uver.
im:luuing tm lttuhnents

" 2. Letter (cated 10/28/86) to Hcde\ fron ﬂarkey. 'lm:luding three tttutuents
' 'cul it yau have questions:  (202) 226-2608
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Congress of the Enited Htates
PBouse of Bepregentafines

ERashingten, R.C. 20515
October 29, 1586

The Honogeble John 5. Berrington .
Sectetary

U.6., Departnent of Energy

1000 Independence Avenue, 8.Y.

 Washington, D.C. 30585 -
- Dear Mr. Secretarys . . .

’ ."fn the course of our investigation of the hi ~level |

" radioactive vaste progran, oeveral internal Departaent of Bnocgy

documents cane to our attentica which ceise guaotions gs to the
Departnent®s plans.for the firat repository prograa.

The first document containg briefing nateriels prepared on
Hay 13, 1986, vhich explore various opticns for Mlgy!:g tke
hifb-level voste programr. Among the options lfeted g the
follovings

*Strategy Option - Redesign Pirpt Repositorys

~ Concentrate on first reporitory an privary waste
disposal facility;

~ Enhance sysctems optimigetiong

= Accomodate reactor on~-site storege problems; end

- Haintein leginlated goals and planned recoipt sotes

- Increzse potential for bigher near-terwm costep :

- gncreagﬁ pressure for rice in BF (thclear Yaste Fund)
€% &

-~ Contipne to face institotional problems.®

The clear ond ummistakeable ixmplication of this option is
that the negutaent of Energy tras ooncidering tho poozibility of
enlarging the firet repooitory in order to accommodate 21l of the
nation'e vaste. , , o _

: In addition, a second document entitled *Considarations
Bearing on the Timing for a Bacond Repository.® dated Ray 16,
1885, explores in datail the potentiel for nding the threa
eites chosen for the first repository. A table in this &ocoment
p::gectn the total potential capacity of the three sites: :
Benford, Washington =- 668,000 metris tons of uranfium (120); Yucce
fountain, Nevsda -~ 79,000-136,000 {XUs and Deaf Balth County, |
Texas — 107,000 ETU. At ene point, thic study stotes that (It
edequate capacity {s {ndeeol 'aunbio, considorations of gyoten
coste would orgue for open’ ~aly o single tepository gite.®
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The Bonorable Jobn 5. Berrington
Page Two
Octcbor 29, 198¢

The study goes on to compare the costs of | a single repository
cystem vetsus & twvo repository systenm.

We request that you provide ansvers to the folloving

.qulestlonn by Rovesber 10, 1986: :

1) Is the Depactment of Ener consldarlng the poulbuity
of placing all the nation's vaste in one repositery?

- 2) Was the potential for ex?ansion of the Banford gite a
- factor {n the Department's decieion to select that softe?
3) Gection 302{4) of the Boclear Waste Policy Act of 1962
- provides thot the Becretary mzy make oxpenditures from
the Waste Fund "only for purposes of radicactive weste
dieposal abtivitics under titles X and II® of the Act.
The studies and opticns papers, on the other band, gppear
to consider oftionn not farnitted under the Act. Please
cite the spacific aothorisation {p title I or II of the
Act that permita you to make expenditures from the Waste

Pund for these studies. _ _ .

The vatte ptogtm hag beon canght in 8 web of contredictory

statenents and political manipolations which heve thorougbly

entangled the Department's credibility. Por instancg, on one

band, Secretary Hodel has pronounced the second gepository prograa

gead, At the came timo, Waste Offfce Director Ben Rusche eays the

prograa continues. 1It ia tinz to make clenr your intentions and
licion on thece mattere, and to tell the same ctory to audiences
n both tho Bact and the test. .

Sincerely,

w7
fienber ©f Congress

Jencs Nohver = Fon Hyden
kember of Congress - . Kember of Congreas

*



@ Ba"e"e | ‘ | e na! Duatrilpweom

aay

Papro

Pacutc Skwihwedl Laborgtones
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Sbyect 5] Discussfon Paper: Considerations Bearing on the
I{aing Yor a ﬁcons CeologTc Repository

 Attoched ii'd current draft of the subject piper.' This paper was requested

by Carl Conner, our DOC-Q sponsor, based on & regquest to his office by Ton
Issacs, Deputy Dirvector of the 0ffice of Geologic Repositeries, OCRWM, Our
understanding of the basis of this request 1 to provide technical Snformation
relevant to an anticit:ted debate on currently proposed Yegislation which
would 11mit DOE's avthority to pursue second repository activities, :

10 achfeve this purpose, ouvr guidance was to Sdentify end characterfze the
technical fssues which would bear on the need for & second repository. In
1ight of the potentfal nature of the legistative proceedings, this tredteent
needed to be &3 optn and frank as possible. This materfal will be used by
DOE-HQ as input to a staff paper on the second repository.

Due to the potentfal breadth of tnterest in this paper, I felt should be
evare of 1ts content and the circumstences syrrounding 1%s development. Ve
have, bowever, been directed to vestrict distribution of this paper. It should
not be copfed or distridbuted outsfde your offices.

{ief
Attachment



Gt L AR~ @

| * P.0O6
‘Pet 30,86 09:58 o ,

t b

— o Sie Becs st WO @ SON B W lern @ Fe PN ety P B e o

- . - 54

CMS!DWTXWS &MI“E O THE TIHIHG :
FOR A szconn GSOLOGM QKPOSITORI' L

; - - <
@ §
ag.g. :ﬂggﬁ . ‘é
R.A. LIBBY p E}é
MAY 16, 1985

Prepared for

the U.S. Departeant of Ene
under Contract DI-ACOS-76RLO 1830

i Pacific Siorthwest Laboratory
- - Richland, \mhiapton 89352



[ S

‘o5t 30,86 UY:SB

® spmmamanm

~_CONTERTS

1.0 INTRODUCTION
2.0 RELEVANT MWPA REQUIREMENTS

3.0 REPOSITORY CAPACITY REQUIRENENTS
4.0 REPOSITORY CAPACITY CAPABILITIES
5.0 SYSTEM COST CONSIDIRATIONS
6.0 QEGIONAL EQUITY CONSIDERATIONS
2.0 THE VALUE OF FLEXIBILITY

8.0 STRATEGIC AND CONTINGEMCY
PLANNING CONSIDERATIONS -

0.0 SURMARY
REFERENCES
APPEXDIX

- PL.O7

- 408 »

of On

© 4%

10
1t
Al

Q‘;;"'WN.-.-IE
R [ 4

-




e

4 L]

Oct 30,86 10:00 e o

o agap

1.0 JNIRODUCTION

Since the fnception of the DOE/OCRWY peologic repository program, questios
have been rafsed regarding the need for or timing of a second repository and
the basts of 70,000 eetric tons of uranfun equivalent (HTU) &3 & nosinal
capecity for a st{ngle repository. Yhe DOE/OCRwM &nnounced fn Janvary 1986
the selection of 12 sites (Yocated 1n seven midwestern end eastern states)
for characterization s potential locatfons for & second geologic repository
{n crystailine rock formatfens, Subsequent to this announcement strong
objectfons to these sftes and Questfons concerning the need for o second
reposftory have been voliced by the polftical leadership from the affected
slates, C ' T T
The purpose of this paper {3 to tdentify the key factors bearing on the
need for and timing of 8 second repository &nd to provide a preliminary ,
exploration of the principal fssves favolved. In Qeneral terms these fssues -
fnvolve: l) projected disposal requirements and the adequety of repository
capacity, (2) the value of flexibility tn & two repositery system, (3) regioned
equity, tl system cost consfderatfons, and (5) strategic and contingency
plesning considerstfons. Sectfons 2.0 - B.0 discuss these fssues and thelr
{mpifcations relevant to the meed for & second repository. Section 9.0 13 ¢
suemary. Yhere s alsc an appendix which discusses profections for nuclear
energy and spent fuel, » S ~

2.0 RELEVANT §PA REQUIREMENTS

The fuclear Vaste PoYicy Act of 1982 (NWPA) fncludes & 70,000 MU
restrictfon on the first repository erplacement Copacity prior to cpening 8
second repository and seots milestones for certdin second repository siting
decisfons, However, construction of the second rvepository is mot quthorized
at this tioe, end it 1s not yet clear vhen a sccond repository will be needed.

The MPA requires that DOE cevelop guidelines for the recommendation of

- sites for repositories. These guidelines for gite charagterization reguire
consideration of “varfous geologic medfa tn which sites for repositories may
be located and, to the extent practicedle, to recomnend sites In different
geolopic medie.® Five sftes are to be noningted as suiteble for site
characterization for selection of the first vepository site.

. In 2dditfon, the SaPA requires thet by July 1089, DOE must nominste five
sites suftable for site characterization for a second repository. Up to twa
of these sites nay be from the three sites recommended to the President for
first repository site characterization but at Teast three new sites must be
noninated. ODOE has focused fts site selection activity for the second
tepository sites on crystalline rock (granite) formations. Crystalline rock
{s potentially an excellent repository medive and {s under consfderation by
anaga. Sweden, Switzerlend, Finlend, France, Argentina, Spafn, &nd the United

The NWPA requires DOE/OCRE to prepare a missfon plan considering tota)
rcposﬂor{ capacity needed to eccommocste 811 high-level radicactive waste and
spent fuel expected to be generated through Decexber 2020 and to begin recetving
high-Tevel waste and spent fuel by 1958. The OCRWM 1985 Missfon Plan schedule
cslls for the President to suboit a recgmmendation of one site for the {irst
reposftory construction suthorizatfon by March, 1991 and for the construction
author{zation of the second repository by ¥arch, 1§98, &fter this point it

‘ .
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will be vp to Congress whether or not and when to authorfze construction of
the second repository. o :

Legislation has recently been {ntroduced {n both houses of Congress that
would amend the KwPA along various Vines which would effectfvely terminste
811 Federa) activities uith respect to a second repository and rexove the
70,000 MTU Yimitatfon on the first repository,

3.0 REPOSITORY CAPACITY REQUIREMENTS

A partfcularly fmportant Vactor bearfng on the need for a second repositor
ts the volume of wastes to be dfsposed, Slrﬁy put, Cotal repository capacity
(whether Yocated §n one or sore sites) eust be sufficient to accommodate
projected vaste volumes tn & fashion consistent with long-ters fsolation
perforeance requiresents. Oeterminstion of the adequacy of repository cepacity
fs subject to considereble unceﬂ:]nty fn both the prospective volume of waste
and the potent1a) capacity of varfous sites. These factors dre explored below.

3.1 Civilien Sg nt Fuel Dispossl i!ég.ulg!’ ,mti ,

The DOE's Energy Information Adsfnistration (EIA) annually prepares &
geries of ene forecasts including nuclear energy productfon and resuiting
spent fuel discharge projections (EIA 1985a end EIA 1985b). Many dssumptions
regarding future energy production and ene consurption trends are (nvolved
fn developing these forecests. TYhe EIA andlysis tacivdes the effects of growth
in gross natfonal product, energy demand, electrical share of delfvered enerpy,
and the share of nuclear-produced electricity through the year 2020 on both
currently operating reactors and veactors which are under construction. A
sore detailed discussion of the EIA forecasts {s {ncluded In Appendix A,

Due to the wide range of variables and the extended forecest pericd {out
to 2020), €IA has prepared several projections which 1ikely bracket the tota)
s:ent fue) atcumulotions. The Hiddle Cose is the current planning bese.
The Ko New Orders (RND) Cose fs wsed to represent & lower bounding projection
of spent fuel disposal vegquiressnts for disposal fee analysis studies and for
syster sensitivity studies. . A

For the 1985 profections, EIA sdopted an assumption of fncreasing fuel

. buroup fn their gtandard case set, but these have 80t as {:t been fncorporated

. {nto the OCRW planning base. Increased burnup reduces the quantity of spent
fuel dischorpes but the discharged fuel produces more hedt. stsuntn\ly the
some nuzher of fisstons occur to produce the energy, dut the fissfon products
ere contained fn 8 smaller quantity of fue),) EIA, however, also provides
sensitivity cases with o increased burnup for the RND Case and the Hiddle
Cose. The rosulting spent fue) discharge profections are shown fn Table 1.

Increasing burnup assuuptfons are shown to have & substantial effect en
the estimsted quantities of opent fuel requiring Ofsposal. Thig will affect
(Pensportation, bandling and storage requirements, bt fncreased fuel exposure
levels will not reduze sitory disposal (undergrpund areg) vequiresents.

g 18 becaule, as 1s giscuss o the neat sections, repository ccplch{ in
all eedia §s limited by the heat gentration rate of the gpent fusl or hiph-
leve) waste. Kigher exposure reduces tonnage but total heat fs actuvally
somevhat higher, especially {n the Tong term, because of the {ncreasing
quantitfes of leng-1ived heat generating trensuranic nuclides, e.p., apericem
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Teble ] - Spent Fusl Projecﬂon Ceses,

Curulative HTV
_ 10 Case — tiiddie Case gg;

| IR T | ' Lo

:  Incressed fIncreasing Mo Incredsed  Increasing

Year Sumup Burpup Burnup Burnup

1984 11,442 Mz A 14 e
Coaws . 12,609 12,474 29 124l R4

1900 21,603 20,343 21,782 20,050 21,399

1695 32,518 30,881 3,530 31,481 31,064
00 . 4LMS 39,861 46,18 a1,658 42,159

2005 5,710 48,615 59,729 2,446 53,79

2010 €7.678 58,094 7.6 66,381 20,802

2015 80,919 60,280 101,187 05,416 66,013

2020 87,449 2,635 - 126,602 106,404 126,182

and curium fsotopes, that arg produced ot higher burmups. The 306,000 KTU by
2020 fn EIA's 1985 standard Hiddle Case projection s cquivalent to 327,000
HIV Tn the Ho Increased Burnup case vhich 15 close 10 the Hissfon Plen basis
of 130,000 HIU wvhich was based on the 1884 EIA projections.

It is evident from Table 1 that projections for cumulative spent fuel
projections vary over a considerable ronpe. It 13 81so0 clesr that the
projectfons vhich fndicate the largest fuel accusmlations bave o majority of
accumulation occurring ofter the year 2005, This is the result of the lms
p;:fbd between 1550 and 2000 vhere very fev mew resctors start «p in any ©
the cases.

- While the 2020 date §s oentioned In tha IWPA g8 & planning borfion, ft
should 2130 be repczbered that discharges will not stop {a 2020 unless nvclear
power hos been sbandoned &8s an ene og:lou. A second sitory stert-up
fo 2008 or later ghould be ¢ cte?{o used for disposal of gpent fuel
generated after 2010 end ghould fnclude capacity for fusl dfscharges to well
beyond 2020. Realistic planning will regquire the planning horfzon to be
seriodically eoved further into the futyre. ,

3.2 Defense Kigh-leve) Uaste Dispogsl Requirements

In eddition to the civilian gpent fuel disposal, the repository systes
{s to be used for disposel of defense hiph-level waste (QHLV), There &re
also substantia) uncerteintias 0 projectéd gquantities of these wastes,

: )
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OHLY s quite different from cfvilian power reactor sp-t fuel, ond s

-Tou-hest generating waste prepared for disposal by vitrificetfen. These waste

tre presently stored fa both 1iquid ond selfd forms at three DOL sftes:
Sovannah River, Hanford, ond Idsho. Construction s underway on 2 DHLM
proceuing facfifty at Szvannsh River (sa{. but factlitfes for DHLY processing
at the other two sites gre st{ll in the planning stages. For the purposes of
this paper the SR waste canfsters sre pssumed, on the sverage, to be typical
for &1l DHLY, but signiffcant varfetfons can be expected,
: Each Savannah River Dafense Waste Processing Factifty (OUPF) cenfster
will be approximately two foet fn dfanccter, 10 feet long and contain 22-25
cu. Tt. of vitrified DHLY producing up to 400 watts of heat. Through the
year 2019 it 15 estimated that spproximately 7000 of these waste canfsters
i1l be produced. There appears to be very little uncertatnty on the high
sfde of this estimate but the quantity might be sosewvhat lower depending on
the level of future operations at $R.

The Kanford Waste Vitriffcatfon Plant s planned 1o begin operatfons in
1695+7 producing canfsters of vitrified DHLY sipnilar to the SR canisters,
The glan fs to process a1l of the lfquid waste currently stored {n the existing
double-walled tanks, producing mbout 1500 canisters of waste. HKany sore

- canfsters coyld be produced €T 1t {s decfded to vitrify end digpese tn &

repositou-{ all wastes stored in the gingle-walled tanks - ag much ag an
additfonal 22,000 canfsters. Future production operaticas at efther Hanford
or SR couvl¢ produce another 1500 canfsters, - o -

Mo final decisfon has {et been reached with regard to processing DHLY
stored at the Idaho Chenfcal Processing Plant, These wastes gre current)
stored as calcined solids and contatn & large proportion of {mert chemicals.
The volume of vitrified waste depends on the process seleCted to reduce the
srount of contained inert chemfcals, Current stote-of-grt technol would
produce sbout 22,000 canisters. This could possibly be reduced to abovt 6,000
canisters with extensive volume reduction protessing.

Estizates are suzmirfzed for DHLY froz all three sites {n Teble 2,

Jeble 2 - Profected Range of DALY Canfsters Requiring
Repository Disposal through 2020 (s).

g{miz‘m Possible
annin r

pasg oond
Savanngh River 2,000 2,600
Hanford 1,500 23,500
Future Henferd or SR 1,500 - 1,500
Idaho 6,000 22,000
= 16,000 - 58,000

(s) Canisters are 2 ft. dfa. x 10 ft. Ipng with an averspe of erovnd
- 800 watts/canister.

