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were :^-st:eed t:e adequate, athuah scme ptio.ns were ranked & s-
::wer :an :-e ::.ters te.g., 9 and 26).

:t s recc.ized ..at t>.ere are substantia- uncertainties with resDect : -e
a::_al oerf:=man:e :f any p:ion. The quan::tat ve __'e-ences n cated
ce:ween :cotins ae erived rom the Coonsensus est-p::'ess:-a: udm.ents :-
expert panels selected f:: the study. It should be recoan :ed that
::^.-n-cin :.e na-.ylss using other expert panels would likely produce
_ fferen: cant:ta:1vi diferences (smaller or larger) and muaht : miht -.t

r::zd:: a -Ifere. ranki6nq.

To aid in the decision process, isometric drawings which portray each f the
34 cptions are ncluded in an appendix. In the interest of repcrt brevity,
p-^se descriptions of the options have been omitted. : desired, detailed
presentations on specific options will be provided.

'n addition, your attention is directed to the November 20 presentation to
the NWTRE. This presentation material includes the results of the
evaluations by the expert panels in tabular form.

The decision will result in the placing of key features of the selected
option under configuration control but does not preclude future changes.
Rather, the key features will be baselined, and chances to those key features
will be accomplished in accordance with the change control process, after
review by appropriate technical disciplines. Selected key features will only
be changed with the approval of the decision making executive.
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ALT

A large number of people have participated in the Exploratory Shaft Facility
Alternatives Study. As one measure, over 200 people (from DOE, the
participant organizations, subcontractors, and consultants) have been trained
in the use of Sandia National Laboratories (SNL) OA procedures in support of
this effort. Numerous others have participated under the O procedures of
their own organizations. The results presented in this report would not have
been achieved without the enthusiastic and exemplary contributions of all
members in this team effort. Within this number there are several key
members of the team whose contributions we wish to specifically acknowledge.
For leadership of the major tasks of the study: Al Dennis, S - study
management and report preparation; Earl Gruer, SNL - development of options;
Stephen Bauer, SNL - evaluatin process; and Mike Parsons, T&MSS -
identification of requirements. For development and implementation of the
decision-aiding methodology used for the study: Lee Merkhofer, Applied
Decision Analysis and Paul Gnirk, RE/SPEC. For support to the expert panels
in the evaluation process: Ned Elkins, LANL - testing requirements and
schedules, Bill Kennedy, RSN - ESF configurations and construction methods,
Brian Lawrence, PBQ&D - repository configurations and construction methods,
Jim Scott, RSN - construction and operational schedules and costs, Ray
Finley, SNL - Task 4 support and conduct of reviews, and Mike Voegele, TMSS
- support to the program viability panel. For guidance and encouragement to
the study teams: Ted Petrie, Bob waters, Max Blanchard, and Dave Dobson, all
of the Yucca Mountain Site Characterization Project Office.
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\_,NvDINGS OF THE ESF AERNAT:ES -8Y

. ^ _.:NROtJCT'"ON

:.:- SP_ F THt STUIY

7he Yu-::a Mcuntain Site Chara- eri:ation Project Ep'::a::ry haf:
Fa::_- A:--_=a-:-:es Study(ES-AS) Implementaticn Pan drected ar._a
Na:::.a' Labora::::es (SNI) to lead a study that would ident fv var.us

pos oroy cnfiuations and ru:tion methods tgether zcalled
:::-.os) identify all requirements and concerns applicable to the ESF and

repcsitory, and comparatively evaluate the options relative to those
requirements and concerns. The Calico Hills Risk/Benefit Analysis, conduc:ed
_n arallel and integrated with this study, addressed an NRC objection tc the
draft SP, and provided a recommendation to this study that the selected
option should be able to support extensive drifting in the Calico Hills rock
unit. The ESF-AS inccrporated these recommendations and further evaluated
the benefits to the test program, as well as the waste isclation impa:ts for
the features f each complete SF option. The evaluation f the otions has
been cornIe:ed and this report ccnta:ns a summary o the indings from that

The rincizal activities of the ESF Aternative Studv are illustrated in
Figure -;, and his retcrt is str:tured according to the fow of those
a:tivit:es. Section 2 describes the evolutionary process that led to the
sele::ion o' 34 EF options that were comparatively evaluated. The de:_sion
methodo gy that rovided the framework for the comparative evaluation is
discussed befly in Section 3, along with the rank order of the 34 ESF
ct:i:ns n ers of their relative desirability. Section 4 is a compilation
cf the rinc-iDal evaluation factors ad design features that were found t be
i_'_uent-a' in establishing the rank ordering of the options. Finally, the
findings cf the Alternatives Study are summarized in Section 5.

:.2 QUAL2'T kSSUP.ANCE I

The ESF-AS was conducted under a qualified quality assurance (QA)
program which meets the requirements of 10 CFR 60, Subpart G. The QA program
has been approved by the Yucca Mountain Site Characterization Project Office
and the Office of Civilian Radioactive Waste Management, and it has been
accepted by the uclar Regulatory Commission. Reviews of all material
prepared for and generated by the scoring process are in progress, and will
be completed prior to issuance of the final report. The application of the
QA program controls to the input and conduct of the study provides confidence
in the quality of the results presented.
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24.0 CANDIDA, ;F/REPOSITORY OPTIONS

2.1 GEATION OF TH INITIAL SET OF OPTIONS

An option was defined as the combination of an ESF configuration and
associated construction methods integrated with a repository configuration so
as to provide compatible interfaces between the ESF and repository. That is,
for each option the accesses and other ESF interfaces with a repository were
defined in the context of a total ESF/repository system so that ESF accesses
were compatible with and had integral functions in the repository. In the
sense used here, configuration refers to the conceptual physical layout of
accesses and underground works.

In the initial part of the study, all previous ESF and repository
conceptual configurations were reviewed and new ESF/repository configurations
were generated. New configurations were developed to address regulatory and
other requirements, as well as to address cnts and concerns expressed by
the Nuclear Waste Technical Review Board (W1R) and the Nuclear Regulatory
Commission (NRC). Therefore, all options are expected to meet the
requirements of 10 CFR Part 60. In addition, a number of major design
features were addressed in various ways within the new options so that a
direct comparative evaluation of features, as they are embedded in a number
of different ESF/repository systems, could be made.

2.2 PRELIMINARY SCREENING OF OPTIONS

After the previous ESF and repository configurations had been identified
and new options prepared, a screening of options was conducted to reduce the
number of possible options to a set that would be evaluated in detail. The
screening was conducted by a panel of experts, according to the following
steps:

1. Previous ESF and repository options were screened against a selected
set of regulatory and site characterization testing requirements.
The screening requirements were selected from the entire set of
applicableorequirements on the basis that it could be determined
readily whether or not an option was in compliance.

2. Historic options passing the first stage of the screening and new
options developed for the study were assigned to a number of classes
defined on the basis of differences in major features.

3. One option was selected from each class to be in the final set.
This insured that the range of features desired was well represented
in the set of options to be evaluated.

As a result of this screening process and the subsequent review, 17
options were identified for further evaluation.

3



2.3 F:NA_ S' V OF AN: DATE OPT::NS

4 ; After the screening process had been cmpleted, a series of events
c:vUrred that significantly altered the number and con:en: -f the pt:;:ns a-
recuired -evision f the methodology used cr comparative evaluation :f the
cz?: s. he events were:

:he al:_ Hi'1s Risk-Benefit Assessment Wrkinc Grour rpvided
n* : The ESF-AS on June 30, 990 that added ex:ens~ve
_:_':i;n :n.he _alicc H:s unit t each. : he E'-
conficura:cr.s.

(2) The NRB (in its First report to Congress) cznfirmed its
previous recommendation for the addition of an east-west d:ift in
the Topopah Spring unit to detect potential nort.h-south trer.:ing
faults.

(3) At an ESF-AS Management Panel meeting on August 8, 1990, the DOE
directed the ESF-AS to evaluate each option considering two
alternative characterization testing strategies. These were (a)
primary emphasis on early access to the Topopah Spring unit, ad
(b) primary emphasis on early access to the Calic Hs i:.

