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APPENDIX A 

FINAL CONCURRENCE STATEMENTS
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=oNC1RJENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby c w with Sections 2.1-2.6, and Appu•xdiem -P, as finaliaw1
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comnments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statemient in the CHRBA documentation.  

Written conmments provided? Yes / No 

Name (print) 

Technical Specialty 

Signature Date 

My concurrence with Sections 2.1 - 2.6 and Appendices B - F applies only to the 

VOL portions of the report. My-repsonsibilities did not include review of the 
MUA.  

I also have reservations about the presentation of Section 2.6.1.8 (VOL Model 

Results and Sensitivity). The material contained in this section is accurate and is 

at least a minimum representation of this part of the study. Given more time, 

additional detail and a better presentation of this important section would give 

the reader a better understanding of the results and, importantly, wYhy these 

results emerged from our analysis.



CONCURRRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.  

Written commrents provided? Yes No ( 

8'q0CF_ 0/-20C.)€_ 

Name (print) 

Technical Specialty 

Signature Date



CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.  

Written comments provided? Yes No

Name (print) 

Technfcal Specialty 

Si re 6Dat Date



CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.  

Written comments provided? Yes No X 

Name (print) 

6eo6Prtl/,c'5T , 2-'1'5 /&OC 
Technical Specialty 

j4/11r 0i,. 9
Signature Date



CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.  

Written comments provided? Yes No 

Name (print) 

Technical Specialty 

Signature D -ate



CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMEDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.  

Written conmments provided? Yes __ No L-

Name (printY 

TechnicS SpecialDat 

St~ture I) Date
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CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B T9ROUGH F, 
RECOMMiDTIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHMBA documentation.

Written comments provided? Yes No ><

Name (print)II 

Technical Sp~ciaIlty

. -1.1-ýý .1. 1

/ I 
Date
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CoNcuRRMCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECO DATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 

January 14, 199'.. I have reviewed the sections and found that they accurately 

represent the results of the Calico Hills Risk/Benefit Analysis from the 

perspective of my technical specialty. I have been given the opportunity to 

express any coImments relative to Sections 2.1-2.6 and Appendices B-F in 

writing, for inclusion with this statement in the CHRA documentation.

written comments provided? Yes No

-M /f A ) P C, T)
Name (prie ' 

Te-ýnnical S%)Cialty
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CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any conmments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.  

Written comments provided? Yes No / 

Name (print) 

Technical Specialty 

Si grture - Datr



CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMME1DATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any conments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.

Written cormnents provided? Yes No V

,QL'�•� �// '. /oQ'e
Name (print) 

Geo& o ,,S
Technical Specialty 

Signature Date



CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.  

Written comments provided? Yes No / 

Name (print) 

Technical Specialty 

'v A~
Signature . -. bate
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CONCUPMCE STATEMMNT FOR SECTIONS 2.1 THRCUGH 2.6 AND 
RECOMEMATIONS AND CONCLUSIONS

APPENDICES B TMQWOGH F,

I hereby concur with Sections 2.1-2.6, and Appendices S-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Ri1k/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHPRBA'documentation.

Written comments provided? Yes 1 No

Name (print)
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Technical Specaltty 
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CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.  

Written comments provided? Yes No No 

V 7a U, RV. 14 lIe 9 
Name (print) 

c3 NED U L E 
Technic'al Specialty 

signiatureDt



CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.  

Written comments provided? Yes _/ No 

Name (print)

Technical Specialty
4rN�i b(AJJ�-.�

Signature Date( 
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CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.

Written comments provided? Yes No/

Name (print) / 

Technical Specialty 

A7ýAýd 6ý 4&A-
ci /6, �/99�Signature Date
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CCURCE STATEP04T FOR SECTIONS 2.1 THROUG 2.6 AND APPMMICES 3 T F, 
PECOMMENDATIONS AND COCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices D-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calio Hills Risk/Benefit Analysis from the 

perspective of my technical specilty. I have been given the opportunity to 
express any coments relative to Sections 2.1-2.6 and Appendices S-F in 
writing, for inclusion with this statement in the WM(h documentation.  

written coirwnts provided? Yes NO Y' 

Charles F. Voss 

Name (print) 

Geotechnical engineering and Performance Assessment 

Technical Specialty 

11_g , ,atureD

el-18-9! !1:23AMSENT SY:GCLDEF PSSOC. !NC.



CONCURRENCE STATEMENT FOR SECTIONS 2.1 THROUGH 2.6 AND APPENDICES B THROUGH F, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with Sections 2.1-2.6, and Appendices B-F, as finalized on 
January 14, 1991. I have reviewed the sections and found that they accurately 
represent the results of the Calico Hills Risk/Benefit Analysis from the 
perspective of my technical specialty. I have been given the opportunity to 
express any comments relative to Sections 2.1-2.6 and Appendices B-F in 
writing, for inclusion with this statement in the CHRBA documentation.

Written comments provided? Yes 
I-4 XA~

Name (print) 

Technical Specialty

Signature-
1k

No X_

Date
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CONCUR.iNCE STATEMEN' FO?. SE.C•CN 27), 

RECOMMxNDA::CN$ AND CONtUIS:ONS 

"hereby concu: with the recommendations and conctus.'cns docLnented in Section 

2.7, as finalized on January 8th, 1991. I have reviewed the sect•fn and find 

that it acc-:ately represents the results of the Calico Mills Risk/Benefit 
knalyvsis from the pe:spective of my technical specialty. I have been given the 

c portunity to express any cc=.ent$ relative to Section 2.7 in w:iting, fcr 

-nziusion with this statement .4t :he CKRBA dvc"nmtation.  

•r::i:en c.-ents z:zvided? Yes _ No

Nan~e ~:
J?. 04L

7j�rClsbOAJ 
� spec�W.ty

SIe \ / a

,'A/4q t S ,'s

Date

My concurrence is with the recommendations and conclusions of Section 2.7 
that are based 2LjX on the value-of-information study. My responsibilities 
did not include review of the study design or conclusions of the MUA.



CONCURRENCE STATEMENT FOR SECTION 2.7, 
RECOMENDATIONS AND CONCLUSIONS 

I hereby concur with the recommTendations and conclusions documented in section 
2.7, as it is finalized on January 8th, 1991. I have reviewed the section and 
find that it accurately represents the results of the Calico Hills Risk/Benefit 
Analysis from the perspective of my technical specialty. I have been given the 
opportunity to express dissenting opinion in writing, for inclusion with this 

statement in the CHRBA documentation.  

Dissenting opinion? Yes No 7

Name (print) 

TechnicaT specialty 

Signature Date
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CONCURRENCE STATEMEN FOR SECTION 2.7, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby co r with the recommendations and conclusions documented in section 
2.7, as finalized on January 8th, 1991. I have reviewed the section and 
find that it accurately represents the results of the Calico Hills Risk/Benefit 
Analysis from the perspective of my technical specialty. I have be~n given the 
opportunity to express dissenting opinion in writing, for inclusion with this 
statement in the CHRBA documentation.

Dissenting opinion? Yes No P/

Name (print) 

Technical specialty

Date '



CONCURRENCE SAT77ENT7 FOR SECT:CN 2 ., 
RECOMMENDATIONS AND CONCLUSIONS 

- nerebv concur with the recommendations and conclusions documented in Secticn 

2.7, as finalized on January 8th, 1991. 1 have reviewed the section and find 

t-at it accurately represents the results of the Calico Hills Risk/Bene:it 

Analysis from the perspective of my technical specialty. I have been given the 

opportunity to express any comments relative to Section 2.7 in writing, for 

inclusion with this statement in the CHRBA documentation.  

Written comments provided? Yes No VX 

Name (print) 

Technical specialt-y 

Signature Date
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'-ere-Y ccnc,,;: witt t!ýe rec_-:rme,,d_=:_`cns -and c-crcla-c-on doc,_,menýe-a; -s f-n;zzed - v 8 t- '-ave revýewerý --'-e 2. on janua:_ 
reoresen:s ::-'e of --'-Ie Cal]*.co 'H-1-S R_-'s.'< 3-erteffi-_ 

AnaLvsls frcm :ne cerscective o: 7ny -_ecnnLca_ speci-al:v. ..ave ceen qLren --.-.e 
3cccn-_,n_4:v --o exp:ess any comments re _mýive --o Secr__4:,n 2.7 _'n wr--1--na 
n 1,,ý S :. 3 n wi tnis s:ateme--- A d c c ý::ne n a 

N:i----en ^-^.=ents c:cvL_,-4ed') '--'e s S 
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Name 
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F--CC-M:M4NDAT:::NS ANý C:NC!::S:CNS 

hereby concur with the recommendati.ons and ccnclusions docum~ented nSetc 
2.7, as fina~ized on January k:h, :99. : have reviewed the sec:icn ant find.  

:ainaccurately represents the results of the Cali:co Hill.s Ris. Benei~: 
Analysis from :he perspective of my tehncal specialty. :have been given :he 
opportunity :o express any comments rel.ative to Section 2.7 in writigf.  
incl.usion wit ths szneen: in the :-ERBA documentatin.

W ritten comments provided?

I zj7&inV- r-,
Name (print)

ec~nncal spec:'l: y

Dat~

It> ez-- III / r cL.,

( /5- 1,aý 
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KCA._MEM -CR S...N 2.7, 
RCOtMM~EYDA:cNs WND C&CLc:S:ZS 

hereby concur with -he recomendations and conclusions d•cum'ented in Section 
2.7, as finalized on January 8th, 1991. : have reviewed the sec:icn and find 

.a-: it accurately represents -he results of the Calico Hills RiskBenefi
A i from1 the perspec•ive c: my tecnnical specialty. : have been given the 
opportunity to express any comments relative to Section 2.7 in wr•ti:n, fo 
inclusion with this sta:ement :n the CHRBA documentation.

Written comments provided? Yes No kI

Name pr:i-F 

Tea.th cal speQlalty
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CONCURRENCE STATEMENT FOR SECTION 2.7, 
RECOMMENDATIONS AND CONCLUSIONS 

I hereby concur with the reconmendations and conclusions documented in section 
2.7, as it is finalized on January 8th, 1991. I have reviewed the section and 

find that it accurately represents the results of the Calico Hills Risk/Benefit 
Analysis from the perspective of my technical specialty. I have been given the 

opportunity to express dissenting opinion in writing, for inclusion with this 

statement in the CHRBA documentation.

Dissenting opinion? Yes

Name (print) 

Technical sjecialty 

Signature

Noj•

Date
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CONCURRENCE S:-A:EMYENT FOR SEC-::C'N 2.7, 
RECMEDA::sAND CONCL 'S :`NS 

-erev concur with the recommendations aznd conclusions documented Sn ect~-'
2.,as fina-lized4 on January 5th 7~I hav Je~w' : e:o ~:n 

:ha: it accurately represents the :esults of the Calico hil7s Risk/Eeref-,: 
Ana]lysis -':cm th'e persr~ective of -v :ecnn4cal sz-ecat. hav der ivn 

ooru:yto exp~ress any conmmernts --= , ative to Section 2 .7 in w r itn, 
-nu~n w~ntt ttment tn --e CHRPA documentatr4n.

7 r7ý; n oments cr-vi4ded? 'U-'

Nam-e (p r 4t 
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REC:MMEN:A:::NS AN.D CoN=:US:ONS 

Aerez concr wih e recomm~endations and con~cl.usions documented in Oki 
2.,as finalized on~ janu'ary SO, 199I. :have reviewed the sectonan fn 

-M-i accurae.. represent:s ::e resuilts of :he Calico Hills Risk/Eene--
Analysis from :he perspective o: my :ech-:cal special.ty. - have teen ;iven :he 

oppr~uny or exp ress any :rnmen: re.lati.ve to Section 2.7 inwitn, o 

Wri e ::--e provided Yes ',,-X 

Name crp:= 

7ecnnia. specialty
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CONC1jRPENCS STATAaNT Top, sEC::c.^N 2.  
RZCo~mKZSDA::0NS AJQ\T CONCLUS IONS 

1 hereby Conc'.I wit the section~ton and cnuifSdC 2lt in eci.C' 

2.7, as finalized on January tt~.9. hv m~wdtescinadfn 

that It accu:&tO2.y represenlts the 
results of the Calico Hills RIsk/Beref~tt 

Analysis from the perspective. Of 
-MY t.hi8 -pci.Y hIv en gven --he 

opportuni~ty to express any Co,=neftS 
relatiVe to Sectionl 2.7 in writ"rng, !0r 

incilusiofl with this statement in the CHRBA 
docunentaticn.0

written cormments prov~ded? yes

Cgo'CLE r. V,.  
Name

ini.ca s9ecialty 

_ _ _ _ __ _ _ _ __ 'IDate,

Z.-N -Ji -Va..
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APPENDIX B 

COST AND SCHEDULE ESTIMATES FOR ALTERNATIVES STRATEGIES

B-i



CALICO HILLS STUDY 

COST AND SCHEDULE INFORMATION 

MAY 2, 1990
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CALICO HILLS STRATEGIES 
COST AND SCHEDULE AGENDA 

1. GRAPHIC COMPARISON OF COST BY STRATEGY 

2. COMPARISON OF SUMMARY COST AMOUNTS BY STRATEGY 

3. COST AND SCHEDULE GUIDANCE AND ASSUMPTIONS 

4. SUMMARY OF TESTING COST BY STRATEGY 

SUMMARY OF DECOMMISSIONING COST BY STRATEGY 

6. COST AND SCHEDULE DATA FOR EACH STRATEGY 

DETAIL COST BREAKOUT OF STRATEGY # 5
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CALICO HILLS COST COMPARISON 
210 

I 168 

L 147 
126 

105 

N 84 

$ 42~63 7 17 1 4 2 ... :.:.: ... :":. :'..."'"'i

1 A 2 3 4 5 5A 6 

STRATEGY
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CALICO HILLS - COST AND SCHEDULE 
GUIDANCE AND ASSUMPTIONS 

1. LOWEST COST ALTERNATIVES - SHAFTS NOT RAMPS 

2. SHORT PERIOD OF TIME TO COMPLETE THEREFORE 
BEST ESTIMATES AVAILABLE 

3. CONSISTENCY BETWEEN EACH STRATEGY IMPORTANT 

4. ALL COST IN PRESENT VALUE AND NO CONTINGENCY ADDED 

5. MOST CONSTRUCTION COST ESTIMATES BASED ON ESF COST 

6. OTHER COST AND SCHEDULE VALUES: 

A. 5,000 FT. OF DRIFTING FOR LIMITED FACILITY 

B. 12,000 FT. OF DRIFTING FOR EXTENDED FACILITY 

C. 1,650 FT. SHAFT DEPTH FOR NEW SHAFTS 

D. 600 FT. SHAFT CONNECTIONS TO ESF MTL 

E. DRIFTING COST AT $2,000 PER FT., 18 FT. PER DAY 

F. SHAFT SINKING AT $3,000 PER FT., 8 FT. PER DAY 

G. TESTING TIME: 3 YRS FOR EXTENDED FACILITY 
2 YRS FOR LIMITED FACILITY 

TESTING COST HAVE LEAST BASIS SINCE ESF TESTING :S 
DIFFERENT 

8. DECOMMISSIONING COST ADDED WITH NO ESF EQUIVALENT 
DECOM COST BASED ON A PERCENT OF CONSTRUCTION COST 

9. CALICO HILLS STRATEGIES BEGIN AFTER 2 YEARS OF SURFACE 
BASED TESTING 1/93

B-5



CALICO HILLS COST COMPARISON

02-MAY-1990

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY

INITIAL

INITIAL 

WITH OPTION 

WITH OPTION

TOTAL 
ESTIMATED 

COST 

$25,460,000 

$69,646,443 

$69,646,443 

$112, 639,008 

$126,557,880 

$147,281,745 

$189,256,027 

$204, 970, 631

PERCENT 
OVER 

STRATEGY 

274% 

274% 

442% 

497% 

578% 

743% 

805%

DATE 
TESTING 

#6 COMPLETE 

08/30/95 

05/30/97 

05/30/97 

10/30/95 

12/31/98 

03/30/97 

08/30/98 

10/30/98
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02-MAY-1990 

STRATEGY # 1 
INITIAL 

STRATEGY # 1 
WITH OPTION 

STRATEGY # 2 

STRATEGY # 3 

STRATEGY # 4 

STRATEGY # 5 
INITIAL 

STRATEGY # 5 

WITH OPTION 

STRATEGY # 6

ES 

$147 

$189 

$126 

$69 

$69 

$112 

$204 

$25

CALICO HILLS COST COMPARISON 
TESTING COST 

TOTAL PERCENT 
TIMATED OVER TEl 
COST STRAT. #6 

,281,745 578% $30 

,256,027 743% $41 

,557,880 497% $30 

,646,443 274% $21 

,646,443 274% $21 

,639,008 442% $37 

,970,631 805% $60

,460,000 $18

STING 
COST 

300, OOC 

,508, 0C 

,300,0CC 

,600, 0OC 

,600, 00C 

,000, Cc 

,500, 0Cc 

,020, 0C

TESTING 
% OF TOTAL 

I 20.6% 

I 21.9% 

) 23.9% 

I 31.0% 

I 31.0% 

I 32.8% 

29.5% 

I 70.8%
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CALICO :ILLS COST COMPARISON 
TESTING COST LESS DECOMM COST

02-MAY-1990 TOTAL 
ESTIMATED 

COST 

STRATEGY # 1 $147,281,745 
INITIAL 

STRATEGY # 1 $189,256,027 
WITH OPTION 

STRATEGY # 2 $126,557,880 

STRATEGY # 3 $69,646,443 

STRATEGY # 4 $69,646,443 

STRATEGY # 5 $112,639c,08 
INITIAL 

STRATEGY # 5 $204,970,631 
WITH OPTION

STRATEGY # 6 $25,460,000

ESTIMATED 
DECOMM 

COST 

$34,234,945 

$48,104,320 

$34,919,250 

$18,554,313 

$18,554,313 

$22,564,568 

$44,813,146

$1, 689,650

DECOM TESTING
TESTING 

% OF TOTAL
COST LESS DECOM

23% $30,300,000 

25% $41,508,000 

28% $30,300,000 

27% $21,600,000 

27% $21,600,02 

20% $37,000,300 

22% $60,500,000 

7% $18,020,000

B-8
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29.4% 

33.1% 

42.3% 

42.3% 

41.1% 

37.8% 
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02-MAY-1990 
Cost Elements

-a iio Hi41s Stategy 4 1 
Cost Estmate

INITIAL PROGRAM 

Design Cost, Mgt 
and Integation, QA: 

Construction Cost: 
Site Preparation 
Surface Facilities 
First Shaft 
Second Shaft 
Subsurface Excavation 
Underground Services 
Construction Operations 
Construction Management 
Capital Equipment

Total 
Cost

Construction 
Decommissioning 

$2,654,900 
$1,610,800 
$5,565,400 
$3,982, 100 

$24,000,000 
$7,292,500 
$6,851,400 
$3,011,400 

$13,939,900

Subtotal $68,908,400

Testing Program

Decommissioning 
Capital Equipment

$18,065,570 
$3,000,000

Contingency 

Total Estimated Cost - Initial Program 

OPTIONAL CONFIRMATORY PROGRAM

530,300,000 

$S21,065,570 
0 

$147,281,745

Design Cost, Mgt 
and Integation, QA: 

Construction Cost: 
Site Preparation 
Surface Facilities 
Shaft Connection to ESF 
Subsurface Excavation 
Underground Services 
Construction Management 
Construction Operations 
Capital Equipment

Construction 
Decommissioning 

0 
0 

$1,830,700 
$10,000,000 
$1,823,125 

$90,342 
$685,140 
$860,050

Subtotal

Testing Program 

Decommissioning

Contingency

Total Estimated Cost of Option 

Grand Total - Initial Program and Option 

B-10

$15,289,357 

$11,208,000 

$8,260,000 

0 

$41, 975,027 

$189,256,772

$13,838,400 
$13,169,375

S1,608,295 
S5,609,375



XJCR ACTVITIES 

TITLE I, II, -T7 

SITE PREPARATIONS 

FIRST SHAFT CONSTRUCTION 

SURFACE FACILITIES CONSTRUCTION 

SECOND SHAFT CONSTRUCTION 

UNDERGROUND EXCAVATION 
TO ES1/ES2 CONNECTION 

CALICO HILLS TESTING 

DECOn'!MISSbONING

ESF 
SCHEDULE 

START FINISH 

03/29/91 03/31/93 

06/30/92 11/25/92 

11/30/92 11/08/95 

01/08/93 04/18/94 

01/04/93 08/19/94 

08/22/94 03/07/95 
11/09/95

N/A 

N/A

TRATEGY • _ 
SCHEDULE 

START FINISH 
DUR.  

05/01/92 12/30/96 

,1/02/93 04/15/93 

04/01/93 12/30/93 
9 

04/01/93 12/30/93 
9 

08/01/94 03/30/95 
8 

01/15/94 12/30/95 
23.5 

CONNECTION 07/30/94 

04/01/94 03/30/97 
36 

'1/1/9- 6/70/99 
-3'

OPTIONAL CONFIRMATORY S 

DECIS:ON POINT 

SIGN 

!XTEND ESF SHAFT (RESTART FOR ESF) 

UNDERGROUND EXCAVATION 

TESTING PROGRAM 

DC ECn"VI ION 1NG

03/2-0/96 

04/01/96 

07/0' /96 

1I/01/97 

03/01/97 

O5 / 01 /9 8

12/3C/097 

12/30/96 

22 /28 / 98 
-.4 

08/30/a 

4 26/0
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-HARACTERIZING CALICO HILLS 
STRATEGY # 1 

SCRIPTION: 
SE location, outside the site, 2 accesses, extended drifting, 
no ESF Integration Option to set up confirmatory under
ground facility inside the block near the Coyote Wash site.  
This optional facility would be integrated with the ESF.  

ESF COST PERCENT OF AMOUNT
Design: 

Initial

Design: 
Optional

Title I, =I, & iiI 
Mgt & integration 
QA $17,153,000 
Health & Safety

Title I, II, & III 
Mgt & Integration 
QA 
Health & Safety

Construction Mgt 

Optional Const. Mgt.

30% $5,145,900

5145900 

4302000 

3011400

5% $257,295 

70% $3,011,400 

3% $90,342

Site Preparation 
Design 
Roads & pads 
Electric 
Water 
Communications 
Sewage 
Mobilization 
Capital Equip.

ESF Cost 
2261000 
4286000 
1794000 
1109000 

304000 
157000 

63000 
8333000

percent of 
40% 
30% 
50% 
30% 
20% 
30% 
50% 
40%

$904,400 
$1,285,800 

$897,000 
$332,700 

$60,800 
$47, 100 
$31 ,00 

$3,333,200

Total 
Surface Facilities: 

Design 
Adm. Bldg 
Change Bldg.  
Warehouse

ES

Communications 
Generator Bldg 
Hoist house 
instrumentation 
Shaft collar 
Capital Equip.