4
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3.3 fiiscellaneous High-Level Wastes

In cdditfon to disposs) of spent fuel from clivilien nuclecr power resctor
and disgonl of DHLW, some zddftional repository cepacity uill bt needed for
disposal of other high-level waste auterfals. The only source of other HLV
that s clearly coanitted at present 5 the cocmercial HLV to be vitrified in
the West Valley Demonstration Project. This profect will produce approximatel: -
300 canisters by early 1990, similer fn sf2e and waste characterfstics to the
SR DHLY cenfsters, Soze nictlve!y ezatl Quantitfes of other materiols such
as sesled radiation sources and reactor decomafssfoning wastes pay be clasgsffie

a5 high-level waste 4nd require repository disposal onte HRC's pending '
rulemaking on the definitfon of kigh-level waste §s prosulgated,

. 4.0 REPOSITORY CAPACITY CAPABJLITIES

- Reposfitory cepacity s coxmonly referred to {a terus of estric tons of
vranfun (HMTU) that were trradfeted to produce the gpent fuel or HIY, This (g
o uisleading unit of measure. The repositor,; capacity for high hest generating
wastes {specificOlly cowmercial spent fuel) 1s 1{nited {p all three medfs by
the total heat generatfon rate which fn turn §s Ceternined by the leve) of gpen
fuel burnup, and age since reactor discharge. An HTU of spant fyuel frradiated
(exposed) to 50,000 KLD/MTU will heve somewhat more than twice the heat
generation rate of an HIU of spent fuel frradiated to only 25,000 RD/HIV,
The fisston product activity §s directly proportions) to the exposure {burnup)
Tevel but Tong-Tived hest generating transuranic nuclfdes Increase exponentiall,
with {ncreased exposure.
. A Copacity for low hest g:nercung wastes, however, such 8% the DHLW is
, pricar{ { ¥inited by Just the structural stunqth of the geolegic formation
that Viaits the pitch or spacing of the borehole enplacezent sites for these
: canfsters. 1In genera), 1t has been assvoed that two DHLY packages are
equivalent to one HY e% commercia) SKF (DOE 1985C). This frplies that the
16,000 DHLW canfster planning base 1s equivalent to 8,003 HIU of SKF.
The following subsections provide {nformitfon on the disposal eapacities
of the 3 sites proposed for characterization in the drefi environnents)
sssessaents of possidble first reposftory sites.

4.1 Salt Reposftory Cepacity

The Deaf Safth atte {n Texas overlies on eatensfve bedded salt formation,
The arca designated 2s a potentfe) reposftory site encozzesses 9 square oiles
or approxizately $BOO acres. The sctudl Ngoﬂmry area for 20,000 KTV of
SHF & DHLW currently Gefined for the $ite Characterization Plan (SCP) design
goncept encompasses 4280 acres of which & reletively significant portion s
slloceted for shaft piilar, ventilation entries, and service areas. The portion
af the sfte not allocated fn the repository layout s utflized o3 & buffer
Fone glong the s1te perimeter. '

The current loading Vimits ere €0 kW/ecre ond 30-foot minfeun spactinp of
canisters. Usinp these limiting fatters, up to 107,000 HIU could be explaced
tf the O-square-aile ares underground was totally utilized witnout the buffer
zone between the underground emplacement ares end site property boundary end
surface focilities and shafts were pleced in on dred designated as fa the
caxfoun prodadle fleodplain. Since the extent of the bedded sall formation

‘ .
: $




‘et 30,86 10:05

L 4
o
-

L

 whi

124

fs 1{terdlly hundreds of squire eiles, 1t s probable tﬂat this sfte covld be
expanded to etet the system requirensnts,

4.2 Desalt Repository Cepacity

The Gasalt Waste Isolatfon ProJect (EWIP) is sited on the large, 400
plus square sfle, DOL Hanford Reservatfon in tashington State, The reference
vepository location (RRL) encompasses 18 square siles (adbout 11,520 acres)
uithin the Hanford Site end 18 currently being investigated. The current
des:gn concept encocpasses an underground erea of approximately 2000 acres of

a sipgntficant portion 15 vescrved for shaft gi ter, and service ares,
.. YThe basalt repository does mot have & far field ares themmal Vimit fn
the sense that the salt repository hos, but it has & near {§eld thereal lHeit
resulting froe rock stress constderations that equates to approximately 20
ku/acre, This ylelds an emplacemant ared of approxtmately 1200 acres for o

" HKissfon Plan mix of 70,000 MTU of SHF and DHLV. A

- the sfze of ¢

tThere are no obvious sfze Yieftotions based on what §5 knowm &t this
tine Nnudinﬂ the Lohasset basalt flow formation selected for the repository,
e repository could probably be extensively esxpanded but wiste
transport could become a problem §f extensive varfatfons fn formation éip
were found. This would fncresse the cost of disposal beyond some tcnnagc
Hnit, but would not technically preclude expanston, Using the entfre RRL
underground area, over 600,000 KTU copacity potentially 1s available.

4.3 Yuff Repository Copacity

The tuff repository site at Yucea tountein {n Nevads has en apparently
eore Jiotted capadility for expansion than efther the Deaf Smith or Hanford
sites, The size of the formation suitedle for the repository 1 esticated at
1650 to 2050 ecres.

Thermal calculations have shoem that & loading et 57 kW/acre yields
teperature profiles well within thetr estedlighed 1falts for tuff. They
have estinsted that loading at 80 kW/scre oay be feestble. This thermal lo2Zing
range yields & repotitory cres requirement range of 1050 to 1470 ecres for
70,000 HTU of SHF gnd DMLY,

Based on these results, the area s adequate for the Hissfon Plan loarﬂng
of 20,000 HIU or algbt bhave cepability for 8 totel toading of as auch as 136,00
#TU equivalent at the higher thermal loading. Another possfbility which covld
orovide ddditfonal capacity 18 expanding the repository site {nto adjacent
ereds which ore less vell defined and would require charecterization,

A lmrg.of the results for a1l three wedia s ghown in Table 3. Hote
this dats 13 based on curreat {nformation end covld change based on resvlss
$¢ Octafled site characterization. Also, the capacities sre based strictly
cn teclmn‘:a\ feastbility ond do not reflect precticel operationa) constraints
tr econsnics.




e 7 -

- P.03

" pet ‘30,86 10;05

\Baf'??

lable 3 - Repository Stte Underground Area

Repository. upuit{ Based Avaflability

Underground Area  on Availsble of Additions}
‘ Site Avaflable focres)  Arss (MTU) Area
Salt-Deaf Saith 5,760 107,000 yes
Basalt-Hanford 13,820 668,000 yes

 Tuff-Yucca Min.  1650-2050 | 78,000-136,000 . possible

5,0 SYSIEM COST CONSIDERATIONS . =~ ,
C 7 31 sfequate capacity §s indeed svailadle, consiCerations of system costs
would arqve for opentng only & single repository site. Development and
explorotion costs for a second repository would be a major savings « on the :
order of $2.6 billfon. The cepital end opersting costs of the second repository
would be saved but some of the capftel end most of the oparation cost savings
wvould be odded costs for the first repository, Without 3 second resmitcry
{n the East, transportatfon costs would be fncreased by $400-500 millton,
Based on a spectal cost enalysis for the eiddie-cage &mﬁh rote propered for

. the House Science end Technology Coemittee by Roy F. Weston, fnc., plus

subsequent calculatfons for the $D case growth rate, cost savings in 8 single
repository system could be several bitlfens of dollars or negligible, depending
on the cozdbinatton of first and second repository sftes used for conparison,
11 the first rtpo:ftor{ 1s §n a high cost esdium Yike basalt, thare 1o less
opportunity for achieving o savings by ermrginﬁ this repository n preference
to nind up & second repository fn a medium that may be less costly to
Gevelop. These results are summarized fn Todle & for cases based on the middle-
case growth projection and the auvthorized s{stw (f.e., without on KRS).
Siaflar results for the thi0-case are sumsarized in teble 8.

The ﬁnfnq requirenents for & second repository can be influenced by the
epabilities of other cosponents of the waste management systexm ond By efforts
Cesd to sininize system costs., For example, atereactor gtorape capsdilities
could be Bore fully utilfzed to delay the tining for opening & second repository
vhile 2t the same time reducing systes costs by delivering older and colder
fuel to the repositorfes. Likewise, a Fonftored Retrfevable Storage (KAS)
foctility could be utilized to ochieve sinflar results.

Cerrent studies anﬂyzing waste acceptance schedules fndicate the reduces
systen costs can be realized by efther reducting repository spent fuel acceptance
rates or by Oelaying the startup of the second reposftory. In either case,
the epe of spent fuel receipts {s tacreased and costs art reduted through
disposal of older fuel. '
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Teble 4 - Coaparisons of Total System Life Cycle Costs for a Single versus
8 Twd Repository System with the Kidgle Case Growth Projection
{Auumrized Systen}

;_lanl« R_e_gxﬂog sttﬂ’ ’ © Yuo Reggsitérz sz‘ sten k
Reposito " Total System | Repository Hedfum - Tota) System
ﬂedhmv Life c:;;gOCosts. iglntzecond Life Cycle 'l‘:'osts, 8109
Basalt 29.0 Basalt/Cryst. (High) 12.3
. Basalt/Salt . 20.9
Basalt/Tuff . 28.t
. Gasalt/Cryst. (lw)  29.0
Salt 218 saltforyst. (High) . 28.8
e Soft/Salt 26.0
oL salt/Cryst, (tow) -~ 253
Tuff . 18.5 Tuff/Cryst. (High)  26.9
, . T - Tutf/Salt T U3
Tuff/Cryst. (Low) 23.6

Yadle § « tozparigon of Total system Life Cycle Costs for 3 Stngle versus &
Ixo Repository Systen with the KO Cage Growlh Projection
_(Avthorfzed System) :

Single Reposfitory Systen ' Tvp Repository Svitem
Repository Tota} System Reposftory Hedium Total Systen 9
fiad{em Life Cyjiag osts, Firs end »pfe Cvele Costs, 10
Basalt 23,1 Basalt/cryst. (High) 28.4
Salt 17.6 .
Tuff 15.3 ~ Tuff/Ceyst. (Lox) 21.3

6.0 RECIOHAL FOUITY C TI088

Section 112 of the WAPA requires the Secretery of Energy to consider the
sdvantopes of rerfonal distribution fa siting geologic repositories for disposa)
of HLY ard SHF, as well as to toke into occount the proxiaity of potential
repository sites to sftes vhere KW and SHF are generated and the trensportétion
and safety factors assoctated with coving the wite to & repository (See Section
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112(e)). The majority of the cozmercial nuclear powr reacters tn the Unfted -
States are found fn the eastern half of the Unfted States, Of o}l the Eastern
states, only In Missfssipp! are potential Tocotfons of & firit repository

under active consfderation. The other six potentfal first repository sites

sre in the West, where only about 10X of the SNF s profected to be generated,.

A broad consideratfon of regfonal distribution and equity over the entire:

continental Unfted States s most fully cansfstent with 4/PA requirensnts,

This will ensure consfderat{on of potential sites {a proxinfty to HLW or SKF
gineration or storage locations and the transportation and safety factors
reloted te sovement to the plece of permanent disposal. The lack of an ective
second repository site selection and characterfization progran could jecpardize
the gite approvels required for the first repository, by creating & sftuation -
" {o which people in the first reposftory state feel that they are fnequitedly
treated. This @3y cavse & state to gdopt a “notice of disapproval® and cavse
delay tn the construction and operatfoh of the first repository, unless Congres
overrides the state cbjectfon as provided for in the WdPA, . A

7.0 IHE VALUE OF FLEXIBJLITY |

A two repository system has the advantage of ncreased flexibflity relatty
to & single repository systea. This increased flexSbility will be manifest &n
fncreased systee avaflabilfty fn both the short term and the lony run. In
the short tern, the presence of two Independent focilities for the receipt and
disposa) of waste would make the wiste managenent system operation much less
sensftive to afnor disruptions and capable of continuous operatfon with greater
certafnty. The value of this ?vuter confidence of continuous operation wil)
be reflected {n ¢ greater confidence Yeve) 1n allowing scheduled waste
acceptance from generators §n the authorized systea or outprocessing o1 the
MRS §n the {sproved performance systen. This InCreesed systea avaflghility
2150 has economic benefits. First, 1t permits sore effictent copite)
vtiifzetion ng!us fdle tine) for other elements of the system (transportation,
RRS). Second, 1t wovld allow operatfon with § smdller transportetion cesk flee:
(even efter sccounting for distance effacts discussed {n section s.oz since
there would tend to be less relfonce on transport fleet as de facto lap storage.

In addition to the value of redundancy for the expscted, frequent, short
duration limitations on capacity, there 13 also § value in terwms of {nsuring
apeinst the effects of nsjor disruptive events at a single repository. Although

" such events are not foreseen, they are clearly posstible. An exzzple aight be
the discovery of unanticipated geologic features in sose part of the rock
body with a suvbsequent mesd to liaft the extent of operations,

A single nposuor{ systea 13 particolarly vulnersble to this sort of
event. Vithout any backup esplacement capicity, this type of event covld
effectively shit down the disposal functfon of the waste mandgement systea,

8.0 STRATEGIC AND CONTINGENCY PLANNING CORSIDERATIONS

: In 1ight of the uncertainty surrounding the sdequacy of first repository
capacity to sccommndate profected waste volumes, it s cleer that any sort of
*final® OCRW Ceciston on need for a second reposftory connot b2 made ot
this tise. Ratker, the current options sppear to !g continuation of the
current sfting program for the second repository, or (2) slowdowm of the current
siting plan. Either of these cholces s subfect to some risk. In the first

- ’
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case, the risk 15 a financtal one - that the costs {acurred o continvation
of second repository ectivities may uittmately prove to have been unvarranted.
In the second case, the risk seems to be both financts) and schedule-related,
The financial risk fn this case Is due Lo the potentis) for tnefficiencies in
veducing and later quriz up e?am. Although the cagnitude of this risk (g
unknown, §t could be & substantiel fractfon of any prospective financial
uvln?s. The schedule-related rist associated uith delay of the second
repository program would be fn the possibility of not being edle to ezet
requiresents. If the waste voluses, costs, and regmm equity and other
considerations discussed above €0 turm out to require 8 second repository,
then & constderadle slippepe might have pccurred by the tioe this {3 known
ufth certainty. . S . R :

In weighfng the relative attractfvenest of thege two rigks, two facts
seen relevant. First, the “speculstive® nature of expenditures on a second
repository prograw before need {8 known with certainty §s by ne means unique -
the same ﬂeht be said of unsuccessfyl first repository sites. The nature of
the OCRWM missfon and the lTevels of uncertafnty require this sort of fasurance
to meet NWPA manfates. Second, given that the choice posod ebove seems to be
one largely hinging on the trade-off between potential financtal and schedule
Jogses, the relattve adbundance of funds and time within the progren are
relevant. Bised on the progran’s overall posture st present, 1t seexs Clear
that time i3 the scarce resource. : - o

Sti1l another consideration fs a concern 0 eininiye the obrfously
substantfal disconfort of stetes that have been fdentified as possible second
repository sftes. It would appedr that the bezst course for einfe{zing this
disconfort, that has been manifested for exarple by reduced gmerty values,
would be to proceed expeditiously to narrov down the gite selection for
second repository to a single sfte. Actual construction might then be delayed
depending on the need perceived 8t that tise.

9,0 SueaRy

There {s no cledr enswer, either ¥m or con, on the need and best tinmf
for & second reposftory based on vepository cepacity Heoitations and projections
of disposal requirements. Ja any case, it must b¢ recognized thit waste
generation will continue after 2020, vhich may eventuslly reguire a second
repository at & 1ster €ote. ' :

it 13 clesr that the vesolption of uncertainty ebout both the waste volumes
and site capacities will occur $a the early 19803, when the projected new
nuclear reactor orders are forecatted end dato from the three first repository
sfte characterization prograns begfn to be avatleble. This ¢ also the time
st vhich the second repository progrem would transition from & relatively
ingapensive siting phase to the sore costly site characterization phase.
Thic cofncidence gsegoests that gfforts to oeke & “final® deterninition on the
gaed ont timing for @ setond repository might be foCused on this time pertod.

The data indicate that faitfation of detatled site charscterization for
the second repository could be deleyed for seversl years beyond the current
planning schedule date of 1694 (f required, with & conconitent zlay in the
startup date, uithout effecting the wvaste @anagement emplacesznt rates for
fuel stiich s relotively certaln to exist.

[
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APPERDIX
KUCLEAR ERERGY AMD SPEKT FULL DISCHMARGE PROJECTIONS

This eppendix provides a brief description of the assweptions ¢nd
ut?ad:}ogy used 1In developing €1A's energy forecasts and spent-fuel discherge

The CIA analys(s {s divided {nto two tiome frizeg « the fntercediste term
through 1095 and the long tero through 2020. FProjectfons in terus of four
separate cases are developed for & range of essemptions regarding growth (n
dezand &nd actions taken to meet the demand. Projections Include Tow, middle,
and high cases and a no new orders case (IN0C) §n which no new orders for
nuclear plants beyond those alresady in place dre assumed. Table A.1, from EIA
1983a, shows projected nuclear copacity and energy generation through 2020
for sach of the four EJA cases. . o , I o

The Intercediste-tera nuclear capscity proJections through 1995 are based -

" on a vesctor *pipeline® enalysts, which entafls 8 reattor-by-resctor review

of units that &re under construction or In the Yicensing process, The middle-
and high-case nucledr suppl{ scenarfos assuse that the amount of fastelled
nuclear capacfty {n 1995 will be deterained by the Tetfon of 211 vnits
currently in the Yfcensing ond construction pipeling (5.6., that potential
cancellations will be offset by, for exarple, the resctivetfon of cothtalled
units and that eny newv units ordered during the projection period will not be
operadle until after the year 2000). The Tow-case auclear supply seenario
essumes that o nusber of enfts curfently fn the construvction pipeline will be
canceled and will not be balenced by any new vnit ordars, -

Projections of {nstalled maclear capacity for the perfod froa 1655 throvgh
2000 ore based on a continuation of the resctor pipeline &nalysts, since it
fs assveed that no nowly ordered plants sre Vikely to become operedle throvgh
2000. 1In the middle and Yow cases, wo addittonsl units vemain in the
construction pipeline vhile threa ynits corprising 1.1 Gle ere retired by
2000. 1In the high case, three edditionsl rezctors (2.5 GVWe) &re assumed to
be corpleted by the year 2000.