On the basis of the first two events, the design conflgurat_3r.s fr the
:- ESF options were updated to include 9,000 ft. of explcratory driftin in
the Calico Hills uni: and an east-west drift in the Topopah Spring uni. he
third event led to the development of 17 additional options to ac-:mmodate
the two alternative characterization testing strategies. sometric sketches
:f the 34 cstions are included in Appendix A. The testing strategy for
Options l-7 consisted of the systematic progression of const:uction and
si:e-characterization testing from the surface down the accesses to the
Topopah Spring and then on down to the Calico Hills. In contrast, the
testing strategy for options 18-34 was to proceed to the Calico Hills as
rapidly as possible to make an early determination of suitability (or
unsu:tab.lity) ofjt e principal natural barrier, while conducting only those
tests in the accesses necessary to acquire site data that would be
-:reoverable if not acquired during initial construction. An option was now
defined as a physical configuration and construction method (17
configurations) plus a testing strategy (two testing strategies per
configuration). That is, under this definition, there are 17 pairs of
options (1 & 18, 2 & 19, 3 & 20, etc.), where both members of a pair have the
same physical configuration and construction method (See the Summary of
Options table in Appendix A), but a different testing strategy. In a few
cases, the physical configuration was modified to better address the
objective of the second strategy. Within each strategy, early and late
testing phases were to be defined so that the relative value of early
information from each test strategy could be assessed for the purpose of an
early determination of suitability. Additional details of the testing
strategies are given in the figure titled Testing Groups and Sequences for
Early/Late Exploration and Testing' in Appendix A. The principal design and
construction features of the set of 34 candidate options are smmarized in
Table 2.1.

4
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2.4 RECUIREN-ATS

* As indicated in Figure -1, requirements were a major component of this
study. Requirements, as a category, includes such things as () federal,
state and local regulatory requirements, and (2) DOE orders, requirements
documents, and guidance, as well (3) as concerns expressed by oversight
agencies (e.g., NRC, NWTRB, State of Nevada). Appendix B contains a list of
the source documents that were reviewed for individual requirements
applicable to the ESF and repository as a basis for discriminating between
options. These source documents contain approximately 2500 individual
requirements. The review process resulted in approximately 250 requirements
providing the basis for discrimination in the evaluation of options by the
expert panels. These requirements were cross correlated with the factors
that influence the probabilities and performance easures (in the influence
diagrams) as described in Section 3.1.

3.0 COMPARATIVE EVALUNTION

This section describes the methodology developed for the analysis of the
34 candidate options and the results of the comparative evaluation.

3.1 METHODOLOGY

The comparative evaluation was based on formal decision analysis. Prior
to conducting the main analysis, a pilot study was conducted to test the
feasibility of the approach and to identify the considerations that are most
important for the analysis to address. The pilot study results suggested
that the choice of an ESF option might significantly affect future
uncertainties, such as the likelihood of license approval, and ultimate
repository consequences, such as postclosure releases.

Accordingly, the main analysis consisted of two major components.
First, the uncertain future events and decisions potentially impacted by the
chokce of an ESF option were identified. These uncertainties define 6
alternative future Acenarios, which were represented in a decision tree, as
shown in Figure 3-1. The analysis included an assessment of how the
probabilities of each possible scenario depends on the selected option.
Second, the end consequences of each possible future scenario were estimated.
The types of consequences and measures defined for qualifying each are shown
in Figure 3-2.

The consequences for each scenario were estimated by expert panels (see
Table 3-1). Scaling and weighting functions were applied to the estimated
numerical value of each measure for a given option and scenario and then
sumed to obtain an aggregate measure of the net benefit of that scenario.
Net benefit is the benefit of getting to a particular end point in the tree
(scenario), minus the consequences of getting there. The purpose of scaling
the consequence measures is to allow them to be expressed in a common set of
units and to weigh their relative value. In this analysis, all consequences
were expressed as equivalent dollar amounts. Because the scaling factors
represent a value judgment and not a technical judgment, a management panel,
independent of the expert panels, was used to determine the scaling factors
for each measure.

6



Figure 3-1

DECISION TREE

The Impact of the ESF option on the likelihood of Important down-stream
decisions and uncertainties.
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Figure 3-2
MEASURES DEFINED FOR QUANTIFYING END CONSEQUENCES.

Adverse impacts annbflablo to an
ESF-repository design configuation

POSTCLOSURE PRECLOSURE

Impacts impa os

Radlonudi_ re'1e-ases

Imat on olp n Enviromna Cost Imnpacts

ab ~~~~~~~~~~~~~~saty

i eless"atkclH Aesthetic Dlrgl |dadircon
a axsse helth raWm1 degrdaion of historcl costs | costs|

. ! ~~~of effects safety Properties | (sdxdtft)|
EPA s_ IaidI 

X 2 X 3 X 4



KJ
TABLE 3-1

EXPERT PANELS

Panel Measures Evaluated

Postclosure Performance

Preclosure Radiological Health

Preclosure Non-Radiological
Health and Safety

Environment
- Aesthetic Properties
- Historical Properties
- Biological Properties

Socioeconomics

Releases Xi

PoK

Worker Exposure, h
Public Exposure, ;

Worker Accident, X4

Aesthetic Degradations, Xs
Degradation of Historical Properties, 6
(Non-discriminatory; not scored)

(Non-discriminatory; not scored)

Cost and Schedule Direct Costs, ,
Indirect Costs, Xi
Cost and Schedule Input
Viability

to Program

Characterization Testing

Regulatory Approval

Programmatic Viability

Management _

P£tr Pw, PLiT PT

PAP PCLO

Wvigb

Weights

LEGD

Part -

Ptr1 -

PLFg -
PLFt -

PCLO -
Pvt-

Probability that site is suitable
Probability of an Early False Positive result from (early) testing.
Probability of an Early False Negative result from (early) testing.
Probability of a Late False Positive result for (late) testing.
Probability of a Late False Negative result from (late) testing.
Probability of a Regulatory Approval
Probability of Repository Closure
Programmatic Viability

tm:
Expert panels consisted of from 5 to 10 members drawn largely from within the
DOE civilian waste management program participant and contractor comminity.
Seven members of the technical panels came from outside of the DOE cocmunity.
Members of each panel were selected on the basis of their expertise
(education and experience) with respect to the topics addressed by the panel,
and were selected by a controlled process.

9
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The assu:.ed be.:.it 1o obtaining a closed reps '- ry is somewhat
a:r ::ary, ut was assumed to be arge: than the t:tal consecuences:
:therwise, the analysis would indicate that the best option is the ne :ha:
ma::mizes the pr:bability of doing nothing whi:h would pduce the eas:
::nsezuenzes). A benefit of S50 billior. was assumed f scenario A (a CEosed
repos:r:r-i. Scenari B (waste et:reved, but keD: at site) was assiane a
bene- = £ billion. A zero benefit was assumed fo: a:: ther scenarics.
The- value o the benefits assumed was found not tc affect the ranking of the
alternatives s: :ng as the total benefit is larger than the tta:
:..se-_n1...

The arecate score for each option was determined by solving the
decsion tree. This amounts to multlplylng the probabilty f each senari:
through the tree by the net benefit of that senario and summing over a-
scenarios. The overall score is then the expected net benefit of a
oarticular opticn.

Because of insufficient data and large uncertainties in the numerical
values that would be required to perform the actual quantitative evaluation,
the estimates of robabilities and consequences were generated by expert
panels (Table _-1). When estimating a gven consequence measure or

r o bability, each panel was asked to pvide a best estimate value, a high
est:ma:e an: a w estimate. The best estimate value was used as inzut to
:he mde: t: determine the verall score. The hich and low values were used
as the extreme values for the measure in sensit:vity studies.

Bef re s:ing, expert panels developed influence diagrams for each
robab :_ity and cnsequence measure. This was done to determine the majcr

factors t.hat mst be considered when evaluating an option with respect to a
civen. perf:rmance measure. Figure 3-3 shows an example of an influence
d aaram used in this study (impacts on historical properties). The facto:s
e-dged by the panel to be potentially significant discriminators are
,nd-_aaed by a double circle.

:n addition * the influence diagrams, the panels were provided with a
substantial amount of reference information regarding the options, the
applicable requirements, previous analytical results, and other guidance.
On-ce the influence dagrams were completed for each criterion, a subset of
the applicable regulations, requirements, and other concerns that were
determined to be potentially discriminatory (i.e. would allow for
discrimination) between options were cross-correlated with the factors on
the influence diagrams. This was done for two purposes: first, to assure
that all applicable requirements, regulations, etc. were being taken into
account in the assessments through evaluations against the criteria; and,
second, to provide the evaluators information as to exactly what
regulations, requirements, etc. should be considered during an evaluation
against a particular criterion.

Once the evaluations were complete, a series of sensitivity studies was
performed to assess the sensitivity of the ranking to input judgments and
other assumptions. Analyses were also performed to determine which of the
evaluation criteria were the most important or influential to determining
the ranking.