Total 
Primary Shaft 

Design 
Mob/Demob 
Sink/line 
Hoist 
Headframe 
Capital Equip.

F percent of 
"$3,300,000 30 

4833000 Trailers

Bldg.  
553000 
241000 

Data Bldg 
246000 
940000

Drill and blast 
$2,315,000 

307000 
3000 

423000 
116000 

1908000

40 
80

80 
100

40% 
60% 

1650 
80% 
80% 
80%

Total

$6,892,500 

)% $990,000 
2 $200,000 
2 $200,000 
1 $300,000 

$100,000 
]% $221,200 
)% $192,800 

$200,000 
)% $196,800 
3% $940,000

$3,540,800 

$926,000 
$184,200 

$4,950,000 
$338,400 

$92,800 
$1,526,400 

$8,017,800
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nstr , Suzzlies, :2S, Bore toles 

Total 55

S351000,000 

$30, 300, 00C.

Optional Extended Teszng 
SNL 
LANL 
USGS 
Installation 
Instr & Suppli 

TOTAL

Personnel 
5 
5 
5 

12 
15000000 

OPTION

Construction Operations & Maintenance:

Maintenance 
Operations 
Electric 
Sanitation 
Water 
Capital Equip

Optional Operations 
and Maint

Decommisioning: (initial) 

Design and Seal Development 

Backfill drifts 
Fill and seal Shaft #1 
Fill and seal Shaft #2 
Remove Surf Facilities 
Site Restoration 
Capital Equip 

Rate 
Management/Integration/QA 

Total 
Optional drifting Decom: 

Backfill drifts 
Fill and seal Shaft 

Design and Seal Development 
Management/Integration/QA 

Total

6113000 
5306000 

included above 
included above 
included above 

2129000

Total 

7915900 

Original 
excavation 

Cost 
6898750

24000000 
4950000 
4950000 
3540800 
6892500

$9,000 
30 

zersonnel 

i0000000 
i800000 
3449375 

10 
OPTION

18 $900,000 
18 $900,000 
18 $900,000 
14 $1,008,000 

50% $7,500,000 
$11,208,000 

60% $3,667,800 
60% $3,183,600 

50% S1,064,500 

S7, 915, 900

$791,590

percent of 

50% $3,449,375

50% 
40% 
40% 
40% 
10%

$12,000,0CC 
$1,980,000 
$1,980,000 
$1, 416, 320 

$689,250 
$3,000,000

Months 
36 $9,720,000 

$34,234,945 

70% $7,000,000 
70% $1,260,000 

100% $3,449,375 
24 $2,160,000 

$13,869,375

Grand total-Initial

04:23:10 PM Total Option

$147,281,745 

$41,975,027

B- 14
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Secondary Access

Raised bore Rate 
$3,000 per ft.

Design 
Mob/Demob 
Sink and line 
Hoist 
Headframe 
Capital Equip.

$2,315,000 
307000 
above 

423000 
116000 

2218000

Total

Optional Connection to ESF 
Mob/Demob 
Sink and line 
Hoist 

Total

153500 
$3,000 

Headframe N/A 
OPTION

Underground Drifting 
Length in feet 12,000 
Size 12 X 14 FT.  
Design 1415000 
Capital Equip.: 
Mining Machine 3136000 
Hauling Machine included above

30% $694,500 
50% $153,500 

1650 $4,950,000 
80% $338,400 
80% $92,800 
70% $1,552,600 

$6,229,200 

20% $30,700 

600 $1,800,000 

$1,830,700 

Rate 
$2,000 $24,000,000 

80% $1,132,000 

80% $2,508,800

$27,640,800

Ontion for drifting inside the 
Length in ft.  
Design 

Total 

Underground Services 
Design 
Utilities ist 
Utilities 2nd 
Test Level uti 
Safety 
Waste Water 
Ventilation 
Conveyance ist 
Conveyance 2nd 
Capital Equip

block 
5000 

1132000

5057000 
1741000 
1209000 
1990000 
1053000 

217000 
167000 

1514000 
2201000 
3768000

12 x14 
$2,000 $10,000,000 

30% S339,600 
$10,339,600

80% 
90% 
90% 
80% 
80% 
90% 
90% 
50% 
50% 
80%

Total

Optional Services 

Testing Program: 
(initial)

rate

SNL 
LANL 
USGS 
Install &Reeco

14352500 

$00,000 
Personnel 

A0 
10 
10 
25

$4,045,600 
$1,566, 900 
$1,088,100 
$1,592,000 

$842,400 
$195,300 
$150,300 
$757,000 

$1,100,500 
$3,014,400

$14,352,500 

25% $3,588,125

months 
36 
36 
36 
30

$3,600,000 
$3,600,000 
$3,600,000 
$4,500,000

B-15
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"--MAY-1990 

,t Elements

Calico Hills Stateay # 2 
Cost Estimate 

Summary

Design Cost, Mgt 
and Integation, QA: 

Construction Cost: 
Site Preparation 
Surface Facilities 
First Shaft 
Second Shaft 
Subsurface Excavation 
Underground Services 
Construction Operations 
Construction Management 
Capital Equipment

04:36:48 PM

Total 
Cost

Construction 
Decommissioning

$7,924,600 
$14,399,250

$39,830 
$400,000 

$1,800,000 
$2,001,200 

$28,000,000 
$5,522,500 
$6,690,000 
$2,151,000 
$6,809,500

Subtotal $53,414,030 

$30,300,000Testing Program

Decommissioning 
Capital Equipment

$17,520,000 
$3,000,000

ntingency 

'- Grand Total Estimated Cost

$20,520,000 
0

$126,557,880
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27-APR-1990 
MAJOR ACTIVITIES 

DESIGN, TITLE I, II 

SITE PREPARATIONS 

FIRST SHAFT CONST(ESF EXTENTION) 

.SURFACE FACILITIES CONSTRUCTION 

SECOND SHAFT CONSTRUCTION 

UNDERGROUND EXCAVATION

CALICO HILLS 
STRATEGY # 2 

START FINISH 

01/01/94 03/30/99 

05/01/94 08/31/94 
3 

08/20/94 02/28/95 
6 

09/01/94 02/28/95 
6 

03/01/97 08/31/97 
6 

03/01/95 12/30/96 
22

CALICO HILLS TESTING 
DELAY DUE TO SECOND SHAFT 

:ECOMMISSIONING

01/01/96 

09/01/98

12/31/98 
36 

08 / 20/01 
26
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CHARACTERIZ-NG CALIC HILLS 
Strategy # 2 

DESCRIPTION: 
N & S location, inside the site, 2 accesses, extended drifting, 
integrated with ESF.  

COST ESTIMATE DETAIL:

Design: 
(Initial)

ESF COST PERCENT OF
Title *, iI, & III 
Mgt & Integration 
QA $17,153,000 
Health & Safety

AMOUNT

20% $3,430,600

Construction Mgt 4302000 50% $2,151,000

Site Preparation 
Design 
Roads & cads 
Electric 
Water 
Communications 
Sewage 
Mobilization 
Capital Equip.

ESF 
2261000 

4286000 
794000C 

Ii:9000 
30400C 
L57000C 
6300 0 

333 000

ESF $ percent of 
5% $113,050 
0% $0 

$17,940 
1% $111,090 

2% S6,080 
1% $1,570 
5% $3,150 
0% $0

Total 
Surface Facilities: ESF 

Design $3,30,'00 
Adm. Bldg 4833000 
Change Bldg.  
Warehouse 
Communications Blda.  
Generator Blda 553000 
Hoist house 241000 
Instrumentation Data Blda 
Shaft collar 246000 
Capital Equip. 940000

percent of
3% 

TRAILERS 1 
2 

0 
0% 
0% 

0% 
0%

$152,880 

$99,000 
$-100, 000 
S200,000 
$100,000o so 

$0 
so so 

$0 
$0

$499,000

Primary Shaft Extention of ESF 
Design $ 
Mob/Demob 
Sink/line 
Hoist 
Headframe 
Capital Equip.

2, z15, 000 
3 C7000 

3000 
423000 
116000 

1908000

Drill and blast 
0% $0 
0% $0 

600 $1,800,000 
0% $0
0% 
0%

$0 
$0

"$1800,000

Total

Total
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Oecondarv Access 
Raised Bore no ESF 

600 ft.

Design 
Mob/Demob 
Sink and line 
Hoist 
Headframe 
Capital Eauip.

S2,315,000 
307000 
S3,000 
423000 
116000 

2218000

5% 
50% 
600 
50% 
50% 
10%

Total

$115,750 
$153,500 

$0, 800,000 
$211,500 
$58,000 

$221, 800 

$2,338,750

Underground Drifting 
Length in Ft.

Sizes 12 X 14 FT.  
14,000 $2,000 $28,000,000

Design 
Capital Eaqui.: 
Mining Machine 
Hauling Machine

1415000 

3136000 
included above

80% $1,132,000 

80% $2,508,800

Total

7nderarcund Services 
Design 
Utilities ist 
Utilities 2nd 
Test Level uti 
Safety 
Waste Water 
Ventilation 
Conveyance ist 
Conveyance 2nd 
Capital Equip

5057000 
1741000 
1209000 
1990000 
1053000 

217000 
167000 

1514000 
2201000 
3768000

60% 
30% 
30% 
80% 
80% 
90% 
90% 
50% 
50% 
80%

Total

$31,640,800

$3,034,200 
$522,300 
S362,700 

$1,592,000 
$842,400 
$195,300 
$150,300 
$757,000 

$1,100,500 
$3,014,400 

$11,571,100
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esting Program: 
initial

rate

SNL 
LANL 
USGS 
Install &Reeco 
Instr & supplies,

SI1,000 
Personnel months 

10 36 
A0 36 
10 36 
25 30 

:DS, Boreholes

Total

$3,600,000 
$3,600,000 
$3,600,000 
$4,500,000 

$15,000,000 

$30,300,000

Construction Operations & Maintenance:

Maintenance 
Operations 
Electric 
Sanitation 
Water 
Capital Equip

Decommisioning: (initial) 

Design and Seal Development

Backfill drifts 
Fill and seal Shaft #1 
Fil and seal Shaft #2 
Remove Surface Facilitie 
Site Restoration 
Capital Equip 

Rate 
Management!integration/QA

6113000 
5306000 

included above 
included above 
included above 

2129000 

Total 

Original 
excavation 

Cost 
6898750

28000000 
1800000 
i800000 

499000 
152880 

$9,000 
30

Total

14:36:48 PM Grand Total

40% $2,445,200 
80% $4,244,800 

50% $1,064,500 

$7,754,500 

percent of 
60% $4,139,250

60% 
20% 
20% 

0% 
0%

$16,800,000 
$360,000 
$360,000 

$0 
$0 

$3,000,000
months 

38 $10,260,000

$34,919,250 

$126,557,880
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01-MAY-1990 

Cost Elements

Calico Hills Stategy # 
Cost Estimate 

Summary

Design Cost, Mat 
and Integation, QA: 

Construction Cost: 
Site Preparation 
Surface Facilities 
First Shaft 
Second Shaft 
Subsurface Excavation 
Underground Services 
Construction Operations 
Construction Management 
Capital Equipment

Total 
Cost

Construction 
Decommissioning

$5,120,950 
$9,194,313

$39,830 
$400,000 

$1,800,000 
$0 

$10,000,000 
$2,263,400 
$3,120,050 
$1,290,600 
$5,457,300

Subtotal $24,271,180 

$21,600,000Testing Program

Decommissioning 
Capital Equipment

$6,360,000 
$3,000,000

Contingency

Grand Total Estimated Cost

$9,360,000 

$69,646,443
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01-MAY-1990 
MAJOR ACTIVITIES 

-DESIGJN, TITLE I, II 

SITE PREPARATIONS 

FIRST SHAFT CONST(ESF EXTENTION) 

SURFACE FACILITIES CONSTRUCTION 

SECOND SHAFT CONSTRUCTION 

UNDERGROUND EXCAVATION 

CALICO HILLS TESTING

DECOMMISSIONING

CALICO HILLS 
STRATEGY # 3 

START FINISH 

01/01/94 09/01/97 

05/01/94 08/31/94 
3 

08/20/94 02/28/95 
6 

09/01/94 02/28/95 
6 

N/A

03/01/95 

06/01/95 

02/01/97

12/30/95 
10 

05/30/97 
24 

12/30/98 
20
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CHARACTE.IZ:NG CALICO HILLS 
Strategy # 3

3CRIPTION: 
NE location, inside the site, 1 access, 

~ integrated with ESF
limited drifting,

Design: 
(Initial)

ESF COST 
Title I, :I, & :I! 
Mgt & integration 
QA $17,153,000 
Health & Safety

PERCENT OF AMOUNT

15% $2,572,950

Construction Mgt 4302000 30% $1,290,600

Site Preparation 
Design 
Roads & pads 
Electric 
Water 
Communications 
Sewage 
Mobilization 
Capital Equip.  

Total 
Surface Facilities: 

Design 
Adm. Bldg 
Change Bldg.  
Warehouse 
Communications

ESF Cost 
2261000 
4286000 
1794000 
1109000 

304000 
157000 

63000 
8333000 

ESF Cost 
$3,300,000 

4833000

Bldg.
Generator Bldg 553000 
Hoist house 241000 
Instrumentation Data Bldg 
Shaft collar 246000 
Capital Equip. 940000

Total 
Primary Shaft Extention of ESF

Design 
Mob/Demob 
Sink/line 
Hoist 
Headframe 
Capital Equip.

$2,315,000 
307000 
$3,000 
423000 
116000 

1908000

percent of 
5% 
0% 
1% 
1% 
2% 
1% 
5% 
0% 

percent of 

1 0% 

0% 
0% 0% 
0% 0%

Drill and blast 
0%

$113,050 
$0 

$17, 940 
$11,090 
$6,080 
$1,570 
$3, 150 

$0 

$152,880 

$99,000 
$100, 000 
$200,000 
$100, 000 

$o 
$0 
$0 
$0 
$0 
$0 

$499,000

$0
0% S0 

600 $1,800,000 
0% $0 
0% $0 
0% $0

$1,800,000Total
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Secondary Access

Design 
Mob!Demob 
Sink and line 
Hoist 
Headframe 
Capital Equip.  

Total 

Underground Drifting 
Length in Ft.

$2,315, 000 
307000 
$3,000 
423000 
116000 

2218000

0% 
0% 
0% 
0% 
0% 
0%

$0 
$0 
$0 
$0 
$0 
$0

$0 

Size 12 X 14 FT.  
5,000 $2,000 $10,000,000

Design 
Capital Equip.: 
Mining Machine 
Hauling Machine

1415000 40%

3136000 
included above

55E6,000

80% $2,K08,800

$13,074,800

Underground Services 
Design 
Utilities 1st 
Utilities 2nd 
Test Level uti 
Safety 
Waste Water 
Ventilation 
Conveyance 1st 
Conveyance 2nd 
Capital Equip

5057000 
1741000 
1209000 
i990000 
1053000 

217000 
167000 

1514000 
2201000 
3768000

35% 
30% 

0% 
45% 
70% 
50% 

0% 
0% 
0% 

50%

Total

$1, 769, 950 
$522,300 

$0 
$895,500 
$737, 100 
$108,500 

$0 
$0 
$0 

$1,884,000 

$5,917,350

B-26
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Testing Program:

SNL 
7 ANL 
USGS

S10, coo 
Personnel 

A0

Install &Reeco 20 
Instr & supplies, :DS, Boreholes

Total 50

Months 
24 $2,400,000 
"24 $2,400,000 
24 $2,400,000 
20 $2,400,000 

$12,000,000 

$21,600,000

Construction Operations & Maintenance:

Maintenance 
operations 
Electric 
Sanitation 
Water 
Capital Equip

Decommisioning: (initial) 

Design and Seal Development

Backfill drifts 
Fill and seal Shaft *1 
Fill and seal Shaft 42 
Remove Surface Facilinie 
Site Restoration 
Capital Equip 

Rate 
Management/Integration/QA

6113000 
5306000 

included above 
included above 
included above 

2129000 

Total 

Original 
excavation 

Cost 
6898750

i0000000 
1800000 

0 
499000 
152880 

$9,000 
30

Total

25% $1,528,250 
30% $1,591,800 

50% $1,064,500 

$4,184,550 

percent of 

55% $3,794,313

60% 
20% 
20% 

0% 
0%

S6,000,C00 
S360, COO 

so 
so 

$3,000,000
Months 

20 $5,400,000 

$18,554,313

Grand total $69,646,443
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-MAY-1990

Calisc s Stategy # 4 
0-3Z: Estimate 

z. ummary

c Elements 

Design Cost, Mgt 
and Integation, QA: 

Construction Cost: 
Site Preparation 
Surface Facilities 
First Shaft 
Second Shaft 
Subsurface Excavation 
Underground Services 
Construction Operations 
Construction Management 
Capital Equipment

Total 
Cost

Construction 
Decommissioning

$5,120,950 
$9,194,313

$39,830 
$400,000 

$1,800,000 
$0 

$10,000,000 
$2,263,400 
$3,120,050 
$1,290,600 
$5,457,300

Subtotal $24,371,180 

$21,600,000:esting Program

Decommissioning 
Capital Equipment

$6,360,000 
$3,000,000

tingency 

Grand Total Estimated Cost

$9,360,000 
0 

$69,646,443
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27-A-PR-1990 
M.AJOR ACTIVITIES 

S•ESIGN, TITLE I, II 

SITE PREPARATIONS 

FIRST SHAFT CONST(ESF EXTENTION) 

SURFACE FACILITIES CONSTRUCTION 

SECOND SHAFT CONSTRUCTION 

UNDERGROUND EXCAVATION 

CALICO HILLS TESTING

:ECOMMISSIONING

CALICO HILLS 
STRATEGY # 4 

START FINISH 

01/01/94 09/01/97 

05/01/94 08/31/94 
3 

08/20/94 02/28/95 
6 

09/01/94 02/28/95 
6 

N/A

03/01/95 

06/01/95 

02/01/97

12/30/95 
10 

05/30/97 
24 

12/30/98 
20
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CHARACTER-Z:NG CALICO HILLS 
Strategy 4 4 

DESCRIPTION: 
South location, inside the site, 1 access, limited drifting, 

V- integrated with ESF

COST ESTIMATE DETAIL:

Design: 
(Initial)

ESF COST PERCENT OF
Title 1, __1,- & !I: 
Mgt & Integration 
QA $17,153,000 
Health & Safety

AMOUNT

15% $2,572,950

Construction Mgt 4302000 30% $1,290,600

Site Preparation 
Design 
Roads & pads 
Electric 
Water 
Communications 
Sewage 
Mobilization 
Capital Equip.

ESF Cost 
2261000 
4286000 
1794000 
:109000 

304000 
157000 

63000 
8333000

Total 
Surface Facilities: ESF Cost 

Design $3,300,000 
Adm. Bldg 4833000 
Change Bldg.  
Warehouse 
Communications Bldg.  
Generator Bldg 553000 
Hoist house 241000 
Instrumentation Data Bldg 
Shaft collar 246000 
Capital Equip. 940000

Total 
Primary Shaft Extention of ESF 

Design $ 
Mob/Demob 
Sink/line 
Hoist 
Headframe 
Capital Equip.

2,315,000 
307000 
$3,000 
423000 
116000 

i908000

percent of 
5% 
0% 

2% 
1% 
5% 
0% 

percent of 
3% 

1 
2 

0 
0% 

0% 
0% 
0% 
0% 0%

Drill and blast
0% 
0%

$113,050 
$0 

$17,940 
$ii,090 
$6,080 
$1,570 
$3, 150 

$0 

$152,880 

$9 '00 
S1 C 00 
$200,000 
$100,0oo 

so 
$0 
$0 
so 
so 
$0 

$499,000

$0 
so

600 $1,800,000 
0% $0
0% 
0%

$0 
$0

$1,800,000Total
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Secondary Access

Design 
Mob/Demob 
Sink and line 
Hoist 
Headframe 
Capital Equip.

$2,15, 000 
307000 
$3,000 
423000 
116000 

2218000

Total

Underground Drifting 
Length in Ft.  