Recognizing the Jarpge untertafnty during ths perfed fron 2000 through
2020, the EIA*s long-tern profectfons for the low-.&iddle-, and high-case
scendrios assuze that U.S. Utflitfes will mafntefin & diversificd baseload
electricity supply by continufeg to foly on cosl and suclear fuels n crder
“to reduce consuption of relstively bighecost o1l and gas supplies, end to
ueet denand grovth until pev generating technolopies biceme ovoiledle. The
high case assumes euch lower epergy prices ond 6 sfpnificantly dncreasing
eloctrica) share, whereas the lorr case assumes higher enerpy prices and only
a sodest fncrease §n the electrical ghere. The nuclear encrgy share f5 assumed
to fncrease in the high case end 10 remain essentially constent n the low case.

The piddie-case prajection of 248 GWe In 2020 {3 bised on podest averige
ennvel grovth rates for the gross natfonal product (GiP} and for energy demind
of 2.1 and 1.3 percent, respectively, froe 2000 through 2020. Uhe electricity
gshare of delivered energy §s profected to fncredse from mearly 17 percent in
1984 to sbout 28 percent by 2020. The auclear ghare of electricity supply
for the niodie case fs projected to fmcrezie froa nedrly 14 percent to 22
percent in 2020, compared with the intersadfidte-term projection of 19 percent
fn 1095, It {s assumed that ordering of pew suclear plants will resuwme in

A.l
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Jable A.1 - Projections of v.5. redle tiucYear Copacity
| and Generetion at ch:f Year, 1525-2020 (0:{)

sufficient time for the resulting capacity to becose operadle betwzen the
years 2000 and 2005.

The widdie-case growth scenario 1s the base case for OCI planning
purposm;s and the no rew ordars case §s vscd 83 & Towdr BOUNS on oxpected auclosr
0 .

Io devaloping the speat-fuel discharge projections from the capecity and
energy ?cnerauo:g estimites, the 1985 tl?E;ojections ieclede considerstion
of utility trends townrds facreasing fuel burnups (or fuel exposure), Increases
fo the burnup level gre achfeved by Increasing the concentration of U-235 in
the eariched vrantum fuel and eodifying the desipgn of the fegl reds. &5 2
result, a s=aller fraction of tha core is replaced Guring refusling, or the
Tength of the cperati Te 13 facreased. Increased buramp roduces the
requiresaats for enrd granium, the fadbricotion of fus! for ase in the
*cictors, and reduces the discharges of spent fusl and fts storaps voquirements.
“he total costs of a fve) cycle are expected to Gecrease as buraip fncreases.
ke burnup Tevel to achieve efnfzzm cost s a function of desi?a parsseters
&nd cost components of the fusl eycle. Burnup lovels ore now {n the ronge of
55,000 to 35,000 RD/HTV and tasts have baen successfully ceadutted at & buraup
c$=45,600 RINITY,

fa the €14 standard cases 1t s .assomed that vtilities will eove to Qfgher
surmp levels, The reactors are gssymed to schieve & 30 perceat facrease in
Surnp over curreat levels by 1093, The buraup Yevel 13 .han 8ssum2d to remsin
constant th the end of the enalysis perfod., Thb{s essimption, {n effect,
presuees thet the stitities will gradually Sncrosse thair Yowvels of burnuﬁ to .
the levels mear those ot which tests have beoen condtucted successfully, The
resulting cmmoletive speat fuel élscharge projecticns aro shown fn Tedble A.2.

A.2
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The EIA enalysis also fncludes sens{tivity cases to {1lustrate the fmpsct
of turmup-level assymptions. Je o sensftivity case of eo increased- -burnup,
the burnup Teve! 1 held constant through 2020 ot the aversge historfcal level
for 1976 through 1983, 1In a bigh burnup cese, the burnup level rises at the
ss22 rate o3 the middle case through 2000 but 18 2Ylewed to contfave to rige
entil 2020, when the burmup rate 15 50 percent above current Jevels. Results
of these sentftivity cases are shown In Toble &.S,

Jable A.2 - 1085 EIA Projections of Cumulative Spent Fuel Digscharges
. $ince 1957 froo U.S. Kuclear Power Plents, HTU of 1985

L . (Retrie Tons of Inftiel Heavy Fotal)

aAs
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¥ vas aletuzbod to cceld a meve atttcle aeacub!ng mt
nislosfing otatenente concerning the ctatos of tho escond :
reponitery progren, am:amg to the viro ssrvice report, yoo
stated Garling & canpaign eving £s Bogth Carolina thet ¢he oscond
gopoeitory 80 o éoel foowa® ard ic baing vsed “to scare poople’
by the Deoosgatic pinined for Congress, Junss ﬁecm:e Clect.

- Bre. Botretaty, §w pust bnok thet your remsrke aze £elpo.
@0 Boclear Weste Policy Aot of 1962 ch you gdninigtores ehm
you wege sec:etary of Exobgy., cdlle ﬁot a sotond zmﬁeo%
. uxeaee by ¢ igicd time, XX zmlee tbe that
B pot o tho £zt zegocitezy. EBoth the Dopartment of
Mtw'a own emra oeanssl wﬁ the Goncral RAccsuntieq Offfoe
$ %& m& the oenmly wxy Chet eeauumxst Qan B2 & fe through

* EBooever, ©5 oudh aeggemuoa hes keen pmssea. o the
csdtery., the mlaﬂnet en oppocos cuth legislatios.

. Ponstholess, the rtnost ef Basrey €o01d beve taker
W ctop So osoure e Me ef Porth Carelima, It conld
tedd the thonmends of escments, vhich it geguized the Nbuc
N to eue eadst & u@uma ochesalie usd €2 €he ©fogdlinss i
tha £at% e2d Satormined whothor tho Rorth Caroline eited ware
pOTt mxmteae. Ghoy 654 pot € ev. Bccopfing €0 & lettor of
Suly 8, 1985, fron Dotretary mardagton te 3 W tteoo the -
Share 10 Bo coerent. aﬁf"‘%u"ém i vith rospect o
are gee L 74
escond copository, =0 ezt?gw beesn ag solified baced n tbe
m;;ﬁgi @?e lette: alep 3%1 ne thet the vga&oo soteie toa‘eap
en the gicet ¢
Sgoesictent vi tbe picn €0 Soctpora fnfofinitely, tut pot
beminntg, the pooond smssee:y gm?m." (cophecio aéfcd),
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The Bonorable Donnld Paul Bodoel
Page ™o _
Ootobor 28, 1986

Perhapa nore to the point £o o cpecch given by Bon Ruscho,
the Director of the Office of Civilien Radioactive Waotod
flanageneat of the Department of Enorgy, on Ostober 20, 1986. Be
ie responsible for eéninisteoring the vacte progton. B9 calds

%e heve sot gbamdonad ¢ oocond
:epaeuor{. e HWoclear Weste Policy Act
- gequitos that & second repository bs copnidered
.- upder g certaln sot of conditionn end thst ve
roceed to tho éafinition of & site. The
~ Becretary and I bheve refterated on several
... occasiong otir viev that the Act, as ft stands,
- ought to temedin,® : A R
- - Prankly, 8r. €scgeta obould be pereonslly vacy of your
‘xzamutc pouug: into tle cgpatgg.

sonsipgze for the Senste, Phil Gremm, you told people thexe that .
becagse of public pressure and the influence of Fhil Grama, thore
would not be & repository {m Tesas. You peiterated that point fo
a Jotter to the foreor Chalrmen of this Subsomnittee, Richard
ostinger, OF coures, doepite your ageurances beck tﬁea.

esunebly to ald the Republican candféato who ves en acthor of

e Bi11, Toxao ic still ona of the three contendore for the figet
zﬁoumq. I ez endlosing nove articles £rom thet campaign to
telresh your Bemory. . A

Tho prople of Forth Carolina consider the tse of thelir State
aa a paclesg vaste :epaitoq' as ons of the poct izportent {coues
thet feoze thelr Stote. Son't 3cll thes fnto a folpo gonre of
gacocity &s you tried to éo to the poople of Temas. Tell it like
it da. ©Doll thea tho lex still requiren a cecond wpoelt.og. end
thet the progrez bas w8t been terminsted. Tell then that tho oxe
Dapartn ef Coorgy, tbich selected thom oo omd of stven Btetes
gor tho socond mpoei ¢ i1l bo paking the cholce sgaim. %The

people Geserva to know tho fecte.
Sinscotely,

Baclosures (Ao Bteted)
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STATE OF WASHINGTON

OFFICE OF THE GOVERNOR

OLYMPIA
93504 0413

October 31, 1986

Mr. John Hecrington

Secretary of Energy
Wnshinvton D.C. 20585

Dear Secretnry Herrmcton

Over the past several months informal efforts have been made by the Washngton State
Nuclear Waste Board to obtain information concerning ongoing and planned activities
relating to the candidate repository site at Hanford. These efforts have been
unsuccessful. Although Department of Energy officials have on several occasions
promised to provide answers to our inquiries, they have not been forthcoming.

If any site characterization activities are ongoing, our position is such activities are in
violation of the Nuclear Waste Policy Act. We understand the Nuclear Waste Policy Act
to require submission of a site characterization plan and the conduct of public hearings on
such plan before site characterization activities may be undertaken. Section 113(2) of the
Act requires you to consider fully the comments received in public hearings on a site

. characterization plan. Further, that section requires consultation with the Governor of
the affected state in conducting site characterization activities.

Despite these requirements, it appears the Department of Energy and its contractors are
proceeding with site characterization activities without consulting the State of
Weashington and prior to the conduct of public hearings. The serious nature of such
noncompliance is illustrated by the attached correspondence between Terry Husseman,
Director of our Office of Nuclear Waste Management, and the Richland Operations
Office. Your contractor was apparently planning to use radioactive tracers.in a flowrate
survey until the state’s Office of Nuclear Waste Management learned of the plan and
intervened. Not only would such activity have violated the consultation and public
hearing requirements of the NWPA, but it would also have been in direct contravention of
restrictions on the use of radioactive materials contained in section 113(c).

The State of Wa.shlngton insists upon compliance with the provisions of section 113(a) of
the NWPA which require submission of & site characterization plan and the conduct of
public hearings before site characterization activities are undertaken. In addition, we
formally request response to the following questions pursuant to the State of Was}ungton's
right under section 117(a) of the NWPA to receive "timely and complete information
regarding determination or plans made with respect to the site characterization... of such

repository.”
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5.

Does the Department of Energy intend to conduct any site characterization activities
prior to public hearings on a site characterization plan? [f yes, how do you intend to
comply with the provisions of section 113 of the Act which require you to consider
fully comments received in public hearings and to consult with the Governor in
conducting site characterization?

Have any laboratory or field activities relating to characterization of the Hanford
site been conducted from May 28, 1986 to the present? If such activities have been
or are being conducted, detail the nature and rationale of the activities, the names
and positions of the persons overseeing such activities, and the documents which
relate to or were generated as a result of such activities.

Please detail the activities included in each project work package referenced on the
attached "Table of Project Activities by Work Package” and indicate which activities
are exempt from the stop work order issued in May 1986 pertaining to inadequate
quality assurance procedures. A o

What laboratory or field activities relating to characterization of the Hanford site
are planned to be conducted in the three months following your response to these
questions? Please detail the nature of the activities, the purpose of the activities,
the dates when such activities will be conducted, the names and positions of the
persons who will oversee such activities, and al! documents which describe such

gctivities. -

Plesse furnish any documents, described in questions 2 and 4, above, developed by
your agency oc its contractors.

Consistent with the state's right to timely information, we request immediate response to
questions 1 through 3 regarding activities which are ongoing or will be undertaken within
the next 30 days. Question 4 must be answered within 30 days pursuant to section
117(a)2) of the Act. Timely and complete answers to the very important requests we
make will avoid the necessity for resorting to statutory remedies.

Thank you for your consideration in this pressing matter.

smc_jerexi{.

[\

Booth Gardner
Governor

BG:216p

Enclosures
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i ( | STATE OF W\ ASHNCTON
DEPARTMENT OF ECOLOGY
Ml Sicp PV-11 @ Ohympa, Washinglon S65048711 o (205 4556000
August 27, 1986 .

Mr. Lee Olson, Project Manager
Basalt Waste Isolation Project
US. Department of Epergy
P.O. Box 550

Richland, WA $9352

) Dnr Wn:
It bas come xo my amnuon that USDOE nnd Rockweﬂ my $00D umme radiocactive
tracer and pump tests at well DC 23, If this is true it concerns me becsuse you did not

potify us of this activity, and you did not provide the state of Washington timely and
complete information regarding this testing 2s required in Section 117 of the Nuclear

Waste Policy Act.

( We Bave not received specific details about your planned testing, but it appears the pro-
posed tracer and pump tests are in conflict with the following:

. Scetion 113(c) of the Nuclear Waste Policy Act which places specific
restrictions oo the use of radioactive material during site characterization.

. Thbe agreement made st the May 7 USDOE/States/Tribes meeting snd
confirmed at the Avgust 13 USDOE/States/Tribes meeting. At both meetings,
USDOE agreed not to start new work at federal sites until the states had an
opportunity to review the 15-20 page document which describes ongoing work.
In addition, USDOE agreed to consult with the states prior to beginning new

work,

. The general stop work order issued to Rockwell Operstions en sz 13, 1986.

- The Hydrologic Test Strategy agreement with NRC end the state of
Washington which calls for a consensus oo the hydrologic baseline before pump

tests are initiated.

- Statcof Wu!ungton water Quality and water nghts laws and regulations which
preclude costamination of groundwaters.

In addition, the need to monitor and differcntiate the source of environmental coptamina-
tion from a repository or from defense wastes was a major comment oz the Defense Waste
DEIS and the EMMP annotated outline. We are concerned that your use of radicactive
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. tracers, rather thag tbe conventional tracers, may destroy the baseline for radioactive
- lae .

Eves if these Jegal and procedural obstacles can be resolved, the state will beve continu-
ieg strocg objections to the use of any radiosctive tracer in the basalt aquifers. On many
occasions, 06 most secently in our response to the Defense Waste DEIS, we bave -
expressed concern over the ability to perform postclosure moritoring of releases from a
deep repository. Such monitoring would Jogically be performed at depth and in the -
aquifers now iavolved in bydraulic testing. Jodine-131/129, in fact, would be one of the
wmost odjectionable radionunclide tracers, since it would occur in the Jeading edge of a
gelease plume from the repository. It would be essential to postclosure monitoring to have
ot jodine baseline in each of scveral aquifers above the repository, and the deliberate
istroduction of radioiodine today could destroy that baseline. Since there are ldcquxté
syothetic organic tracers available, they should be seriously coansidered for use in any
prcpascd tracer tests. We are nmltblc and wxlhng to work mxh you in (hc f uturc phn-

mnx of sucb tests.

Plcasc provxde us mth tbc rationale for nd the dcscnptnon of tbese tem. Thank you for
your anticipated coopcunon _ ‘

v o N 'Sini:cr'ely',"'*
Terry Hosseman, Director
Office of Nuclear Waste Management

THke
cc Warren Bishop



Department of Energy

R.chiand Operations Office
p.0. Box 550 )
Richland, Washington 99352 : 86-GTB-58

0CT 24 o856

Mr. Terry Husseman, Program Director

Office of Nuclear Waste Management

Washington State Department of
Ecology, MS PY-11

Olympia, WA 98504

Dear Mr. Husseman: S
VELOCITY SHOT TRACER !NJECTIONVSURVEY DC-23GR (IODINE-131 LOGGING)

Thank you for your letter of August 27, 1986, concerning potential radioactive -
tracer 1ogging at borehole DC-23GR. - o .

Our contractor (Rockwell) is still investigating the advantages of performing
2 velocity shot tracer survey using radioactive I-131 as the tracer and.
deve]oping the appropriate _support documentation. ,

The purpose of the proposed survey is to determine vertical flowrates within
the borehole. The interval proposed to be logged is from 2,385 feet to :
3,532 feet. Conventional logging techniques in our opinion will not yield
usable results, as the. formation does not appear to yield adequate flow. The - -
:rage;;fl =131, is being considered because of its approximate eight day

a - €.

The current borehole status is that a bridge-plug has been set in the McCoy
Canyon flow to isolate the Umtanum. The need for additional bridge-plugs is
being evaluated. Further testing, logging and piezometer installation will
occur when the Stop Work Order is lifted for these specific activities. If
radioactive tracer logging is to be pursued it would be considered at that
time. Radioactive tracer logging will not proceed, however, until we are
certain the activity is consistent with the Nuclear Waste Policy Act and
applicable NRC and Washington State applicable statutes and regulations and
the appropriate documentation is in place. Assurances will be made, if [-131
is used as a radioisotope tracer, that other long-lived radioisotopes,
including I-129, will not be injected into the subsurface.

Although the decision has not been made to proceed with the radioactive tracer
logging, the NRC and State of Washington will be kept apprised of the progress
of the study and provided with all relevant documentation which will include 2
full rationale and description of the tests prior to fnitiating the activity.
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1f you have any additwnal questfions on this fssue please contact ]
Mr. M. L, Powell (509-376-5267) of my office and he will arrange for proper
interface on the technical fissues as may be required.