10

le

I



I,

Figure 3-3

_k~~ pp, e,,__

!
I (

S

(.

Influence Diagram Draft 1 [5/24/901 - Historical Properties



3.2 RANK ORDViNG OF THE ESF OPTIONS

Tables 3-2 and 3-3 show the best judgment consequence and probability
estimates together with the resulting expected net benefit estimates. The
precision of the numbers presented in the tables is a reflection of the
precision deemed necessary by the panels to permit conveying the relative
performance of the various options. Panels felt that relative performance
could be estimated with greater precision than absolute performance. For
example, the fact that a panel assigned a best-judgment estimate of .60 for
one option and a best-judgment estimate of .61 for another option means that
the panel believed that the second option was .01 units higher on the
measurement scale. The fact that estimates might be provided to a precision
of .01 units does not necessarily mean that the panel believed that the
performance of an option could be estimated to a precision equal to or
greater than .01 units. Sensitivity analyses showed that the study
conclusions were relatively insensitive to changes in absolute level (e.g.,
changing .60 and .611 to .50 and .Slj, respectively) but that rankings are
relatively sensitive to changes in diffential estimates (e.g., changing .60
and .611 to 1.60 and .601, respectively).

An overall rank ordering of the options based on the best estimate
judgments of the various panels, is presented in Table 3-2. The relative
value of the options is quantified by a normalized figure of merit. The
figure of merit used is based on the expected net benefit of each option as
calculated by solving the decision tree with the best estimate values of
each probability and consequence estimate (Table 3-3). The expected net
benefit for each option was then normalized by scaling highest ranked option
to 100 points and the lowest ranked option to 25 points in dimensionless
units rounded to the nearest point. Thus, the option with the greatest
expected net benefit received a normalized figure of merit of 100. It
should be noted that this ranking was derived from consensus or majority
views expressed by each panel. Alternative views (minority reports) were
also recorded by several of the expert panels. The effect on the overall
ranking of substituting a minority view for the majority view is discussed
below. W .

The difference in calculated expected net benefit between the option
ranked number one and the option ranked number two is approximately $1,079
million, based on an assumed benefit of 50,000 million for a closed
(successfully completed) repository. This should be interpreted as meaning
that, if the judgments of the expert and management panels are accepted,
then the top ranked option is preferable to the second-ranked option by an
amount equal to the preference given to saving $1,079 million. Thus, if the
best-judgment consensus estimates of the technical panels and the value
judgments provided by the mnagement panel are accepted, then the logical
conclusion is that the option ranked number one is preferable to the option
ranked number two by an amount equal to the preference attributed to saving
$1,079 million. It should be noted that all options are expected to meet
the requirements of 10 CFR Part 60, however, there is considerable
uncertainty over consequence and probability estimates. Thus, it is
possible that the second-ranked option would produce a better outcome then
the first ranked option. It is also possible that another set of expert
panels would produce a set of technical and cost judgments that would lead
to other cost differentials or an alternative ranking.

12
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96
94
93
91
90
85
84
82
81
80
?9

73
69
69
67
67
66
65
63
63
59
56
56
56
56
50
47
46
45
45
40
31
25

:5:t
2 nd

3:d
4th
5th
6th
7th
8th
9th
0th
lth

.4th6:3th

:th

20th
:8th
;9th
20th
21s t
22nd
23rd
24th
25th
26th
27th
28th
29th
30th
31st
32nd
33rd
34th

*Assumes benefit of a functioning repository is $50 B or more.
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Table 3-3
SUMMARY OF DECISION TREE CALCULATIONS

PROBABILITIES ........................... >

(Prog. Viab) I (OK-ET-) 1OK-LT' /
. _ ._ f _ _ _ _ x _ _ _

(Approval) I(Closure) (Scenatio Al
Expected

Net Benefit
IS mioni -Option *OK-ETI

S I I I S I.

O-a

B.C8ss
Al
A2
A4-1
AS
A?

83.2

03.3

03-5

94
07
Be
Cl
C4
Rll

Rt
Al
A2
A41
AS
A7
03.2

93.3
03.4
835

83.6

03-6

97e

Cl
C4
Rll

1
2
3
4
5
6
7
a
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

0.55 26th
0.73 16th
0.52 3is,
0.74 13th
0.58 21st
0.78 91h
0.79 7th
0.64 18th
0.45 34th
0.58 22nd
0.56 241h
0.58 23fd
0.81 61h
0.51 33rd
0.54 28th
0.53 29th
0.56 25th
0.52 32n
0.77 10th
0.67 17th
0.77 12th
0.77 111h
0.87 3rd

0.84 41h
0.55 27th
0.83 5th
0.79 61h
0.73 141h
0.89 2nd
0.70 161h
0.62 19th
0.59 201h
0.53 30h

0.83 18th
0.83 11th
0.83 13th
0.83 161h
0.84 9th
0.83 15th
0.82 25th
0.83 24th

0.74 33rd
0.78 32M
0.82 26th

0.84 5th
'0.85>. j*
0.84 th
0.83 20th
0.81 29th
0.83 21st
0.82 28th
0.83 121h
0.83 17th
0.84 3rd
0.84 4th
0.83 141h
0.82 27th
0.83 23rd
0.74 341h
0.79 31st
0.83 22nd
0.84 7th
0.85 2n
0.84 6th
0.80 30th
0.83 19th
0.83 10th

0.89 301h
0.91 2nd
0.90 51h
0.92 1,1
~.90 8th
0.90 1 th
0.90 91h
0.90 18th
0.84 33rd
0.89 241h
0.90 6th
0.90 111h
0.91 3rd
0.90 7th
0.90 10th
0.89 23rd
0.90 13th

0.78
0.93
0.89
0.87
0.85

24th
4th
91h

121h
151h

0.93 3rd
0.92 51h

0.85 151h

0.67 33rd
0.74 29th
0.83 18th
0.81 21s1
0.89 9th
0.78 25th

0.90 7 t.
0.90 7th

I
0.88
0.89
0.89
0.90
0.90
0.89
0.89
0.90
0.83
0.89

32nd
261h
27th
12th
20th
281h
25th
16th

341h
3191

0.70
0.77
0.90
0.83
0.84
0.78
0.90
0.86
0.80
0.66
0.73
0.82
0.79
0.87
0.77
0.94
0.88
0.69

31s1
27th
nth

18th

25th
61h

141h

22nd
34th
30th
201h

23rd
131h
28th

2nd
11th
32nd

0.995
0.998
0.998
0.999
0.999
0.999
0.998
0.998
0.991
0.996
0.997
0.998

- 0.999
0.998
0.999
0.999
0.997
0.995
0.997
0.997
0.998
0.997
0.998
0.997
0.997
0.991
0.996
0.997
0.997
0.999
0.997
0.998
0.998
0.995

30th
1lth
171h

41h
7th
3rd

13th
151h

341h

281h
23rd
8th

.. 1*1

12th

5th
2nd

25h
3191

18th
21st
16nth

22nd
10th
241h

19th
33rd
291h

261h

201h

6th
27th

91h
141h

32nd

0.31 27th
0.51 7th
0.35 261h

0.49 10th
0.37 22nd
0.54 51h

0.54 Clh

0.40 l91h
0.19 34th
0.30 291h

0.35 25th
0.35 23rd
0.55 41h

0.30 281h
0.38 21st
0.35 24th
0.29 30th
0.29 31st
0.51 6th
0.41 1th
0.49 11th
0.45 131h

0.58 2nd
0.57 3rd
0.50 9th
0.22 33rd
0.42 15th
0.48 121h

0.43 141h

.0.60 lot
0.41 lth
0.42 16th
0.39 201h
0.26 32nd

12,080 27th

20.829 7th

13.674 25th
19.684 10h
14.501 22nd
22,218 51h

21.990 6th
15.984 181h

6,142 341ht
11.139 291h

13,536 26th
13.763 23rd
22,579 41h
11,370 28th

15.454 201h
13,725 241h
10,981 301h
10,956 31s1
20,404 8th
16,322 1 7h
19.579 11th
17,760 t31h
23,306 2nd
23.006 3rd
19.920 9th
7,677 33rd
16.340 161h
19.211 12th
16,921 141h
24,385 1st
15,862 19th
16,759 15th

15,306 21st
9.852 32nd

C

(

0.90 141h
0.90 15h
0.91 41h
0.90 21s1
0.90 191h
0.90 22nd
0.89 291h

* Assumes benefit of functioning closed repository Is $50 billion.
1r3mlm nrnhVi V91 A nA



3.3 3.3SUMWRY RANKINGS UER VARIOUS MINORI- REPORTS

There were a number of cases in which panel consensus was not obtained
when assessing the best judgment values for a measure. In some cases the
differences between majority and minority views were a matter of degree.
That is, the rationale leading to the assessment of a value was essentially
the same, but the assigned value differed. In other cases, differences in
rationale were sufficient to lead to considerably different results. A
summary comparison of majority and minority views is given in Table 3-4.