Design 
Capital Equip.: 
Mining Machine 
Hauling Machine 

Total

Size 12 X 14 FT.  
5,000 $2,000 $10,000,000

1415000 40%

3136000 
included above

$566,000

80% $2,508,800 
3 

$13,074,800

Undergrcund Services 
Design 
Utilities ist 
Utilities 2nd 
Test Levei uni 
Safety 
Waste Water 
Ventilation 
Conveyance ist 
Conveyance 2nd 
Capital Equip

5057000 
1741000 
1209000 
1990000 
1053000 

217000 
167000 

1514000 
2201000 
3768000

35% 
30% 

0% 
45% 
70% 
50% 

0% 
0% 
0% 

50%

Total

$1,769,952 
$522,300 

$0 
$895,500 
$737, 100 
$108,500 

$0 
$0 
$0 

$1,884,000 

$5,917,350
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0% 
0% 
0% 
0% 0% 
0%

So 
$0 
$0 
$0 
$0 
$0 

$0
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s0o, NO 
Personnel

SNL I0 
LANL 10 
USGS 10 
Install &Reeco 20 
Instr & supplies, :DS, Borehole

Total 50

Construction Operations & Maintenance:

Maintenance 
Operations 
Electric 
Sanitation 
Water 
Capital Equip

6113000 
5306000 

included above 
included above 
included above 

2129000

Months 
24 $2,400,C00 
24 $2,400,000 
24 $2,400,000 
20 $2,400,000 

$12,000,000 

$21,600,000

25% $1,528,250 
30% $1,591,800 

50% $1,C64,500

$4, 184, 550

Decommisioning: (initial) 

Design and Seal Development 

Backfill drifts 
Fill and seal Shaft #1 
Fill and seal Shaft #2 
Remove Surface Facilitie 
Site Restoration 
Capital Equip 

Rate 
Management/Integration/QA

Original 
excavation 

Cost 
6898750 

10000000 
1800000 

0 
499000 
152880 

$9,000 
30

Total

D5:06:53 PM

percent of 

55% $3,794,313 

60% $6,000,000 
20% 8360,000 
20% $0 

0% $0 
0% $0 

$3,000,000 
Months 

20 $5,400,000 

$18,554,313

Grand total $69,646,443
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02-MAY-1990 

Cost Elements 

iNITIAL PHASE

Calico Hiils Stategy # 5 
Cost Estimate 

Summary

Total 
Cost

Design Cost, Mgt 
and Integation, QA: Construction 

Decommissioning 
Construction Cost: 

Site Preparation 
Surface Facilities 
First Shaft 
Surface Base Test Facilities 
Subsurface Excavation 
Underground Services 
Construction Operations 
Construction Management 
Capital Equipment

$10,165,050 
$9,194,313

$2,654,900 
$1,500,200 
$5,565,400 
$2,010,500 

$10,000,000 
$4,215,300 
$3,568,740 
$1,720,800 

$11,673,550

Subtotal

Testing Program - Underground 
Surface Based 

Decommissioning 
Capital Equipment

$10,370,25 
$3,000,000

S42,909,390 

$21,600,000 
S15,400,000

V-ý Contingency

Total Estimated Cost - initial Program S112, 639, 008

B-35
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EXTENDED ZPT:0NAL PHASE 

Design Cost, Mgt 
and integation, QA: 

Construction Cost: 
Site Preparation 
Surface Facilities 
Second Shaft 
Subsurface Excavation 
Underground Services 
Construction Operations 
Construction Management 
Capital Equipment

Construction 
Decommissioning

$6,979,465 
$4, 188,57S

$1,861,400 
$24,000,000 

$2,587,900 
$6,851,400 
$2,107,980 
$2,194,900

S11, 168,043 
0 
0

Subtotal $39,603,580 

$23,500,000Testing Program

Decommissioning 
Capital Equipment

$18,060,0C0

is:,060,000

Contingency

Total Estimated Cost - Optional Extended Drifting

Grand Total- in ital P rogram and Option

Z92,331,623 

02:4,970,631

"ý- 08:28:56 AM

B-36
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01-MAY-1990 
MAJOR ACTIVITIES 

DESIGN, TITLE I, II, ::: 

SURFACE BASED TEST PREP 

SURFACE BASED TESTING 
(PROW PASS) 

SITE PREP FOR SHAFT 

FIRST SHAFT CONSTRUCTION 

SURFACE FACILITIES CONSTRUCTION 

UNDERGROUND EXCAVATION 

CALICO HILLS TESTING 

DECOMMISSIONING 

DECISION POINT 

PHASED OPTION - EXTENDED DRIFTING 

DESIGN 

SECOND SHAFT - ESF EXTENT:CN 

UNDERGROUND EXCAVATICN NORTHWARD 

CALICC HILLS TESTING 

:ECOMMISSIONING

CALICO HILLS 
STRATEGY # 5 

SCHEDULE 
START FINISH 

04/15/91 06/30/96 

01/01/92 04/30/92 
4 

05/01/92 04/30/94 
24

07/15/92 

11/01/92 

10/01/92 

08/01/93 

11/01/93 

:1/01/95 

10/30/94

11/01/94 

02/01/95 

02/01/95 
23 

11/01/95 

!1/01/98

10/30/92 
3.5 

07/30/93 
9 
03/30/93 

6 
05/30/94 

10 
10/30/95 

24 
08/30/97 

20

07/30/95 
6 
010/5/97 

.5 
10/30/98 

36 
10/30/01 

36
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:-iARACTERIZING CALICO Hi LLS 
STRATEGY 4 5 

DESCRIPTION: 
SE location, outside the site, access, limited drifting, 
no ESF Integration. include surface base testing.  
Phased option could be excersized with extended drifting.  
A second access would be integrated with the ESF.

COST ESTIMATE DETAIL:

Design: 
Initial

Design: 
Optional

ESF COST PERCENT OF
Title I, II, & III 
Mgt & integration 
QA $17,153,000 
Health & Safety

Title i, II, & III 
Mgt & Integration 
QA 
Health & Safety

Construction Mgt 

Optional Const. Mgt.

5145900 

4302000 

3011400

AMOUNT

15% $2,572,950

35% $1,801,065 

40% S1,720,800 

70% S2,107,980

Site Prep - Initial 
Design 
Roads & cads 
Electric 
Water 
Communications 
Sewage 
Mobilization 
Capital Equip.

ESF Cost 
2261000 
4286000 
1794000 
1109000 

304000 
157000 

63000 
8333000,

percent of 
30% 
30% 
50% 
30% 
20% 
30% 
50% 
40%

Total

Surface Fac - Initial ESF percent of 
Design $3,300,000 25% 
Adm. Blda 4833000 Trailers 2 
Change Bldg. 2 
Warehouse 1 
Communications Bldg. 1 
Generator Bldg 553000 20% 
Hoist house 241000 80% 
Instrumentation Data Bldg 
Shaft collar 246000 80% 
Capital Equip. 940000 100%

Total 
Primary Shaft 

Design 
Mob/Demob 
Sink/line 
Hoist 
Headframe 
Capital Equip.

Drill and blast 
$2,315,000 

307000 
3000 

423000 
116000 

1908000

40% 
60% 

1650 
80% 
80% 
80%

Total

$678,300 
$1,285,800 

$897,000 
$332,700 

$60, 800 
$47, 100 
$31,500 

$3,333,200 

$6,666,400 

S825,000 
$200,000 
$200,000 
$300,000 
$100,000 
$110, 600 
$192,800 
$200,000 
$196,800 
$940,000 

$3,265,200

$926,000 
$184,200 

$4,950,000 
$338,400 

$92, 800 
$1,526,400 

$8,017,800
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Ourface Ease Testing

SET Site Prep Crow Pass 
Design 
Roads & pads 
Electric 
Water 
Communications 
Sewage 
Mobilization 
Capital Equip.

ESF Cost percent of 
2261000 20% 
4286000 20% 
1794000 30% 
:109000 20% 

304000 10% 
157000 20% 

63000 50% 
8333000 5%

3452,200 
$857,200 
S538,200 
$221,800 
$30,400 
$31,400 
$31,500 

$416, 650

$2,579,350

SBT Surface Fac ESF 
Design $3,300,000 
Adm. Bldg 4833000 
Communications Bldg.

Total

percent of 
) 3% $99,000 

Trailers 2 $200,000 
1 $100,000 

$399,000

Surface Based Testing Rate 
iersonnel

Labs 
REECO 
Drilling Spt.  
instrum. & supplies

20 
i0 

"000000

Total

Si 300 
Months 

12 32,400,000 
10 S1,000,000 

6 $6,000,000 
$6,000,000 

$15,400,000

Secondary 
Optional

Access 
Shaft:

intearated with ESF 
Rate 

$3,000 per ft.

Design 
Mob/Demob 
Sink and line 
Hoist 
Headframe 
Capital Equip.

12, 31S,000 
307000 
above 

423000 
116000 

2218000

20% 
200 600 

G%

s0 
$61,400 

s1,300,000 
s0

so

Total $1,861,400

Underground Drifting 
Length in feet 
Size
Design 
Capital Equip.: 
Mining Machine 
Hauling Machine

5,000 
2 X 14 FT.  

1415000

Rate 
$2,000 

40%

3136000 
included above

Total
B-39

010,000,000 

$566,000

80% $2,508,800 
0 

$13,074,800

Total

i



Cptcn for rfn -- side zhe 
Lengath z 
Desizn 

:otal 

Underaround Services 
Deslan 
Utilities ist 
Util...ties 2nd 
Test Level uati 
Safety 
Waste Water 
Ventilation 
Conveyance 1st 
Conveyance 2nd 
Capital Equip 

Total 

Ootional Services 
Uncerground Services 

Desi-zn 
Utilities ist 
Test Level uti 
Safe tyv 
Waste Water 
Ventilation 
Capital Equip

"Testing Program: 
(initial)

:otal
rate

SNL 
LANL 
USGS 

nstall &Reeco 
nstr & Supolies,

block 
".2000 

1416000 

5057000 
1741000 
1209000 
1990000 
1053000 

217000 
167000 

1514000 
2201000 
3768000

5057000 
1741000 
1990000 
1053000 

217000 
"167000 

3768000

$I0, 000 
Personnel 

10 
-10 
io 
20 

-:)S, Boreholes

12 ::14 
$2,0,00 $24,C00,000 

80% S1,132,800 
$25,132, 800

90% 
90% 0% 
45% 
70% 
50% 
90% 
50% 

0% 
50%

30% 
0% 

80% 70 
50% 
90% 
30%

$4,"045,600 
51,566, 900 

$0 
$895,500 
$737, 100 
$108, 500 
$150,300 
$757,000 

$0 
$1,884,000 

$10,144,900

-4,045,600 
$0 

$1,592,000 
-737,,100 
$108,500 
$150,300 

$1,130,400 

$7,763,900

months 
24 S2,400,000 
24 ^2,400,000 
24 $2,400,000 
20 $2,400,000 

12,000,000

$21,600,000

Icticnal Extended Testina 
SNL 
LANL 
USGS 
Install &Reeco 
Instr & Supplies

Personnel 
:0 
10 

10 
15

36 33,600,000 
36 $3,600,000 
36 $3,600,000 
30 $2,700,000 

$10,000,000

T: TAL

Construction 

:ncludes

45

Operations & Maintenance: 
Maintenance 6113000 
Operations 5306000 
Electric included above 
Sanitation included above 
Water included above 
Capital Equip 2129000 
Prow Pass Fac.  

Total 

B-40

$23,500,000

28% S1,711,640 
35% $1,857,100 

50% $1,064,500

$4,633,240

50



:m-:onai Coera:-zcns 
and Maint 

Maintenance 
Opera-ions 
Electric 
Sani-azion 
Water 
Caiý:a1 Eauip

61 3000 
5306000 

ncluded above 
included above 
included above 

2129000

60% S3,667,800 
60% S3,18•,600 

50% $1,064,500

$7, 915, 900

Deccmmisioning: (znitiai) Original 
excavation 

Cost 
Design and Seal Development 6898750 

initial 
Backfill drifts i0000000 
Fill and seal Shaft #1 4950000 
Fill and seal Shaft #2 1800000 
Remove Sur Fac(-nc! SBTF 3664200 
Sie Restor(incl SBT) 9245750 
Capit al Equip 

Rate $9,000 
Management/Integration/QA 30 

personnel 
Tota.  

Optional driftina Decom: 
Backfill drifzts 24000000 
Fill! seal Shaft *2 1800000 

Design and Seal Development $3,794,313 
Manaaement/Intearation/QA 10 

To7a' OPTION

:otal-initial 
T.C- ia - '2- io

08:28:56 !M Grand Total

percent of 

55% $3,794,313

60% 
40% 

0% 
40% 

Months 
20 

70% 
70% 
25% 

36

$6,000,000 
$1, 980,000 $0 
"$! 465,680 

S924,575 
$3,000,000 

$5,400,000 

S22, 564,568 

$16,800,000 
$1,260,000 

$948,578 
$3,240,000 

$22,248,578

$I12, 639,008 

S92,_331, 623 

$204, 970, 631

B-41
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02-MAY-i990

CALoC0 HILLS STRATEGY # 6 
COST ESTIMATE 

SU:04ARY

Design Cost, Management 
and Integration, -A Construction 

Decommissioning
$2,279,200 S460,000

Construction Cost:

Site Preparation 
Site Facilities 
Capital Equipment 
Construction Management 
Operations and Maint

$1,710,500 
$300,000 
$416,650 
$324,000 
$720,000

Testing Program 

Decommissioning

$3,471,150 

$18,020,000 

$1,229,650

Contingency 

08:58:28 AM

0

Total Estimated Cost $25,460,000
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DESIGN 

SITE PREP 

SURFACE FACILITIES 

SURFACE BASED TESTING 

DECOMMISSIONING

CALICO HILLS 
STRATEGY # 6 

SCHEDULE 

START FINISH 

08/01/92 12/30/93 

01/02/93 06/30/93 
6 

05/01/93 10/30/93 
6 

09/01/93 08/30/95

09/01/95

24 

06/30/96 
i0
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CHARACTERIZING CALICO HILLS 
STRATEGY 4 6 

DESCRIPTION: 
Surface based testing at various locations inciudina 
drill holes from the ESF Main Test Level. includes a site 
at the Prow.

Site Prep Crow Pass 
Design 
Roads & pads 
Electric 
Water 
Communications 
Sewage 
Mobilization 
Capital Equip.

ESF Cost percent of 
2261000 20% 
4286000 20% 
1794000 30% 
1109000 20% 

304000 10% 
157000 20% 

63000 50% 
8333000 5%

Total

SBT Surface Fac Z-F 
Design $3,3 
Adm. Blda 4 
Communications Bldg.

percent of 
C0,000 3% 
833000 Trailers 2 

1

$452,200 
$857,200 
$538,200 
$221,800 
$30,400 
$31,400 
$31,500 

$416,650 

$2,579,350 

$99,000 
$200,000 
$100,000

Total

Surface Based Testing 

Labs 
REECO 
Drilling Spt.  
Excavation

Personnel 
20 
18 

1i00000

instrum. & supplies

Total 38

Management and integration, 
QA 

Construction Management 

Operations and Maintenance

8 

2 

4

$399,000 
Rate 

$10,000 
Months 

18 $3,600,000 
14 $2,520,000 

5 $5,000,000 
$900,000 

$6,000,000 

$18,020,000 

$9,000 
24 $1,728,000

18 $324,000 

20 $720,000

Decommissioning
Oriainal 

Cost
Design 
Plug Holes Z000000 
Site Restorati 2127150 
Remove Surface 300000 
Management & integration, QA 

4

Total Option #6

20% 
10% 

5%

$100,000 
$1, 000,000 

$214, 650 
$15,000

10 $360,000 

$1,689,650 

$25,460,000
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CALICO HILLS - COST AND SCHEDULE 
GUIDANCE AND ASSUMPTIONS 

1. LOWEST COST ALTERNATIVES - SHAFTS NOT RAMPS 

2. SHORT PERIOD OF TIME TO COMPLETE THEREFORE 
BEST ESTIMATES AVAILABLE 

3. CONSISTENCY BETWEEN EACH STRATEGY IMPORTANT 

4. ALL COST IN PRESENT VALUE AND NO CONTINGENCY ADDED 

5. MOST CONSTRUCTION COST ESTIMATES BASED ON ESF COST 

6. OTHER COST AND SCHEDULE VALUES: 

A. 5,000 FT. OF DRIFTING FOR LIMITED FACILITY 

B. 12,000 FT. OF DRIFTING FOR EXTENDED FACILITY 

C. 1,650 FT. SHAFT DEPTH FOR NEW SHAFTS 

D. 600 FT. SHAFT CONNECTIONS TO ESF MTL 

E. DRIFTING COST AT $2,000 PER FT., 18 FT. PER DAY 

F. SHAFT SINKING AT $3,000 PER FT., 8 FT. PER DAY 

G. TESTING TIME: 3 YRS FOR EXTENDED FACILITY 
2 YRS FOR LIMITED FACILITY 

7. TESTING COST HAVE LEAST BASIS SINCE ESF TESTING IS 
DIFFERENT 

8. DECOMMISSIONING COST ADDED WITH NO ESF EQUIVALENT 
DECOM COST BASED ON A PERCENT OF CONSTRUCTION COST 

9. CALICO HILLS STRATEGIES BEGIN AFTER 2 YEARS OF SURFACE 
BASED TESTING 1/93
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ELH:sjt:M90-015 
WBS 1.2.5.2 

QA 

INTEROFFICE MEMO 

DATE: April 17, 1990 

TO: Victor J. Rohrer, T-10 

FROM: Ernest L. Hardin, T-13 

SUBJECT: Guidance for Cost/Schedule Estimation for Calico Hills 
Characterization Strategies 

Approximate incremental cost estimates for the Calico Hills characterization 
strategies will be needed on 5/l/90. The strategies are described in the 
meeting summary for the 3/30/90 task force meeting, and are further described 
in the interim product for element 2.4 of the study (Compose Alternative 
Characterization Strategies as described in the plan, (YMP/90-3). This product 
will receive review and concurrence of the task force during the meeting 
scheduled for April 16, 17, and 18.  

The strategies do not specify all of the major design details which you may 
need. However, the choices for such design features are fairly straight
forward. Where a strategy is indeterminate in this way, for example whether a 
shaft or ramp is constructed for primary or secondary access to the Calico 
Hills unit, assume the design choice that results in lowest cost.  

For your information, an example of costing for a similar study may be found 
in the briefing package for the ESF alternatives pilot study, however, less 
detailed cost estimates are needed for the Calico Hills study. The following 
optional guidance is provided for your use.  

You may assume that the shaft for a single access, limited facility with no 
ESF connection would be built in a cost-effective manner, with three stations, 
to a total depth of no more than 1,650 feet. Surface facilities, utilities, 
and road access would be needed for such a facility. You may assume that the 
extent of drifting in such a facility would be 5,000 feet, representing 
limited penetration along three or more headings. Far testing costs 
associated with a single-access, limited Calicc Pill- F½-Aciity, you , yv ;ssume 
the following: (1) a preliminary dry-drilled Cr=l• Fi--m the surfDce 
(similar to one of the multi-purpose boreholes) t2 exiore iock conditicrs; 
(2) geologic mapping of all underground openinas by photogrammetric means; '3) 
sampling throughout the facility and in the muck-pile for matrix hydrolocic 
tests, hydrochemistry tests, etc.; (4) perched water test; (5) a series cf 
radial boreholes tests, involving 2,000 feet of drilling from the shaft; and 
(6) hydrologic properties of faults. These tests would be conducted during 
construction, in the manner of the construction phase ESF tests.  

;01 Convention Center Drive. Suite 407 Las Vegas, Nevaaa 810 (702) 295-1203 

orher SAIC Of1icea A .iouwvue. Ann Aroor, Aiinq•on Arianrt 80StOn Chiir90. Huntsvle LJ Joaln. Ls ArX)M . MCLMM. Ona0oS0. S•MA? 8 Swbny1 unn" .Ono TCSO 
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Victor J. Rohrer 
ELH:sjt:M90-015 
April 17, 1990 
Page Two 

For an operational facility with a second access (outside part of Strategy 1, 
or second phase of Strategy 6), you may assume that the secondary access is a 
raise bore, either (1) to the surface, or (2) to the ESF, depending on whether 
there is an ESF connection. For Strategy 2, you may assume that the primary 
access to the Calico Hills is an extension of a drill-blast shaft constructed 
for the ESF, and that the secondary access is a 600-foot raise bore connected 
with the ESF (i.e., for both accesses the part between the surface and the ESF 
main test level is covered under ESF cost). For all operational facilities 
(Strategies 1, 2, and 5) you may assume that the extent of drifting totals 
12,000 feet, and the construction phase tests identified in the previous 
paragraph are carried out. In addition, you may assume that two major 
hydrologic tests are conducted during a testing phase subsequent to the 
construction phase, using the bulk permeability and infiltration tests in the 
ESF as models.  

For limited facilities that are connected with the ESF (i.e., second phase of 
Strategy 1, and Strategies 3 and 4), you may assume that the access is a 
drill-blast shaft that extends 600 feet downward from the MTL of the ESF, with 
limited drifting and construction phase testing such as described above for 
limited facilities with no ESF connection.  

Only approximate estimates of incremental cost, beyond the cost of the ESF and 
the SCP-basis SBT program, are needed for the Calico Hills study. Relative 
(not absolute) accuracy of cost estimates needed for comparing different 
strategies, is on the order of 25%. Emphasize consistency of assumptions used 
for the different strategies. Estimate all costs in terms of present value.  
For simplicity, you may estimate only a few cost values, such as primary 
access (both separate from and integrated with the ESF), limited development 
and construction phase testing, secondary access (both separate from and 
integrated with the ESF), and extended development and major tests. These 
values can then be combined to develop estimates for the different strategies.  
A similar approach may be taken for strategies which involve SBT in addition 
to the SCP-basis SBT program (Strategies 4 and 5).  

Schedule information will be difficult to develop at this time because of 
uncertainty as to the ESF configuration and schedule. Therefore you may 
consider schedule only in broad terms, and after cost estimates have been 
developed. Make use of existing schedule data -Fo the SCP-basis EF ifacilitv 
construction and testing to the extent practicable. etailed scheduling is 

not needed for this exercise, rather, the avcrcximate duration of consrruction 
and testing phases would be adequate. You may assume that each Calico Hills 
strategy begins after 2_years of the SCP-basis surface-based testing program.  
Assume that each strategy begins at the same time and runs concurrently with 
the ESF, except those that depend on the ESF for primary access, which will be 
delayed as the ESF is developed (you might use the Title I ESF design as a 
basis for estimating this delay).
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Victor J. Rohrer 
ELH:sjt:M90-015 
April 17, 1990 
Page Three 

If you have questions on this assignment, please feel free to consult with 
Errol Gardiner or any other task force member. Use the help of Bruce Schepens 
to the extent practical, but please restrict strategy cost data from other 
task force members until May 1st. Let me know if you need additional 
resources. Thanks for your contribution to this important study.  

cc: 
D. H. Alexander, HQ (RK-332) FORS 
Scott Van Camp, HQ (RW-221) FORS 
Mike Lugo, Weston, Washington, D.C.  
T. W. Bjerstedt, YMP, Las Vegas, NV 
D. C. Dobson, YMP, Las Vegas, NV 
J. R. Dyer, YMP, Las Vegas, NV 
G. D. Dymmel, YMP, Las Vegas, NV 
R. D. Edwards, YMP, Las Vegas, NV 
W. A. Girdley, YMP, Las Vegas, NV 
R. J. Waters, YMP, Las Vegas, NV 
Elizabeth Browne, ADA, Menlo Park, CA 
Hollis Call, ADA, Menlo Park, CA 
Charles Voss, Golder Assoc., Redmond, WA 
J. B. Robertson, Hydrogeologic Inc., Herndon, VA 
B. M. Crowe, LANL, Las Vegas, NV 
Bruce Schepens, REECo, Las Vegas, NV 
David Wonderly, REECo, Las Vegas, NV 
Scott Sinnock, SNL, Las Vegas, NV 
Al Stevens, SNL, 6311, Albuquerque, NM 
B. D. Lewis, USGS, Denver, CO 
W. B. Andrews, SAIC, Las Vegas, NV, 517/T-29 
T. G. Barbour, SAIC, Golden, CO 
K. G. Beall, SAIC, Las Vegas, NV, 517/T-36 
I. R. Cottle, SAIC, Las Vegas, NV, 517/T-14 
E. M. Gardiner, SAIC, Las Vegas, NV, 517/T-39 
E. L. Hardin, SAIC, Las Vegas, NV, 517/T-13 
P. J. Karnoski, SAIC, Las Vegas, NV, 517/T-22 
L. B. Lamonica, SAIC, Las Vegas, NV, 517/T-21 
S. R. Mattson, SAIC, Las Vegas, NV, 517/T-13 
Russell Paige, Harza, Las Vegas, NV, 517/T-13 
M. D. Voegele, SAIC, Las Vegas, NV, 517'T-04
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CALICO HILLS STUDY 
COST AND SCHEDULE INFORMATION 

MISCELLANEOUS BACKUP 
MAY 2, 1990 

SOURCES OF DATA: 

Bruce Schepens, REECo 
John Peck, SAIC 
Jim Taylor, SAIC 
Ivan Cottle, SAIC 
Bob Graham, SAIC 
Kathleen Bujard, LANL 
Bob Craig, USGS 
Derrick Wagg, SAIC 

Samples of Testing Cost:

Underground Mapping 
Perched Water 
USGS Activities 
Diffusion Test 

About 35 People would

$2 Million 
$.98 Million 
$3.6 Million 
$2 Million 
be involved during the Program

Surface Based Testing: 

Deepen Multi-purpose Boreholes $1 M 
Drill 3 Angle boreholes from surface 3 M 
Drill 2 dry angle from MTL (ESF) to Ghost Dance 

Fault $2 M 
Excavate a small Fault $ .4M 
Shallow adit 200 ft. Deep for Hydrologic $ .5 M
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EXPLORATORY SHAFT FACIL:TY BUDGET SUPPORT CATA 
"('otaL Project Casts) 

JThousanas of ;Y "990 DoCLars, 'ear or EApenaiture OoLtars knere notea :v "1 izreaosneet: 
Project: 4NWS:

"-- EXPLCRATORY SHAFT FACILITY 

.BS ELEMENT 

-. . Management ano Integration 

'EC 

Design 
Title I 

Architect-Engineer 
Other 

Title II 
Architect-Engineer 
Other 

'itLe [II 
Arcmitect-Engineer M&I 
Architect-Engineer Design 
0ther 

rior Tears Summary 

Subtotal w/o Contingency 
Contingency 
Design Subtotal 
Escatation 
Design Total 

onstruction 
Management 

•> Suoport Contractor 

Architect-Engineer 
Construction Manager 
:ther 

Cther (s!ecify)
'NTS ALLOCATION] 

aoi tat Eouiunent 
Lotota. w/O ContiNency 

.'gency - Cami tat Eauimnent 
Zrncingency - Other Construct.  
Construction Subtotal 
Escakation 
zSnstruction Total 
BA - :aotaL Eouioment 
5A - Other Construction 

"ZC M & I Subtotal 
Zont ngency 
.nescatated Subtotal 
E scaLation 

"M i TotaL 
3A - CaoitaL Ecuicnent 
BA - Design & Construction 

Ncte: C:ntrngencv irc,.tjes speciaL 

3.  
3.