Sincerely,

I L

, Jo H Anttonen, Assistant Hanager
BWI:MKT : or Commercial Nuclear Waste

cc: Mr. Russell Jim, Program Manager
Yakima Tribal Council
Mr. Ron Halfmoon, Program Manager
- Nez Perce Tribal Executive Comm.
Mr. Bill Burke, Program Chairman
Unatilla Confederated Tribes
HMr. David Stewart-Smith .
* Department of Energy, OR
Hr. Max S. ‘Power
Institute for Public Policy, WA
Mr. Glen Lane
Council of Energy Resource Tribes
Mr. Donald Provos*
- - St. of Wash, Dept. of Ecology

'l



ot ' Enclosure 3 '

TABLE OF PROJECT ACTIVITIES
BY WORK PACKAGE

_ SUMMARY TABLE

Work Packageé to be Stopped | k¥
Work Packages Excepted‘froa SWO by Justification':‘

1. -Data Gathering Activities | 20

2. Project Management Program Support Activities “"

3. Personnel Saféty and Hainten?nce Activities 61

8. Adminfstrative Activitfes e
.5, SCP Preparation Activities T
' 6;.:Essential-lctivltiesllmprudent to Stop ‘61
7. Categorfes Require Clarffication R0
Total Hork Packages Excepted from S0 501

Total Project Work Packages 830

*Complete definitions of the six justifications for excluding work

from the general Stop Work Order are given on Pages 1 and 2 of a

Tetter dated May 1, 1986, from R. D. larson to General Manager, Rockwell
Hanford Operations titled, ®Basalt Maste Isolation Project Work Evaluation.®

D



OFFICE OF. THE
ATTORNEY GENERAL

" November 17) 1986

Honorable Ronald Reagan o -
President

The White House

Washington, D.C. 20500

Dear Mr. President:

I was pleased and encouraged by your comment (wheh receﬁtly

-visiting Spokane, Washington) that you would personally see to it

that the letter of the law is followed by the United States.
Department of Energy in choosing a nuclear waste repository..

Regretfully, I must say your comment made clear to me that you
have not been informed about the gross disregard of the Nuclear
Waste Policy Act already committed by the Energy Department. By
way of immediate example, I invite your attention to the actions of
the Department in bulldozing past the lawful requirement of a
second repository. I am firmly convinced the Department's actions
are in clear violation of the Act and I expect to eventually
prevail in the Courts.

The Nuclear Waste Policy Act requires the Secretary of the
Department to recommend sites for two regionally distributed
repositories with the second candidate sites to be nominated and
recommended no later than July 1, 1989. This is the clear language
and mandate of this federal law. The following points will
demonstrate the flagrant disregard of this mandate by the

‘Lepartment.

l. On May 28, 1986, the Secretary of the Department
announced the decision to suspend all site-specific work
leading to the site for the second repository. 1In the
words of the Secretary, "site specific work for a second
repository has been postponed indefinitely."

2. On June 16, 1986, before Congress, the Secretary
testified that "when and whether" the second repository
process would be resumed would not be decided until the
mid-1990's.

“Ren Elkenberry Attorney General

Temqle of Justice, Olympia, Washington 98504-0521
G 3



Honorable Ronald Reagan Page 2 November 17, 1986

3. In a May 28, 1986 news releasel the Department
declared the eastern and midwestern states were "no
longer under active consideration.”

4. 1In a letter dated June 12, 1986 to Ropresentative
Broyhill, the Secretary stated, "Our search for a second
repository site has been discontinued."

5. In its Mission Plan dated June, 1985, the Depaftment
stated that it would require five years of work to
recommend candidate sites.

6. General Counsel for the Department, on September S,
1986, advised that the requirement to make a
recommendation regarding the second repcsitory in 1989
"remain(s) intact until repealed, amended or supplanted
by new legislation."”

The foregoing clearly demonstrates the Department's determined
violation of the Nuclear Waste Policy Act. I believe it is also
important for you to personally know the criteria used by the USDOE
in taking this action. This is best represented in notes of a
meeting of May 21, 1986 (one week before the announcement) between
high-ranking officials in the Department. 1In deciding whether to
terminate the search for the second repository, a list of the pros
and cons was created. First on the list of the pros was "immediate
political relief from CRP states", and first on the list of the
cons was "obvious political ploy." It is this kind of information
which has lead to a total lack of confidence in the process by the
citizens of the State of Washington. 1In the recent election they
voiced this concern by passing an initiative with an 85 percent
majority objecting to the process used in the selection of a site.

The foregoing serves to demonstrate not only violations of law
by the United States Department of Energy but highlights the
politically motivated reasons for the violations. I ask for your
assistance and action in addressing this issue of far-reaching
implications for the citizens of the entire countsy and the State
of wWashiugton, in particular.

Very tr%rs v -
. : lé‘gN EIKENBERRY . ;
if Attorney General
cc: John Herrington

-
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FOR RELEASE NOVEMBER 20, 1986

MELVIN R. SAMPSON, Chairman of the Tribal Council of the

Yakima Indian Nationy, today annocunced that the Yakima Indian
Nation had filed a petition in U.S8. Court of Appeals for the
Ninth Circut to review the actions of President Ronald Reagan,
Encrgy Becretary John Herrinpton and the Department of Enerpy
concerning failure to fulfill their lepal responsibilities under
the Nuclear Raste Policy Act and the trust respornsibility due the

.Ylklua Indian Nation in the following decisions:

(l) The nomination by the Secretary of five sites, including a
gite on the Hanford Nuclear Reservation and upon the treaty
ceded lands of the the Yakima Indian Nation, as suitable for site
cbarccterlzation as a high-level nuclear waste repository.

'm Thc reownendation by the Secretary to the President of three

of the nominated sites, including the Hanford site, for

- characterization as candidate sites for a high—level nuclear

wcltc roposltory;

(3’ Tho tssuance by the Secretary of envxronmental assessments
ralatlng to these nominationss :

(4) The preliminary determznatxon by the Secretary that the
rocommended sites are su1tab1e for development as reposxtorzes-

(S) The approval by the President of the three recommended s1tes

in Nevada, Texas and Washingtoni and,

(6) The decision by the Department ard Secretary to indefinitely
postpone all site-specific work leading to the nomination and
recommendation of sites for selection of second round repository.

Further. the Yakima Indian Natxon asked for a determination

of whether the Department of Energy was correct in limitxng funds
for legal review of these actions as is contemplated in the
Nuclear Waste Policy Act.

Sampson said distortion of DOE's technical scientific

analysis in crder to support selection of the Hanford site
necessitated bringing these actions for review even though limited
tribal funds must be used for this purpose. "We are fulfilling
our responsibility as an affected tribe under the Nuclear Waste
Policy Act and consider this effort necessary to see that
Secretary Herrr;ngton and the Department of Energy fulfill the:rs“

Sampson said.

Fer any clarification, contact Russell Jim, Program Manager,
Yakima Indian Naticn Nuclear Waste Program (S23) g65 5121,
James B. Hovis, Tribal Attorney, (S523) 575 1508 or Phillip Bing
Clriey, Yakima Indian Natxon Gerneral Council Chairman, (S509)
8eS-S121, Ext. 302

-
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BO0TH GARDNER

STATE OF WASHINGTON

OFFICE OF THE GOVERNOR

OLYMPIA

$8504-0413

GOVERNOR

October 20, 1986

Mr. William N. Schlax

. 508 Buena Vista Drive

Santa Rosa, California 95404

Deﬁf Mr. Schlax:

Thank you for sending Governor Gardner your paper on the basalt in the Hanford
area. He forwarded it to me as his nuclear waste advisor and a member of the

. Nuclear Waste Board.

The Boérd consists of directors of various state health, resource, and energy
agencies. 1 have distributed your paper to them and to the professional staff

of the Board.

In addition we have a Nuclear Waste Advisory Council, which is conducting
informational meetings on the referendum measure. I have forwarded your paper
to its members also, for their use during these meetings. ~

I appreciate your sending your paper. I hope you will be able to continue
contributing to the body of knowledge on Hanford's geology.

Sinczre]y. ,1:;:”’_

Curtis Eschels
Special Assistant for Policy

cc: Nuclear Waste Board
NHuclear Waste Advisory Council
Of fice of Nuclear Waste Management

-
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WILLIAM N. SCHLAX
GEOLOGIST
BO8 BUENA VISTA DRIVE
SANTA ROSA. CaLIFORNIA 95404

October 9, 1986

Governor Booth Gardner
State Capitol
Olympia, WA 98504
Dear Governor Gardner: B . :
On April 2, 1985, 1 sent you & copy of my
testimony opposing the proposed nuclear waste repository
at Hanford (given et Richland March 5, 1985).

- Enclosed are copies of a Kuclear Regulatory
Commission letter dated May 30, 1986, an Association
of Engineering Geologists letter dated July 31, 1986,
and my peper titled "Unsuitebility of Hanford,
VWashington Site for e Nuclear Waste Repository"”.

On October 7, 1986, I read this paper before the
Annual Meeting of the Association of Engineering
Geologists in Sen Francisco.

I hope you feel this paper merits the attention of
the people 5f Washington before they wvote on the issue
of the repository in November. I request that you have
this paper released to involved agencies of the State
of Washington and to the medie of the State.

Sincerely yours,

Gt Al

Williem N. Schlax
Engineering Geologist
CEG #28



UNITED STATES
NUCLEAR REGULATORY COMMISSION
REGION V

1450 MARIA LANE, SUITE 210 ’
WALNUT CREEK, CALIFORNIA §4896

Mey 30, 1986

" MEMORANDUM POR: Robert E. Browning, Director .
e : Division of Waste Management .

- THROUGH: Ross A, Scarano, Director -
’ Diviaion of Radiation Safety and Safeguards

FROM: Deen M. Runibire
Regional State Lisison Officer

SUBJECT: CONCERNS REGARDING TEE SUITABILITY OF EANFORD AS A
EIGH-LEVEL WASTE REPOSITORI S

on May 16, 1986. Mr, Uilliam Schlax visited the Region v offiee to express

. his concerns over the Department of Energy's (DOE) continuing high-level
weste repository investigations of the Eanford site. According to.

Mr. Schlsx, there are compelling technical bases to reject Banford from
further consideration. He noted that he has presented testimony to that
effect at & public hearing on the DOE Draft Environmental Assessment in
Richland, Weshington on March 5, 1985 (Enclosure A), and sought assurances
that the NRC be sware of and evaluate the igsues set forth in his testimony.
While briefly reviewing his technical rationazle, he reiterated grave concern
over the continued expenditure of "millions of dollars"™ studying & site
vhich, according to him, has obviously little, if any, technicsl merit besed
on already known geologic information about the site. i

One of his purposes in visiting the Regionel office was to voice kis

concerns with appropriate KRC officials. I advised him that the KRC
high-level waste program was managed by the Office of Kuclear Materials

Safety and Safeguards, and assured him that his concerns would be forwarded to

that office,

Also enclosed is an ebstract from the psper entitled. "Unsuitability of
Eanford, WA site for & nuclear waste repository," which Mr. Schlax hsas
‘submitted for presentation at the ennual neeting of the Association of
Engineering Geologist.

an M, K iro
Regional State Lisison Officer

Enclosures: ’ .
As ptated : _

ce w/o enclosures:
W. K. Schlax
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July 31st, 1986

Mr. Williem Schlax
508 Buene Viste Dr.
Sante Rosa, CA ‘
95404 )

Dear Mr. Schlax

The technicel program committee is pleased to inform
you that you have been accepted to present en ebstract -
et the 1986 Annual Meeting. Your abstract is entitled:

Unsuitebility of Hanford,-waéhingtbn site for & nucleer
wvaste repository ‘ ' ~

Your peper has been scheduled for the following session:

ia Tue/AM

We encourage you to write your paper for publication
in the AEG Bulletin. We have enclosed guidelines for
the short peper format.

Sincerely,

1986 AEG AKNUAL MEETING COMMITTEE

R. Rexford Upp

Prograem Chairman

(408) 984-1336

Enclosures: Annuel Meeting Short Papers

focered g, 1, 86 P2 -



Unsuitability of Hanford, Washington site
for & Nuclear Waste Repository

Williem N. Schlax, Engineering Geologist
508 Buena Vista Drive, Santa Rosa, CA 95404

This peper is based on the author's review of the
Depertment of Energy's draft end final Environmental
Assessments of the Hanford site, and on the author's
knowledge of the region, escquired in part, as & co-~
eauthor of the U. S. Geological Survey reporf on the
Geology and Groundwater Resources of fhe Wenas Creek
Valley (forty miles west of Hanford) which is referenced
in the Environmental Assessments., e

In the Pacific Northwest, the 260 000 square mile
drainage besin of the Columbia River encompasses. Idaho,
parts of western Montana end wyoming, lerge parts of
Oregon end Washington, end the southeast part of
British Columbia. In the centrzl part of this drainage
besin is the Columbia Lava Plateau where there are thick
) aocumuletions of Tertiary lava flows and related
continentel sedimentary strata. ﬁajor accumuletions of
useble groundwater occur in parts of these volcanic and -
sedimentary strata end are availeble for use from many
prolific squifers. There ere other ereas in the Columbia
drzinage basin where relstively impermeable pre-Tertiary
rocks crop out which contain only minor accumulations of
usable groundwater.

At Hanford, Weshington, five miles from the Columbia
River, it is proposed to construct & nuclear waste
repository inside the flat lying Cohassett baselt lava flow
which is one of many Tertiary lava flows underlying the
area to e possible depth of 16,000 feet (DOE, 1984).

The jointed &nd fractured Cohassett flow raanges in thickness
from 240 to 266 feet and is et a depth of about 3000 feet.
below ground surfeoe at the site. The water teble is ebout
165 feet below ground surface (DOE, 1986). The groundwater

below constitutes one of the lsrgest todies of useble
groundwazter in the Pecific Northwest.
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The waste site would resemble & large underground
mine with & horizontal tunnel complex extending over an
area of about 2000 ecres (1.2 X 2.7 miles). Construction
‘would be done by blind drilling & verticel shaft with a
rotary drill rig, using drilling mud, and then cementing
a steel cesing egainst the bedrock strata from the
ground surface down through the Cohassett flow. Drilling
mud would then be pumped out of the shaft end be repleced
by eir at atmospheric pressure of ebout 16 pounds per square
inch. Tunnels would be eitended'horizontally'fromvthe
shaft into the Cohassett flow by the usuel mining methods

of drilling and blasting. Such blesting would cause
substantial additional fracturing of the hard, brittle .
basalt lave. Construotion and operation of tne site is ~1"
expected to last 37 years followed by & 50 yeer period

in which the nuclear waste must be recoverable.

Prolific groundwater aquifers above and below the
Jointed and fractured Cohassett flow contain enormous
volumes of groundwater at & pressure of sbout 1,380 pounds
- per square inch (DOE, 1986) or 100 tons per square foot,
es compared to the tunnels to be constructed, which must
be kept filled with air st 16 pounds per sguere inch for
87 years, Should there ever be eny ebrupt, lerge inflow of
groundwater anywhere in the site, in the 37 years of
construction end operation, the entire complex might be
guickly flooded end rendered useless, with probesble loss
of 1ife of underground personnel. :

To seal off expected large inflows of groundwater By
grouting open, fractured basalt tunnels over & 2000 acre
site, at & depth of 3000 feet, against water pressures of
1,380 pounds per square inch or 100 %ons per square foot,
is probably not possible or feasible. Certzinly, it is
highly undesirsble when sites without such & problem
can be found. - : :



end into the Columbiz River.

o the nuclear waste materiel in the tunnel complex would

S

To pump out expected large inflows of groundwater
would require shafts and pumping installations around
the perimeter of the 2000 escre site with continuous
punping for 87 years. With the vertical 1lift of 3000 feet,
the costs for equipment and power would be astronomical.
Vater, more minerelized than frdm‘shallower aquifers,
would be discharged at the surface. Should any nucleer
waste containers be breached, &s by rock bursts or
tunnel coliapses, poisonous radioactive material might
be pumped with the water and be discharged at the surface

When continuous pumping ceased efter 87 years,

be enclosed within and no longer isoleted from the
regional groundwater system. There would be elmost
certain contemination of the groundwater and eventually
of the Columbia River.

Hezerds to underground persomnel would clearly
exceed & reasonable risk because of : the jointed &nd
fractured nature of the rock, sdditional fracturing .- .
from blesting, the potential for rock bursts and tunnel
collapses, and the 1,380 pounds per square inch or -
100 tons per square foot pressure of enormous volumes
of groundwater surrounding the eatire eir filled
tunnel complex. ' :

In the drainsgze basin of the Columbia River,
fer less hagzerdous, difficult, and expensive sites
could be found in areas of outcrop of relatively
impermeable pre-Tertiary rocks which contezin only ,
minor eccumuletions of groundwater. Such sites could

‘81so be found in other parts of the United States.

The Hanford site is unsuitable for a nuclear waste
repository. Use of the site for such & purpose would
be & major financizl end ecological disaster for
future generationse.
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The Secretary of Energy 9 Wf U
Washington, DC 20585 ) _ é'ﬁ}

November 13, 1986

"am

Honorable Booth Gardner
Governor of Washington '
Olympia, Washington 98504-0413

Dear Governor Gardner:

Thank. you for your Septémber 18, 1986, letter
regarding the nuclear waste repository program.

I appreciate your concerns and share your views
regarding the importance of a selection process that
results in a scientifically sound decision in which .
affected parties can have confidence. One of the primary
reasons we asked the National Academy of Sciences! Board
on Radicactive Waste Management (the Board) to undertake
an independent, scientific review of the ranking method-
ology and its application was to achieve this confidence.
The Board concluded that the methodology used was appro-
priate and provided a sound analytical basis for aiding
the site characterization decision (see enclosure).

The Board's recommendations were of significant value to
the program and, I believe, exemplify the value to the
public of continued independent involvement by the Board
in our site characterization activities.

As I indicated to you in my July 3, 1986, letter, I
considered additional independent review of the applica-~
tion of the methodology. Although it is concelvable that
such a review might have enhanced the perceived credibil-
ity of the selection process, it would not have sgignifi-
cantly changed the insights obtained from the application ,
of the methodology or the recommendation decision. This._. .
is because the methodology employed an extensive get.of -. ..~
sensitivity analyses. The Board recognized the value of:: . ---.
this analysis and found no indication of bias:in the:vcis a=:
Department of Energy's implementation of thezmethodology: =i

With regard to Professor Detlof von Winterfeldgtt!s-. -~ - - - = v

comments on the sites selected, he is a recognized:expert

in the field of decision analysis, and it was in that

capacity only that he served as a consultant to the Board

in their review of the methodology. That Board repeated-

ly stressed that the methodology is only a decision~

aiding tool and that additional factors and judgments are

required to make site selection decisions. Consideration

of such additional factors, together with the insights
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provided by the methodology, formed the basis of the
recommendation I sent to the President on May 27 of this
vear. The values attached to the methodology and the
additional factors that were considered are clearly
indicated in the recommendation report. That

Professor von Winterfeldt reached different value
judgments and perceived the decision-aiding methodology
in a different role in no way invalidates the site
recommendation decision.