It may be observed from Table 3-4 that, with the exception of the
minority report on programmatic viability the ranking is largely insensitive
to the disagreements that prevented panel consensus. The minority report on
programmatic viability was provided by one member of the Programmatic
Viability Panel who expressed a view that was considerably different from
the remaining six-member majority. The minority view resulted in a large
number of the options receiving a probability of 1.0, expressing the fact
that he was certain any one of the number of options could be implemented.
In addition, the minority view expressed concern that ore emphasis should
be given to the potential of early delays that may be caused by differences
in options, and less emphasis given to other concerns.

As indicated in the table, the overall ranking of the options is very
sensitive to the probabilities for programmatic viability. Two of the
factors that apparently were important to panel members in assessing
progranmatic viability were resolution of NRC and NWRB comments and
concerns. However, only the NRC and NWTRB are able to determine the extent
to which their real concerns are addressed.

4.0 ANALYSIS OF PRINCIPAL FACTORS AND FEATURES

4.1 IN OWCTORY REMARKS

An initial objective of the ESF Alternatives Study was to comparatively
evaluate design features, and as a result, identify those features that, if
incorporated into togiven option, would result in that option being more
favorably rated. A list of potentially favorable features could then form
the basis for developing new options, or altering existing options, to
produce options that would rate better overall than any of the current
options. The approach taken was to select options that displayed a wide
range of specific features and different combinations of those features.
Thus, the relative merit of trade-offs between design features (such as
shafts versus ramps) could be evaluated in the context of their performance
in the ESF/Repository system. he five principal design features that were
incorporated into the set of 34 ESF options, along with the range of
alternative configurations that include these features, are listed in Table
4-1. Section 4.2.1 provides a qualitative discussion of the relative merit
of these features based on the results of the study.
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Table 3-4
RANK ORDER OF OPTIONS UNDER VARIOUS MAJORITYIMINORITY REPORTS

HAJORITY
BEST

rOGEMEN
RANKNG

Minority View
for

Minorily EFN
View #1

Minoily EFN Minority View
View #2 Ion Reldleval

Revised Esirmales
for Testing

Proq. Viab. 117 eartqi 12 anvrel
._- __,_ .. 1 , I LIUG------ I

)

s-a

30
23
24
13
6
7
2
19
4
25
21
28
22
29
32
20
27
a

31
15
33
5

12
3
16
11
1
14
10
17
10
34
26
9

lt
2nd
3#d
41h

sib

71h1

sib
Gib
6h

111h1
121h
131h

141h
151k
161k
171k
166k
1 91h
201h
21 at

22nd
23rd
241
26th
281b
271k261h

201h

30114

31st
320d
33td
341h

I 13
2
6
23

9
4
7
5
21
24
15
12
3
20
29
32
14
22
28
31
30
*8
25
16
1 1
33
10
1
17
10
27
34
9

26

lis
2nd
3rd
41k

61k
71

91k

101k
111k
121k

141k
161k

166k
176k
160k

201h
lath

21sIW
22nd
23td
246k
251h
261h
276k
201h
296k

30h

31h1

32nd

332d
341k

I 30
13
23
a4
6
4
19
2
25
21
28
22
29
8

32
20
27
33
5
15
31
3
12
16
11
1
1 
14
10
17
34
26
9

li
2nd

3rd
41h

6h

7th
Uth
91h

101k

ih

11k
12h

141k
161k

171k

166k

201k1
21 6
22nd
23rd
24th
251h
261h
271h
201h
291h

301h

316t

32nd

33rd

341h

23
24
6

30
7
2
13
19
25
28
21
32
27
4
20
22
29
8
15
33
31
16
5
11
1

12
3
10
18
17
14
34
26
9

lot
2nd
3rd
41k
61

61kik
01h

91h

101k
111k
121h
13lh
141h
16h

16lk
171h1

161h

191h
201h

2196
22nd

23td
241h

251h
261h

271h
201h

291h

301h

3191

32nd
33ed
341h

30
23
24
13
6
7
2

19
25
4

21
28
22
29
32
27
20
8

31
15
33
5

12
16
3
11
1

14
10
17
18
34
26
9

let
2nd
3rd

41h
61b

71h
61h
91h

10k
1k
21b

131h
141h

151k

176k
166k
1 91h

201h
2l1
22nd
23rd
241k
251k
266k

27t1
266k
291k

3016

31.6

32nd
33td
341h

30
23
24
13
6
7
2
19
4

25
21
28
22
29
32
27
20
8

31
33
15
5
16
12
3
11
1
14
10
17
18
34
26
9

1,6
2nd
3rd

41h
561h

71h
61h

91h

tlh9tih

121h
131k
141h

161h
171h

t91h
201h
21.1
22nd
23rd
241h
251h
261h

271h

291h
301h
31.1
32nd
33rd
341h

_ __

a

RankOrdor 12/17/90



table 4-1

Alternatives f Maier Des_. eat::es

.Ma4:r esio. Feature Alterna:ves

:. Means : Access

J . :a:ien f Accesses

3. Location f Main Test
Level (MTL) core area
in Topopah Spring (TS)

4. Exzavaticn method of

Shafts cn'y
Ramps only
Shaft/ramp ^cminat_:.

All in northeast
All in south
Combination of locations

Northeast
South

Shafts - Drill and Blast
- Shaft Boring Machine
- Blind Hole Dr-ll
- V-mole
- Raise Bore

Ramps - Tunnel Boring Machine
(TBM)

- Road Header
- Drill and Blast

MTL(TS) Core Area

Exploratory Drifting
in S CH

- Drill and Blast
- Road Header
- TBM 

- Drill and Blast
- Mobile Miner
- TBM
- Road Header

5. Total number of
accesses

ESF accesses are an integrated subset of the
total number of accesses for the repository

* TBM not specifically considered for MTL excavation but is expected to be an
acceptable alternative.
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:t was also rr :r'ized that the: features not oeviusly ienti'_e as
being f ptentia_..;:ar ce, but nz:^pcra:ed an nwnber of oo:;:rs,
mich: be identified as eing avoratle ( unfavcrable) as a result f the
tcmzara:ive evaluation. Several of these features were indeed identifiet,
as discussed, ang with their merits, in Section 4.2.2.

As noted- in Se c:in 2.3, ::mmen:s from the NWTRB and the NRC resul:ed
the nc:rorca:sr. :' severa chances to the ptions as the study was

beIng m_:emenzed. The eatures, such as a second cross ing :f .e hist
:anwe we ina:p;crated i different ways in dif-ferent o:tizns.
Therefo:e, even :h;uzh a options czntained sme of these features, a
:zrmar:son f how they were incorpcrated was performed and is presented in
Sect:;r 4.2.3.

Finally, an effort was made to identify potentially favorable eatres
by analyzing the results of the comparative evaluation. As part of the
sensitivity studies, the ranking of the options with respect to each
.dividual performance measure was correlated with the aggregate ranking f

the options. Measures that were demonstrated to affect the ranking and
exhibit a high correlation to the verall ranking were judged to be the mst
_inf'uent:al n determining the overall ranking.

The fac:s that signif'iant.y influenced the measures were identif ied
': x :t.e influer.e dag:airs, and, in turn, these factors were connected to
the desigr features. This process and the results are discussed in Se:ti;n
pA-

After the cmparisons, both qualitative and uantitative, had resulted
in idenzifying a set of potentially favorable features, the options were
azain examined to see if there was good correlation between the number of
favoratle features incorporated in the option and how well that option
verformed in the overall ranking. This comparison is presented in Section
'I.',.

4. QUAL:TATIVE COMPARISON OF FEATURES INCLUDED N THE OPTIONS

The options that were developed for evaluation included a range of
^-'nigu:atns in response to the list of major design features presented n
Table 4-1. Details of the configuration of each option are shown in the
sketches and n Table 2-1. The sketch of each option (see Appendix A)
emphasizes the ESF configuration (as shown in solid lines) as it is
integrated into a repository configuration (as shown in dashed lines).