Actuat EApervitures i :iscat Year 50 

------------------------ *.................................... SubtotaL 
Prior "* FY88 - 1989 ' '990 1 '991 1 1992 1 '993 '994 

I xxXxxxx xxxxxxxxxxxx iXXXXXXXX Ixxxxxxxx Ixxxxxxxx I xxxxxxlxIXXXXXXXXI XXXXXXXX XXXXXXXX Ixxxxxxxxxx; 
•xxxxxlxxxxxixxxxlxxxxxxxxx• !• x x •x~x x~xxxxlxxxxxxlxxxxxxxxlxxxxxx~xxxxxxxxxxxxI --- - --- I -------- --- - -........ I - -- -- --- I -------- ! -------- ! -------- I -------- -------- i ---------XxxXx~xxIx••xx••xx~xxxx I XXXXXXX I x•xxxx XXXX XXX X jXXXX xxx xxxx~xxxx IXXXX~xXX XXXXxxxx IxxXxxxXX 

xXccxxxxxxxxxxxxxxxx xxxxxxxxlxxxxxxxxlxxxxxxxx Ixxxxxxlx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxI 
xxxxxxix xxxxxxxxxxX xxxxxxxxlxxxxxxxxlxxxxxxxxlxxxxxxxxlxxxxxxxx xxxxxxxxlx xxlxx x xxxxxxxxxxI 

so $940 $0 $0s so So so I 0 I $0s $940 
$o so so 1 o so so $0o $o I so $ so 
so so so so so so soi Sal $o I so 
so so so so so $o so I ss I so I so 

xxxxxxxxixxxxxxxxxxxlxxxxxxxxlxxxxxxxxlxxxxxxxxlxxxxxxxxlxxxxxxxx xxxxxxxxlxxxxxxxxIxxxxxxxxxx! 

to I SO i1,545 I S1,486 I $0 I so I so I so I $o I 13,03! 
so $so sI o o so so 1 o so $0 so I $o 
so so I s0 o0J $0o s $o $0o $0o o I so 

ý••xx••txxxix••xxxxxxi•x~xxxxxxixxxxxxxxxxxxix•xx••x••xx••xxxxxxxxlxxxxx~xx•xxxxxxxxixxxxxxxxxxI 
Ss 1 $0 1151 1 $599 I $1,810 $424 so I $0 so I $2,984 
o$0 I $0 I S453 1 $1,796 $ $5,429 1$1,271 so I $0 SO I S8,949 
a so soI so I so I r so' ! so so I so 

$1,249 $0 $01 $01 $01 SO $0so $0I $0 51,2s; 

I sol so I sao soi sao sao taro so' so SO $01 $0! $0~ S0 I $0! $0 SO !S $0SO SO! 10S 
50! SO SOl 50 $01l $0 1 $S O $0 1 $Oj $0 1 • S$o 0 so I so so so s o I so so I so o 

$1,249 $940 I $2,149 $3,881 I $7,239 I $1,695 $0 o so $0 I $17,153 
SOa $0o $1 Isa $so so so 0 so $o I $o 

$1,249 $940 $2,149 1 $3,881 I $7,239 $1,695 I so $ so I $0 I $17,153 
S$0 S01 $362! S178 $0I $01 $0s $540.  

$1,249 S940 S2,149 1 $3,881 I $7,601 I $1,873 s $0 I SO I 0 I $17,593 
$1,249 I S940 $1,839 1 $4,542 j $7,607 I $1,855 SO J $0 $0 $ s180:32 

................. i - -------..-------- ! - -........ ........ -........ ............................  
IXXXXXXXX IxxxxxxxxxxxIXXXXXXXXIXXXXXXXXXXXXXXXIxxxxxxxxlxxxxxxxxIXXXXXXXXIXXXXXXXX XXXXXXXXXX 

S $0I so$ $0! $0 so $ $0!I so $0s $0 s $ 
so So $0s so 'sa So I so $0 1 so SO 
$0 $0 $370 $1,731 I$1,756 I $445 o I $0 $0 4i S,302 so I s so I so so so I so !, so so o ; 5 

I 50s I01 $01 $so So sO I $01 $0 $0s sS 
so $0 $0 0 so $01 SO I so $0 $0 so 
$0 $0s $0I $0 $01 $0s $0 $0 S0 so 
s $0I so$ :370 1 S1,731 $1,756I $445 ! $01 $0 $0' "•,2 

1 so $0! $0s Ias sai I as I o so s0 os 
s $ so so $s0 $O $0 1 $0I so I0 I s 
s 1 $0 $370 1S1,731 $1,756 1 $4451 $01 0so $0 S4,302 
so I so $0 So $0 i So SW $47 0 I $so I so $35 
so I SO $370 S1, 731 $i11,845. i $492 1 so SO I 0,$37 
$0 $01 $0I $o 0 sa I o so so So S3 
so $0 I $317 $2,026 I $1,846 1 $487 so$0 I so I $ I ,7o 

.. . ..--------------------!.------------------- - ----------------- ! .............................  
$1,249 I S940 I $2,519 I $5,612 $8,995 $2,140 I $0 I so I $0 $21,: 5 

so I so $0! Sa 0 $0 so I so ! SO $s I S $ 
$1,249 I $940 1 S2,519 I $5,612 $8,995 $2,140 I $0 s $o I $0 1 $21,455 

$01 0so $0 I SO $450 S2251 $! $01 $0! I 674 

SI 940 I S2,519 ! S5,612 1 $9,445 1 $2,365 i $0 I sO I $s ; S2272 
so 0 $0I $0s SO! $0 so I so $ s0 $01 S0 

SI,249 1 $940 .; $2,156 1 $6,568 i $9,453 1 $2,342 I $0 I s0 1 SO I $S22,2

scoer cange aý.cwances as i:cLo.s:
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EXPLCRATCRY SHAFT ;ACILITY BUDGET SUPPORT DATA 
'otat P'Oject Costs) 

(Thousancs of PY "990 CotLars, ear or EAperciture Dollars wrnere notec cy ? Soreaasneet: I-WAYVý

3'otect: %NWSI 

EXPLCRATORY SHAFT FACILITY Actuat ExcoernItures ; ;oscaL Year go 

I ------------------------------------------------------------------------------------ Subtotal 48S ELEMENT jPrior ;Y688 1989 I 1990 1 '991 ! 1992 1 1993 ' '994 '995 

.. manargement ari Integration XXXXXXXXXXIXXxxxxxxxIXXXX XXXXXXXXXX XXXXXXXXXXXXXX IXXXXXXXXIXXXXXXXXlXXXXXXXXlXXXXXXXXXX 
--- I--------!-----------.------ ! - I ..................--- -------- --------- -........ I ...........  

NON-TEC I �XxxxX xx xxxxxXxxxXXXXXXXlX I xxxxxx••xxxXX xxxxXxxixxxxxxxxx xxxxxx XXEXXXXXXXx 
Cesign IxxxxxxxxIxxxxxxxxxxx xxxxxxxxlxxxxxxxxixxxxxxxx xxxxxxxxlxxxxxxxxlxxxxxxxxlxxxxxxxx xxxxxxxxxx 

once~tu~a[ Design lXXXXXXXxIxxxxxxxxxxx XXXxxXXXlXXXXXXXXXXXXXXXIXXXXXXXXIXXXXXXXXIXXXXXXXX Ixxxxxxxxxxxxxxxxx 
ArcMitect-Engineer 11,168 I so SO o so s o I so 0 So so 1 SI,168 
Other s $01 s o0 IsO 1 so so I so I $01 $0s I so so so so I so ! so s o I so so I $o s $01 I0 s$ so so s0 10 $0 $0s $0s $0s 

ther IXXXXXXXX0XXXXXXXXXXXIXXXXXXXX XXXXXXXXIXXX0XXXX$XXXXXXXXIXXXXXXXXIXXXXXXXX0 xxxxxxxxxx 

Architect-Eng. Tite IIgI rs I so s0 so SO 1 $3,812 1 $4,301 1 Sl,121 S953 1 $10,187 
Lab Mgr. 0 SO I so o so I so 1. so so I so 
Prior Years Testing JS19,321 1$8,019 I $0 $0 so $0 I $0 I $0 $ 0 1 $27,340 

I so $0 1 $0 $01 so so I so 1 so $0o $o 
Subtotal w/o Contingency 1$20,489 1 $8,019 S so $0 I SO I S3,812 I $4,301 1 $1,121 $953 1 $38,695 
Contingency I $0s $1 $0s $0s1 1 s0 $0 1 s0 $01 $0 
Design Subtotal 320,489 I $3,019 I so $0 s 10 $ 13,812 I $4,301 I $1,'21 $953 $38,695 
Escalation $0 s$0 I so I s $o0 S $O400 1 $718 1 s266 $297 $1,682 
Design Total : $20,489 $8s,019 $0 $0 I 0 SO $4,212 I $5,019 $1,387 $1,250 1 $.0,377 
3A * $20,489 I •8,019 I $0 so$0 I s $4,173 I S4,30 I 1,382 $1,250 $S40,143 

-..................................- ........- 1 .......... i ................ -........ i . -........-...........................  
,oerations lxxxxxxxxixxxxxxxxxxxIxxxxxxxxIXXXXXX XXiXXXXXXIXXXXXXXXIXXXXXXXXiXXXXXXXX IXXXXXXXX xIxxxxxxxxxxi 

Management xxxxxxxxlxxxxxxxxxxylxxxxxxxx xxxxxxxxlxxxxxxxxIxxxxxxxxixxxxxxxxxxxXXXIxxxxxxxxIxxxxxxxxxx 
S1. ort Contractor $998 I $1,804 I $2,499 S3,440 I .4,000 $,4,000 1 $2,700 1$I, 640 1I 1,640 1 $22,721 
Architect-Engineer 11,377 1 $2,092 I S3,032 S3,675 I $2,640 S3,736 I S3,412 1 $1,452 $1,180 ! $22,596 
Construction Manager $28 $509 I S752 o$0 $0 $1,336 I $1,810 I $1,294 11,324 1 $7,308 
Iao Mgr. S1,019 I $765 1 $1,766 1 $2,049 I 11,195 $1,097 1 S1,103 I $9n I $W9 i $10,662 

QA ixxxxxxxxIxxxxxxxxxxxIxxxxxxxx XXXXXXXXXIXXXXXXXXIXXXXXXXXIX xXxxxxxxxXXXXX~XxxxxxxxxxI 
S u.co rt Contractor $111 $175 $290 1 $360 1 1360 S360 I S360 S 5360 $360 S2,736 I 
Architect-Engineer $386 1 $697 I $310 S345 1330 $317 I $342 1 $301 I $296 I $3,324 
Construction Manager $0 I $11 i $I46 $229 $298 $298 I S298 1 $155 $155 I $S1,490 
.a~s S232" $911 $01 $01 $01 $0s $0I $0 I S0 $323 

Health & Safety X XXXXXXXXIXXXxxxxxxxxlxxxxxxxxlxxxxxxxxlxxxxxxxxxxxxxxxxIxxxxxxxxrxxxxxxxxixxxxxxxxrxxxxxxxxxxi 
Sumort Contractor $0 $0i $0s $0I $01 so s $0 o0 $0 
Arcnitect-Engineer $0 $13 i $227 1 $187 $131 1 $123 S137 S115 $112 . $1,045 
Construction Manager s0 $01 $s43 $63 $1631 $S63 $631 $63 1 63 $S421 
.ams $0s I s $01 so s0 $0I $0s SO SO 0so 

Cther (sDecify) XXXXXXXXIxxxxxxxxxxxxxxxxxxx XxxxxxXXiXXXXXXxx xxxxxxxxxlxxxxxxxxiXXXXX xxxxxxxxxxlxxxxxxxxxxI 
4TS ALOCATION] o$0 I s so $0 s so so I $0 $0 so so 

P-or Years Summary $8,469 I $0 $0 $s $0 I so 10o 50 5 s s0 $8. .69 
:ther Agencies $0 122 1296 $296 so 0 $0 $0 I $0 1 $614 

Capital Eauipient $4,405 SO S$444 S116 so $32 $0 $0 I $0 I $4,997 
Subtotal w/o Contir'gency $17,280 1 S6,179 1 $9,705 $10,760 1 $9,017 IS11,362 I$10,225 S6,359 $5,819 $86,706 
:.ntgerqncy - aoitaL EouilentI s0 I $0 I $0 I $0 I s s $0 $0 I s 0 i $0 oI 
.,ntingency - Other Operations I so I $0 I $0 I $0 I $0 s $0 i $0 so$0 I $0 s0 
,oerat'ons Subtotal 1$17,280 1 S6,179 1 $9,705 SI0,760 I $9,017 1$11,362 1110,225 $6,359 i $5,819 $86,706 

sscalatoon I Ss I $0 sI s0 $451 I $1,193 1 $1,7C8 SI1507 1$1,316 $6,674 
.oerations Total 1$17,280 I $6,179 I $9,705 1SI0,760 I 19,468 1112,555 I$11,933 1 $7,866 I $7,35 S93,380 
SA- aoital E1uicient I $4,405 $ SO I 1444 I 1116 I s0 I S35 I $0 $0 I $0 I S5,000 
3A -ther Operations I 1$12,875 $S6,179 1 $7,927 t$12,458 $ S9,476 J$12,403 I$11,482 1 $7,840 I $7,635 $88,275 

.............................. ...............- ---- -------- I -------- -------- ! -------- i ----------- -..... ; ..................  
4ON-TEC m & I Subtotat i137,769 1 $14,198 $9,705 J$10,760 1 $9,017 !S15,174 ;$14,526 $7,480 I $6.772 S125,401 
.,ntingency SO $0s $01 $0s 5 s so 1 $0 so I SO so 
.nescatatea Suctorai $37,769 SI14,198 1 $9,705 I$10,760 I $9,017 1$15,174 IS14,526 $7,480 ; $6,772 $125,4C1 
Escalation s I0 s$0 so I so 1S451 1 $1,593 1 $2,426 $1,773 1 $2,'3 $8,356 

4ON-TEr 4 & i 7ota" $37,769 S%.,198 1 $9,705 $10,760 I $9,468 1$16,767 $16,952 $9,253 I S8,8.85 $133,757 
3A - aoitaL Eoucimnf $4,45 I 0 I 1$444 1 $116 1 s0 I $35 I $0 s0 I $0 $5,C00 
5A- esign & Coeratons ':33,364 $S11,'98 I $7,927 $12,458 1 $9,76 1516,576 i$16.312 $9,222 I $8,885 $!23,418 

:Contingency inctu•es soeclat scope crange allowances as totlows: 
". .Prir Years 'estirg Equipment =-05 
2.  
3.  
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EXPLORATORY SHAFT FACILITY BUDGET SUPPORT DATA 
ýTotaL Project Costs) 

(Thousanas of FY '990 DOLtars, fear of E raefoiture Oollars .nere notea oy ") Spreaasneet: I-.WAY-ig 
Project: NNWSI 

-XPLORATORY SHAFT FACILITY ýActuat Exoenritures i Fiscal Year 80 
I...................................................................... iSutota• 

1JBS ELEMENT JPrior * I FY88 * 1989 ! 1990 1 1991 1 1992 ! 1993 '1994 1 1995 

-....................- "222-------- I ---------------- ---- ------- ---- -- I .... .I -------- I -. i •. 2. S ite Precamrat ion IXXXXXX)OXX l XXXXXX•XXX JXXXXxXxxxXIxXxxgXXXXXXX I XXXXXXXXIIXXXXXXXX IXXXXXXXXXX XXXXXXXX !xxxx IxxIx •xxxxx 
S...................... ... ..... ........... f........F---I----...... .... •..........I...... t........ I........•.I.........  

Desi gn XXXXXXXX IXXXXXXXXXXX IXXXXXXXX XXXXXXXX iXXXXXXXXI XXXXXXXX XXXXXXXX I xxxxxxxx xxxxxxxx xxxxxxxxxxI 
'te I I so 1 St.68 so sos so I s so I so, $468I 
Title I1 1 $364 I SO $1,141 I S421 so I so so I $0 so S $1,926 1 

so I so so so so I so so I so so I so 0 
Subtotal w/o Contingency S $364 $4 $1,141 $421 I $0 sO o0 $O $0 $2,394 
Contingency so I sO o0 SoI So $0S .-S $ $0 
Design Subtotal S364 $468 S1,1411 S421I $0 $0 $0 I$0 $ So $2,394 
;scaiation I $ $0s o $so s0o s01 $0s s0 o so $0s 
Design Total S 1364 I $468 SI1,141 $421 I so $0 $0 $0 sS $2,394; 
3AI S364 1 $468 $9521 S477 s0 o $0s $01 $0I S 2,261I 

S--.............................. -I -.. . . . . . . . . . ..- . .. . . . I-- ------ - --- I-- - .... ....-- - ..... ........ I ........ I ........  
-onstruction IXXXXXXXX IxxxxxxxxxxxIxxxxxxxxIXXXXXXXXIXXXXXXXXIXXXXXXXX JXXXXXXXX XXXXXXXX JXXXXXXXX IxXxxxxxxxx I 

Mob/Demno so I S $6 $631 so I t0 o I so$0 so sO $631 
Roads & Pads $0 I0 SO $3,568 1 $718 1 0 I SO $0 so $0 I s0 s $4,286 1 
Power System s 0 $0s $0 S S1,794 $0 I so $0 so SO I $1,794i 

4ater Systemt o0 $01 s0 $1,109 $01 $01 I so $01 s 1 $1,1091 
Comumnication System $0 I so SO I $304 o$0 $0 $0 so $0 I $304 1 
Sewage Systems $0so I to S $157 t0 $01 $0s $01 s0 $157I 

s $0I so 0so I so so $0s0 so $0I $0 $0
Cther (specify) 

:4TS ALLOCATION) 
Prior Years Summary 

CaoitaL Equi pment 

•',btotat wio Contingency 
:ingency - Capital Eouipment 
tingency - Other Construct.  
;truction Subtotal 

1,ca at i on 
Construction Total 
A- Capital Eouipment * 

A- Other Construction 
S.................................  
Site Preoaration Subtotal 
Ccntingency 
Jnescatated Subtotal 

Escatation

Sxxxxxxxx iXXXXXXXXXxx 

1I $,973 1 so 
so I $0 

I 1,973 I s0 
$0 I so 

I ,973 SO 
s0 I SO 

S1,973 $0 

$0 I $0 
$2,337 $468 

S$0 '•$0

XXXXXXXX I xxxxxxxx I xxxxxxxx I xXXXXXXX I XXXXXXXX I xxxxxxxx I xxxxxxxx ;xxxxxxxxxx I 

$s I $so s I SO I so $0 I SO $1,973 
0 I1 S6,9461 so $0 1so $01 $0 S6,946 

$3,631 1111,028 so$ I $0 I so I $0 $ 0 I$16,632 
$S I $1,390 so0 I so s $ s $0I $S1,390 i 

$574 1 $783 o0 I so $0 I $0 I $0 1 $1,357 • 
$4,205 J$13,201 1 s0 I so $0s I so I so I $19,3779 

$4,205 $13,201 SO I $0 SO i so 1 $0 1 $19,379 
SO I8,333 $0so $01 sO $0 so 1 $8,333! 

$3,509 S 5,517 I $0 I so I so i so I so I S1 0,99 9 

$4,7T72 $S11,449 1 so I so I so $0 i s0 I V,2 
S574 I S2,173 I s0 I so I so I s0 I $0 S 2,74,

$5,346 $S13,622 I so I so I so I so SO $2,7 
so I $o0 oI o1 $0 10o $0 s0 o I0 $I

::TE PREPARATION TOTAL ' $2,337 s$o6 J $5,346 $13,622 i $0 I $0 so I $0 I $0 ; 1S!-
BA- Capital Equipment *$0 $0 t $0 1 $8,333 1 I so I $0 I $0 I $0 I $8,3133 
BA- Design & Construction $2,337 I 468 I $4,461 I $5,994 1 $0 I $0 I $0 I $0 $0 I $13,2±Q 

scte: Contingency incLLues speciai scope cnange alLowances as foLlows: 

2.  
3.