I appreciate the opportunity to respond to your .
concerns.,

»Yoursftruly,

John S. Herrington

. Enclosure
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STATE OF WASHINGTON

OFFICE OF THE GOVERNOR

OLYMPIA
$8504-0413

October 31, 1986

Me. John Herrington

Secretary of Energy
Washington, D.C. 20585

Dear Secretary Herrington:

Over the past several months informal efforts have been made by the Washington State
Nuclear Waste Board to obtain information concerning ongoing and planned activities
relating to the candidate repository site at Hanford. These efforts have been
unsuccessful. Although Department of Energy officials have on several occasions
promised to provide answers to our inquiries, they have not been forthcoming.

If eny site characterization activities are ongoing, our position is such activities are in
violation of the Nuclear Waste Policy Act. We understand the Nuclear Waste Policy Act
to require submission of a site characterization plan and the conduct of public hearings on
such plan before site characterization activities may be undertaken. Section 113(2) of the
Act requires you to consider fully the comments received in public hearings on & site
characterization plan. Further, that section requires consultation with the Governor of
the affected state in conducting site characterization activities.

Despite these requirements, it appears the Department of Energy and its contractors are
proceeding with site characterization activities without consulting the State of

Washington and prior to the conduct of public hearings. The serious nature of such
noncompliance is illustrated by the attached correspondence between Terry Husseman,
Director of our Office of Nuclear Waste Management, and the Richland Operations

Office. Your contractor was apparently planning to use radioactive tracers.in a flowrate
survey until the state's Office of Nuclear Waste Management learned of the plan and
intervened. Not only would such activity have violated the consultation and public

hearing requirements of the NWPA, but it would elso have been in direct contravention of
restrictions on the use of redioactive materials contained in section 113(e). - -~ -

The State of Washington insists upon compliance with the provisions of section 113(a) of
the NWPA which require submission of a site characterization plan and the conduct of
public hearings before site characterization activities are undertaken. In addition, we
formally request response to the following questions pursuant to the State of Washington's
right under section 117(a) of the NWPA to receive “timely and complete information -
regarding determination or plans made with respect to the site characterization... of such

repository.”
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Me. Hermington
Octoher 31, 19386

Page Two

L.

4.

S.

Does the Department of Energy intend to conduct any site characterization activities

ior Lo public hearings on a site characterization plan? If yes, how do you intend to
comply with the provisions of section 113 of the Act which require you to consider
fully comments received in public hearings and to consult with the Governor in
conducting site characterization?

Hare any laboratory or field activities relating to characterization of the Hanford
:> site been conducted from May 28, 1986 to the present? If such activities have been
" or are being conducted, detail the nature and rationale of the activities, the names

and positions of the persons overseeing such activities, and the documents which
relate to or were generated as a result of such activities. '

. Pl“ease detail the activities included in each project work package referenced on the
- attached "Table of Project Activities by Work Package” and indicate which activities

are exempt from the stop wock order issued in May 1986 pertaining to inadequate
quality assurance procedures.

What laboratory or field activities relating to characterization of the Hanford site

- are planned to be conducted in the three months following your response to these

questions? Please detail the nature of the activities, the purpose of the activities,
the dates when such activities will be conducted, the names and positions of the
persons who will oversee such activities, and all documents which describe such

activities.

Pleese furnish any documents, described in questions 2 and 4, above, developed by
your agency or its contractors. :

Consistent with the state's right to timely information, we request immediate response to
questions 1 through 3 regarding activities which are ongoing or will be undertaken within
the next 30 days. Question 4 must be answered within 30 days pursuant to section
117(a)2) of the Act. Timely and complete answers to the very important requests we
make will avoid the necessity for resorting to statutory remedies.

Thank you for your conslderation in this pressing matter.

Sinc_:erelif,

., ®
b=

Y
L,{W.“»\‘J\l -

Booth Gardner
Govemor

BG:216p

Enclosures
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( STATE Of W ASHNCTON
DEPARTMENT Of ECOLOCY

Mad Sicp PY-11 o Ofympa. Washoglion S6504-8711 e  (205) 4596000 .
August 27, 1936

Mr. Lee Olson, Project Mapager
Basalt Waste Isolstion Project
US. Department of Eoergy
P.0O. Box 550 ‘

Richland, WA 99352
o e
Dear Mr-Oisth:
It bas come g0 my attention that USDOE end Rockwell may s00p initiate radioactive ‘
tracer end pump tests at well DC 23. If this is true it concerns me beesuse you did not

potify us of this .cnmy. and you did pot provide the state of Washington timely and
complete information regarding this testing as required in Sccucn 117 of the Nuclear

Wastc Policy Act.

( We have not reccived specific details sbout your plnnﬁed tcsting, but it ahpcars the pro-
posed tracer and pump tests are in conflict with the following:

- Section 113{c) of the Nuclear Waste Policy Act which places specific
restrictions on the use of radioactive material during site characterization.

- The agreement made at the May 7 USDOE/States/Tribes meeting and
confirmed at the Avgust 13 USDOE/States/Tribes meeting. At both meetings,
USDOE lxreed not to start new work at federal sites until the states kad an
opportunity to review the 15-20 page document which describes ongoing work.
I sddition, USDOE lgrecd to consult with the states pnor to beginning new

work.

- The genersl stop work order issued to Rockwcn Opcrations on May 13, !986

- Tbe Hydtolopc Test Strategy sgreement with NRC and the state of
Washington which calls for a consensus 0o lhe hydtoloxxc baseline before pump

tests are initiated.

. State of Washington water quality and water rights laws 2nd regulations which
preclude costamination of groundwaters.

In addition, the need to mositor and differentiate the sodrcc of environmental contamina-
tion from s repository or from defense wastes was a major comment on the Defense Waste
DEIS and the EMMP sppotated outline. We sre concerned that your use of radioactive




August 27, 1986
Page 2

tracers, ratber thae the conventiopal tricen, wm1y destroy the baseline for radioactive
jodine.

Ever if these Jegal and procedural obstacles can be resolved, the state will have continu-
ing strong objections to the use of gny redioactive tracer in the besalt aquifers. Oo many
occasions, and most recently in our response to the Defense Waste DEIS, we hsve
expressed concern over the ability to perform postclosure monitoring of releases from a

. deep repository. Suck moritoring would logically be performed st depth 208 jn the

* squifers now involved in bydraulic testing. Jodine-131/129, in fact, would be one of the
most objectionable radionuclide tracers, since it would occur in the leading edge of &
release plume from the repository. It would be essential to postclosure monitoring to have
gp jodine baseline in cach of scveral aquifers above the repository, and the deliberate
introduction of radioiodioe today could destroy that baseline. Since there are adequate
synthetic orgenic tracers available, they sbould be seriously considered for use in sny
proposed tracer tests. We are available and willing to work with you i the future plan-

ping of such tests. :

~ Please provide us with the rationale for and the description of these tests. Thazk you for
your anticipated cooperation. ' :

'Sincct'cly.

Terry ;nsscmn. Director

Office of Nuclear Waste Mapagement
THke

cc: Warres Biskop

-



Department of Energy

Richland Operstions Office
P.O. Box 550
Richland, Washington 99352 86-GTB-58

0CT 24 185

Mr. Terry Husseman, Program Director
Office of Huclear Waste Management
Vashington State Department of
- Ecology, HS PV-1)

. Olympia, WA 98504

" Dear Mr. Husseman:
B l VE..bClTY SHOT TRACER INJECTION SURVEY DC-23GR (IODINE-131 LOGGING)

Thank you fbr your letter of August 27, 1986, concerning potential fadioactive
tracer logging at borehole DC-23GR. _

Our contractor (Rockwell) is still investigating the advantages of performing
8 velocity shot tracer survey using radioactive I-131 as the tracer and -
developing the 2ppropriate support documentation. S e
The purpose of the proposed survey is to determine vertical flowrates within
the borehole. The interval proposed to be logged §s from 2,385 feet to
3,532 feet. Conventfonal logging techniques in our opinfon will not yield
usable results, as the.formation does not appear to yield adequate flow. The - -
tl‘:?&;;f!-l3l. is being considered because of its approximate efght day
ha - e. ' '

The current borehole status is that a bridge-plug has been set in the McCoy
Canyon flow to isolate the Umtanum. The need for additional bridge-plugs is
being evaluated. Further testing, logging and piezometer installation will
occur when the Stop Work Order is lifted for. these specific activities. If
radicactive tracer logging is to be pursued it would be considered at that
time. Radioactive tracer logging will not proceed, however, until we are
certain the activity is consistent with the Nuclear Waste Policy Act and
applicable HRC and Washington State applicable statutes and regulations and
the appropriate documentation is in place. Assurances will be made, if I-131
is used as a radioisotope tracer, that other long-lived radioisotopes,
including 1-129, will not be injected into the subsurface. .

Although the decision has not been made to proceed with the radioactive tracer
logging, the NRC and State of Washington will be kept apprised .of the progress
of the study and provided with all relevant documentation which will include 2
full rationale and description of the tests prior to initiating the activity.



-

* ne, terey Roggemen

hrT 2.+ ©36

If you Mave any 2dditional questfons on this fssue please contact
P, B, LS PoweB (509-376-5267) of my office and he will arrange for proper
fsterface on tne technical fssues as may be required.

cc

g 5‘.’“"&%
Hr. RusselT Jim, Program Manager

Yakima Tribal Council

Mr. Ron Hal<fmoon, Program Manager

Mez Perce Tribal Executive Comm.

Mr. Bill Burke, Program Chajrman -
Umatilla Confederated Tribes

Mr. David S=ewart-Smith
Pepartmens of Energy, OR

Hr. Max S. Power ‘
Institute for Public Policy, WA

Jo

Sincerely,

/4N

/
v

H. Anttonen, Assistant Manager
or Commercial Kuclear Waste

st

Hr. Glen lape L

Council of Energy Resource Tribes
M. Donald Provost
. St. of Wash, Dept. of Ecology



Enclo'sure k

TABLE OF PROJECT ACTIVITIES
BY WORK PACKAGE

SUMMARY TABLE

L d

" Work Packages to be Stopped =
. Work Packages Excepted froa SWO by Justification®:

1. Data EGatherfng Activities 2
2. Project Kanagement Program Support Activities &4
3. Personnel Safety and Maintenance Activities 61

4. Administ_rative Activities 118

.5, SCP Preparation Activities o %

6. -Essential Activities/!cﬁr{adeni to Sfop | 61

7. Categories'llequfre Clarification _ 14
Total Work Packages Excepted from SWO o | - 501

TJotal Project Work Packages 830

_*Complete definitions of the six justifications for excluding work
from the general Stop Work Order are given on Pages 1 and 2 of 2
Tetter dated May 1, 1986, from R. D. larson to General Manager, Rockwell
Hanford Operations titled, “"Basalt Maste Isolation Project Work Evaluation.®



Depariment of Energy
E’Iashington, DC 20585 Y p ‘{I

0CT 10 1085 |

;;ﬁ.lonoriblc Booth Gardner
~i+ Coversor of Washington
. Olympia, Wasbington 98504-0413

Desr Covercor Gardner:

Thask you for your letter of September 18 1986, to Sectetary
Bertington, regntdtng the first reponxtory azte selectxon

process,

RN D

The Department of Energy is working on a reuponse to your
concerns. A reply will be sent to you vithin 3 veeks.
Sincerely,
BEen C. Rusche, Director

Office of Civilian Radioactive
Waste Management

A 133'
SONEIND 33



STATE OF WASHINGTON

OFFICE OF THE GOVERNOR

OLYMPIA
925040413

BOOTH GARDNER
GOVERNOR

September 18, 1986

John Herrington, Secretary
US. Department of Energy
1000 Independence Avenue
Washington, D.C. 20585
Dear Secretary Herrington: .
I understand that USDOE rccently requested the National Academy of Sciences to partici-
pate in an undefined capacity in the first-round tcpos:tory site characterization process. 1
submit that bgfore JSDOE stekes any steps toward site characterization it must Lizat-Famtemn
apd begln po extplinshi publrBRalidendolin the process by which it decides whicl sites 1t
will characterize. As you know, in response to the USDOE end Presidential decisions of
May 28th, I have urged a temporary halt and a restructuring of the site selection process. £
ws lu&f‘mﬂaﬂc sad iceriutE meantito permanently dispose of the nation’s high-level
puclear waste, we must establish and follow a process which all affected parties are confi-
dent will result in a scientifically sound decision.

The attached Jetters from Professor von Winterfeldt to Mr. Rusche bave fiejg
eus doubts about the convoluted reasoning on which USDOE based its decision to recommcnd
Hanford for further study even though it is the least safe and most costly of all the sites
under consideration. In his letter dated July 22, 1986, Pto!‘ €3s07 Vo1 Wintcrf cldt concludes:

*The logical implications of the judgments and estimates made by DOE expem and
managers themselyes as reported in the Me:hodology Regorl s

N Henford sisglond Sor clossing the Rickisw B sl

*Unfortunately. it appears :ha! DO.E X

ard ef fis ppnrxperts’s
was made one and ¢ half years ago
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Secretary John Herrington
September 18, 1586
Page 2

Professor von Winterfeldl is known and respected as one of the nation’s foremost experts on
decision analysis. He has no stake in the outcome of the sitc selection process other than his
" professional concern that the crucial decisions in this complex and controversial process are
defendable op a logical and scientific basis. He could have returned to his position at the
University of Southern California end passively observed the process, but instead Professor
-von Winterfeldt voluntarjly chose to communicate his serious concerns to USDOE end es a
- result involve himself directly in this natione] controversy. I commend him for his commit-
_ment to fulfill his professional and public responsibilities and, Mr. Sccrctary. I encourage
: USDOE to take appropriate actions to respond to his and to our concerns.

As 1 have done on scveral previous occas:ons. J-once aguin lsk that USDOE ggree to submit #
its entire site nclocuon process t0 8 thorou;h independent review by credible scientific
experts. Such review must include examination of the basis upon which value judgments
were made and examination of the implementation of the ranking methodology I am con-
vinced that if USDOE fanls to respond positively to our concerns the site selection process is
hcadcd for total collapsc : , _

’ Thank you for your consideration.

- Bobth Gardner
Governor

cc: Frank Press, Ph.D.
Professor Detlof von Winterfeldt
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mlm!s Department of Nuclear Safety
1038 Oster Park Drive
S;z'i.rquem, Nlinois 62704

) mmo m. : :'_ ) ]
" *  he Prergy Comittee of the Huse, which I chair, has been actively irvolved
in radicactive waste matters for the past three years.  This involvement has
intensified with the recent site dsignaticn of Han.fozd for the first (and

perhaps only) high-level repository.

mmmmmmmmqmmmmmml
wonitaring systems among other $ssues.: are interested in your experience
arﬂtrn:ghtsinthseueas miﬁczn \hatccnsidentimsledtoﬂ:e
establidment of your office? Bmdositmlate‘bofederalaxﬂoﬂxerstate
agercies? Bow is it fundad? What role has yor state had in
mplmﬂrd?ﬁiastﬂsmle,oryamefforbs,dnngedatmsﬁmthe
events at Chernabyl? What techniques and system does your agency use to
conduct enviramental ponitoring?

Ihwemnedaspeciumeeﬂmofthecamitteemnmwthin&atue
- to address these (and other) emergency respanse and enwviramental monitoring
issees, I sm hoping you would be available to attend to assist us in
ad:h'essi.rgﬂmemtte:s Wew.i.ucorrtactyms!nrtlytodete.m.imm
availability. :

If you have any questions regarding this, please contact me at (206) 782-1239
cr Ted Bmter of my staff at (206) 786-7114.

iielookfm:waxdtowor}drgwiﬂ:ym.

T Mo

Representative Dick Kelson, Chairman
Bouse Energy & Utilities Camittee

N:cas

101486.2
ESU4




TeRRY R LASH
Darecron

STATE OF ILLINOIS
DEPARTMENT OF NUCLEAR SAFETY
1035 OUTER PARK DRIVE

SPRINGFIELD 62704
(217) 545-8100

October 14, 1986

Mr. Ted Hunter =~ =
- House Energy Committee Staff

 AL-1

Olympie, Hashington 98504

Dear Mr. Hunter:

In response to your call today, enclosed are the following materials

about the

IN1inots Department of Nuclear Safety and its monitoring program for .

commercial nuclear power plants In I1Vinois:

1.
2.
3.

4.
5.
6.

*Remote Monitoring of Nuclear Power Reactors® '

*Isotopic Effluent Honitoring for Kuclear Power Plants*®

Fact Sheets: “The I1linois Plan for Radiological Accidents;™
*Radfological Emergency Assessment Center;® *Reactor Parameter Data
Link:* "The Radfoactive Gaseous Effluent Monftoring System;* and
®*Environmental Radfation Monitoring Systea" )

IDNS Annual Report

IDNS informational brochure

*Radioactive Gaseous Effluent Monitoring System" brochure.

If you have any questions or guidance for ry presentation on November 18,
please feel free to contact me.