A qualitative evaluation of the major features was accomplished by
assessing the relative merit of the individual forms of the major design
features (Table 4-1) in conjunction with the rank order of.the options. In
addition to the major design features identified in Table 4-1, design
features that were incorporated into various options emerged from the results
of the comparative evaluation as being important to the ranking of options.
In the following sections, the most favorable configurations for both the
major design features and the additional design features are discussed.
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4.2-' MAJOR D NFEMTURES

Means of Access - The ranking of options (Table 3-2) indicates that
options with two ramps are preferred (in the majority view). Ramp accesses
have an advantage of providing site characterization data off the main block.
On the other hand, the desirability of obtaining site characterization data
in a column (shaft configuration) within the main block cannot be ignored.
Configurations with two ramps and with a ramp-shaft combination are well
represented in the top-ranked options. Options 4 and 21 have three accesses
(with one dedicated to site characterization testing), and they rank high
from the perspective of site characterization by itself.

Location of Accesses - Surface features of Yucca Mountain encouraged
location of accesses at either the northeastern part of the main block, the
southern part, or both. The ranking of options from the testing perspective
indicates that accesses which permit the broadest spatial distribution of
exposed rock enhance the value of site characterization data (large spatial
coverage of data; reduced potential for test interferences; and locationally
representative data). Based on preliminary analysis, locations of openings
on the surface outside potential flood plains were assumed for each option
(More detailed analysis would be required prior to final location of
accesses).

Location of Main (Core) Testing Area (MTL) - Some options include
flexibility for location of the MTL at either end of the main block, as well
as the ability to distribute tests along the long drift in the Topopah
Springs (TS) unit. This flexibility may be useful during the design process
and test development.

Excavation Method of Openings - The overall ranking clearly indicates
that options using mechanical excavation (as opposed to drill-and-blast
excavation) of the accesses and drifts ranked highest. The record appears to
show that the excavation method for the MTL could be either drill ad blast
or mechanical mining. For instance, mechanical mining might be required in
certain test areas.So minimize mechanical or chemical disturbance to the
rock.

Total Nmber of Repository Accesses - The overall ranking of the options
clearly indicates that options with fewer repository accesses ranked highest.
The ranking of options for release consequences is similar. From the
repository operations perspective, four accesses appear to be the minimum
acceptable nmber of openings for a viable repository that requires two
separate ventilation systems (one for development mining and one for the
emplacement area).

4.2.2 ADDITICNL ESF/REPOSITORY DESIGN FEATURES

No Constructed Pathway for Gravity Flow of Water from the Repository
(TS) Level to the Calico Hills (CH) Level - Option 30 was designed such that
no shaft or internal ramp provided a direct-gravity flow pathway from the
repository waste emplacement level to the underlying Calico Hills exploration
level. This feature appears to be very favorable from the viewpoint of
postclosure releases, and could be added to some other options.
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Maximize the %_,wan:e from the Waste Emplacemeft/evel t the Water
Table - The step-tbock' cnfigurations of the waste emplacement areas of
four opt.ons (5, 6, 32, and 33) were su:h that the distance from the waste
emplacement horizon to the water able was nomina:ty fifty percent greater
for these cv:ions than for others. This feature was present in the
hiches:-ranked otions under the measure fcr cst:Iosure releases. The
a.:Iity : ea::ze the advantages of this feature depends upon early
surface-base_ borehole data confirming the elevation cf the nterface
("::.aat") etween the waste emclacement host rock unit (Sw2) and the
cver: y r :-^:e _._'- Sw!). :f this eevatio. is cnfirmed, this fea:u:e ma:
be ionzcrnza:ed nz: any of the repcsitory designs.

Avoid Emnlacement Drifts Crossing the Ghost ance Fault - The
step-blck configurations of the waste emplacement area of four options

(:5, 16, 32 and 33) were such that no waste emplacement drifts were designed
to cross the Ghost Dance fault. The importance depends on characteristics f
the fault discovered during site exploration and testing. This feature may
be inccrporated into the repository design after site characterization is
completed.

Large Expcsu:e of Rock, Both On and Off the Main Block - A few options
(3C, 3 an 4 cofer the advantage of Droviding excloration and testing of a
larae amcunt of the main block and adjacent blocks during both the early and
tota' site characterizaticn -. rogram. This results in increasing the amount
of irnformaticn about the site and reduces the likelihood of false indications
abct: the con ditins on the site (according to the majority cpimion expressed
by the haracterzation testing panel).

Flexibility fr Early Exploration of Both the Topopah Spring and the
:aic H s Units - A number of options (4, 13, 24, 25 and 30 of the
top-:anked options) offer the advantage of providing early completion of a
suite of extensive underground tests and exploration of the major faults on
both the Topopah Spring and Calico Hills levels simultaneously. This
advantage accrues to those configurations that offer access construction with
minimum testing interference, and with ventilation configurations capable of
supporting operatfnt at both levels.

4.2.3 FEATURES NCLUDED BY GUIDANCE

The fcllowing three features are included in all options (except the
Base Case, Option 1) as a result of guidance issued for the development of
options. The guidance was developed in response to concerns of the NRC and
the NWTRB.

Two Intercepts of the Ghost Dance Fault in the Topopah Spring - This
feature recognizes that the displacement of the Ghost Dance fault changes
with position along the fault within the main block. One intercept is
located toward the north end of the block, the other toward the south end, to
permit characterization of at least two displacements.
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East-West Dri<_pin the Topopah Spring - This tt ture of the ESF
configuration is included in the options to expose any yet undiscovered
north-south trending faults within the Tcpopah Spring in the Main Block.

Larger Dedicated Main Test Level to Avoid Interferences in Testing -
This feature was included in the options to permit all tests, including
extended duration tests and any future performance confirmation tests, to be
separated by sufficient distance to avoid any test-to-test or
construction-test interferences.

4.3 RESULTS OF X COMPARATIVE EVALUATION

The previous section describes, in a qualitative way, how certain
features were related to the ranking of options. This section describes a
more systematic analysis that was performed to identify features clearly
related to an option performing better on the most important performance
measures.

4.3.1 KEY MEASURES

As part of the sensitivity analysis, the ranking of options with respect
to their evaluation against each performance measure was correlated with the
aggregate ranking of the options. This was done to determine which of the
measures were the most influential in determining the overall ranking. n
this exercise, it was assumed that the magnitude of the correlation
coefficient between a measure and the aggregate ranking was an indicator of
the importance of that measure in the overall decision process. The highest
correlation for any measure was for Programoatic Viability with a correlation
of 0.91, which is extremely high. The other key measures were. in order of
decreasing importance, (2) the likelihood of regulatory approval, (3)
likelihood of repository closure, (4) postclosure performance, and () the
outcome of characterization testing. It should be recognized that all these
key measures were considered in the determination of Prograatic Viability.

4.3.2 UWTAT FACTORS RELATED TO KEY CITERIA
GL .

The influence diagrams and other reference material (e.g. costs,
schedules, etc.) used during scoring were consulted to identify important
factors related to the key measures that were considered when assessing the
options against those measures. In the influence diagrams, important factors
are highlighted by being enclosed by double lines. Table 4-2 lists the
principal factors associated with each of the key measure given in Section
4.3.1.
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TABLE 4-2

Key Measures, Principal Factors, and Design Features
U I

Key Measure Principal Factors Associated
Design Features
(Table 4-3)

Programmatic
viabilitity

Regulatory
Approval

o List of NWRB Concerns from First
Report

o Meets NRC Concerns from SCA
o Rapid Schedule for Testing in

Both TS and CH

o Early Site Suitability Tests
o Capability for Extended Duration

Tests
o Ability to Conduct High Level

Waste Tests
o Releases
o Residual Uncertainty in Character-

ization Testing
o Environmental Factors

1, 3, 5, 6, 8,
9, 10, 11

1, 4, 5, 9, 10,
11

Repository
Closure

o Large Exposure of Rock (Real
Estate) Both On and Off the Block

o Residual Uncertainty in Character-
ization Testing

9, 11

Postclosure
Performance

Characterization
Testing

o Repository Configuration - Avoidance
of Potentially Adverse Feature

o Repository Location - Distance to
Water Table

o Number and Type of Accesses
o Nature and Extent of Calico Hills

Penetration

o Location Representativeness
o Ability to Characterize Units

Above CH
o Large Spatial Coverage
o Adequate Space for est Flexibility
o Low Potential for Test nterference

3, 6, 7, 

11
11

2, 4, 5, 9,
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4.3.3 DESIG IiTURES EATED T KEY MEASURES'

Based on the factors identified as being important to the evaluation of
options relative to key measures (Table 4-2), design features were identified
that, if incorporated into an option, would likely cause that option to be
more favorably rated when considering one or more of the specific factors
identified in Table 4-2. The design features that were identified are listed
in Table 4-3. Table 4-3 should, by no means, be considered a complete
listing of all design features that could be potentially favorable. As with
any design process, important factors, such as those given in Table 4-2, can
be addressed in a multitude of ways by numerous different features. Rather,
Table 4-3 contains features that could be identified in specific options as
having resulted in the option being rated more favorably against one or more
of the key measures (Table 4-2). The relationship of design features to the
important performance measures from which they were identified is provided in
the last column of Table 4-2. The numbers listed in that column correspond
to the numbers assigned to the design features listed in Table 4-3. For
example, reading across the second entry in Table 4-2 and then to Table 4-3,
the following flow is intended: the ability to achieve regulatory approval
was principally influenced by the ability of an option to support early site
suitability tests, high level waste tests, extended duration tests, releases,
and residual uncertainty in characterization testing. Those five factors
were better satisfied by options that had a ramp (feature 1), flexibility of
MTL location, mechanical mined accesses, etc.