B-52



- av-d9

EXPLORATORY SHAFT FACILITY BUDGET SUPPORT DATA 
(Total Project Costs) 

(Thousanas of FY 1990 DoLLars, fear of Expenoiture DoLLars wnere noteo oy ") Soreaasneet: •'-MAY-9
4 L'roject: NNWSI 

-----..........................................................................................................................  
EXPLORATORY SHAFT FACILITY Actual Expernitures i Fiscal Year 80 

- - - - - - ---------------------------------------------------------- I Suototat WSS ELEMEWT JPrior g FY88 1 1989 1 1990 1 1991 1 1992 I '993 1 1994 M 

6.3. Surface Facilities IXXXXXXXX XXXXXXXXXXXlxxxxxXXxlXXXXXXIXXXXXXX XXXXXXXX IXXXXXXXX IXXXXXXXXIXXXXXXXXIXXXXXXXXXXI 
.................................. -........-......... -------.. ------- - -------...-.... ........ -........ --...................  
Design XXXXXXXX XXXXXXXXXXX XXxXXXX IXXXXXXXX XXXXXXXX XXXXXXXX IXXXXXXXX XXXXXXXX XXXXXXXX xxxxxxxxxx I 

Title I S I $317 to so SO $SO SO $ SO S317 
Title 1I $434 S o SI1,235 S1,298 so 0 SO $0 $0 $2,967 

SubtotaL w/o Contingency $434 $317 $S,235 S1,293 SO SO SO SO SO $3,284 

Contingency so so so so s sM SO s0 s I 
Design Subtotal $434 I S317 $1,235 S1,298 SO SO SO so I SO S3,234 
Escatation so so s Oo to $o $s $o SO $0 s so 
Design Total * S434 S317 S1,235 S1,298 SO SO so so I $0 3,254 
BA' I $434$ $317 S1,235 S1,314 SO s$o so soI so S3,300 

S.................................. ----------------- - -------- - -------- I ----...-... ............ ...-.. .  
Constructioin XXXXXXXX IXXXXXXXX XXXXXXXXXXXX IXXXXXX X XXX IXXXXXXXXIXXXXXXXX Xxxxxxxxxlxxxxxxxx xxxxxxxxxxI 

Surface 0ata/Comm Bldg. s so 1O $0 $161 $403 I SO I $0 so$0 I$0 I564 
TraiLers so$0 s I s $0 s I so $0 so $0 $0 so So 

4echanicaL Shoo $0 SO $0 I 1144 $0 $0 I sO I $0 I SO $ 14.  
tareriouse $0s o $0 $105 $01 so $0I $0s $0s S105 
Change House $0 so SO $415 s I $0 I s $o $0 $415 
Generator BLdg so0 s SO $ 553 SO 0I $0 $0 so S553 
Suburface Data Bldg $0 so s$ oF $40 S128 I 0 $0 $ so $168 
Hoist House so SO $0 S241 $0 so O $0 I$0 s $241 
ES-i Collar SO so $64 S182 $0S so $01 so S246 
ES-2 Collar so so $64 S182 so $0 $O $0SO0 S246 
Other (sDeclfy) IXXXXXXXXXXXXXXXXXXXIXXXXXXIXXXXXXXIxxxxxxxlxxxxxxxxX XXXXXXXX IXXXXXXXX XXXXXXXX IXXXXXXXXXXI 

"rJTS ALLOCATION] s$0 SO s so SO $0 SO so I SO I $0 
entel Comm. Building so s$ 0$ $94 so SO 0 $0 $0 $94 
rior Years Summary S1,475 S SO s $0 $0 s so so s $1,475 

.aoital Equipiment S1,045 I so SO $940 SO $0 so SO $0 s $1,85 
X'---aLbtotaL w/o Contingency S2,520 so $128 $3,017 $443 $128 SO so 0 $S6,236 I 

Contingency - Capitat Eouipment $0 so $0 S134 SO so $0 s $0 $0 SI34 
Contingency - Other Construct. so so S26 $415 $88 S26 1 so I $0 I $0 s 555 
Construction Subtotal S2,520 SO 1 $154 S3,566 $531 1 S154 I $0 I $0 $0 s S6;25 
EscaLation s0 o $0s $0I $27 $16 $0 so so so " 
Construction Total $2,520 $0 $154 S3,566 $558 $170 $0 $0 1 $0 1 6,I68 
BA - CaoitaL Eciuipment S $1,045 so SO $1,074 o$0 so so $0 o$0 $0 2,19 

A- Ctmer Construction S1,475 $0 $154 1 $2,522 $526 $156 1 $0 so$0 so I S4-E33 
.................--------------------------- -------- I--------------------------!---------

Surface Facilities Suototal $2,954 $317 $1,363 I $4,315 $443 1 $128 1 $0 I $0 I so I 5915CC 
Contirgency so $0 $26 $549 $88 I S26 I $0 I so I so I S689 
jnescaLotea, Subtotal $2,954 S317 $1,389 $4,864 S531 I S154 so SO I $0 I S10,2C9 
Escalation so $0 so SO $27 1 516 $0 o$0 $0 s $43 

SURFACE FACILITIES TOTAL $2,954 S317 1 $1,389 I $4,864 S558 I S170 I $0 I s0 1 $0 1 S10,S52 
BA - aottat E•Juipment * S1,045 so I SO I $1,074 1 $0 I so I s0 I so I so I s2,.:.  
BA - esign & Construction $1,909 S317 I $1,389 1 $3,836 $526 I $156 I $0 I $0 I SO I S8,'33 

sote: Contingency incduoes special scope change allowances as follows: 

1.  
2.  

3.

B-53



EXPLORATORY SHAFT CACILITY BUDGET SUPPORT DATA 
'TotaL Project CoStS) 

(Thousanas of FY 1990 Dollars, gear of Exoenaiture Oo1ars wnere noteo av c Soreaosmeet: :*-MATY-e 
I -roject: 'NwSl 

EXPLORATORY SHAFT FACILITY ,Actual Exoencitures J -iscal Tear 80 
I ....................................................................... Sutotat 

WES ELEMENT !Prior ' I FY88 1989 I 1990 1 1991 1992 '993 1 '994 1 1995 I 

6.sn. First Shaft xxxxxxxx IXXXXXXXXXXXXxxXX IxXXXXXXXX XXXXXXXX xxxxxxxx Ixxxxxxxx IxxxxxxxxI XXXXXXXX Ixxxxxxxxxx.  
------------------------------. .... .~~ --------------- --... ...............---- ---- ---- I.......--I........................----
Design xxxxxxxx xxxxxxxxxxx jxxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx Ixxxxxxxx ixxxxxxxx ixxxxxxxxxxI 

Title I so S336 SO SO0 SO So SO 0 1 $0 1 S336 
Title 11 S371 SO S739 S1,077 o0 so SO s0 I SO I S2,187 

13$01 1303$ 101 10 1 01 SOl 101 10 10 

Subtotal w/o Contingency 13711 336$ S739 S1,077 S0 I 0 0 0 10 SO I S2,523 
Contingency so 0$ so so so1 s0 so so SO soI 
Design Subtotal S371 1336 S 1739 $1,077 SO 0 10 so 00 1O $2,523 
Escalation s0 SO I 0 so 1o s s so I0 s o0 
Design Total 3 1371 S336 S 1739 S1,077 SO s0 s so $0 $2,523 
BA * S371 S336 S 1739 $1,111 so0 1$O 01 SO SO $12,557 S............................I................... I....$............ •........II....... ..........  
Construction XXXXXXXX IXXXXXXXXXXX JXXXXXXXX XXXXXXXXIXXXXXXXX IXXXXXXXX I XXXXXXXX XXXXXXXX IXXXXXXXX IXXXXXXXXXX 

4ob/Oec SO so I SO 10 $ 586 $ 10 S555 I so 0so SoI S,1,41 
Sink & Line Shaft o0 so 1 $0 1I 1,447 ! $1,310 1 S803 I so I so $ 10 1 13,560 
-oists & Fouroations SO I SO I s0 1 $373 I so I so I so so I0 1 S 1373 
4eaatframes & Supports soI SO I $s I so I so I s I s01 S T75 
:nstL Sinking/Developmtn Equip so I s0 I 0 I S 243 I SO 1 1353 1 s0 i so I SO S 1596 
Other (specify) XXXXXXXIXXXXXXXXXXX XXXXXXXX XXXXXXXXlXXXXXXXX XXXXXXXXlXXXXXXXXiXXXXXXXX XXXXXXXX ixxxxxxxxxx 

I[WTS ALLOCATION] S0 .0 s SO I 0 so0 I 10 0 s SO I SO I0 i 
s 1 1$ s0 10 1$ 0$0 SO 0$ s0 so 

Capital Equipent 1555 $ SO 1 $210 1 S1,143 I s0 s0 1o i s0 10 $1,908 
Subtotal w/o Contingency $555 SO S210 S3,567 I 1,310 $I 1,711 I s0 I so $0 1 $7,653 
Contingency - Capital Equipment so so 142 $229 10 10 S0 10 $so S 1271 
^-'tingency - Other Construction $ s S10O 1 11,355 $ S998 $ S793 I SO I s0 so 0 $3,146 

struction Subtotal $555 $ S0 I S252 ;5,451 $ S2,308 1 $2,504 1 so I 0 sSO 1 111,070 
alation so s0 $ $1 $0 $O S115 S263 I so I so $ 10 S 378 
;truction Total * $555 SO $252 1 $5,451 $2,423 S2,767 1 $0 1 SO $ SO 1 $11,448 

Capital Eqauilpent S $555 so S252 1S1,372 SO s I so I so 0 SO $ S2,179 I 
BA - Other Construction s $ SO SO $4,209 $2,498 $2,536 o s50 o so I 19,243 

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

First Shaft Subtotal 1926 S336 $ S949 S4,944 I S1,310 I S1,711 I . SO so I s0 I $10,17• 
Contingency 0 SO $ 542 ', 584 $ 1998 1 $793 sO SO 1 10 I $3,.*17 
inescatatea Subtotal i $926 $336 1 $991 16,528 $2,308 1 $2,504 s0 $ SO S0 I 113,593 
Escalation i 0 so 10 1SO $115 $ $263 1 so I s0 I so I S378 

;IRST SHAFT TOTAL * S926 I S336 $991 1-6,528 1 S2,423 1 $2,767 1 SO SO I SO IS3,;7" 
3A :aoitat Equicnent S555 SO1 $252 S1,372 I so I so so S so SO 
A- Design & Construction $ 1371 $ 1336 $1 739 15,320 1 S2,498 1 $2,536 i SO SO So S'1,50C 

:ote: Contingency includes special scope change aitowances as follows: 
1. AOaed Contingency 2,0CC (813,736,.51) 
2.  
3.
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? -may-89

EXPLORATORY SHAFT ;ACILITY BUOGET SUPPORT DATA 
(Total Project Costs) 

(Thousarns of rY 1990 Dollars, rear of Exoenaiture Dollars where notea cv ") Screaasneet: *)-wAy-9 
V. • 0oject: NNWSI 

SEXPLORATORY SHAFT FACILITY jActuat Exiencitures i ;iscat Year 80 

I -------------------------------------------------------------.....•-- ---- Sub tota k 
WSS ELEMENT lPrior * I FY8 ! 989 1990 1991 1 1992 1993 I 1994 1995 

I S3 3z3333 z xzs zzI ======Z= I~~33 333332231 I =332322fI333333--------=--I332==----------
6.5. Secona Shaft iXXXXXXXXgXXXXX•xxxxixxxxxxXXIXXXXXXXXXXXXXXXXIXXXXXXXXIXXXXXXXX XXXXXXXXIXXXXXXXX xxxxxxxxxx 
--- -........................................... I ................. ! ........ I ......... I ........ I .. ...........................  
ýesign XXX)XXX IXXXXXXXXXXX XXXXXXXXXXXXXXXX X X XXXXXX XXxxxxxxxxIxxxxxxxxixxxxxxxx xxxxxxxx!xxxxxxxxxx 

Title I so $438 o so so so so I s I SO S438 
Title I1 $353 Sa $681 $8•W3 so soI SO so so0 I 1,877 

soot so s So sa so so0 so0 I o0 
Subtotal w/o Contingnc $3 $438 $681 S843 s S So so I S0 $2,315 
Contingency so 0 S0 $0s So s01 Os 501 $0s 50 
Design Subtotal $353 $438 S68$1 S83 so] so 5 $0s so! 0so $2,315 
Escalation S so $0 so so so0 $0s 50s so so 
Design Total S353 5438 $ 681 f $so3 I s o $0 so I $0 $2,315 
BA * $353 $438 $681 946 I so 50 I so I so I s0 S2,418 

.................................. ..... I......... I..... ......... . ................. .............-.............  
Construction IXXXXXXXIXXXXXXxxXXxXXXXXxIXXXXXXXXXX XXxXX x Ixxxxix XX jXXXXXXXXIXXXXXXXX IXXXXXXXX Ixxxxxxxxxx 

Mob/Demob Ws S ao S 1o $248!1 5O9 o $0 I o 5oo I 307 
Sink & Line Shaft I s $0 l SO 1 540 1 $2,774 ! so I 0 0 s $0 1 S3,314 
Hoists & Fouuaations $0 s $0 1 O0 $423 so I So I $0 I s0 I so $1,23 
Headfromes & Supports L $0 I S0 1 O0 $116 50 I so I so I so I $0 I $116 
Instl Sinking/Devetoawit Equip o$0 I SO I O $243 $332 1 $0 I s0 I $0 I o 15 
Other (specify) IXXXXXXXXIXXXXXXXXXXX IXXXXXXXXXXXXXXXXIXXXXXXXXIXXXXXXXX XXXXXXXXIXXXXXXXXlXXXXXXXXIXXXXXXXXXX 

CNTS ALLOCATION] So so I so 50! s0 I0 $0 $0! $0 so 
$0Sa Sal $ 01 $l O! $0! $0! $ 01 0! $0 

Capital Ezmiwent so $37-2 I $699 51,147 I so I $0 I s0 I so ! $0 0 $2,218 
Subtotal w/o Contingency so S372 I 5699 5 $2,717 S3,165 I $0 $oI so I 0 s $0 1 $6,953 
Contingecy -Capital Eaicnment so $0 S S139 S229 s0o SO I 0 $0? s0o S $368 
r''ntingency Other Construct. o$0 so I 0 s 5594 51,354 I 0 s0 I $0 so$0 so $51.948 

•struction SUbtotal so $372 $838 I S3,540 I $4,519 I SO I $0 so $0 $0 I 59.269 
.alation so so I 50 I s $226 5 s0 I so I S0 $0 s226 

onstruction Total s0o $372 $838 I $3,540 $4,745 I so I $0 $ so $0 $9,495 
A Capital Equipment s o0 $372 I $838 1 $1,379 $ so $0 I s0 I SO I $0 S2,549 

BA Other Construction s o0 o0 I S $2,427 I 54,350 s I0 SO so SO i 6,7 
S..................................... ,................ I........-- .... ................................  

Secorn Shaft Subtotal S353 $810 $1,380 $3,560 I S3,165 I so I $0 SO SO V 68 
Contingency $0 $139 1 $823 S $1,354 I $0 So so SC S2,;,o 
Unescatatem SubtotaL $353 $810 1 $1,519 $4,383 I $4,519 $0 $0 $0 SO i $2, 54 
Escalation o0 $0 s0 s0 I 1226 $0 I so i so 1 SO I SZ26 

SECOND SHAFT TOTAL 1 5353 $810 1 S1,519 I $4,383 1 $4,745 so $0I so so so s",* : 
SA Capital Euimeni t " $0 $372 1 $838 1 S1,379 I $0 I so I so0 T o so S2.39 
BA -esign & Construction $353 $438 $681 I S3,373 I $4,350 I $o I so I $SC sC s• ' 

1Note: Contingency incLu•es special scooe change allowances as follows: 
I. Adcled Contingency 1,C00 (279,721) 
2.  

3.
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davy-9

EXPLORATORY SHAFT ;ACILITY BUOGET SUPPORT DATA 
ýTotat Project Ccsts) 

'Thousanos Of cY '990 Dollars, t
ear of ExAenoiture Oov.ars wnere notea O ") Soreacsneet: Ll-mAY-39 

Project: %NWSI 
. ..............................................................................................................................  

EXPLCRATCRY SIAFT :ACILTY Actuat Exoenaitures i ;iscaL Year O0 

WBS ELEMENT ýPrior* I FY• * 989 1 -990 1 991 1992 .993 QQ4 : !995 

ý.6. Subsurface Excavations :xxxxxxxxlxxxxxxxxxxiXXXXIXXXXXXXXIXXXXXXXX XXXXIXXXXXXXXIXXXXXXXXIXXXXXXXX XXXXXXXX IXXXXXXXXXX 
.. -. -----.. ----. -. --..... -.. -. ---. .-.----- ..-- ........ -........ .. .. .....  
Design XXXXXXXX XXXXXXXXX I XXXXXXXX XXXXXXXX XXXXXXXX IXXXXXXXX XXXXXXXX XXXXXXXX XxxXXXXxx IXXXXXXXXXX 

Title I S0 S244 I $0 SO SO SO SO SO SO I S $244 
"itte I[ S240 SO S $438 S308 so so 10 s so so0 $986 

so 0 s 0 s so sO So so so I o0 
Subtotal w/o Contingency $240 S244 S .438 S308 SO so sO So SO I S1,230 I 
Contingency s 0so 0 s0 so s 0 So so SoI so 
Design Subtotal $240 $244 I 1438 $308 s0 SO $0 s0 SO I S1,230 
Escalation o0 so I s0 so so 0so so s0 so s0 
Design Total * $240 S244 I $438 SI1308 0 s so so so SO S1,230 
BA 1 $240 1244 $438 $494 s s to $0 so $0 I1,416 S........................................ ...... - -------- -------- ---------- --------- --I .............. I ..................  
:onstruction xXXXXX IXXXXXXXXXXX XXXXXXXXIXXXXXXXXIXXXXXXXX XXXXXXXXtXXXXXXXXIXXXXXXXX IXXXlXXXXx XXXXXXXXXxI 

Main Test LeveLs I $0 $0 I S0 I $0 $2,461I S3,173 $535 1 $0 S S 16,169 
ExoLoratory Orifts j SO SO I S0 I SO SO I S5,890 S4,465 I s0 1 10 I10,355 
Seconrary Levels so0 s0 I s 1 $0 1373 1 s0 I 0so I $0 I 10 I S373 
Zther (soecify) XXXXXXXX IXXXXXXXXXXXtXXXXXXXX IXXXXXXXX XXXXXXXX IXXXXXXXX XXXXXXXX IXXXXXXXX lXXXXXXXX XXXXXXXXXX I 

:NTS ALLOCATION] so $0 I 0 o SO 0 s0 $ so 1 0 $o So 
$0) 10 $0j 10 $01 1 01 S01 $01 S0 ~ 01 

CapitaL Eouipment $0 o0 I SO 1 $0 S2,909 I S227 SO I so $0 I S3,136 J 
Subtotal w/o Contingency so $ I0 $0 1 $0 S5,743 I S9,290 $5,000 I so $0 I S20,033 
Zontingency -Caoitat E(3jicment I 10 S0 M0 $583 1 S461 s0 $01 $0 1629 
:ontingency - Other Construct. $0 o0 I 0 so0 $ 986 I S3,360 12,031 So SO S6,377 
:onstructton Subtotat s0 s0 I $0 SO 7,312 I$12,696 1$7,031 so $0 1 $27,039 

0scatatioS $0 so I0 I S366 i $1,333 1$,174 so $0 12,873 
struction Total s o0 s 0 s0 I SO S7,678 I$14,029 I 18,205 I so0 S 129,912 

Caoital Eluipent 0 o0 I so I SO S3,667 I $302 1 $0 I so $0 S3,969 
Other Construction so s0 i so I 0 S 14,802 I$13,249 I S7,522 s0 1 $0 $25,573 
------------------------------- - I-------- ----------- --................. I -----------.........  

Subsurface Excavation SuototaL $240 1 $244 S438 1 $308 1$5,743 I S9,290 $5,000 I s0 SO I S21,263 
Zontingency $0 0 I so I $0 I $1,5-69 3,406 i 12,031 o0 I SO I S7.306 
..nescaLatec SubtotaL 1240 I $244 1 S438 1 $308 $7,312 iS12,696 I 17,C31 s0 so 0 $28,269 
:scatation $0 I 0I s I SO I S366 I $1,333 I 1,174 s0 $0 S2,373 

SUBSURFACE EXCAVATION TOTAL S 1240 1 $244 1 S438 I S308 $7,678 5$14,029 I S8,205 i 0 I S0 1 31,12 i 
3A - CaoitaL Eauimnent - s I0 I SO SO I $0 $3,667 I 1302 I s0 I so0 $3.969 

A - Design & Construction $240 1 $244 1438 I $494 14,802 I$13,249 1 $7,522 so so0 S6,ý89 

,ote: Contingency ,ictoes soeciaL scooe cnange atiowances as fotlows: 
Adwea Contingency 3,000 (420,1548,1032) 

2.  
3.
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>M Nay-89

EXPLORATORY SHAFT FACILITY BUDGET SUPPORT DATA 
(TotaL P'oJect Costs) 

(Thousanrs of FY 1990 DolLars, Year of Ex~enaiture Dollars wnere notea by 1) Spreacsieet: 31-wAY-E; 
:V. 4 Project: 4NWSI 
S.. . .. . . . . . . . . . . . . . . . . . . . . . - - - - - - . .I . .-- - - - - - - - - - -. ..I.- -.-. ..-- - - - - - - - -. .."I ' l l. .-- - -. . . . . . . . . . . . . .. . . . . . . . . . . .

EXPLORATORY SHAFT FACILITY

- .4BS ELEMENT 

6.7. Unoerground Service Systems 

Design 
Title I 
Title II 

Subtotal w/o Contingency 
Contingency 
Oesign Subtotal 
Escalation 
Design Total 
8A * 

Construction 
ES-I Shaft Utilities 
ES-2 Shaft Utilities 
MTL Utilities 
Exploratory Orift Utilities
seconoary Level Utilities 
Life Safety 
Waste Water System 
VentiLilation System 
Compressed Air System 
ES-1 Internals & Conveyances 
ES-2 Internals & Conveyances 

ither (specify) 
:S ALLOCATION] 
Prior Years Stamiary 
Capital Equiipment 

Subtotal w/o Contingency 
Contingency - Capitat Eauioment 
Contingency - Other Construct.  
Construction Suototat 
Escatation 
Construction Total 
BA - Capital Eauiient 
3A - Other Construction * 

JG Service SysteITs SubtotaL 
Contingency 
Unescalated SubtotaL 
Escatation 

JG SERVICE SYSTEMS TOTAL 
SA - Capital Equipyment * 
SA - Design & Construction'

ACtuat Exoencitures i FiscaL Year B0 

Prior * I FY88 1 i 1989 1 i990 !991 1992 I 1993 1 '994 '995 
aSflz i = ,====Zt, I ;=I=Ziz====, Iz=SSSS IS2SzSzS I =z=zzzI ======== ======= = 

xxxxxxxx Ixxx xx xxxxx xx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx I xxxxxxxx Ixxxxxxxxx> 
...----------- ------- --------- ........ - ----. ............... - ..................  

xx)xxXXX I xxxxxxxxxxx xxxxxxxx xlxxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxxxx xxxxxxxx XXXXXXXXX 
$0 S952 s0 so s0$ o03 $so sC o so S952 

$300 $0 S1,801 IS1,993 t sO $o sO so S O S 4,094 
so sO so I So so so sC so I C so 

S300 $952 $1,601 S1,993 I So S0 SO so SO S5,046 
so so so$ $0 I so so sC sC so 

S300 S952 $1,801 S1,993I $ $0 s sC $s S0 S5,C46 
sC $ $1 I so $s $so so so sC so s 

S300 $952 S1,,993 C$0 $SO SO SC SC $5,046 S300 $-S952 S1,801 S2,004 So SO SO. SC SC S5,057 
.................. 