TRL:dk

Si{ficerely,

¢

rryjR. Lash
irector

p/g;c: Terry Husseman w/o enclosures
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ECHARD mn gSvan ..!“,t ‘or NEVADA : ROBERT R. LOUX

Esecutine Director

AGENCY FOR NUCLEAR PROJECTS
NUCLEAR WASTE PROJECT OFFICE
Capliol Complex
Carson Ciry, Nevada 85710
{702) 885.3744

October 20, 1986

Dr. Rephael G. Rasper
Retiona) Resesrch Council
CFSKER
2101 Consgtitution Avenue,}N W.,
Roor KAS28S . _ K
waabington. D C. 20418 : R '

Dear Dt. Kaspet:

on behalf of the representatxves of the affected states and
Indian tribes, I would like to express our appreciation for your
recent presentation to us describing and discussing the role of
the National Acedemy in the Department of Energy’s high-level
radioactive waste program. Your discussion of the relationship
between the Academy and the Department of Energy was patt1cularly
informative,

As you heard from the state-tribal representatives, there is
general consensus that the siting process by which the Department
of Energy nominated and recommended candidate repository sites
for characterization is flawed and illegal. We were quite
interested to hear your description of the Academy's very limited
role in reviewing the decision-aiding methodology used by the
Department as a part of this decision-making process. As we
explained to you, there are numerous examples of the Department
of Energy's utilizing your limited review and its favorable
conclusions to support the implication that the Academy has fully
reviewed the entire decision-making process, found it sound and
that the Academy completely agrees with and supports the
Department's selection of the sites in Nevada, Texas. and
Wash;ngton.

Although you cleazly stated to us that the Academy was given
a8 very limited review role and you have not endorsed the actual
selection of the aforementioned sites, we believe that the
Academy should, in a very public way, announce the scope of your
limited review of the methodology and the extent to which the
Academy has endorsed the sites selected for characterization, and

- the method by which they were selected.

Lo S




After having some discussion with the Department regarding
the future role of the Academy in the Department of Energy's
repository selection program, we were pleased and surprised to
learn of your willingness to support the Academy's conducting its
activities in an open and public forum, something that Department
of Enerqy officials have told us you would be unable to
accommodate and, in fact was not the case in recent Academy
reviews of DOE decision-aiding documents. More surprising,
however, was your statement that in another recent endeavor the
Secretary of Energy bhas specifically required the Academy to
conduct {ts review in a2 manner which includes full public
participation, and the Academy has agreed to that requirement.
It is interesting that the Department of Energy would not impose
a similar requirement on the Academy in the radioactive waste
program, even though the Nuclear Waste Policy Act specifically
requires full public participation in the DOE program. The DOE
has informed us that the procedures of the Academy's review are
at the dis¢retion of the Acadenmy. o :

" We were 2also pleased to learn that you support the state-
tribal interest in working with the Department of Energy to
develop the scope and extent of the Academy's future activities
in the program under the Department's contract with you.

And in a related matter, I believe, consistent with your
invitation, the state and tribal representatives likely will be
suggesting individuals for consideration by the Academy for
inclusion on the Board on Radioactive Waste Management -panel or
panels that will review the Department of Energy's progranm.

The state-tribal representatives have grave concerns
regarding the way in which the Academy's participation has been
used and perhaps exploited by the Department of Energy in the
past, and we believe that any future review by the Academy must
be approached in a very well defined and clearly stated manner.
Full public access to the Academy's deliberations while they are
in progress, in our opinion, is an absolute prerequisite for
future activities by the Academy in this program. Additionally,
the issues of reviewers' potential conflicts of interest, the
scope and extent of the Academy's review, and actual role of the
affected states and tribes, and public, in the review process are -
critical issues that must be resolved prior to the initiation of
any activity by the Academy in the DOE high-level nuclear waste
repository program. , : '




I want to thank you again for your presentation and for your .
clarification of the position of the Academy on issues such as
public participation.

Sincerely,

i::EEE:Z;cJPr;gzzfj;\.__//

Robert R. Loux
Executive Director

RRL/gjb

cc: MNMr. Ben Rusche
Mr. Grant Sawyer
HMr. Frank Press
Senator Paul Laxalt
Senator Chic Eecht A
Representative Barbara Vucanovich
Representative Barry Reid
Representative Morris Udall
Senator Pete Domeni
Mr. Terry HusSseman
Kr. Steve Frishman
Mr. Ron Ealfmoon
Mr. Russell Jim
Mr. William Burke
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STATE OF WASHINGTON

OFFCE OF THE GOVERNOR
OLYMPIA
$2504-0413

BOOTH GARDNER
GOVERNOR

October 20, 1986

Mr. Hillian R. Schlax ,
508 Buena Yista Drive
santa kou. California 95404

Dear Hr Schlax:

Thank you for sending Governor Gardner your paper on the basalt in the Hanford
ared. He forwarded it to me as his nuclear waste advisor and a member of the

Kuclear Waste Board.

The Board consists of directors of various staté'health. resource, and energy
sgencies. [ have distributed your paper to them and to the professional staff
of the Board.

In addition we have a Nuclear Waste Advisory Council, which is conducting
informational meetings on the referendum measure. I have forwarded your paper
to its members also, for their use during these meetings.

1 appreciate your sending your paper. I hope you will be able to continue
contributing to the body of knowledge on Hanford's geology.

Sinc:rely, ,‘:;:”’_

Curtis Eschels
Special Assistant for Policy

cc: Nuclear Waste Board , ,
Nuclear Waste Advisory Council
Office of Nuclear Waste Management
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WILLIAM N. SCHLAX
GEOLOGIST

508 BUENA VISTA DRIVE
SANTA ROSA, cauiForNIA 95404

October 9, 1986

Governor Booth Gardner
State Capitol
Olympia, WA 98504
Dear Governor Gardner: _ '

-On April 2, 1985, I sent you a copy of my
testimony opposing the proposed nuclear waste repository
at Han®ord (given at Richland March 5, 1985).

| Enéloséd are copies of a Nuclear ﬁégulatory
Commission letter dated May 30, 1986, an Associstion
of Engineering Geologists letter dated July 31, 1986,
end my paper titled "Uhsuitability of Hanford,
Vashington Site for & Nuclear Waste Repository"”.
On October 7, 1986, I read this paper before the
Annual Meétihg of the Association of Engineering
Geologists in San Francisco.

I hope you feel this paper merits the attention of
the people of Weshington before they vote on the issue
of the repository in November. I request that you have
this paper released to involved agencies of the State
of Washington and to the medies of the State.

Sincerely yours,

Dt ALt

Williem N. Schlex
Engineering Geologist
CEG #28




UNITED STATES -
NUCLEAR REGULATORY COMMISSION
REGION V

1450 MARIA LANE,SUITE 290 .
WALNUT CREEK, CALIFORNIA $4596

May 30, 1986

HEMORANDUM FOR: Robert E. Browning, Director .
Divieion of Waste Management :

THROUGH: Ross A. Scarano, Director
‘ Division of Radiation Safety and Safeguards

FROM: Dean M. Kunihiro
Regional State Lisison Officer

SUBJECT: CONCERNS REGARDING TEE SUITABILITY OF EANFORD AS A
EIGE~LEVEL UASTE REPOSITORY ‘

On May 16, 1986, Mr. William Schlax visited the Region V office to e:preas
bis concerns over the Department of Energy's (DOE) continuing high-level

. waste repository investigations of the Hanford site., According to .

Mr. Schlex, there are compelling technical bases tc reject Eanford from
further consideration. Ee noted that he has presented testimony to that
effect at & public hearing on the DOE Draft Envirommental Asgessment in-
Richlend, Weshington on March 5, 1985 (Enclosure A), and sought assurances

that the KRC be sware of and evaluate the issues set forth in hie testinony{

While briefly reviewing his technical rationzle, he reiterated grave concern
over the continued expenditure of "n41lione of dollers” studying a site
vhich, according to him, has obviously little, if &ny, technical merit based
on already known geologic information about the site.

Ope of his purposes in visiting the Regional office was to voice his
concerns with appropriate NRC officisls., I advised him that the KRC
high-level waste program was managed by the Office of Nuclear Materials

Safety a&and Safeguards, end assured him that his concerns would be forvarded to

that office.

Also enclosed ie an abstract from the paper entitled; “Unsuitability of
Eanford, WA site for a muclear waste repository,” which Mr. Schlax has
submitted for presentation at the annnal peeting of the Associstion of

Engineering Geologist. M

Regional State Liaison Officer

Enclosures: v ' ' ' ' .
As sgtated

ce w/o enclosures:
W. N. Schlax o~
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July 31at, 1986

Mr. Williem Schlax
508 Buena Viste Dr.
Senta Rose, CA
95404 )

Dear Mr. Schlax
The technicsal program committee is pleased to inform

you that you heve been accepted to present &n abstract
et the 1986 Annual Meeting. Your abstract 1s entitled:

Unsuitability of Hanford, Weahington eite for a nuclear
waste repoaitory o

Your paper has been scheduled fpr tke followiné session:

‘12 Tue/AM

Ve encourage you to write your peper for publication
in the AEG Bulletin. We have enclosed guidelines for

the short peper format.

Sincerely,
1986 AEG ANNUAL MEETING COMMITTEE .

R. Rexford Upp
Program Chairman
(408) 984-1336

Enclosures: Annuel Meeting Short Papers

Hocened g, 1 EE w2l -
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Unsuitability of Hanford, Washington site
for a Nuclear Waste Repository

William N. Schlax, Engineering Geologist
508 Buena Vista Drive, Santa Rosz, CA 95404

This paper is based on the author's review of the
Depertment of Energy's draft and finel Environmental
Assessments of the Hanford site, and on the suthor's
knowledge of the region, acquired in part, as & co-
author of the U. S. Geological Survey report on the
Geology and Groundwater Resources of the Wenas Creek
Velley (forty miles west of Hanford) which is referenced
in the Environmentel Assessments.

In the Pacific Northwest, the 260,000 square mile
dreinsge basin of the Columbia River encompesses Idsho,
perts of western Montena end Wyoming, lerge parts of
Oregon end Weshington, end the southeast pert of
British Columbia. In the central pert of this drainage
besin is the Columbia Lava Plateau where there are thick
 sccumulations of Tertiary lave flows and related
continentel sedimentary strata. Major accumuletions of
usable groundweter occur in perts of these volcanic and -
sedimentary streta and are availeble for use from many
prolific equifers. There are other erees in the Columbia
drainage besin where relatively impermeadble pre-Tertiary
rocks crop out which contein only minor eccumuletions of
usable groundwater.

At Hanford, Weshington, five miles from the Columbies
River, it is proposed to construct & nuclear waste
repository inside the flet lying Cohessett baselt lava flow
vhich is one of many Tertiery lava flows underlying the
area to e possible depth of 16,000 feet (DOE, 1984).

The jointed end fractured Cohassett flow ranges in thickness
from 240 to 266 feet and is at a depth of sbout 3000 feet
below ground surface at the site. The water table is sbout
165 feet below ground surface (DOE, 1986). The groundwater

below constitutes one of the largest todies of usadle
groundwater in the Pacific Korthwest. ’
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The waste site would resemble & large underground
zine with & horizontal tunnel complex extending over an
area of about 2000 acres (1.2 X 2.7 miles). Construction
would be done by blind drilling & vertical shaft with a
rotary drill rig, using drilling mud, and then cementing
e steel cesing egainst the bedrock strate from the
ground surface down through the Cohessett flow. Drilling
nud would then be pumped out of the shaft and be replsced
by eair at'atmospheric pressure of sbout 16 pounds per square
inch. Tunnels would be extended horizontally from the
shaft into the Cohassett flow by the usual mining methods
of drilling end blasting. Such blasting would cause
substantial additional fracturing of the hard, brittle .-
basalt leva. Construction and operation of the site is
expected to last 37 years followed by e 50 yeer period
in which the nuclear waste must be Trecoverable.

Prolific groundwater aQuifers zbove and below the
Jointed and fractured Cohassett flow contein enormous
volumes of groundwater &t e pressure of sbout 1,380 pounds
per square inch (DOE, 1986) or 100 tons per squere foot,
&s compared to the tunnels to be constructed, which must
be kept filled with air et 16 pounds per sguare inch for
87 years, Should there ever be any sbrupt, large inflow of
groundwater anywhere in the site, in the 37 years of
construction end operztion, the entire complex might be
quickly flooded snd rendered useless, with probable loss
of life of underground personnel.

To seel off expected large inflows of groundwater Sy
grouting open, frectured basalt tunnels over e 2000 acre
site; gt a depth of 3000 feet, egainst weter pressures of
1,380 pounds per sguare inch or 100 tons per square foot,
is probably not possible or feesible. Certeinly, it is
highly undesireble when sites without such a problem
can be found.
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To'pump out expected large inflows of groundwater

- would require shefts and pumping installations around

the perimeter of the 2000 ecre site with continuous
punping for 87 years. With the vertical 1ift of 3000 feet,
the costs for equipment and power would be astronomicel.
Water, more minerslized than from shasllower squifers,
would be discharged et the surface. Should any nuclear
waste containers be breached, &s by rock bursts or

tunnel collapses, poisonous redioactive maeterial might

be pumped with the water and be discharged at the surfece
end into the Columbia River.

Vhen continuous pumping ceased after 87 years,
the nuclear weste material in the tunnel complex would
be enclosed within and no longer isolated from the
regional groundwater system. There would be almost
certain conteminstion of the groundwater and eventually
of the Colnmbia River.

Bazards to underground persbnnel would cleerly
exceed & reasonable risk because of ¢ the jointed eand
fractured nature of the rock, asdditional fracturing . .
from blesting, the potentiel for rock bursts andltunnel
collepses, and the 1,380 pounds per eguare inch or .
100 tons per square foot pressure of enormous volumes
of grounéwater surrounding the eatire eir filled
tunnel complex. | -

In the drainege besin of the Columbia River,
far less hazerdous, difficult, end expensive sites
could be found in areas of outcrop of relatively
impermeable pre-Tertiary rocks which contain only
minor eccumuletions of groundwster. Such sites could

‘also be found in other perts of the United States.

The Hanford site is unsuitable for a nuclear waste
repository. Use of the site for such a purpose would
be & major financisl and ecologicsal disaster for
future generations.

L
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STATE OF WASHINGTON 7

CFFICE CF TwE GCVEANCA
OLYMPIA
98504-0413

BOOTH GARDNER
GOVEANOR

October 20, 1386

Mr. William N. Schlax
508 Buena Vista Orive
Santa Rosa, Fa]ifornia 85404

Dear Mr. Schlax:

Thank you for sending Governor Gardner your paper on the basalt in the Hanford
area. He forwarded it to me 2s his nuclear waste advisor and a member of the
Nuclear Waste Board. '

L\

The Board consists of dirsctors of various state health, rescurce, and energy
agencies. [ have distributed your paper to them and to the professional statf
of the Board.

In addition we have a Nuclear Waste Advisory Council, which is conducting
informaticnal mestings on the referendum measure. 1 have forwardead your paper
to its members also, for their use during these meetings.

I appreciate your sending your paper. I hope you will be able to continue
contributing to the body of knowledge on Hanford's geology.

Sinczarely,

Curtis Eschels
Special Assistant for Policy

cc: Nuclear Waste Board
Nuclear Waste Advisory Council.
Office of Nuclear Waste Management
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WILLIAM N. SCHLAX
GEOLOGIST
808 BUENA VISTA DRIVE
SANTA RCSA. CALIFORNIA G35AT4

-~

October 9, 1936

Governcr Booth Garidner
tate Capitol
Olyrria, WA 9E504

Dear Governor Gariner:

On April 2, 1985, I sent you a copy o°f oy
testimory opposing the proposed nuclear waste repository
at Haniord (given &t Richlend March 5, 1885).

Enclosed are cories cf a Nuclear ZRegulatiory
Comzissicn letter dated May 30, 1986, an Association
of Engineering Geologists letter dated July 31, 1886,
and my paper titled "Unsuitability of Zanfori,
Washirgton Site for a Nuclear waste Repcsitory"

On October 7, 1985, I read tkis paper before the
Annual Meeting of the Associastion cf Engineering
Geologists in San Francisco.-

I hope you feel this paper merits <the zttention of
the people of Washingion before tkhey vote on the issue
of the repository in Novexber. I reguest that you have
tkis paper released to involved zgencies of the State
of ¥Waskington and to the media of the State.

Sincerely yours,

// St

Williem N. Schlax
Engineering Geologist
CEG #28
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May 30, 1936 -
MEMORANDUM FOR: Robert E. Brownipg, Director 5,
‘ Division of Waste Management

THROUGH: Ross A. Scarano, Director /’

Division of Radiation Safety and Safeguards
FROM: Dean M. Xunihiro

Regional State Liaison Officer
SUBJZCT: CONCERNS REGARDING THE SUITABILITY OF HANFORD AS A

HIGH-LEVEL WASTE REPOSITORY

Ou May 16, 1986, ¥Mr. William Schlax visited the Reglon V office to exprass
his concerns over the Department of Energy's (DOE) continuing high-level
waste repository iuvestigations of the Banford site. According to

Mr. Schlax, there are compelling techanical bases to reject Banford Irom
further consideration. He noted that he has preseated testimony teo that
effect at a public hearing on the DOE Draft Environmental Assessment in
Richland, Weshington on March 5, 1985 (Enclosure A), and sought assurances
that the NRC be aware of and evaluate the issues set forth in his testimony.
While briefly reviewing his technical rationale, he reiterated grave concern
over the continued expenditure of "millions of dollars" studying a site
which, according to him, has obviously little, if any, technical merit based
on already known geologic information about the site.

One of his purposes in visiting the Regional office was to voice his

concerns with appropriate NRC officials., I advised him that the NRC
high-level waste program was managed by the Office of Nuclear Materials

Sefety and Safeguards, and assured him that his concerms would be forwarded to
that office.

Also enclosed is an abstract from the paper entitled, "Umsuitsbility of

BEanford, WA site for a nuclear waste repository,” which Mr, Schlax has
submitted for presentation at the anrual meeting of the Association of

Engineering Geologist. /$¢£//]
A//W

Dean M. XKunihiro
Regional State Lisison Officer

Enclosures: -
As stated

ce w/o enclosures:
¥. X. Schlax o~
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July 31st, 1986

Mr., William Schlax
508 Buena Vista Dr.,
Santa Rosa, CA N
95404
Dear Mr., Schlax
Inform

The technical program conamiitee i3 plezsed to
you that you have bsen accepted to present an
at the 1986 Annual Meeting. TYour abstract is

abstrect
entltled:

Unsuitebility of Hanford, Washington sits for a nuclear

waste repository

Your peper has been scheduled for the followlng sesgsion:

1a Tue/AM
We sncourage you to write your peper for pudblication
in the AEG Bullstin. We have enclossd guidslines for

the shori paper format.