The specific features listed in Table 4-3 were identified from several
sources. The first source was the specific major features that were
intentionally varied from option to option (Table 4-1). These features are
identified in the table by descriptor M. Other features were identified by
members of expert panels as being important to the evaluations performed by
that panel (discussed in Section 4.2.2). These features are given a panel
name descriptor, for performance assessment panel, etc. Finally, features
with a descriptor G were incorporated in all options, except the base case
because of guidance to satisfy specific concerns of the NRC and NWIMB
(discussed in Section 4.2.3).

Caution is recommended when trying to reach conclusions regarding
combinations of preferred features based on those identified in Table 4-3.
For example, the fact that the inclusion of a shaft and a ramp are both
considered individually favorable, does not imply that a shaft-ramp
combination would be the most favorable for an ESF configuration. The fact
that a feature is favorable depends considerably on how that feature is
integrated with the system. Further discussion of the potential for
improving options based on the features identified in Table 4-3 is given in
Section 4.5.

4.4 COMPARISON OF FEAURES NCLUDED IN OPTIONS

The features identified in Table 4-3 were cared with the top-ranked
options as a means of checking whether the features did appear consistently
in the options that seemed to be most favorably evaluated. Table 4-4 is a
correlation of the potentially favorable features with a number of top-ranked
options. It can be seen that none of the top ranked options contain all of
the potentially favorable features. Approaches to refining or improving a
selected option are addressed in the following section.
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Table 4-4
IDENTIFICATION OF FAVORABLE FEATURES IN HIGHLY RATED OPTIONS
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4.5 A-r':-:NAL ANALYSIS

In Sectins 4.1-4.3, a number f facto:s that were highly :rrelate!
with the rank order of the options were identified. ow we:: an :oticn ra:ed
acainst each of these facto:s epended smewhat on we:her the opti:n
c:ntained certarn design features. As a result of that ana:vsis, a nber :f
desigr fea:ures were identified that are considered t be p-tental:v
favorable and may enhance an option's performance in the vera': oo=a:a:;ve
a:vasy5s. As a:t :f te pcst-analysis of the scorino results, an eff::t was
made t: dete-.ne hethe: the addition :f a favcratle feature r te
altera:tir. of an e:sting feature, so as to make it more favoratle, wculd
have resulted n any of the highly ranked options bei ng mproved. 'niv
qualitative assessments were perf:rmed in this effort.

Some modification of highly rated options could improve certain features
without significant chance of degrading the option overall. One suggested
modification is raising the repository relative to the water table. A second
feature that is suggested is a repository design that reduces from the base
case the dr-fting through the Ghost Dance Fault. The addition of major
features would recuire detailed analyses to balance the avcrable and adverse
effects :f he feature.

A:thua:h future modifications of a selected option were not the subject
of this study, any such modifications may be accomplished in aordance with
te design ccnt::l process. Selected key features that may be considered for
^.arge wi_; be sutiect to engineering t:ade-off studies during the design
phase. It is expected that conventior.al engineering and mine design
methodclogies wl be used to refine or improve all features of the selected
baselined opticn. As an example, engineering trade-off studies may suggest
that certain test areas of an option with a d.ill and blast MTL be excavated
mechanically t minimize chemical o mechanical disturbance to the rock to be
tested.

.p F:NDINWS

The findings of the ESF Alternatives Study are as follows:

1. The study considered and screened a large number of alternatives to
produce 34 ESF/repository options which were then formally evaluated
against a wide range of criteria.

2. The rank order of the options was determined primarily from the
relative probabilities assessed for programmatic viability. Other
key measures, such as regulatory approval, likelyhood of repository
closure, postclosure performance and characterization testing were
considered in assessing progrnmatic viability.

3. The rankings under the majority and minority views are as expressed
in Table 3-4.
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4. The top ranked cpticn indicated in Table 3-4 is consistent wi:h the
value judgments expressed by the management panel and the tec:hn.:a:
judgments expressed by a' but three members of the technical
panels. Only one technical panel member provided a view that
produces a substantially different ranking. Even under this view,
many f the same options are concluded to be highly rated.

C. A number of design features were identified that appear to enhance
the vera:: Derfo:rmance of par.icu:ar options.
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SUMMARY OF THE PRINCIPAL DESIGN AND CONSTRUCTION
FEATURES FOR THE 34 CANDIDATE ESF/REPOSITORY OPTIONS
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TESTING GROUPS AND SEQUENCES FOR'
EARLY/LATE EXPLORATION AND TESTING

EARLY
TESTINGS

OPTIONS 1-17
1. TESTS IN ACCESSES

2. EXPLORATION OF 3
FAULTS IN TS AND
EAST-WEST
EXPLORATORY DRIFTING

OPTIONS 18-34
1. CRITICAL* TESTS IN

SCIENCE ACCESS

2. EXPLORATION OF 3
FAULT CROSSINGS IN CH

K

w
0~

TI
e

l

, -__ ___. .__-m m -______m__

'TE 3. TESTS IN MTL IN TS '3. EXPLORATION OF 3
.STING :EXLRTOOF3FAULTS IN TS, INCLESTING14. EXPLORATION OF3 |EAST-WEST

I FAULTS IN CH E
* |I "EXPLORATORY DRI
15. OTHER EXPLORATION & | 4 OTHER EXPLO

TESTS IN CH, INCLUDING I I
* SOLITARIO CANYON TESTING IN CH

FAULT 1 15. TESTSINIITLINTE
I ~~~~~~~~I 

6. DEFERRED TESTS IN 1 16. DEFERRED TESTS I
ACCESSES IlACCESSES

* CONDUCT 1 & 2 AS MNIM (CONDUCT 3,4,5, AND 6 ON A NON-INTERFERENCE BASIS WITI
AS OPTIONS PERMIT).
CRITICAL TESTS ARE SITE SUITABILITY TESTS IN WHICH DATA ARE IRRETRIEVABLE IF NOT
OBTAINED AS CONSTRUCTION EXPOSES THE AREAS TO BE TESTED. I

mmfmtm I

II I
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I
I
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I ESF ALTERNATIVES STUDY
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TASK NO. 4

OPTION NO. AS
ISOIETRIC SCENARIO #0

DATE



aW SURFACE
tS s-rc

WASTE RAMP
0 .|% SF-
ACCESS f2

FAULT
oRFTS

, _ .

EAST/WEST
EXPL DRIF

%*. %oft %%ft %a*

%%ft. %ft. aftft
T

.1

.I
- U. - - -

- - SOUTARIO CANYON AULT

CH ACCESS I
OUTLINE of
REPOSITORY
PERIMETER

N

I

-_. EXPLORATORY

SOUTARIO CANYON FAULT ._-

-- - . - --- , 36

- SF ALTERNATIVES STUDY
TASK NO. 4

OPTION NO. A7
ISOMETRIC SCENARIO # 1 )

DATE_ _ 



Ur SURFACE 2

WASTE RAMP 0 .12
ESF ACCESS 2

' UDIR

- -

INTERNAL SHAFT
11 wITH OIST

- I

OST OANCE FAULT _

- N~~~~~~~N
- ~ _N 

ASWST 
EXPL ORIFT ft

_ _ SOLITARIO CANYON FAULT _ -

CH ACCESS t 

IMORICATE FAULT ZONE
-xL f -OUTLINE o -

- /REPOSITOR

GHOST DANCE AULT
__________ - 7 

CH ACCESS 2

-_ CALICO HILLS
-_ -C = - - - - - - - - EXPLORATORY

DRIFTS

-- _ _________ _ - - SOLJTARIO CANYON FAULT

Ell ALTERN
TASK

37 OPTION NO.
37 (Si

ITIVES STUDY
NO. 4
. 3 REV. 2

iM)
SCENARIO #1 1)ISOLE7RIC

,-AT -



ESr SuRrACE ot _ cSr SJRVACE 2 - MUCK P'LE

' =gl

, uMRICATE rULT ZONE

it DCCE iAULT

fWEST -
DRIrT

-CH ACCESS #2 -_ __ -
_ _ _ SOLITARIO CANYON AULT

- CAUCO HILLS
RAMP (10% GRADE)
CH ACCESS 1 OUTLINE or

IMIRICATE AULT ZONE REPOSITORY
-r _ - - PERIMETER

- CALICO MILLS -

EXPLORATORY
ORIFTS

- - _
- - _________________SOLITARlO CANYON PAULT

I

. . . . .. . .