. .. . . .-..................-- ---------------.........  
XXXXxxxxixxxxxxxxxxx xxxxxxxx xxxxxxxxxxxxxxxxlxxxxxxxx I xxxxxxxxlxxxxxxxxlxxxXXXXX XXXXXXXXX) 

so I SO t$0 sC SO I $1,283 1 $458 s C SC I S1,741 
SO SC o $so S31 S1,178 I sC I sC so C so 1 S1,209 
so I sC I Co 1 $0 S538 1 $686 1 S122 I s0 1 SO S1,3.6 
$0 I so $0 I sC SO $734 1 $1,256 i so I 0 s $1,990 
$0s so so $0I $SC 0 so sC $0I SC $S50 
so0 I s $o s so SCO $1,053 sC I sC 1 $0 S1,053 
SoC SO! $0 $217 sC So sC SC !I S 217 
$0s I! SO $ $167 so sC so I 0s $0! $167 
$0s ICt $0S S224 so so I $0s so0 SoC $224 
sC SO! $s! $37 $O S1,477! sC sC! $0! S1,514 
so $I S $0 $37 $983 $1,181 SO $0I I $0 1 12,201 
$0 $I! !so $0! $0s $0 $0I $s $0! $0 

xxxxxxxxixxxxxxxxxxx xxxxxxxxlxxxxxxxxlxxxxxxxxIXXXXXXXX !xxxxx xxXxxxxxxtxxxxXXXXXIXXXXXXXXX) 
$0s $0! SC $0s so sC! soC $0s I 0 s 0 
so I so sC sC tSo so so$0 so $01 $0 

$1,145 I so SO $709 I S324 I $1,590 S S0 I S0 $SO S3,768 
$1,145 so $0 $1,422 I $3,073 I $8,004 I$1,836 1 $0 I so $15,480 

so i sC SC $142! $64 S319 so I $0so I $525 
s0 i so $0 $140 I $509 1 $1,243 $358 1 so I SO I S2,25: 

$1,145 Cso0 SO $1,704 I $3,646 I S9,566 $2,194 i so 50 I $18,255 
so I so $C $0 I $182 S1,004 S366 1 s0 I SO I S1,553 

S1,145 I so SO $I,704 I S3,828 I$10,570 1 $2,560 1 so I so 1 S19,808 
$1,145 I so SO $851 I S407 1 $2,109 1 so I $0 I So 1 $4512 

SO : $ 1 $0 $857 I $3,841 I $7,969 I $2,347 I $0 I s S0 -I . .  
~I -I-----------I--------- -------- -------- -------------------------- ------------------

$1,445 $952 1 $1,801 $3,415 $3,073 I $8,004 $1,836 I $0 s $ 20,5:t 
so IC $s S $22 I S53 $1,562 $358 I so I so I $2,775 

S1,445 I S952 $1,801 $3,697 I $3,646 I $9,566 1 $2,194 I so I SC I $23,301 
$0 $s So SC O $182 I S1,004 I $366 I so I so I $1,553 

S1,445 I $952 $1,801 $3,697 I $3,828 IS10,570 I S2,560 I so I $0 $ 524,854 
$1,145 so SO $851 I $407 1 $2,109 1 0 t I so I SO $4,5112 

$300 $952 $1,801 $2,861 I S3,841 I $7,969 I $2,347 I $0 I SO I $20,071 
======= ===-===1 ! I

4ote: Contingency incLtues special scope change allowances as follows: 
1.  
2.  
3.
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'H-Mav-89

EXPLORATORY SHAFT FACILITY 3UOGET SL;PPORT 0ATA 
'Totat Project Costs) 

(ThouJsancis of FY 1990 Dolkars, fear of Expenciture OoLLars wnere notea ov ") 3preaasneet: :'-WAY.j9 
Project: 4NWSI 

EXPLORATORY SHAFT FACILITY ACtuaL Excenaitures i Fiscat Year 8O 

1--------- ---- ----------- ------ ------------- ------------- Stoa 
WBS ELEMENT Prior * FYBB * 989 1990 1991 1992 '993 '994 i "995 .  

6.8. Operations XXXXXXXXXXXXXXXXXXX IXXXXXXXXIXXXXXXXXXXXXXXXXIXXXXXXXXXXXXXXXX IXXXXXXXX Ixxxxxxxxxxx (xxxxxx 

No........... .. ... .. ... .. .. ...... I.. . . . . . . . .. t . . . . . . . .......... i........ I........ t........ .......-- ------------ IT - - I -XXXXX- XXXXXXXXXXX I XXXXXXXX I XXXXXXXX XXXXXXXXI XXXXXXXXI XXXXXXXX IXXXXXXXX ---- -I -x xxxx -xxxxxx 
F aci li ty Operat ions xOOxvxm !XXXXXXXX)Ox I xxxxxxxxxxxxxxxlx !XXXXXXXXI XXXXXXXXXXXXXXXX txxxxxxxx I xxxxxxxxxx 

S, tsoort so so SO SO S $1,360 11,813 I $1,152 S 11,108 I $5,433 

Service so $0 I so so I S3,145 $2,739 I $2,721 I S2,721 i 111,326 

Utilities so to I o SO $1,231 11,255 I $1,255 I 459 S4,200 
so SO so so so so sol SOI o so so, 

Facility Maintenance XXXXXXXX XXXXXXXXXXX XXXXXXXX JXXXXXXXX !XXXXXXXXXXXXXX IXXXXXXXX I XXXXXXXX I XXXXXXXX I XXXXXXXXXX: 

Surface SO $3 S $0 SO 1,764 S 2,352 $2,076 I$2,076 i $8,271 

Subsurface $0 o so soI SO S1 $222 I $493 I $495 S495 $1,7.5 

Other (specify) XXXXXXXX XXXXXXXXXXX XXXXXXXX1XXXXXXXXIXXXXXXXXIXXXXXXXX XXXXXXXX XXXXXXXX IXXXXXXXX xxxxxxxxx 

IDS Design so $36 $2,218 $2,716 $2,716 $2,100 I $1,400 I $1,400 S700 I $13,286 
IDS Management SO $307 S557 $666 $965 S757 I 1757 I S737 S757 I $5,523 
IDS Proto-Type Testing so SO so $0 so SO $0 I so so so 

rNTS ALLOCATION] $0s I0 s0I $01 I 0 $0o I so I $0 sot s0 
10S Maint/Operations so0 so $0 $2,000 i 12,000 $2,000 I $2,C00 i ;2,C00 $2,000 1 S12,000 o 
Prior Years Summary S602 $0s $01 so I s1 $0 I so I $o 01 s I W02 

Capital Euipment (lIDS) $620 I $0 t $1,493 $4,144 1 S1,160 1 $200 1 S200 I S100 S100 I $8,017 

S'ubtotat w/o Contingency S1,222 S346 $4,268 $9,526 $6,841 1I12,779 1113,009 1511,956 $I10,416 1 $70,363 

Contingency - Capital Equipmnent $0 o$ $ $0 SO I so $I s $0 so SO I s0 
Contingency - Other Operations $0 o$0 s0 so 0 I so I s I $0 I so I $0 

Non-TEC Operations Subtotal $1,222 $346 $4,268 $9,526 $6,841 I$12,779 $13,=09 I$11,956 $I10,416 I $70,363 

Escalation so $0 S0 SI 1.312 i $1,342 I $2,173 1 S2,8341 $3,250 I $9,940 

"*-n-TEC Operations Total " 11,222 I $346 $4,26 $9,526 I $7,183 $514,121 1115,182 I$14,790 1513,666 1 $80,303 

SCapital Equipment $620 I $0 11,493 $4,144 I $1,218 I S221 I S233 I $124 I S131 I $8,184 

SOther Operations $602 I 1346 I $2,286 $6,278 I $6,001 I$13,M3 I$14,930 !$14,642 I$13,535 i $72,393 
2...... ............ = .... = .. .... I ..... 1....+.....'....  

ý,-EC lXXXXXXXX IXXXXXXXXXXX IXXXXXXXX IXXXXXXXX XXXXXXXXIXXXXXXXX X XXXXXX IXXXXXXXX I XXXXXXXX I XXXXXXXXX: 

Facility Operations IxxxxxxX IXXXXXXXXXXX XXXXXXXXIXXXXXXXXIXXXXXXXXIXXXXXXXX IXXXXXX IXX xxxx IXXXXXXXX I XXXXXXXXXX: 

Support $0 I SO 11,171 11,698 I $1,984 $453 I $0 so I S I $55,306 

Service $0 I $0 $0 11,364 1 $3,570 I S1,049 s I SO I $0 I 15,983 

Utilities $0 I $0 S0 $989 I S1,928 I $411 I so I SO 1 $0 1 S3,328 

Facility Maintenance XXXXXXXX IXXXXXXXXXXXIXXXXXXXX XXXXXXXX IXXXXXXXX IXXXXXXXX IXXXXxxUXXXXXXXXxx xxxxxxxxIxxxxxxxxxx: 

Surface $0 I $495 $2,484 1 $2,546 1 $588 I so I $0 I SO 1 $6,113 

Subsurface $01 s0 $01 $20 $297 $74 0 1sI I$0 01 I S391 

Other (specify) IxxxxxxxxIXXXXXXXXXXXIXXXXXXXXIXXXXXXXXIXXXXXXXXIXXXXXXXXiXXXXXXXXIXXXXXXXXIxxxxxxxxixxxxxxxxxx 
:'Is0 $0s $ s 1 $0 I0 $0 I0 so$: so 

Surface Cable InstalL $0 $0 SO so $119 $0 1 s0 I $0 so I0 s i $119 

Subsurface Cable Install so so SO SO $1,100 $1,100 SO ;0 I $0 S $2,200 

CNTS ALLOCATION] $0 $ sO $0 o $0s s0 so $01 $0 I so 
so $0 so so so0 so so so so I so 
SO $0 $01 $0s 0 $01 $01 s01 $0 S o 

Capital Equipiment so $0 $224 1 $1,345 S560 I so I s0 10 1 SO 1 $2,129 

Subtotal w/o Contingency $0 $0 $1,890 $8,019 I$11,985 I S3,675 so$0 I s0 1 So 1 $25,569 

Contingency - Capital Eouiet $0 $0 $45 S269 I S112 I $0 so $0 I $0 I so I $426 

Contingency- Other oerltions s so SO $241 $2201 12201 $1o 10 1 $01 464 

TEC Operations Subtotal so] $0 11,935 18,312 I$12,317 1 $3,895 1 so I 10 I SO I 126.-59 

Escalation so $0 so $0 1 $616 1 $409 1 so I $0 I $0 1 $1,025 

TEC Ooerations Tota'. I10 i 10 S 1,935 I $8,312 I112,933 I $4,304 I $0 I so I $0 I $27,.4 

BA Cacitai Eionulent " ' 269 I $1,614 1 $706 I S2,5!9 

BA -Other Coerations $ I 11,373 I $7,813 1112,301 I $4,265 I S25,72 

4ote: Contingency incluOes soeciat scoPe change aLlowances as follows: 

3.
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Page 1 

3-May-89 

') :ast Estimate 

item Cost TotaL Cost 
. . .. . . . .. . . . . . . . .

"E.g•ineerinq, oesign, ana insoection ........... $3h,485 

2. Zonstruction costs ............................ $107,815 
(a) Site pre aeration ............................ S9,686 
(b) Surface faciLities .......................... $4,267 
C:) First shaft .................................. $5,990 
Cd) Secorc shaft ................................ S4,893 
(e) Subsurface excavation ....................... S18,825 
'f) unrergrouna service systems ................. $12,830 
(C) Construction ooerations ..................... $24,397 
(1) Construction managemen t ..................... %..4,637 
(1) CapitaL eQuaig ent ........................... $22,470 

Subtotal .............................. s$142,300 

3. : ,ntingency ................................... $21,115 

-. mTS a tLocation ................................. $0 

" rtaL Estimatea Cost ................ $163,415

B-59



SAnIC 
Science Applications Infoematlonal Corporationi

•MD:GAF:gjj :M90-4193 
WBS 1.2.5.4 
QA

INTEROFFICE MEMO 

DATE: June 20, 1990 

TO: Ernest Hardin, 517/T-13 
Geotechnical Department 

FROM: Monica Dussman, 517/T-1 7 '• 'k 
Environmental Field Programs 

Department 

SUBJECT: Environmental Cost/Schedule Information for the Calico Hills Study 

The environmental information that you requested consists of costs and 
schedules for preactivity surveys and data collection in the disciplines of 
terrestrial ecosystems and archaeological studies for each of the eight 
strategies (Enclosures 1 and 2, respectively).  

If you have any questions, please call Greg Fasano at 4-7793.  

Enclosures: 
1. Terrestrial Ecosystems Cost 

and Schedule Input 
2. Archaeological Cost and 

Schedule Input 

cc w/encls: 
D. K. Chandler, 517/T-29 
M. M. Dussman, 517/T-14 
G. A. Fasano, 517/T-11 
E. W. McCann, 517/T-I1 
V. J. Rohrer, 517/T-10 

101 Convention Center Dr., Ste. 407, Las Vegas, NV 89109 (702) 794-7000 
Other SAIC Ofices Albuquerque, Ann Atbor, Arlington, Atlanta. Boston. Chicago. Huntsville. La Jolla. Los Angeles. McLean. Orlando. Sonea Barbara. Sunnyvale. and Tucson 
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ENCLOSURE 1

EasG ENERGY MEASUREMENTS 
Las Vegas Area Operations 

EG&G ENERGY MEASUREMENTS. INC.. P 0 BOX 1912. LAS VEGAS, NEVADA 89125 TEL4702) 

-j 
LV90-1494 

June 18, 1990 

Mr. Greg Fasano 
Science Applications 

International Corporation 
101 Convention Center Dr 
Suite 400 
Las Vegas, Nevada 

Dear Greg: 

Below is the unofficial cost and schedule for conducting preactivity surveys to support the 

Calico Hills Study. This cost and schedule estimate is for planning only. If the services of 

EG&G/EM is required an official estimate must come from Dr. H. A. Lamonds' office 

(EG&G/EM Program Manager).  

Two additional concerns impact all of the strategies. Any change from the activities as 

described in the Biological Assessment will require consultation with the Fish and Wildlife 

Service which will include a Biological Assessment. The assessment will require less effort 

than the first one for YMP. However, it will require two weeks to develop and may require 

up to 90 days to receive FWS comments and opinion. Second all works will require training 

on desert tortoise prior to initiation of field work.  

These cost and schedule estimates are based on the following assumptions: 

1. All areas to be impacted will require preactivity surveys. Each area to be disturbed will 

be surveyed and staked 
2. Surveys will be 100% coverage of the disturbed area plus a 100 yard buffer around the 

areas.  
3. Each new road will be surveyed and have a 100 yard buffer on each side of the proposed 

road.  
4. All existing roads are presumed to require no improvements and are cleared for use 

5. Soil samples will be required and soil analysis costs are included in the estimate 

6. Surface-based vertical boreholes will not require a separate survey because they will be 

part of the ESF survey process.  

7. Shafts and associated muck piles within the drift boundary (Strategies 2-6) will not require 

a separate survey because the activity will be part of the ESF survey process.  

8. All Surface-based angle boreholes will be dry drilled and all material will be transported 

to the ESF muck pile 
9. Each surface-based angle borehole will disturb 2.5 acres and no roads will be required 

10. The Prow Pass Test Facility will be comprised of two miles of new road, one 2.5 acre 

drill pad, and one 0.25 acre muck pile.  

11. The Calico Hills Test Area will disturb 45 acres plus 1 mile of new road will be constructed.
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STRATEGY NO. 1, 7, and 8

Surveys will include the Prow Pass Test Facility, three drill pads, and the Calico Hills 
Study Site. Surveys will require six weeks to conduct the surveys, send soil samples for 
analysis, and complete the report ( soil analysis not included).

LABOR 
MATERIAL 

soil analysis

$ 40.0 K 

$ 26.0 K 

$ 66.0 KTOTAL

STRATEGIES 2 - 5

No additional money or schedule will be required for these strategies because the 
surveys will be conducted as part of the ESF preactivity surveys.  

STRATEGY NO. 6 

Surveys will include three drill pads and the Prow Pass Test Facility. About 4 weeks 
will be required to complete the surveys, send the soil samples for analysis, and prepare the 
report ( soil analysis not included)

LABOR 
MATERIAL 

soil analysis

$ 20.0 K 

$ 7.6 K 

$ 27.6 KTOTAL

cc:

B. Kaiser 
M. Dussman
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ENCLOSURE 2

ARCHAEOLOGICAL SURVEY AND DATA RECOVERY COSTS AND SCHEDULES 

FOR THE EIGHT CALICO HILLS STUDY ALTERNATIVES 

Below is the unofficial cost and schedule for conducting archaeology 

preactivity surveys and data recovery associated with the Calico Hills study.  

This cost and schedule estimate is for planning purposes only and does not 

represent a request for budget should the work actually need to be done.  

Enclosed are two types of costs and schedules relative to archaeological 

studies; preactivity surveys and data recovery. Four of the eight Calico 

Hills study strategies pose potential problems associated with the Prow Pass 

Test Facility. The Prow Pass area is fairly rich in archaeological resources 

and represents a significant religious and social value resource area to the 

Native Americans. There are 18 known physical resource sites in the area.  

Because the design specifics of the facility (especially exact location) are 

unknown, a worst-case scenario of costs and schedules for preactivity surveys 

and data recovery, including excavations, has been presented herein. There 

is the potential, however, that any new surveys will uncover additional sites 

that would require additional time and budget to study.  

Because the Prow Pass area represents a significant religious area to Native 

Americans, at a minimum, consultations with these people will be required.  

This could result in a potential redesign of the facility. There are 

regulations that are germane to these topics including the American Indian 

Religious Freedom Act and the National Historic Preservation Act. However, 

the DOE has the final decision as to what should be done regarding the 

outcome of consultations with the Native Americans.  

The cost and schedule estimates are based on the following assumptions: 

1. All surface areas to be directly impacted will require preactivity 

surveys. Each area will be surveyed and staked.

I 
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2. Surveys will be 100 percent coverage of the disturbed area 

(including roads) plus a 200 meter buffer around or adjacent to the 

areas.  

3. All existing roads in good repair are presumed to require no 

improvements.  

4. Disturbances in Drill Hole Wash will be surveyed and studied as part 

of the ESF process (Strategies 1, 6, 7, 8) 

5. Shafts and associated muck piles within the repository perimeter 

boundary (Strategies 2-6) will not require a separate survey because 

they will be part of the ESF survey process.  

6. Each surface-based angle borehole will disturb 2.5 acres and no new 

roads will be required.  

7. The Prow Pass Test Facility will be comprised of two miles of new 

road, one 2.5 acre pad, and one .25 acre muck pile. A complete 

survey for direct and indirect impacts and data recovery on the 18 

known archaeological sites will be conducted.  

8. The Calico Hills Test Area will require limited surveys and data 

recovery since the area has been studied in the past.  

Strategy Nos. 1, 7, and 8 

Surveys will include the Prow Pass Test Facility area, two drill pads (Drill 

Hole Wash will be done as part of ESF process), and the Calico Hills Test 

area. The surveys will require 6 weeks to complete.

2 
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Labor and Materials

Data recovery, including excavations, will be performed in the Prow Pass area 

and will require 6 months to complete.

Labor and Materials

Total

$300.0 k 

$340.0 k

Strategies 2-5

No additional time and budget will be required for these strategies because 

the surveys and potential data recovery will be conducted as part of the ESF 

process.  

Strategy No. 6 

Surveys will include two drill pads and the Prow Pass Test Facility and will 

require 3 weeks to complete.

Labor and Materials

Data 

will

$20.0 k

recovery, including excavations, will be performed in the Prow Pass and 

require 6 months to complete.

Labor and Materials

Total

$300.0 k 

$320.0 k

3 
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INTEROFFICE MEMORANDUM 

Date: 22-Jun-1990 02:30pm PS 

From• • ictor (Vic) Rohrer 
# ROHRERV 

Dept: Project Management 
Tel No: 794-7338 

TO: Ernest (Ernie) Hardin ( HARDINE ) 

CC: Errol Gardiner ( GARDINERE 

Subject: REVISED COST AND SCHEDULE FOR CALICO HILLS STRATEGIES 

Attached are revised cost estimates for the eight (8) Calico Hills 
strategies, as requested in your letter EHL:sjt:M90-026, dated May 30, 
1990.  

This revision incorporates cost and schedule changes for the second 
access for facilities with limited drifting and also incorporates the 
environmental cost, when required.  

Participants from SNL did make contact but elected not to make any 
changes to my estimates.
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CALICO HILLS COST COMPARISON 
TESTING COST

REVISION 2 

22-JUN-1990 TOTAL 
ESTIMATED 

COST
TESTING 

COST

($ in Millions) 

TESTING 
% OF TOTAL

STRATEGY # 1 $215 $59 27.  
REVISION 1 

STRATEGY # 2 $127 $30 23.  

STRATEGY # 3 $75 $22 29.  
REVISION 1 

STRATEGY # 4 $75 $22 29.  
REVISION 1 

STRATEGY # 5 $127 $30 23.  
REVISION 1 

STRATEGY # 6 $26 $18 69.  
REVISION 1 

STRATEGY # 7 $174 $47 27.  
REVISION 1 

STRATEGY # 8 $127 $39 33.  
REVISION 1 

ABOVE COST INCLUDE ENVIRONMENTAL ACTIVITY COST, IF REQUIRED.