-

Sincerely,

1986 AEG ANNUAL MEETING COMMITTEE

R. Rexford Upp
Progrem Chairman
(4L08) 984~1336

Enclosures: Annuel Meeting Short Papers
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Unsuitadbility of Eanford, Washington site
for a Nuclear Wwaste Repository

William N. Schlax, Engineering Geologist
508 Buena Vista Drive, Santa Rosz, CA 25404

This paper is based on the author's review of the
Department of Energy's draft and final Environmental
Assessnents of the Hanford site, and on the author's
knowiedge of the region, acquired in part, as & co-
euthor of the U. 8. Geological Survey report on the
Geology and Groundwater Resources oI the Wenas CreeX
Valley (forty miles west of Eanford) which is referenced
in the Environmental Assessments.

In the Pacific Nortkwest, the 260,000 sguare mile
drainage basin of the Columtia River encompasses Idasho,
parts of western Montazna and Wyoming, large parts of
Oregon end Washington, ard the southeast part of
British Columbia. In the central part c¢f this drainsge
basin is the Columbia Lava Plateau where there are thick
accurtletions of Tertiary lava flows and related
continent2l sedimentary strata. Major accurulations of
usable groundweter occur in parts of these volcarnic and
sedimentary strata and are available for uss from nany
prolific aguifers. There egre other arezs in the Columbia
drainzge besin where relatively impermesable pre~Tertiary
rocks crop out wkich contain only minsr sccumulations of
usatle groundwater.

t Hanford, Washington, five miles from the Columbdia
River, it is proposed to comstruct & nuclear waste
repository inside the flat lying Cokrassett basalt lava Ilow
which is one of many Teriiary lava flows underlying the
area to & possible depth of 15,000 feet (DOZ, 1984).

The jointed and fractured Cohassett flow ranges in thickness
from 240 to 256 feet and is at 2 depth of about 3000 Feet
below ground surface at the site. The water table is about
165 feet below ground surface (DOE, 1986). The groundwater
below constitutes one of the larzest tolies of usatle
groundwater in <the Pacific Norshwes:.
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The waste site would resemble & large underground
wine with a horizontal tunnel complex extending over an
area cf about 2000 zcres (1.2 X 2.7 miles). Construction
would De dene By blind drilling a vertical shaft with a
rotary drill rig, using drilling mud, and then cementing
a steel casing against the bedrock strata froz tkte
ground surface down through the Cohassett flow. Drilling
mud would then be pumped out of the shaft and bte replzced
by air at ctmospheric pressure of about 16 pounds per square
inch. Tunnels would be extended horizontally from the
shaf{ into the Cohassett flow by the usuzl miring methods
of drilling and blastirg. Such blasting would cause
substantial additional fracturing of the hard, brittle .
basalt lava., Construction and opesration of the site is
expected to last 37 years followed by & 50 year period
in which the nuclezr waste must be recoverabdle.

Prolific groundwater esquifers sbove and below the
jointed and fractured Cohassett flow contain enormous
volumes of groundwater at & pressure of about 1,380 pounds
per sguare inch (DOZ, 1986) or 100 tons psr sguare foot,
as compared to the tunnels to be corsiructed, which must
be kept filled with air at 16 pounds per sguzre inch for
87 years, Should there ever be eny abrupt, larze inflow of
groundwaver anywhere in the site, in the 37 years o2
construction and operztion, the ertire comzplex might ba
quickly flooded and rendered useless, with probable loss
of life of undergrouncd personnel.

To seel off expected large inflows of groundwater By
grouting cpen, fractursd basalt tunnels over 2 2000 acre
site; at a depth of 3000 feet, agzinst water pressures of
1,380 pournds per square incn or 100 tozns par sguare foot,
is protably not possidble or feasible, Certainly, it is
highly undesirable whern sites without such 2 problen
can de found.
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out expectied large inflows of groundwater

3
o]
oI & ]
F
oY

e shafta and purping installations around
ar of the 2000 acre site with continuous
years. With the vertical 1 e
the costs Jor equipment and power would be astrconozmical.
Water, more minerzlized than from shallower aquifers,
would be discharged zt the surface. Should any nuclear
waste containers be breached, as by rock bursts or
tunnel collapses, poisonous radioactive materisl might
be pumped with the water and be discharged st the surface
and into the Columbdia River.

Wnen continuous pumping ceased after 87 years,
the nuclear waste msterizl in the tuznel coamplex would
be enclosed within and no longer isolated from the
regional groundwater system. Therz would be almost
certain contaminztion of the groundwater and everniually
of the Columbia River.

Hazards 10 underground personnel would clearly
exceed a reasonzable risk becauvse of ¢ the jointed and
fractursd rnature of the rock, zdditional Zracturing
from blasting, the potential for rock bursts and tunnel
collapses, and the 1,380 pounds per sguare inch or
100 tons per sguare foot pressure of enormous volunes
cf grounédwatler surrounding the eatire sir f£illed
tunnel complex.

In the drainage basin of tke Colurmtia Ziver,
far less hazardous, difficult, and expensive sites
could be found in ereas of outecrop of relatively
impermeatle pre-Tertiary rocks which contain only
minor accumulations of groundwater. Such sites could
'also be found in other varts of the United Stztes.
The Hanford si%e is ursuitable Zor a nuclear waste
repository. Use of the site for such a purpose would
be a major financial ernd ecological disastexr fox

Suture generztions.

R AMETAAS D AR § 78 By
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Environmental Assessment, Reference R2pository Locatlion,
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NUCLEAR WASTE BOARD AND NUCLEAR WASTE ADVISORY COUNCIL
REFERENDUM 40 INFORMATION MEETING'
VANCOUVER, KENNEWICK, SEATTLE

- SUMMARY OF ALL COMMENT FORMS

understand the 1issues presented?

Where did you hear about this meeting?

Newspaper Article

-
N

Radio News

Television News’

Public Service Announcement
Advertisement |
Newsletter

Flygr '

Friend

Other

o & & >N W N =

POOR | » EXCELLENT
1 2 3 4 5
How do you rate today's meeting? 8 1 5 7 7
The presentation of major issues was ’ 9 4 2 4 9
Responses to audience questions»weré‘ 10 2 3 6 7
How do you rate the information materials 10 2 2 5 7
provided? :
How do you rate the meeting facilities? 0 0 2 18
How well did this meeting help you ' 11 2 1 4
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NUCLEAR WASTE BOARD AND NUCLEAR WASTE ADVISORY COUNCIL
REFERENDUM 40 INFORMATION MEETING
Seattle
October 28, 1986

SUMMARY OF COMMENT FORM

POOR EXCELLENT
1 2 3 4 5
1. How do you rate today's meeting? 0 0 1 1 2
2. The presentation of major issues was 0 0 1 1 2
3. Responses to audience questions were 0 0 0 1 3
4, How do you rate the information materials 0 0 0 0 3

provided?

5. How do you rate the meeting facilities?

6. How well did this meeting help you 1 0 0 E
understand the issues presented? '

=)
o
F -

7. Where did you hear about this meeting?

Newspaper Article

Radio News

Television Neus

Public Service Announcement
Advertisement

Newsletter

Flyer

Friend

Other

w o 0 o = O 0o o N




NUCLEAR WASTE BOARD AND NUCLEAR WASTE ADVISORY COUNCIL
REFERENDUM 40 INFORMATION MEETING

KENNEWICK
October 23, 1986

SUMMARY OF COMMENT FORM

POOR EXCELLENT
1 2 3 4 5
How do you rate today's meeting? 08 1 4 2 0
The presentation of major issues was ‘ 9 4 1 0 1
Responses to audience questions were | ; 10 2 2 1 0
How do you rate the information materials 10 2 1 2 0
provided?
How do you rate the meeting facilities? 0 1 4 10
How well did this meeting help you 10 1 2 0

understand the 1ssues presented?

Where did you hear about this meeting?

Newspaper Article

Radio News

Television News'

Public Service Announcement
Advertisement

Newsletter

Flyer

Friend

Other

SW N =S DN O




Please use the space below to comment on other issues and
concerns you have regarding today's meeting.

¥0ur position as ordinary citizens is very disturbing!

Why have consultants at tremendous defense to ignore their
findings. More information is needed about transfer of
wastes. More information is needed about storage before
sealing. More time needed for questions and solutions.

"%#As a resident of the Tri-Cities for 3 years (1982-85),

and now a resident in the Puget Sound area, 1 can really
appreciate the great difference between the populations
in these two areas in regards to "nuclear" issues. Tri-
Citians, in my opinion, don't really see the "threat" from
nuclear energy and nuclear waste since they and the area
grew up with the "stuff", I experienced an "isolation
attitude among people there, meaning we are here - you
are over there, so why are you worried about the Hanford
site and nuclear waste. This attitude by the Tri-City
people won't be changed easily and thus there will be
opposition to any ideas to change "there way of life".




Please use the space below to comment on other issues and
concerns you have regarding today's meeting.

¥Von Winterfeldt quote is only one view of DCE action.
] am certain guctes portraying the DOE decision in a mcre
favoratle light were also available. Suggest you either
"balance" viewpoints or delete the Winterfeldt quote.

Speakers were methodical to the point of boredom. Sounded
like they were reading from prepared scripts which I can

- understand.  But they need to work at avoiding a monotone.

In general presentation of issues were balanced and thorough
and I sensed an honest attempt to be fair. Availability
of materials was good. Lobby display was clear and helpful.

Use of Sebero and Valoria was good. Sebero did good job
of moderating. C S

®#The presentations were biased and do not provide the infor-
mation required to make informed decisions. Why did you

not comment on the statement in opposition to the referendum?
The arguments against are equally as valid as the proponents
statements (attitudes), perhaps more so!

¥] rated the meeting high not because of any answers provided
by the Nuclear Waste Board panel but because of the excellent
issues {(in the form of questions) raised by the audience.

] attended this meeting hoping to be enlightened by the
supposed "information" to be presented to the audience.
Instead, I believe the "information meeting" presented
slanted versions, solved incorrect data challenged by some

in the audience, and a very weak panel.

¥]1 would oppose continual state challenges to the federal
selection process for a repository to store high-level
nuclear waste. DOE's selection process is statutory.

The states solution to this problem of what to dispose

of the nations nuclear waste is flawed. The so-called
findings delineatel in section 1 of House Bill 2130 are
conclusions with little or no factual support. I object
to the one sided views expressed at this meeting. I heard
nothing to support a no vote on Referendum 40. Please
send me a copy of the state's legal brief fined in support
of its position.

¥Too much valuable time wasted in beginning of meeting
on various introductions - over } hour. A very biased
and subjective presentation for Referendum 40! Cop-outs
on answers! Incomplete numerical evidence - too little
information that totally leads to a biases opinion!



¥The presentation was all one sided. This is a railroad
Referendum 40 information meeting all in favor of the
Referendum 40 to support the Governor. Too much time
wasted saying nothing, especially the introductions was
a waste of time.

¥The presentation took up too much time and wasn't very
enlightening. More information came out during the question
and answer period. I am more convinced than ever that

all this is an exercise in futility!

¥Highly biased in favor of Ref 40. No information about

what DOE wants to do at Hanford (What is site Characterization?)
No discussion of costs that Ref 40 (if passed) would inflict

on Washington taxpayers.

*There is no correct way to vote on Ref 40.

¥Meeting purports not to take a stand but panelists seemed

to be negative. Major issues involved in repository selection
were not addressed general level of knowledge regarding
geology of the various sites and the physical process involved
was not very high., Pro's and con's of Ref 40 were not really
addressed. Panelists generally did not give direct answers.

®*How can I believe the Board on other issues when this

one was so biased? I should think that the state's Advisory
Board should be objective and present all sides of an issue.
I am ashamed that one gentleman, Bill Brewer, portrayed
himself as an Engineer/Scientist. If scientific endeavors
were done this way we would still be in the stone age.

tThe panel said they were not going to tell us how to vote
but give us information on Referendum Bill 40. The infor-
mation they presented was completely one sided and the
only message they gave was to vote for Referendum Bill
40. I don't like the idea of our state money being spent
for such an unfair presentation.

¥Good presentation by Max Power.’ Please send me copies
of the Attorney General's briefs for all 5 suits filed
by the State of Washington against the USDOE. : -

¥Far too biased in favor of Ref. 40.
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NUCLEAR WASTE BOARD AND NUCLEAR WASTE ADVISORY COUNCIL
' REFERENDUM 40 INFORMATION MEETING
VANCOUVER
October 21, 1986

SUMMARY OF COMMENT FORM

POOR EXCELLENT
1 2 3 4 5
1. How do you rate today's meeting? 0 0 0 4 5
2. The presentation of major issues was 0 0 0 3 6
3. Responses to audience questions were 0 0 1 4 4
4., How do you rate the information materials 0 0 1 3 4

provided? ‘
5. How do you rate the meeting facilities?

6. How well did this meeting help you 0 0 0
understand the issues presented?

o
o)

7. Where did you hear about this meeting?

Newspaper Article

Radio News

Television News

Public Service Announcement
Advertisement

Newsletter

Flyer

Friend

Other
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Fiease use the space below to comment on other issues and
cencerns you have regarding today's meeting. :

$Trary you for providing this opportunity to learn sub-
grartial infcrmation about the potential impact of the
Feferencdum. I think that these meetings are helping the
local citizens to feel less depressed about this issue

on trhe repesitory. For a while there, most people 1 spoke
to adout this issue felt it was hopeless to even try to
stcp the ‘selection of Hanford. My deepest thanks to every
perscn who aided in the organization of these meetings.

tWe rave needed meetings like this for a long time and
reed more such as this. Too bad they were hot started

sooner.

1 learned very little I did not already know. This meeting
has merit for someone just learning about Hanford.

Do not like the "wording"® in Ref. 40.

fcxcellent opening overview, Questions-become repetitious
and dragged on to long. A good clue is when over half
the people have left,
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CONGRESSIONAL COMMITTEES AND SUBCOMMITTEES
INVOLVED IN NUCLEAR WASTE ISSUES

A Listing of Chairpersons, Rahkin'g Majority and Minority Membérs.
and Mcmbers from States of Washington, Oregon and Idaho

U.S. HOUSE
October 1986

Committces arc listed below in alphabetical order. Subcommittees are listed alphabetically
under cach committce. Democrats (D) arc the majority party; Rcpublicans (R) arc the
minority party. Asterisks (*) indicate that chairmen and/or ranking minority mcembers
arc also ex officio members of all subcommittces of which they arc not regular members.

| APPROPRIATIONS -~
H218 Cepltol Building (202) 225-2771

Jamic L. Whitten, D-Miss.,_' (..‘h'ai'rman‘_ L

Edward P. Boland, D-Mass. .~ Silvio O. Conte, R-Mass.*
Norman D. Dicks, D-Wash.
Les AuCoin, D-Ore.

Subcommittce on Energy and Wsater Development 2362 Rayburn House Office Building
: Washington, D.C. 20518

Tom Bevill, D-Ala., Chairman _ (202) 225-3421
Lindy (Mrs. Halc) Boggs, D-La.
John T. Mycrs, R-Ind.

Subcommittee on Interior and Related Agencics B308 Rayburn House Office Building

Washington, D.C. 20515
Sidncy R. Yazics, D-lll, Chairman (202) 225-3081

John P. Murtha, D-Pa.
Norman D. Dicks, D-Wash.
Les AuCoin, D-Ore.

Ralph Regula, R-Ohio

\ERGY AND AMMERCE :
2125 Rayburn House Office Building (202) 225-2927

John D. Dingcll, D-Mich., Chairman®* -

James H. Scheucer, D-N.Y. . Norman F. Lent, R-N.Y*
Al Swift, D-Wash. ' -
Ron Wyden, D-Ore.
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Subcommittcc on Energy Conservation and Power 316 House Office Building, Anncx %2
Washington, D.C. 20515

Edward J. Markey, D-Mass., Chairman (202) 226-2424
Al Swift, D-Wash.

Ron Wydcn, D-Ore.

Carlos J. Moorhcad, R-Calif.

Subcommittec on Health and the Environment 2415 Rayburn House Office Building

_ : Washiogton, D.C. 20515
Henry A. Waxman, D-Calif., Chairman o {202) 225-4952

James H. Scheuer, D-N.Y.
Ron Wyden, D-Ore.
Edward R. Madngan. R-11L.

Subcommmcc on Oversight and Investipations 2323 Rayburn House Office Bullding
Washington, D.C. 205158

John D. Dingell, D-Mich., Chairman (202) 225-4441
Ron Wydcn, D-Ore.
Bob Whittaker, R-Kan,

Subcommitteec on mugications >onsumer rotection and inanc :
: ' B3l Ruburn House Office Bulldlng
Timothy E. Wirth, D-Colo., Chairman Washington, D.C. 20515

Al Swift, D-Wash. _ - (202) 225-9304
Matthew J. Rinaldo, R-N.J. ‘ ’ _ IR

NTE ND INSULAR AF
1324 Longworth House Office Building (202) 225-2761

Morris K. Udall, D-Ariz., Chairman®*

John F. Seiberling, D-Ohio Larry E. Craig, R-ldaho
Don Young, R-Alaska* Decnny Smith, R-Ore.
Subcommittee on Energy and the Environment 1327 Longw orth House Office Bildg.
Vashington, D.C. 20515
Morris K. Udall, D-Ariz., Chairman (202) 225-8331

John F. Sciberling, D-Ohio
Manucl Lujan, Jr., R-N.M.

Subcommittee on Gen v Northwest Power, and F fana
' , 1626 Longworth House Office Building
James Weaver, D-Ore., Chairman Washington, D.C. 20515
Morris K. Udall, D-Ariz. _ (202) 225-1661

Charles Pashayan, Jr., R-Calif.

Subcommittee on Public Lands ' 812 House Office Building, Annex #1
Washington, D.C. 20515
John F. Sicberling, D-Ohio, Chairman - : (202) 226-7734

James Weaver, D-Ore.
Ron Marlcence, R-Mont.
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Subcommittcc on Water an wer Resources " 1522 Longworth House Office Building
Washington, D.C. 20515
Gceorge Miller, D-Calif., Chairman (202) 225-6042
Morris K. Udall, D-Ariz.
Dick Chency, R-Wyo.