* -. ** 38 . -

38 -3

ESF ALTERNATIVES STUDY I
TASK NO. 

I OPTION NO. 3 REV. 3
(V-MOLE) (E

IAISO RIC SrLMRIO #



K

#I- r-- MUCK FILE
.--l

1%;_-
�- �'-E

I

I

v

------

PWEST -_
DRIFT f.t

CALICO HILLS
- _ - - - - - - - - EXPLORATORY

DRIFTS

- - - _ SOUTARIO CANYON FAULT

* .----

II .. : -?i,.- a- ! a; I . .3

39

ESF ALTERNATIVES STUDY
I ~TASK NO. 4

OPTION NO. 3 REV. 4
t (BLIND BORE)
| ISOMETRIC SCENARIO #1
IDATE 



n T- _

CH ACCESS 2 -
- _ SOUTARIO CANYON AUL T -

- CAUCO HILLS
RAMP (10% GRADE)
CH ACCESS 11 OUTLINE OF

IMBRICATE AULT ZONE REPOSITORY- 3RCTEFUL PERImmEtR

- -_ _ _ __

-- _ OLTR YO A-------- SOUTARIC CANYON AULT

ft

, .. . . . .. . . . � I . 0

40

ESF ALTERNATIVES STUDY
TASK NO. 

OPTION NO. 3 REV. 5
(RAISE BORE) Q

ISOMETRIC SCENARIO #1
-1 DATE



csr SURFACE II-- Ets SURFACE f2

_ _

.9

41

I ESF ALTERNATIVES STUDY
I - TASK NO. 4

1 OPTION NO. 3 REV. 6
i (DRILL & BLAST)
I ISOMERiC SCENARIO #1
IA_ __--



CAUCO HILLS
EXPLORATORY
DRITS

- - -_ SOLITARIO CANYON FAULT / _ -

I ESF ALTERNATIVES STUDY
TASK NO. 4

I OPTION NO. B4 ©
42 ISOMETRIC SCENARIO #1

42 '_,r. n -
DATE
-



1�� �-,---ZZ -�
L,

-~~~~~~~~~~~~~-- £S SUTC

- - ~ -S

-~~~~~~ z- --

WASTE RAMP 0 .3%
cS ACCESS #2

UDBR
Turr RAMP 0 ItA
ESF ACCESS 1

MEN/MATERIALS -
SHAFT X

> s ~~~~~~~~~~~~I

UDBR

_ _

CALICO WILLS
EXPLORATORY
DRIFTS

£SF ALTERNATIVES STUDY
TASK NO. 

OPTION NO. 7 9

ISOVETRIC SCENARIO # 1

DATE I-

-- 5..---

43--



E SRA - N~;

/
-/ ESf -

ACCESS 1

IMBRICATE FAULT ZONE
_ _ _p _- 

Nl-
N.-

, , ,-p .

I

__-

DEDICATED MTa -
AREA

MEN/MATERIALS -.
_ _ ~~~RAMP- - RAW

_ _ SOUTARIO CANYON FAULT 1

CH ACCESS 2 -
INTERNAL SHAFT

flu9RICATE FAULT ZONE TH HOST

.1
Nl-

N%.

CAuCO HILLS
IYPLORATORY

RFTS
- _ _ _ _ i 

-_ - -_, SOUTARIO CANYON AULT o , -

i - _

ESF ALTERNATIVES STUDY
TASK NO. 

OPTION NO. 98 
ISOMETRIC SCENARIO #f1

. DATE. 
- 44 --



a

-w - <ZZZ

_ _ _ ~~~~~~~~~~~SFSRFC

- ODEDICATED U'fL AREA
UPPER LEVEL

TWGtRICA'E AULT ZONE

FAUL U

- _ - - - \ - - -

SOUTARIO CANYON AULT en_-_~~ _ _ _~ _I .'

CH ACCESS 2

._ .

CM ACCESS 1

f IMBRICATE FAULT ZONE
OUTLINE OF-
REPOSITORY
*ERIMCTER

IN /

-_ CAUCO ILLS-_ EXPLORATORY
DRIFTS

i , _________ _ _ SOUTARIO CANYON AULT - _

ESF ALTERNATIVES STUDY
I - TASK NO. 4

OPTION NO. C 1 (
ISOMETRIC SCENARIO #1

DATE r. _-

_ . ---._ 455

0



I
ES? SURNAC J2

CAUCO HLLS
EXPLORATORY
ORIFlTS

_ ______________ _ SOLITARIO CANYON FAULT

ESF ALTERNATIVES STUDY
!, TASK NO. 

! OPTION NO. C4
ISOMETRIC SCENARIO #1

I E ':% .
J ATE ' _ 

--- 46



MUCK PE

_- _

1 ~~~~~~~~~~~~~~ I 

DEDICATED MiTL AREA MEN/MATERJALS -
SHA t

T ZONE
a_ 

EMP ZEENT DRIFTS I

- :,. a--

11-1
-- , I Turr

"I I RAMP -.

EAST/WES1
EXPL DRIF

-_ %-t a I
7 _ 1 - .

- -
-,Ir- - ~ - - - -\ 

- _ SOUTARIO CANYON AULT_ _ _ -

CH ACCESS 2

, ISMRICATE FAULT ZONE
- - - _ _

OUTUNE O -
REPOSORY 
PERimETER

GHOST ANCE AULT

/
I

-Ij

-_ CALICO HILLS
I- EXPLORATORY

ORIFTS

, - -- - - -__
- ~~ _ _ _ . SOUTARIO CANYON VAULT

ESF ALTERNATIVES STUDY
TASK NO. 

OPTION NO. R-1 
ISOMETRIC SCENARIO 1

DATEu 4 7



MUCK PILE RCtsr SURFACE

UOSR STATION

'T EMPLACEMENT<t EXHAUST SHAFT

I

TUFF -
RAMP

DRIFS

-__ - :11-P
ll�l

11
11-1

I

-

EAST/WEST
EXPL ORIFT

-.5-
g ,

_ _

- _ _ 

_ _ _ _ SOLItARIO CANYON FAULT -

CH ACCESS #2 -

. I.I.URICATE FAULT ZONE
-_ -. ____ _ _

OUTUNE OF
REPOSITORY
FERIMETER

N1-
GHOST DANCE AULT

I

L.