2%

9% 

0% 

0% 

9% 

8% 

3% 

1%
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CALICO HILLS - COST AND SCHEDULE 
GUIDANCE AND ASSUMPTIONS 

REVISION 1 

1. LOWEST COST ALTERNATIVES UTILIZED - SHAFTS NOT RAMPS 

2. SHORT PERIOD OF TIME TO COMPLETE THIS ESTIMATE THEREFORE 
BEST ESTIMATES AVAILABLE WERE UTILIZED 

3. MOST CONSTRUCTION COST ESTIMATES BASED ON ESF COST 

4. CONSISTENCY BETWEEN EACH STRATEGY IMPORTANT 

5. ALL COST IN PRESENT VALUE AND NO CONTINGENCY ADDED 

6. OTHER COST AND SCHEDULE VALUES: 

A. 5,000 FT. OF DRIFTING FOR LIMITED FACILITY 

B. 12,000 TO 14,000 FT. OF DRIFTING FOR EXTENDED FACILITY 

C. 1,650 FT. SHAFT DEPTH FOR NEW SHAFTS 

D. 600 FT. SHAFT CONNECTIONS TO ESF MTL 

E. DRIFTING COST AT $2,000 PER FT., 18 FT. PER DAY 

F. SHAFT SINKING AT $3,000 PER FT., 8 FT. PER DAY 

G. TESTING TIME: 3 YEARS FOR EXTENDED FACILITY 
2 YEARS FOR LIMITED FACILITY 

H. A SECOND SHAFT ADDED FOR THE LIMITED DRIFTING TO 
ENSURE PROPER UNDERGROUND AIR SUPPLY 

7. DECOMMISSIONING COST ADDED WITH NO ESF EQUIVALENT 
DECOM. COST BASED ON A PERCENT OF CONSTRUCTION COST 

8. CALICO HILLS STRATEGIES BEGIN AFTER 2 YEARS OF SURFACE 
BASED TESTING IN 1/93 

9. ENVIRONMENTAL COSTS INCLUDED IN THE CALICO HILLS COSTS 
ARE BASED ON THE ASSUMPTIONS ATTACHED
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CALICO HILLS - COST AND SCHEDULE 
ENVIRONMENTAL COST ASSUMPTIONS 

COST ESTIMATES ARE FOR PLANNING PURPOSES ONLY 

TWO ACTIVITIES ARE REQUIRED BEFORE SITE WORK CAN BEGIN: 

1. PREACTIVITY SURVEYS 
2. DATA COLLECTION - ARCHAEOLOGICAL AND TERRESTRIAL 

ECOSYSTEMS 

THE FOLLOWING ASSUMPTIONS APPLY: 

1. All areas to be impacted will require preactivity surveys. Each area to be disturbed will 
be surveyed and staked 

2. Surveys will be 100% coverage of the disturbed area plus a 100 yard buffer around the 
areas.  

3. Each new road will be surveyed and have a 100 yard buffer on each side of the proposed 
road.  

4. All existing roads are presumed to require no improvements and are cleared for use 
5. Soil samples will be required and soil analysis costs are included in the estimate 
6. Surface-based vertical boreholes will not require a separate survey because they will be 

part of the ESF survey process.  
7. Shafts and associated muck piles within the drift boundary (Strategies 2-6) will not require 

a separate survey because the activity will be part of the ESF survey process.  
8. All Surface-based angle boreholes will be dry drilled and all material will be transported 

to the ESF muck pile 
9. Each surface-based angle borehole will disturb 2.5 acres and no roads will be required 
10. The Prow Pass Test Facility will be comprised of two miles of new road, one 2.5 acre 

drill pad, and one 0.25 acre muck pile.  
11. The Calico Hills Test Area will disturb 45 acres plus 1 mile of new road will be constructed.
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INTEROFFICE MEMORANDU

Date: 1 De- 990 08:55am PD 

From: ic) Rohrer 

Dept: Project Management 
Tel No: 794-7338 OR 794-7747 

TO: Ernest (Ernie) Hardin ( HARDINE 

Subject: REVISED COST FOR CALICO HILLS 

Attached are revised cost and schedule sheets for Calico Hills, 
based on the new assumptions identified in your letter dated 
December 10, 1990.  

Cost has increased in four of the eight strategies, but the 
schedule impact is minimum, if testing in Calico Hills remains 
at three years. In strategies # 2 and # 5, testing would be 
completed by 12/98, which still allows about 18 months for 
re-testing or comment review before License Application.  

A revised assumption list is also attached.
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CALICO HILLS - COST AND SCHEDULE 
GUIDANCE AND ASSUMPTIONS 

DECEMBER 14, 1990 REVISION 3 

1. LOWEST COST ALTERNATIVES UTILIZED 
EXCEPT RAMPS ADDED PER ESF ALT NO. 30 

2. SHORT PERIOD OF TIME TO COMPLETE THIS ESTIMATE THEREFORE 
BEST ESTIMATES AVAILABLE WERE UTILIZED 

3. MOST CONSTRUCTION COST ESTIMATES BASED ON ESF COST 

4. CONSISTENCY BETWEEN EACH STRATEGY IMPORTANT 

5. ALL COST IN PRESENT VALUE AND NO CONTINGENCY ADDED 

6. OTHER COST AND SCHEDULE VALUES: 

A. 5,000 FT. OF DRIFTING FOR LIMITED FACILITY 

B. 12,000 TO 14,000 FT. OF DRIFTING FOR EXTENDED FACILITY 
INCREASED TO 19,000 FOR STRATEGY 2 & 5 PER ESF 
ALTERNATIVE 

C. 1,650 FT. SHAFT DEPTH FOR NEW SHAFTS 

D. 600 FT. SHAFT CONNECTIONS TO ESF MTL 

E. DRIFTING COST AT $2,000 PER FT., 18 FT. PER DAY 

F. SHAFT SINKING AT $3,000 PER FT., 8 FT. PER DAY 
RAMP FT. PER DAY MAXIMUM - 55 FT PER DAY BUT DUE TO 
DOWNGRADE AND CURVE, 24 FT AVE USED IN ESF STUDIES.  
IN ADDITION, TESTING AND MAPPING DELAY THE TBM 
PROGRESS.  

G. TESTING TIME: 3 YEARS FOR EXTENDED FACILITY 
2 YEARS FOR LIMITED FACILITY 

H. A SECOND SHAFT ADDED FOR THE LIMITED DRIFTING TO 
ENSURE PROPER UNDERGROUND AIR SUPPLY 

I. RAMPS FOR STRATEGY 2 & 5 ARE: NORTH - 6,000 FT.  
SOUTH - 5,000 FT.  

RAMP COST, INCLUDING TUNNEL BORING MACHINES, ARE 
FROM ESF ALT. STUDY, NO. 30.  

7. DECOMMISSIONING COST ADDED WITH NO ESF EQUIVALENT 
DECOM. COST BASED ON A PERCENT OF CONSTRUCTION COST 

8. CALICO HILLS STRATEGIES BEGIN AFTER 2 YEARS OF SURFACE 
BASED TESTING IN 1/93
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9. ENVIRONMENTAL COSTS INCLUDED IN THE CALICO HILLS COSTS 
ARE BASED ON THE ASSUMPTIONS ATTACHED 

Note: The first shaft for the Calico Hills investigation 
above, is an extention to the second ESF shaft, since 
the second ESF shaft is completed first.
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CALICO HILLS COST COMPARISON 
EXCLUDES DECOMM. COST 

REVISION 3 ADD RAMPS ($ in Millions) 

. 14-DEC-1990 PREVIOUS REVISION 3 
ESTIMATED ESTIMATED COST 

COST COST INCREASE 

STRATEGY # 1 $172 $199 $27 
TESTING COMPLETE 8/97 2/98 

STRATEGY # 2 $92 $141 $49 
TESTING COMPLETE 12/98 12/98 

STRATEGY # 3 $56 $77 $22 
TESTING COMPLETE 5/97 8/97 

STRATEGY # 4 $56 $77 $22 
TESTING COMPLETE 5/97 8/97 

STRATEGY # 5 $92 $141 $49 
TESTING COMPLETE 12/98 12/98 

STRATEGY # 6 $25 $25 $0 
TESTING COMPLETE 8/95 8/95 

STRATEGY # 7 $138 $138 $0 
TESTING COMPLETE 3/97 3/97 

STRATEGY # 8 $103 $103 $0 
TESTING COMPLETE 3/96 3/96 

ABOVE COST INCLUDE ENVIRONMENTAL ACTIVITY COST, IF NOT 
INCLUDED WITH ESF.

SCHEDULE 
IMPACT 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE
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REVISION 3 

S14-DEC-1990

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY

CALICO HILLS COST COMPARISON 
EXCLUDES DECOMM. COST 

ADD RAMPS ($ in Millions) 

PREVIOUS REVISION 3 
ESTIMATED ESTIMATED COST 

COST COST INCREASE 

$172 $199 $27 

$92 $141 $49 

$56 $77 $22 

$56 $77 $22 

$92 $141 $49 

$25 $25 $0 

$138 $138 $0 

$103 $103 $0

ABOVE COST INCLUDE ENVIRONMENTAL 
INCLUDED WITH ESF.

ACTIVITY COST, IF NOT
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REVISION 3 

14-DEC-1990

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY 

STRATEGY

CALICO HILLS COST COMPARISON 
INCLUDES DECOMM. COST 

ADD RAMPS ($ in Millions) 

PREVIOUS REVISION 3 
ESTIMATED ESTIMATED COST 

COST COST INCREASE 

$215 $249 $34 

$127 $211 $84 

$75 $118 $43 

$75 $118 $43 

$127 $211 $84 

$26 $26 $0 

$174 $174 $0 

$127 $127 $0

ABOVE COST INCLUDE ENVIRONMENTAL 
INCLUDED WITH ESF.

ACTIVITY COST, IF NOT
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"REVISION 3 

14-DEC-1990

CALICO HILLS COST COMPARISON 
EXCLUDES DECOMM. COST 

INCLUDES CONTINGENCY 
AT 40% 

ADD RAMPS ($ in Millions)

PREVIOUS 
ESTIMATED 

COST

REVISION 3 
ESTIMATED 

COST
COST 

INCREASE

STRATEGY # 1 

STRATEGY # 2 

STRATEGY # 3 

STRATEGY # 4 

STRATEGY # 5 

STRATEGY # 6 

STRATEGY # 7 

STRATEGY # 8

ABOVE COST INCLUDE ENVIRONMENTAL 
INCLUDED WITH ESF.

ACTIVITY COST, IF NOT
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$241 

$128 

$78 

$78 

$128 

$34 

$193 

$144

$278 

$197 

$108 

$108 

$197 

$34 

$193 

$144

$38 

$69 

$30 

$30 

$69 

$0 

$0 

$0



14-DEC-1990 
REVISION 2 

MAJOR ACTIVITIES 

DESIGN, TITLE I, II, III 

ENVIRONMENTAL SURVEY/DATA RECOVERY 

SITE PREPARATIONS - SE LOCATION 

SITE PREP FOR PROW PASS SITE 

FIRST SHAFT CONSTRUCTION 

SURFACE FACILITIES CONSTRUCTION 

SURFACE BASED TESTING 

UNDERGROUND EXCAVATION 

CALICO HILLS TESTING 

DECOMMISSIONING 

CONFIRMATORY STUDIES 

DESIGN 

RAMP EXTENTION FROM ESF 

UNDERGROUND EXCAVATION 

TESTING PROGRAM 

DECOMMISSIONING

CALICO HILLS 
STRATEGY # 1 

SCHEDULE 

START FINISH 
DUR.  

10/01/91 12/30/96 

05/01/92 12/30/92 
8 

01/02/93 04/15/93 
3.5 

01/02/93 04/30/93 
4 

04/01/93 12/30/93 
9 

04/01/93 12/30/93 
9 

05/01/93 04/30/95 
24 

01/15/94 12/30/95 
23.5 

04/01/94 03/30/97 
36 

01/01/00 06/30/02 
30

04/01/95 

03/01/95 

01/01/96 

09/01/96 

10/01/00

12/30/96 

12/30/95 
10 

02/28/97 
14 

02/28/98 
18 

03/30/04 
42

Testing completed in 1998, in this strategy.  
Six month longer than original Calico Hills eztimate.
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14-DEC-1990 
Cost Elements

Calico Hills Stategy # 1 
Cost Estimate

REVISION 2
($000)

FACILITY OFF THE BLOCK IN THE SE Total 
Cost

Design Cost, Mgt 
and Integation, QA: 

Construction Cost: 
Site Preparation 
Surface Facilities 
First Shaft 
Second Shaft 
Subsurface Excavation 
Underground Services 
Construction Operations 
Construction Management 
Capital Equipment

Construction 
Decommissioning

Subtotal 

Environmental Surveys & Data Recovery 

Testing Program 

Decommissioning 
Capital Equipment

$18,066 
$3,000

Contingency

Total Estimated Cost - Initial Program 

CONFIRMATORY LIMITED FACILITY, INSIDE BLOCK, NE

$70,461 

406 

$30,300 

$21,066 

0 

$149,240

Design Cost, Mgt 
and Integation, QA: C 

D, 
Construction Cost: 

Site Preparation 
Ramp Access from ESF I.  
Shaft Connection to ESF 
Subsurface Excavation 
Underground Services 
Surface Base Test Facilities 
Construction Management 
Construction Operations 
Capital Equipment

onstruction 
ecommissioning 

ncludes TBM

Subtotal 

Testing Program 

Decommissioning 

Contingency

Total Estimated Cost Confirmatory Program
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$13,838 
$13,169

$2,655 
$1,611 
$5,565 
$5,535 

$24,000 
$7,293 
$6,851 
$3,011 

$13, 940

$1,808 
$9,527

0 
$23,000 
$1,831 

$10,000 
$1,823 

0 
$90 

$685 
$860

$38,289 

$11,208 

$14,868

0 

$75, 701



SURFACE BASED FACILITY AT PROW PASS

Design Cost, Mgt 
and Integation, QA:

Construction 
Decommissioning

Construction Cost: 
Site Preparation 
Surface Facilities 
Capital Equip.  
Construction Mgt.  
Operations and Maintenance

Subtotal

Testing Program 

Decommissioning 

Contingency

Total - Prow Pass Program

Grand Total

$24,260 

$249,201
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$2,279 
$460

$1,711 
300 

$417 
324 
720

$3,471 

$17,020 

$1,030

0



, 

12-DEC-19 90

CALICO HILLS STRATEGY # 2 
REVISED COST ESTIMATE 

BASED ON ESF #30 
($000) 

ORIGINAL REVISED 
ESTIMATE ESTIMATE DIFFERENCE

( (
CALICO HILLS STRATEGY # 2 

SCHEDULE

MAJOR ACTIVITIES START

COMPLETION 
DATE CHANGE 

FINISH TO ORIGINAL

DESIGN 

FIRST ENTRY 

ENTRY TESTING 

SECOND ENTRY 

DRIFTING 

TESTING

DECOM

$6, 998 

$10, 565 

$1, 252 

$9, 514

$7, 186 $188

$34,424 $23,858

$1, 317 $65

$34,424 $24,910

$33,009 $34,876 $1,868 

$30,300 $29,291 -$1,009 

$91,639 $141,518 $49,879 

$34,919 $69,959 $35,040 

$126,558 $211,477 $84,919

DESIGN 1/1/93 

SITE PREPARATIONS 1/1/94 

FIRST RAMP (ESF EXTENSION) 8/01/94 

SECOND RAMP (ESF EXTENTION) 10/1/94 

UNDERGROUND EXCAVATION 6/1/95 

CALICO HILLS TESTING 1/1/96

DECOMMISSIONING 10/01/00

12/31/94 
24 

5/30/94 
5 

5/30/95 
10 

9/30/95 
12 

1/30/97 
18 

12/31/98 
36

23 MONTHS 
IMPROVEMENT 

3 MONTHS 
SLIP 

NO CHANGE

9/30/04 
48

Cost increased due primarily to purchase of two tunnel 
boring machines and additional excavation due to use 
of ramps. Drifting excavation increased to 19,000 feet.  
Conventional miner still required to mine corners.  
Decommissioning cost much greater since ramps are over 
three time longer than shafts.  
Testing cost reduced due to reduced support cost 
in the ESF cost study.

This schedule is based. on ESF 
Testing time remains at three 
Two ramps are used instead of 
boring machines.

Alternative study #30.  
years.  
shafts, using two tunnel

This schedule allows sufficient time for NRC review and 
and comments before License Application preparation in 
year 2000.

I 00 
0



14-DEC-1990 

Cost Elements 

Design Cost, Mgt 
and Integation, QA: 

Construction Cost: 
Site Preparation 
Surface Facilities 
Ramp Access from ESF 
Second Shaft 
Subsurface Excavation 
Underground Services 
Construction Operations 
Construction Management 
*Capital Equipment

Calico Hills Stategy # 3 
Cost Estimate 

Summryr.~

REVISION 2

Construction 
Decommissioning 

includes TBM

($000) 
Total 
Cost 

$5,584 
$13,112

$40 
$400 

$23,000 
$2, 177 

$10,000 
$3,176 
$3, 956 
$1,291 
$5,648

Subtotal

Envirionmental Cost 

Testing Program 

Decommissioning 
Capital Equipment

Included with ESF Cost

$24,720 
$3,000

Contingency 

Grand Total Estimated Cost

$49, 688 

0 

$21,600 

$27,720 
0

$117, 704
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14-DEC-1990 
MAJOR ACTIVITIES

k-DESIGN, TITLE I, II 

SITE PREPARATIONS 

RAMP (ESF EXTENTION)

SURFACE FACILITIES CONSTRUCTION 

UNDERGROUND EXCAVATION 

CALICO HILLS TESTING

DECOMMISSIONING

CALICO HILLS 
SCHEDULE 

STRATEGY # 3

START

10/01/93 

05/01/94 

08/01/94 

09/01/94 

06/01/95 

09/01/95

10/01/00

CHANGE

FINISH 

09/01/97

08/31/94 
3 
05/30/95 

10 
02/28/95 

6 
03/30/96 

10 

08/30/97 
24 

01/30/03 
28

FOUR MO.  
SLIP 

THREE MO.  
SLIP 

THREE MO.  
SLIP

8 MO.s ADDED

The schedule allows sufficient time for NRC 
before License Application in year 2000.

review and comments

B-82



Calico Hills Stategy # 4 
Cost Estimate 

Summary 
REVISION 2

Design Cost, Mgt 
and Integation, QA: 

Construction Cost: 
Site Preparation 
Surface Facilities 
Ramp Access from ESF 
Second Shaft 
Subsurface Excavation 
Underground Services 
Construction Operations 
Construction Management 
Capital Equipment

Construction 
Decommissioning

includes TBM

($000) 
Total 
Cost 

$5,584 
$13,112

$40 
$400 

$23,000 
$2,177 

$10,000 
$3,176 
$3,956 
$1,291 
$5,648

Subtotal

Envirionmental Cost Included with ESF Cost

Testing Program

Decommissioning 
Capital Equipment

$24,720 
$3,000

Contingency

$49,688 

0 

$21, 600 

$27,720 
0

Grand Total Estimated Cost $117,704
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14-DEC-1990 
MAJOR ACTIVITIES 

" DESIGN , TITLE I, II 

SITE PREPARATIONS 

RAMP (ESF EXTENTION) 

SURFACE FACILITIES CONSTRUCTION 

UNDERGROUND EXCAVATION

CALICO HILLS TESTING

CALICO HILLS 
SCHEDULE 

STRATEGY # 4

START 

10/01/93 

05/01/94 

08/01/94 

09/01/94 

06/01/95

09/01/95

FINISH 

09/01/97 

08/31/94 
3 
05/30/95 

10 
02/28/95 

6 
03/30/96 

10 

08/30/97 
24

CHANGE 

FOUR MO.  
SLIP 

THREE MO.  
SLIP 

THREE MO.  
SLIP

DECOMMISSIONING 10/01/00 01/30/03 
28

8 MO.s ADDED

The schedule allows sufficient time for NRC 
before License Application in year 2000.

review and comments
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(
12-DEC-1990

(
CALICO HILLS STRATEGY # 5 

REVISED COST ESTIMATE 
BASED ON ESP' #30 

($000) 
ORIGINAL REVISED 
ESTIMATE ESTIMATE DIFFERENCE

(
CALICO HILLS STRATEGY # 5 

SCHEDULE

MAJOR ACTIVITIES START

COMPLETION 
DATE CHANGE 

FINISH TO ORIGINAL

DESIGN

FIRST ENTRY 

ENTRY TESTING 

SECOND ENTRY 

DRIFTING 

TESTING

DECOM

$6, 998 

$10, 565 

$1,252 

$9, 514 

$33, 009

$7,186 $188

$34,424 $23,858

$1, 317 $65

$34,424 $24,910 

$34,876 $1,868

$30,300 $29,291 -$1,009 

$91,639 $141,518 $49,879 

$34,919 $69,959 $35,040 

$126,558 $211,477 $84,919

DESIGN 

SITE PREPARATIONS 

FIRST RAMP (ESF EXTENSION) 

SECOND RAMP (ESF EXTENTION) 

UNDERGROUND EXCAVATION 

CALICO HILLS TESTING

DECOMMISSIONING

1/1/93 12/31/94 
24 

1/1/94 5/30/94 
5 

8/01/94 5/30/95 
10 

10/1/94 9/30/95 23 MONTHS 
12 IMPROVEMENT 

6/1/95 1/30/97 3 MONTHS 
18 SLIP 

1/1/96 12/31/98 NO CHANGE 
36

10/01/00 9/30/04 
48

Cost increased due primarily to purchase of two tunnel 
boring machines and additional excavation due to use 
of ramps. Drifting excavation increased to 19,000 feet.  
Conventional miner still required to mine corners.  
Decommissioning cost much greater since ramps are over 
three time longer than shafts.  
Testing cost reduced due to reduced support cost 
in the ESF cost study.

This schedule is based on ESF 
Testing time remains at three 
Two ramps are used instead of 
boring machines.

Alternative study #30.  
years.  
shafts, using two tunnel

This schedule allows sufficient time for NRC review and 
and comments before License Application preparation in 
year 2000.



14-DEC-1990
REVISION 1

MAJOR ACTIVITIES 

DESIGN, TITLE I, II, III 

ENVIRONMNTL. SURVEY DATA RECOVERY 

SITE PREP FOR PROW PASS SITE 

SITE PREPARATIONS FOR SHAFT 

FIRST SHAFT CONSTRUCTION 

SURFACE FACILITIES CONSTRUCTION 

SURFACE BASED TESTING

SECOND SHAFT CONSTRUCTION 

UNDERGROUND EXCAVATION 

CALICO HILLS UG TESTING

DECOMMISSIONING

CALICO HILLS 
STRATEGY # 7 

SCHEDULE 

START FINISH 
DUR.  