ENCE AND TECHN G
2321 Ra)burn House Office Building (202) 225-6371

Don Fuqua, D-Fla., Cha:rman‘

" Robert A. Roe, D-N.J. "Manuel Lujan, Jr., R-NM.*
Richard H. Stallings, D-1daho : Sid Morrison, R-Wash.

Subcommittce on Energy, Development and Applications
B374 Rayburn House Office Building

Washington, D.C. 205158
Don Fuqua, D-Fla., Chmrman (202) 225-4494
Robert A. Roe, D- N J. ] o ,
F. Jamcs Sensenbrenner, Jr., R- \\ns :

Subcowmntec on Egg rgy Rcseargh and Production 8374 Ra)burn House Ofﬁce Buildlng _
Vashington, D.C. 20515

Marilyn Lloyd, D-Tcnn Chairman (202) 225-8056
Robert A. Young, D-Mo :

Richard Stallings, D-1daho

Sid Morrison, R-Wash.

Subcommittec on Investigations and Oversigh 822 House Office Bldg., Annex #1
: Washington, D.C. 20515
Harold L. Volkmer, D-Mo., Chairman (202) 226-3636

Michacl A. Andrews, D-Texas
Ron Packard, R-Calif.
-Sid Morrison, R-Wash.

Task Force on Science Policy 2319 Rayburn House Office Building
; Washington, D.C. 20515
Don Fuqua, D-Fla., Chairman (202) 225-1062

George E. Brown, Jr., D-Calif.
Richard H. Stallings, D-1daho
Manuel Lujan, Jr., R-N.M.

Sid Morrison, R-Wash.
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under cach committee. Republicans (R) are the majority party; Democrats (D) are the
minority party. Asterisks (*) indicate that chairmcn and/or ranking minority members
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v PPROPRIATION .
118 Dirksen Senate Office Building (202) 224-3471

Mark O. Hatficld, R-Ore., Chairman®*

Ted Stevens, R-Alaska John C. Stennis, D-Miss.*
James A. McClure, R-Idaho

Subcommittec on Energy and Water Development . 142 Dirksen Senate Office Bldg.

Washington, D.C. 20510

Mark O. Hatfield, R-Ore., Chairman (202) 224-7260
James A. McClure, R-1daho .
J. Bennett Johnston, D-La,

Subcommittee on Interior and Related Agencies 114 Dirksen Senate Office Bldg.
Washington, D.C. 20510
James A. McClure, R-1daho, Chairman . (202) 224-7233

Ted Stevens, R-Alaska
Robert C. Byrd, D-W. Va.

COMMERCE, SCIENCE AND TRANSPORTATION
508 Dirksen Senate Office Building (202) 224-5115

John C. Danforth, R-Mo., Chairman®*

Bob Packwood, R-Ore. Erncst F. Hollings, D-S.C.*
Slade Gorton, R-Wash. ’




Subcommittec on Communications 227 Hart Senate Office Building
Washington, D.C. 20510
Barry Goldwater. R-Ariz.,, Chairman (202) 224-8144
Bob Packwood, R-Ore.
Slade Gorton, R-Wash.
Ernest F. Hollings, D-S.C.

Subcommittec on Science, Technolopv, and Space - 427 Hart Senate Office Bldg.

Washington, D.C. 20510

Slade Gorton, R-Wash., Chairman ’ : ) (202) 224-8172
Barry Goldwatcr, R-Ariz. - ' : '
Donald W. Ricgle, Jr., D-Mich.

Subcommittce on Surface Transporfation 428 Hart Senate Office Building
Washington, D.C. 20510

Bob Packwood, R-Idaho, Chairman (202) 224-4852
Larry Pressler, R-S.D. ' :
Russcl B. Long, D-La.*

ENERGY AND NATURAL RESOURCES
358 Dirksen Scnate Office Building (202) 224-497!

AXY

James A. McClure, R-lda:hd. Chairman"

Mark O. Hatficld, R-Ore. J. Bennett Johnston, D-La.*
Danicl J. Evans, R-Wash.

Subcommittee on Energy Regulation and Conservation 212 Hart Senate Office Bldg.
Washington, D.C. 20510

Don Nickles, R-Okla., Chairman ’ - (202) 224-2366
Mark O. Hatficld, R-Orec.

Danicl J. Evans, R-Wash.

Howard M. Mctzenbaum, D-Ohio .

Subcommittcc on Energy Resesarch and Development 317 Dirksen Sensate Office Bldg.
Washington, D.C. 20510
Pcte V. Domenici, R-N.M,, Chairman (202) 224-4431

John W, Warncer, R-Va.
Danicl J. Evans, R-Wash.
Wendell H. Ford, D-Ky.

Subcommittiec on Water and Power 212 Dirksen Senate Office Building

_ : . Washiogton, D.C. 20510 '
.. Frank H. Murkowski, R-Alaska, Chairman : : (202) 224-2366

Mark O. Hatficld, R-Ore.
Daniel J. Evans, R-Wash.
Bill Bradlcy, D-N.J.



ENVIRONMENT AND PUBLIC WORKS
410 Dirksen Senzte Office Building (202) 224-6176

Robert T. Stafford, R-Vt., Chairman

John H. Chafec, R-R.1 Lloyd Bentsen, D-Texas
Steven D. Symms, R-Idaho

"~ _Subcommittee on Environmental Pollution 408 Hart Senate Office Building

. Washington, D.C. 20510
John H. Chafec, R-R.1, Chairman (202) 224-6691

- Alan K. Simpson, R-Wyo.
Steven D. Symms, R-1daho
George J. Mitchell, D-Maine

Subcommittee on Egg!ear Rggnlgﬁgn 415 Hart Senate Office Bﬁildmg
) Washington, D.C. 20510

Alan K. Slmpson R-Wyo., Cha:rman v ‘ T (202) 224-2991
‘Pete V. Domenici, R-NM. ' E .

Steved D. Symms, R-l1daho

Gary Hart, D-Colo.

Subcommittee on Foxic Substances and Emlrgnmen!al Q\grqighg
410 Dirksen Senate Office Bldg

Dave Durenberger, R-Minn., Chairman Washington, D.C. 20510
Alan K. Simpson, R-Wyo. (202) 224-6031

Max Baucus, D-Mont. '
Subcommittce on Transportation 415 Dirksen Senate Office Building
, Washington, D.C. 20510
Steven D. Symms, R-ldaho, Chairman : (202) 224-7863

John H. Chafee, R-R.1.
Quentin N. Burdick, D-N.D.
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AGENCY FOR NUCLEAR PROJECTS
NUCLEAR WASTE PROJECT OFFICE
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{702) 885-3744

October 20, 1986

Dr. Raphael G. Kasper
National Research Council
CPSMR v
210) Constitution Avenue, N.W., :
.. Room NAS285 S R
Washington; D.C. 20418 : .

Dear}Dt;/Kasper:“~

On behalf of the representatives of the affected states and
Indian tribes, I would like to express our appreciation for your
recent presentation to us describing and discussing the role of
the National Academy in the Department of Energy's high-level
radioactive waste program. Your discussion of the relationship
between the Academy and the Department of Energy was particularly
informative.

As you heard from the state-tribal representatives, there is
general consensus that the siting process by which the Department
of Energy nominated and recommended candidate repository sites
for characterization is flawed and illegal. We were quite
interested to hear your description of the Academy's very limited
role in reviewing the decision-aiding methodology used by the
Department as a part of this decision-making process. &As we
explained to you, there are numerous examples of the Department
of Energy's utilizing your limited review &nd its favorable
conclusions to support the implication that the Academy has fully
reviewed the entire decision-making process, found it sound and
that the Academy completely agrees with and supports the
Department's selection of the sites in Nevada, Texas and
Washington. ' '

Although you clearly stated to us that the Academy was given
a very limited review role and you have not endorsed the actual
selection of the aforementioned sites, we believe that the
Academy should, in a very public way, announce the scope of your
limited review of the methodology and the extent to which the
Academy has endorsed the sites selected for characterization, and
the method by which they were selected. :



After having some- discussion with the Department regarding
the future role of the Academy in the Department of Energy's
repository selection program, we were pleased and surprised to
learn of your willingness to support the Academy's conducting its
activities in an open and public forum, something that Department
of Energy officials have told us you would be unable to
accommodate and, in fact was not the case in recent Academy
reviews of DOE decision-aiding documents, More surprising,
however, was your statement that in another recent endeavor the

~Secretary of Energy has specifically required the Academy to

conduct its review in a manner which includes full public
participation, and the Academy has agreed to that requirement.
It is interesting that the Department of Energy would not -impose
a similar requirement on the Academy in the radioactive waste
program, even though the Nuclear Waste Policy Act specifically
reguires full public participation in the DOE program. The DOE
has informed us that the procedures of the Academy's review are
at the discretion of the Academy. :

We wvere also pleased to learn that you support the state-
tribal interest in working with the Department of Energy to
develop the scope and extent of the Academy's future activities
in the program under the Department's contract with you.

And in a related matter, 1 believe, consistent with your
invitation, the state and tribal representatives likely will be
suggesting individuals for consideration by the Academy for
inclusion on the Board on Radiocactive Waste Management panel or
panels that will review the Department of Energy's program.

The state-tribal representatives have grave concerns
regarding the way in which the Academy's participation has been
used and perhaps exploited by the Department of Energy in the
past, and we believe that any future review by the Academy must
be approached in a very well defined and clearly stated manner.
Full public access to the Academy's deliberations while they are
in progress, in our opinion, is an absolute prereguisite for
future activities by the Academy in this program. Additionally,
the issues of reviewvers' potential conflicts of interest, the
scope and extent of the Academy's reviev, and actual role of the
affected states and tribes, and public, in the review process are
critical issues that must be resolved prior to the initiation of
any activity by the Academy in the DOE high-level nuclear waste
repository program.



. I want to thank you again for your presentation and for your
clarification of the position of the Academy on issues such as
public participation.

Sincerely,

Robert R. Loux
Executive Director

RRL/gjb

cc: ¥Mr. Ben Rusche
Mr. Grant Sawyer
Mr. Frank Press
Senator Paul Laxalt
Senator Chic Eecht
Representative Barbara VUCanovich
"Representative Barry Reid
Representative Morris UGdall
Senator Pete Domeni
Mr. Terry Busseman
Mr. Steve Frishman
Mr. Ron Ealfmoon
Mr. Russell Jim
Mr. William Burke



STATE OF ILLINOIS

DEPARTMENT OF NUCLEAR SAFETY
1035 OUTER PARK DRIVE

SPRINGFIELD 62704
(217) 545-8100
TeRRY R. LASH

Dwccron S October 14, 1986

Mr. Ted Hunter
xtuie Energy Committee Staff
Olympia, Washington 98504

Dear Mr. Hunter:

In response to yoﬁr call today, enclosed are the following materials
about the I11inofs Department of Huclear Safety and its monitoring program for
commercial nuclear power plants in I1linois: s ’ ' ‘

1. "Remote Monftoring of Kuclear Power Reactors®

2. ‘“lsotopic Effluent Honitoring for Kuclear Power Plants®

3. Fact Sheets: "The I1linois Plan for Radiologfcal Accidents;"
“Radiological Emergency Assessment Center;® ®Reactor Parameter Data
Link3®" "The Radioactive Gaseous Effluent Honftoring System;" and
“Environmental Radiation Monitoring Systea®

4, IDNS Annual Report
§. IDNS Informational brochure
6. “Radioactive Gaseous Effluent Monitoring System" brochure.

If you have any questions or guidance for my presentation on November 18,
please feel free to contact we.

Sifcerely,

{

rry}jR. Lash
irector

TRL:dk
\/gcc: Terry Husseman w/o enclosures
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Mr. Terry lash

Nlinois Department of Nuclear Safety
1035 Outer Park Drive .
Springfield, Nlinois 62704

Dear Mr. lash: : .

The Energy Camittee of the House, vhich I chair, has been actively involved
in radicactive weste matters far the past three years. This involvement has
intensified with the recent site dsignaticn of Banford for the first (ard

perhaps cnly) high-level repository.

ﬂncamitteemsbemeaminhg@ergemyrspaseplamﬂ:gmﬂmwm
monitoring systems among other issues., We are interested in your experience.
and thoxhts in these areas,. &ec.iﬂcally,matmideratia'sleitothe
establishment of your office? How does it relate to federal and other state
egenclies? Bow is it funded? What role has your state had in emergency
response plamning? Hast:lﬂsrole,oryamefforts,dxangedatansimethe
events at Chermabyl? What techniques amd system does your agency use to
conduct envirammental monitoring?

I have called a special meeting of the Committee on November 18th in Seattle

- to address these (and other) emergency respanse and enviramental monitaring

fssues. I an hoping you would be available to attend to essist us in
addressing these matters. We will contact you shortly to determine your

availability. :

If you have any qustians regarding this, please contact me at (206) 782-1239
or Ted Hinter of my staff at (206) 786-7114.

Welookfoma:dtowrldxgwithym.

Tk, Mo

Fepresentative Dick Nelson, Ghairman
Bouse Energy & Utilities c:'nmitl:ea

MN:cas

101486.2
E&U4



STATE OF WASHINGTON

OFFICE OF THE GOVERNOR

‘OLYMPIA
$2504.0413

BOOTH GARDNER
GOVERNOR

September 18, 1986

- John Herrington, Secretary
US. Department of Energy
1000 Independence Avenue
Washington, D.C. 20585

Dear Secretary Hcmngton: .
I understand that USDOE tecently requested the National Academy of Scicnces to partici-
pate in an undefined capacity in the first-round tepos:tory gite characterization process. I
submit that bgfore WSDOE takes any steps toward gite characterization it must £ires-hagteann
apd begln o6 establish Boelin the process by which it decides which sites it
will characterize. As you know, in response to the USDOE and Presidential decisions of
May 28th, I have urged a temporary halt and s restructuring of the gite selection process. &Y
©s O ﬁﬁnﬂlﬂe eed Bitcrmath meansio permanently dispose of the nation’s high-level
puclear waste, we must establish and follow a process which all affected parties are confi-
dent will result in a scientifically sound decision.

The attached Jetters from Professor von Winterfeldt to Mr. Rusche have Siejghtened my s
ous dourbts about the convoluted reesoning on which USDOE based its decision to Fecommend
Hanford for further study even though it is the least safe and most costly of all the gites
-under consideration. In his letter dated July 22, 1986, Professor von Winterfeldt concludes:

*The logical implications of the judgmems and estimates made by DOE expem and
managers themselyes as reported in the Melhodology Reporl : viealaisvd,

&m &'M C&ﬂ Biekier s 8%

'Un]ormnarcly. it appears tha: DOE

was made one and a half )urs ago




’ Secretary John Herrington

September 18, 1986
Page 2

Professor von Winterfeldt is known and respected as one of the nation’s foremost experts on
decision analysis. He has no stake in the outcome of the site selection process other than his
professional concern that the crucial decisions in this complex end controversial process are
defendable on a logical and scientific basis. He could have returned to his position at the
University of Southern California and passively observed the process, but instead Professor
von Winterfeldt voluntarily chose to communicate his serious concerns to USDOE gnd as a
result involve himself directly in this national controversy. I commend him for his commit-

- ment to fulfill his professional and public responsibilities end, Mr. Secretary, I encourage

USDOE to take appropriate actions to respond to his and 10 our concerns.

As I have done on several previous occasions, I-once ggain ask thet USDOE sgree to submit
its entire gite selection process to 8 thorough, independent review by credible scientific
experts. Such review must include examinsation of the basis upon which value judgments

were made and examination of the implementation of the ranking methodology I am con-
-~ vinced that if USDOE fails to respond positively to our concerns the site selection process is:

headed for totel collapse.

- Thank you fﬁ't your consideration.

.

‘'Bobth Gardner
" Governor

cc: Frank Press, Ph.D.
Professor Detlof von Winterfeldt
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The universal language of art spans 250 centuries to unite us with

our earliest .ancestors. Our oldest artifacts are eloquent test1mony to

the human desire to create art, to use art to consciously record in permanent
form the ideas most important to us. This strongly forged and common bond
of art speaks vividly across time to us of our ancestors' hopes and dreams,
aspirations and accomplishments. Our oldest art remains clear and vital today;
its spirit is timeless.

From the old stone age, through the bronze and iron ages, until very
recently, the art of sculpture contributed to innovation in manufacturing
techniques and raw material applications. The technical requirements of sculp-
ture, along with those of tool and weapon production were the foundation
of metal alloying and casting processes and with them a host of other manufac-
turing advancements and discoveries without which our present industrial
society would not exist. If modern sculpture seems to have lost its vitality,
it is because this connection with the processes and materials of mundane
production has been severed. Sculptors no longer work at the leading edge
of technology enriching society's understanding of materials usage and applica-
tion.

Today, society's most advanced manufacturing technology is monopolized
by the defense industry and its handmaiden, the nuclear industry. I have
chosen to incorporate the materials and processes of the nuclear industry
into the sculptures I am currently producing for reasons that may be construed
as highly traditional. I seek to recapture the art of sculpture's traditional
place at the cutting-edge of technology and to record, in as permanent a
form as that technology allows, symbols and metaphors of the issues of the
age.

Nuclear waste, an issue of universal concern and, for all practical
purposes, permanence, is arguably our greatest technological challenge.
It is also itself a symbol and metaphor of the civilization that produces
it. All manufacturing activity, from the making of spears to the building
of cathedrals, produces waste. Nuclear waste is analogous to the stone chips
produced since the neolithic age, with one difference: all nuclear waste
is, in the broadest sense, weapons-production waste and none of it is, in
any sense, art waste. Until now.

In bringing together sculpture and nuclear technology, I hope not
only that this art will benefit from a return to the use of innovative materials
and processes but also and more important that society will benefit, in ways
now difficult to define or foresee, from the return of artists to the decision-
making process of modern materials usage.

7
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