-_1% CAUICO trtLLS -~
%-~ EXPLORATORY

DRIFTS
~~~~ -_ _- _ _ _ _ _ __

-_ -- - SOUTARIO CANYON FAULT~ - - -.
- _

ESF ALTERNATIVES STUDY
TASK NO. 

BASE CASE 

ISOMETRIC SCENARIO #2
DATE '

._ 48



__ %..CALICO HILLS 
- . =-------- EXPLORArORY

ORIM7

i;. - -- --

_ _ _ , ~~~~~~~SOLITAIJ CANTON FAULT

A.. *' ... ~---

ESF ALTERNATIVES STUDY
TASK NO. 4

OPTION NO. Al a
ISOmETRIC SCENARIO #2

-DATE _" * -

. . _ 4 9

OATE�-



/U FiLL -"'"' SUR"ACi

__ ~~~~---------- - -

fT -_'

-4, - - .- - - -1

- _ SOUTARIO CANYON AULT \ -
- CH ACCESS i

P j3RCAtC AULT ZONE
OUTUNE Of
REPOSITORY
PETRIEtER

I ESF ALTERNATIVES STUDY
TASK NO. 

OPTION NO. A2 )
ISOMETRIC SCENARIO #2

'O-ATE ))E 
-- ---- -- 9 so



I- ST SURFACE

___ - -~~~~~~~~~~~~~~~~~~0-

ESF ALTERNATIVES STUD
TASK NO. 4 1

OPTION NO. A REV. I
ISOMETRIC SCENARIO #2

DATE __'___ -:
a 51 _ .

a



r

I £SF ALTERNATIVES SUOY
TASK NO. 4

OPTION NO. 5'o
ISOMETRIC SCENARIO #2

L ATE .
- - 52

I



ESF ALTERNATIVES STUDY
TASK NO. 

OPTION NO. A7 ~&

ISOMETRIC SCENARIO #2

DATE '. .
I - -- -- - -5 3



. 11,f - - '

T _ I_ 

- - - -

- - SOUTAR10 CANYON FAULT_____

CH ACCESS I

IMBRICATE ULT ZONEA _--- an ~~ OITUNE O - 1

-_- ARPOSrrORT
_-- -- PERSrTER /

-_ _ .- 

-________ 54

Esr ALTERNATIVES STUDY
TASK NO. 

OPTION NO. 3 REV 2
(SeM)

ISoqURIC SCENARIOV5
nDATE -



.

ESF SURFACE d! - ESF SURFACE 42 - v MUCK PLE

__ _ _, 

.

ESF ALTERNATIVES S UDY I
TASK NO. 

OPTION NO. 3 REV. 3
(V-MOLE) a)

ISOMETRIC SCENARIO 7
aATE

_ _ _ _ _ _-- - -. 5 5 _ _



-r - - - - - - - - - - -

_ _, _SOLITARIO CANYON AULT_ -

I ESF ALTERNATIVES STUDY
TASK NO. 4

i OPTION NO. 3 REV.
(BLIND BORE)

I ISOMETRIC SCENARIO #T
IOATE

-- -- 56 --



I
CSF SURFACE fi -. 7 £5r SURFACE - - MUCK PiLt 

_ _ _ /~ I 

~CH ACCESS 2 -_ -
__ SOLJTARIO CANYON FAULT

OUTLINEor_ IU8!JCATE AU T ZONE REPOSITORY 

_ _ _ _

I , _~~~ _-

ES ALTERNATIVES SUDY
TASK NO. 

OPTION NO. 83 REV.

ISOMETRIC SCENARIOIDATE- .- -

- . _- _

7



E

csr SURFACE i, - ESF SURFACE 2 -

_ _ - SOUTARIO CANYON FAULT_ _ -

CH ACCESS I

IMBRICTE AULT ZONE
.- -_t ~ OUTuNE O II

- REPOSITORY
PERIMETER /

-- .----- ~~~~~~----
..- 58 . .

_ _ ~~~~~. ___ 58 -

ES ALTERNATIVES STUDY
TASK NO. 4

OPTION NO. 3 REV.
(DRILL & LAST)

| ISOMETRIC SARJO #



U

WASTE RAMP ACCESS 1

EMPLACEMENT -TUF RAMP 1%
EXHAUST SHAFT ESF ACCESS #2 -

IM9R CATE FAULT ZONE

C4HOST DANCE FAULT _

vs- - -

_ >~- ..- $.- MPLACEMENT RT O MEN/MA

5s C~~AST/WEST

--.- _ __EXPL DRIFT A _ _ D-ED

- 7 - SOUTARIO CANYON FAULT
OUTLINE OF
REPOSITORYCHACS 2HAC

.PERIMETER IMERICATE FAULT INTERNAL SHAT

5- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~-- -9TARO A ON ATO WITH H I.00,~~~*O T I N O . 4

- -. IS~~~~~SLTA I O TI C N R O #

I. DATE . -_ * I



- ~-I=

-1 i

-- . 0 __

_. _ __ _ 60_

ESF ALTERNATIVES TUDY
TASK NO. 4! - OPTION NO. 7 p

ISOMETRIC SCENARIO #2
1DATE ;-'. 



- - -1 ----

61

ESF ALTERNATIVES STUDY
TASK NO. 

OPTION NO. 8 G
ISOMETRIC SCENARIO #2

DATE 'I



- ~~ ~ ~ ~ ~~~~~~ -F -o

E.- s~~c 

= g o d - ah~~~~~

- DEDICATED TL AREA
UPPER LEVEL

'WGRICA'E AULT ONE
_ _ _ - _ 

_ _ _-

_ SOUTARIO CANYON AULT X -
- - 1 X

_, C14 ACCESS I

-_ CAUCO HILLS
EXPLORATORY

- _ _, -OUTAR10 CANYON- DRIfLS

- - - - ~~~~SOUTARIO CANYON FAULT -

ESF ALTERNATIVES STUDY
.. _ .{TASK NO. 4.

! , OPTION NO. C 
; | ISOMETRIC SCENARIO #2

ft DATE - -

- .. ... .. 62



csr sutrFAC *1 %byMUCK PILa

Ii:. * I . * 

I _

ESF ALTERNATIVES STUDY
TASK NO. 4

OPTION NO. C4 (a
ISOMETRIC SCENARIO #2

_ATE ' I63 --



I

SURFACE

_ An--- ± -

- -

, _ SOUTARIO CANYON FAULT , \ -

ACCIESS 12

IMBRICATE FAULT ZONE OUTUNE or
_ - REPOSITORY 

- - --- ... -~--.---~ PERIMETER I

- -_____

.,t I % I 6

. . 1I I

. i

64 -A

ESF ALTERNATIVES STUDY
TASK NO. 4

OPTION NO. R-11 I )

ISOMETRIC SCENARIO #2

qe



APPENDIX B

65



-

A:PEN:- B

' ST O R-- ENTS OCUMENTS

: :. F R 6C, ~Disoosa of Hch.-eve. Radioact:ve Waste n Gel:ogic
Re:si::r:es

96C, Genera: Guide:ines fr Reczrmmenda:ion c Sites or N::-a:
Waste Reo:s:::: s

40 FR 91, Envi:romental Standards fr the Manaaement and Disoosal _f
Spent Nuclear Fuel, High-Level and ransuranic Radioactive astes

: Nuclear Waste Policy Act (1982) and Amendments (1987)

o 10 FR 20, Standards for Protection Against Radiation

o 29 CFR 1910, Occupational Safety and Health Standards (OSHA)

:ri:er:a f:om the Design Acceptabi:ity Analysis of ESF Title I Design

: ':ranscrivt o:f DE B:ief'nc to nuclear Waste Technical Review board
S:ruc:ura: Geology and Geoenginee:ng Panel), April i-2, 9;: Four
::ment f:-.s were generated from the transcript.

o Re-smmendaticns from the NWTRB Report t congress and DOE (3/90):
Recommendations , , C, D, E, J

o NUREG 34": NRC Staf' Site Characterization Analysis of the Department f
Energy's Se CIaracteization Plan, Yucca Mountain Site, Nevada

c Gene:ic Requirements Document (OGR/B-2)

o Repository Desi4G Requirements (RDR, Rev. D)

o Subsystem Design Requirements Docunent (SDRD, Rev. 1)

o California Administrative Code. Tunnel (CTSO Title 8) and Mine (CTSO
.itle 8) Safety Orders

o Nevada Mine Safety and Health Standards (NRS Title 46)

o 30 CFR Chapter I, Mine Safety and Health Administration (MSHA):
30 CFR 57, Safety and Health Standards - Underground Metal and Nonmetal
Mines

o State of Nevada comments on Statutory Draft of SCP

o Site Characterization Plan (Portions only)
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E:S: OF EQJUREMENTS OCJMSM (continued)

I -,-r ^SIZE: 6430._A (General Desior. Criteria)
470.. (Project Management)
5400 Series
250C Series
:^C Series
::3 Series
:200 Series
:300 Series
1500 Series
2200 Series
4200 Series
5100 Series
5300 Series
5700 Series
DOE/EP 0108
3OE/EP 0043
DOE/005i/'
DOEVEV 032

(Environmental)
(Emergency Planning)
(Management and Anistraton)
(Organizatior., etc.)
(External RelationshiDs)
(Management Systems and Standards)
(Travel and Transportation)
(Accounting)
(Procurement)
(Planning, Programming, Budgeting)
(Telecommunications)
(Energy Programs and Policies)
Standard for Fire Protection . . .
Standard on Fire Protection . . .
Electrical Safety Criteria
Environmental Comp'Liance Guide

DOE/EV 06:94-3 DOE Explosive Safety Manual
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nfcrma:ion f=om. the Reference Informaticn Base
Used in his Report

This re:: :-r.:nais nc inf-rsation from the Reference nfcma:in Base.

Canidate nformation
for the

Reference Information Base

This report contains no candidate information for the Reference Information
Base.

Candidate Information
for the

Site & Engineering Properties Data Base

This reC- c:ans no candidate nformation for the Site and Engineering
P czer::es ata Base.
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