10/01/91 12/30/96 

05/01/92 12/30/92 
8 

01/02/93 04/30/93 
4 

01/02/93 04/15/93 
3.5

04/01/93 

04/01/93 

05/01/93 

08/01/94 

01/15/94

04/01/94 

10/01/00

12/30/93 
9 
12/30/93 

9 
04/30/95 

24 

03/30/95 
8 
12/30/95 

23.5

03/30/97 
36 

03/30/03 
36

No change except Decommissioning time moved out.
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14-DEC-1990 
REVISION 1 

MAJOR ACTIVITIES 

DESIGN, TITLE I, II, III 

ENVIRONMT. SURVEYS/DATA RECOVERY 

SITE PREP FOR PROW PASS SITE 

SITE PREPARATIONS FOR 1ST SHAFT 
Off Block 

FIRST SHAFT CONSTRUCTION 

SURFACE FACILITIES CONSTRUCTION 

SURFACE BASED TESTING 

UNDERGROUND EXCAVATION 

SECOND SHAFT CONSTRUCTION 

CALICO HILLS UG TESTING 

DECOMMISSIONING

CALICO HILLS 
STRATEGY # 8 

SCHEDULE 

START FINISH 
DUR.  

10/01/91 12/30/96 

05/01/92 12/30/92 
8 

01/02/93 04/30/93 
4 

01/02/93 04/15/93 
3.5 

04/01/93 12/30/93 
9 

04/01/93 12/30/93 
9 

05/01/93 04/30/95 
24 

01/02/94 12/30/94 
12 

08/01/94 02/28/95 
6 

04/01/94 03/30/96 
24 

10/01/00 03/30/03 
30

No change except Decommissioning time moved out.
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DOCUMENTATION OF INTERFACE WITH ESF ALTERNATIVES STUDY
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SAI 
Science Applications International Corporation ?BS 1.2.5.2.2 

QA 

May 26, 1990 

Thomas 0. Hunter 
Technical Project Officer 

for Yucca Mountain Project 
ATT. : Al Stevens 
Sandia National Laboratories 
Oraanization 6310 
P.O. Box 5800 
Albuquerque, NM 87185 

INFORMATION REQUESTED AT TASK GROUP COORDINATION MEETING 

.t the May 9, 1990, coordination meeting, the Calico Hills task group 
presented preliminary results including a position pertaining to integration 
cf the alternative Calico Hills characterization strategies, with the options 
under consideration by the exploratory shaft facility (ESF) alternatives 
evaluation. The position was stated as follows: 

"Strategies 1, 3, 5 (or 6) can be accommodated if a shaft or rang 
access in the N-NE part of the block is constructed to support 
extensive exploration in the Calico Hills unit, in conjunction with 
another Calico Hills access outside the block.  

At least 3 different approaches to characterizing the Calico Hills 
unit can be supported in this manner." 

This integration position was based on limited interpretation of preliminary 
test accuracy information ("test likelihood functions") from the Calico Hills 
study. The rationale is that the ESF alternatives evaluation can place less 
emphasis on integration with those Calico Hills strategies that involve 
accesses in the southern part of the block, inside the repository perimeter 
and integrated with ESF openings. This is because the vitric facies of the 
Calico Hills unit (CHn) can be explored outside the block to the southeast, as 
well as inside the block. This position helps to limit the range of 
possibilities that define "flexibility to characterize the Calico Hills unit" 
in the ESF alternatives evaluation.  

The position stated above suggests a way to maintain several different options 
for characterizing the CHn, without requiring an ESF access in the southern 
part of the block. Several points are related for clarity: 

1. It is not recommuended at this time that a N-NE access be constructed 
into the CHn, merely that the portion of such an access serving the 
main test level (MTL) be designed to support future exploration of 
the CHn.  

101 Convention Center Dr., Ste. 407, Las Vegas, NV 89109 (702) 794-7000 
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:honma C. Hunter

2. The scope of exploration that would be supported by a N-NE access to 
the CHn could vary considerably depending on whether a limited or 
extensive facility is recommended by the task group.  

3. This integration position is based on preliminary results and is not 
intended to be used as the basis for defining explicit assessments to 
be made in the ESF alternatives evaluation. Rather, it is 
anticipated that the position will be used in evaluating the 
flexibility of various ESF options for characterizing the CHn.  

A request was made at the coordination meeting for additional detail on the 
nature of exploration and testing in the CIn, and on the services required.  
This letter provides that information consistent with the scope of the Calico 
Hills analysis. The following information items were requested: 

i. Location of Calico Hills Test Area. Underground excavation 
strategies for characterizing the CHn do not limit testing to a 
particular area. The principal objective is exploration, which will 
be accomplished chi'efly by mapping, sampling, and drilling of the 
shaft/ramp and drift walls throughout the excavation. Hydrologic and 
transport testing may be conducted to investigate the characteristics 
of specific features or facies encountered in exploration. To set 
the location for such testing a priori is to pre-suppose much that is 
not currently known about the CHn, such as the significance of faults 
and fractures for water-borne transport.  

2. Length (footage) of Test Drifts in the Calico Hills. This 
information is described in the strategies report' developed by the 
Calico Hills task group. To maintain flexibility, the N-NE 
shaft/ramp access should provide the capability to support 12,000 
feet of drifting in the CHn. The schedule for such drifting, 
relative to construction of the ESF MTL, has not been defined.  

3. Size of underground openings in the Calico Hills. The task group has 
assumted the cross-section of drifts in the CHn to be 12 feet high by 
14 feet wide.  

4. Flexibility for Additional Drifting. The footage given above is an 
upper bound. Scheduling of such development is addressed below.  

S. Utility Requirement in the Calico Hills Test Room. This refers to 
the drill room at the ESF MTL, which would be used in Strategy 6 to 
drill angled, dry boreholes down into the CHn, intersecting the Ghost 
Dance Fault. The depth of these borings would be 400 to 600 feet.  
The drill room would require 75 kW electrical power, 650 to 900 CFM 
compressed air at 110 psi, and 5 gpm, water service.  

6. Number of Persons in the Test Area. As stated above, no test area 
has been identified for Calico Hills testing. The emphasis will be 
on exploration, and tests will be located so as to investigate the 
significance of features or facies encountered. For estimation
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purposes, however, some assumptions have been made concerning 
testing. About 35 scientific personnel would be involved in the 
testing program. The nature of tests that would be conducted has 
been described in a widely distributed memorandum (ELH:sjt:M90-015).  

7. Construction/Operation Schedule. A 7-day, 3-shift schedule would be 
used for construction and operation of exploratory facilities in the 
CHn.  

8. Support Facilities Required. An underground shop sufficient for 
maintenance and minor repair of road headers, LHDs, and other heavy 
equipment will be required in the CHn facility. At the surface, the 

scope of facilities required to support testing and construction 
would be increased by roughly 50 percent.  

9. Schedule for Developing Calico Hills Test Area. Preliminary 

schedules developed by the task group show that for an exploratory 
facility integrated with ESF underground openings, access extension 
into the CHn follows directly on access construction to the ESF MTL.  
Consistency with the U.S. Department of Energy (DOE) Mission Plan 
schedule indicates that drifting in the CHn would be conducted 
concurrently with development of long drifts at the MTL.  

10. Restrictions on Excavation Method. The task group is assuming that 
drifting in the CHn would be performed using a mechanized "road 
header" and that rock bolts and meeh will provide adequate ground 
support. No restrictions have been placed on the method of 
shaft/ramp access construction. Although core photos from boreholes 
at Yucca Mountain indicate that certain strata of the CHn may have 
low competence for excavation (esp. vitric facies), the same photos 
show that competent strata are available. Excavation can be largely 
restricted to these strata without major impact on the utility of 
data obtained. It is expected that the use of steel set.& or similar 
methods of ground support will thus be limited, although not 
eliminated, by selection of strata. Drilling from the underground 
openings would be relied upon to characterize rock quality and 
collect data from less competent zones.  

The number and location of tests was also discussed in the coordination 
meeting. The memorandum cited above states the assumptions used for cost 

estimation by the task group. Further definition of testing requirements 
depends on the results of exploration, which will include mapping and sampling 

during construction. Perched water testing (similar to that planned for the 

ESF) will be performed if necessary. A series of radial boreholes will be 

drilled and tested from the shaft/ramp access, using the ESF radial boreholes 
test as a model.  

Several comments were received in the coordination meeting to the effect that 

a second access, probably a raised bore from the Calico Hills breakout level 

to the ESF MTL or to the surface, would be required by the DOE even for a 
limited facility. This requirement is based on safety and health 
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•-cnsiderations, and interpretation of DOE Order 5480.4 which cites the 

California Mine and Tunnel Safety Orders. There is caution among the 

englneers of the Calico Hills task group as to whether a second access would 

be required under all conditions. Accordingly, we defer specification of such 

an access but will assume, for the purpose of estimating schedule and 

assessing impacts to the site, that a second access will be constructed. For 

the case of a limited facility, the second would probably be constructed near 

the first. To accommodate such an access, a flexible ESF configuration could 

include a drill room. Otherwise, the second access would be constructed to 

the surface, and located in a shaft pillar that could decrease the usable 

repository area.  

As another outcome of the coordination meeting, the Calico Hills alternative 

strategy list distributed in early April may be revised by the task group. In 

the orocess of developing the strategies, the group used certain assumptions 

developed by the ESF alternatives evaluation, including that the general 

boundaries of the repository-ESýF were fixed. However, Strategy No. 5 would 

produce an underground opening that extends from the repository to a shaft 

access outside the repository block. This could effectively extend the 

perimeter of the repository facility. The next scheduled meeting of the task 

group on May 23-24, 1990, will consider whether Strategy No. 5 is consistent 

with this assumption, or should be changed.  

! hope you find this information useful. Please feel free to direct any 

questions to Errol Gardiner at (702) 794-7786 or FTS 544-7786 or Ernest Hardin 

at (702) 794-7617 or FTS 544-7617.  

Shaler 
Assistant Project Manager 
Technical Support 
Technical and Management 

JES:ELH:Sjt:L90-035 Support Services

C-5

--4--



Thomas 0. Hunter

cc: 

D. H. Alexander, HQ (RW-332) FORS 
Scott Van Camp, HQ (EM-221) FORS 
Mike Lugo, Weston, Washington, D.C.  
T. W. Bjerstedt, YMP, NV 
D. C. Dobson, YMP, NV 
J. R. Dyer, YMP, NV 
G. D. Dymmel, YMP, NV 
R. D. Edwards, YMP, NV 
W. A. Girdley, YMP, NV 
R. J. Waters, YMP, NV 
Elisabeth Browne, ADA, Menlo Park, CA 
Hollis Call, ADA, Menlo Park, CA 
Charlie Voss, Golder Assoc., Redmond, WA 
J. B. Robertson, Hydrogeologic Inc., Herndon, VA 
B. M. Crowe, LANL, Las Vegas, NV 
B. C. Schepens, REECo, Las Vegas, NV 
David Wonderly, REECo, Las Vegas, NV 
Scott Sinnock, SNL, Las Vegas, NV 
B. D. Lewis, USGS, Denver, CO 
T. G. Barbour, SAIC, Golden, CO 
W. B. Andrews, SAIC, Las Vegas, NV, 517/7-29 
G. K. Beall, SAIC, Las Vegas, NV, 517/T-36 
I. R. Cottle, SAIC, Las Vegas, NV, 517/T-14 
E. M. Gardiner, SAIC, Las Vegas, NV, 517/T-39 
E. L. Hardin, SAIC, Las Vegas, NV, 517/T-13 
P. J. Karnoski, SAIC, Las Vegas, NV, 517/T-08 
L. B. Lamonica, SAIC, Las Vegas, NV, 517/T-21 
S. R. Mattson, SAIC, Las Vegas, NV, 517/7-13 
R. A. Paige, Harza, Las Vegas, NV, 517/T-13 
V. J. Rohrer, W, Las Vegas, NV, 517//T-23 
M. D. Voegele, SAIC, Las Vegas, NV, 517/T-04
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Scelnce Applicatlons International Corporation 

WNS #1.2.1.2.5 
QA: N/A 

June 20, 1990 

Distribution 

DISTRIBUTION OF MEMORANDUM OF UNDERSTANDING, CCNRACT #DE-AC08-87NVI0576 

The enclosed Interface Memorandum of Understanding (MOU) 630002, Rev. 0, Sheets 
1 through 5, has been accepted and signed by the affected participants, and is 
being distributed for your action or information. Upon conclusion of 
all actions and acceptance by the requestor, the MOU will be closed and 
redistributed for your records.  

If you have any questions, please~contact K. R. Harbert at (702) 794-7637 or rTS 
544-7637, or F. J. Linder at (702) 794-7634 or FTS 544-7634 of my staff.

JMN: FJL:po:L90-034

John H. Nelson, Projece Manager 
Technical and Management 

Support Services

Enclosure 
As Stated 

101 Convention Center Dr., Ste. 407, Las Vegas, NV 89109 (702) 794-7000 

Other SAIC Offices, AlbuQuerque, Ann Arbor. Arlington. Atlanta. Boston. Cncago., Huntv,ille. La Jolla. Los Angel". MCLen. Orflndo. Santa 8arO1rl. Sinnyvli*. and Tucson 
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Carl P. Gertz

cc w/encl: 
R. S. Waters, YMP, NV 
J. A. Roll, W., Las Vegas, NV 
K. G. Beall, SAIC, Las Vegas, NV, 517/T-36 
A. P. Cavazos, SAIC, Las Vegas, NV 517/T-24 
D. K. Chandler, SAIC, Las Vegas, NV, 517/,T-29 
J. M. Davenport, SAIC, Las Vegas, NV, 517/T-36 
M. M. Dussman, SAIC, Las Vegas, NV, 517/T-14 
T. A. Grant, SAIC, Las Vegas, NV, 517/T-13 
Z. L. Hardin, SAIC, Las Vegas, NV, 517/T-13 
R. G. Helms, SAIC, Las Vegas, NV, 517/T-24 
R. D. Hutton, SAIC, Las Vegas, NV, 517/T-24 
D. B. Jorgenson, SAIC, Las Vegas, NV, 517/T-13 
J. L. King, SAIC, Las Vegas, NV, 517/T-03 
F. J. Linder, SAIC, Las Vegas, NV, 517/T-07 
W. V. Macnabb, SAIC, Las Vegas, NV, 517/T-04 
K. W. Moore, SAIC, Las Vegas, NV, 517/r-31 
P. L. Osborne, SAIC, Las Vegas, NV, 517/T-07 
M. W. Pendleton, SAIC, Las Vegas, NV, 517/T-10 
R. S. Saunders, SAIC, Las Vegas, NV, 517/T-24 
J. E. Shaler, SAIC, Las Vegas, NV, 517/T-15 
T. D. Tait, SAIC, Las Vegas, NV, 517/T-40 
J. W. Teak, SAIC, Las Vegas, NV, 517/r-24 
J. E. Therien, SAIC, Las Vegas, NV, 517/T-40 
J. S. Treadwell, SAIC, Las Vegas, NV, 517/T-17 
M. D. Voegele, SAIC, Las Vegas, NV, 517/T-04 
J. D. Waddell, SAIC, Las Vegas, NV, 517/T-21 
J. L. Younker, SAIC, Las Vegas, NV, 517/T-10
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Distribution--Letter dated 6/20/90 

R. V. Barton, YMP, NV 
M. B. Blanchard, YMP, NV 
W. R. Dixon, YMP, NV 
D. C. Dobson, YMP, NV 
G. D. Dymmel, YMP, NV 
D. G. Horton, YMP, NV 
V. F. Iorii, YMP, NV 
C. M. Newbury, YMP, NV 
E. H. Petrie, YMP, NV 
E. L. Wilmot, YMP, NV 
W. A. Wilson, YMP, NV 
R. L. Bullock, FSN, Las Vegas, NV 
R. J. Hilsinger, FSN, Las Vegas, NV 
J. C. Calovini, H&N, Las Vegas, NV 
R. L. Schreiner, H&N, Las Vegas, NV 
R. J. Herbst, LANL, Los Alamos, NM 
J. C. Milligan, LANL, Las Vegas, NV 
L. J. Jardine, LLNL, Livermore, CA 
D. W. Short, LLNL, Livermore, CA 
R. E. Lowder, MACTEC, Las Vegas, NV 
B. R. Gardella, REECo, Las Vegas, NV 
R. F. Pritchett, REECo, Las Vegas, NV 
T. 0. Hunter, SNL, 6310, Alburquerque, NM 
A. R. Morales, SNL, 6311, Alburquerque, NM 
Tony Buono, USGS, Las Vegas, NV 
L. R. Hayes, Lakewood, Las Vegas, NV
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YUCCA MOUNTAIN PROJECT Y.AD-097 

MEMORANDUM OF UNDERSTANDING 
6 Pge O ot._. 4W90 

INTERFACE CONTROL NO. 2 REVISION 4 WBS NO(S). 'QUALITY RELATED 
•.• •,•0 (X(, I \?.•IXYEý. [NO 

3 CI NO(S). 5 REQUESTED BY/ORGANIZATION PREPARED BY/ORGANIZATION 

L. S. Costin/SNL A. W. Dennis/S'NL 

9 SUBJECT: Inclusion of Calico Hills Risk/Benefit Study Results into the 

ESF Alternatives Study 

10 DESCRIPTION: 

Purpose: 

The purpose of this Memorandum of Understanding (MOU) is to identify the 

information that the Calico Hills Risk/Benefit Study group will provide to 

Sandia National Laboratories (SNL) for inclusion in the ESF Alternatives 

Study, the method and schedule for transmission of this information from 

the Calico Hills Study (CHS) to the ESE Alternatives Study (ESF-AS), and 

the procedure the ESF-AS will use to incorporate this information into the 

ESF Alternatives Study.  

1 REASON: Results are needed to complete ESF/Repository Options for the ESF 

Alternatives Study evaluation.

NEED DATE: "' SUPPLER ORC3ANIZAlKlN(5) 
ISee Block 9

14 SIGNATURE AND ORGANIZATION DATE SIGNATURE AND ORGANIZATION 

211-01MS -_ _ _____t____4__9_a 

/TMS

-T 1-T

IT - i

I -lu

K
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Background: 

The Yucca Mountain Project Office has assigned responsibility for forming 

and chairing a working group to implement the Calico Hills Risk/Benefit 

Plan (YMP/90-3) to the Technical and Management Support Services (T&MSS).  

Sandia National Laboratories (SNL) has responsibility for conducting the 
ESF Alternatives Study.  

Scope-of-Work: 

The following is a clarification of the scope of work in the implementation 

plans of the ESF-AS and the Calico Hills studies: 

1. Information that the Calico Hills Study group will provide: 

a. The CHS group will identify one or more preferred strategies for 

characterizing the Calico Hills unit for inclusion in the ESF-AS 

and explain the basis for the preference with respect to the 

factors considered in the CHS.  

b. The CHS group will summarize the basis used to determine the 

selected strategy(s) and if this basis included a risk-benefit 

analysis, as identified in Section 8.3.1.2.2.4.6 of the Site 

Characterization Plan and Section 3.2.1 of the Nuclear Regulatory 

Commission (NRC) Staff's Site Characterization Analysis (applicable 

text from these documents is quoted in Attachment 1). The ESF-AS 

needs this information to estimate the potential for addressing NRC 

concerns with regard to Calico Hills characterization.  

c. The CHS group will provide a description, layout sketch, cost 

estimate, and development schedule for each preferred strategy and 

will identify constraints on the proposed construction method for 

the preferred strategy. The cost and schedule estimates will be as 

consistent as possible with those being developed in the ESF-AS.  

2. Method and schedule for transmission of information: 

a. The CHS group will provide the information identified above, in an 

interface control document, to the ESF-AS (SNL) and to the Project 

Office on or before June 30, 1990.  

b. SNL will confirm whether the information provided by the CHS is a 

sufficient basis for SNL to proceed with incorporating the 

preferred strategy or strategies into the ESF-AS, and will request 

Project Office concurrence, if necessary.  

c. The CHS information will be accepted by the Project Office and any 

revisions provided to SNL by August 31, 1990.  
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3. incor•oration of information provided by the CHS group into the ESF-AS: 

a. in the case where a single strategy is selected for character
ization of the Calico Hills, the ESF-AS group will incorporate that 
strategy into all the ESF-AS options. In the case where multiple 
Calico Hills strategies are selected, the ESF-AS group will 
incorporate one of the selected Calico Hills strategies into each 
of the ESF-AS options (combinations will be made on a "best-fit' 
basis). Incorporation will be by extension of proposed surface-to
underground shafts and/or ramps; identification of new ESF Main 
Test Level (MTL) to Calico Hills Test Level (CHTL) shafts and/or 
ramps; or some other combination of shafts, ramps, and/or drifts to 
establish the ESF MTL to CHTL connection.  

b. The ESF-AS group will develop a description, layout sketch, cost 
estimate, and development schedule and will identify the proposed 
construction method(s) for each of the combined options.  

c. The ESF-AS group will analyze the resulting ESF-repository options, 
rank order them, and select a preferred ESF-repository option in 
accordance with the procedures identified in the Exploratory Shaft 
Facility Alternatives Study Implementation Plan.
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YUCCA MOUNTAIN PROJECT Y-AD-097 

MEMORANDUM OF UNDERSTANDING 4M 

CONTINUATION PAGE 3 Page _.._of 5 
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ATTACHMENT 1 

SITE CHARACTERIZATION PLAN 
VOLUME IV, PART B, CHAPTER 8 

DECEMBER 1988 

8.3.1.2.2.4.6 Activity: Calico Hills test in the exploratory shaft 

facility. The Calico Hills nonwelded unit is expected to be a principal 

barr7er to the flow of ground water and transport of radionuclides.  

Therefore, it is critical to have high confidence in the understanding of 

the unit's hydrologic processes, conditions, and properties, under both 

present and expected future conditions. In particular, it is important to 

understand the effects that fractures and faults have on flow paths and 

travel times, and the conditions under which fracture flow may occur.  

Although the need to characterize-the Calico Hills is apparent, it is 

possible, in some circumstances, that penetration of the unit within the 

repository block for testing purposes could affect the performance of the 

site. For this reason, a test program that would be designed for the 

acquisition of in situ data in the Calico Hills would represent a potenial 

trade-off between the need to acquire data and the need to preserve 

site-oerformance capability. Alternative approaches under consideration 

for the testing include shaft sinking and drifting in the Calico Hills unit 

in the vicinity of the site and various combinations of vertical and angle 

drillholes and underground excavation. Additional discussion of the data 

needs, methods of acquisition, and potential risks is presented in Section 

8.4. A risk/benefit analysis and selection of appropriate test options 

will be prepared before the initiation of testing.  

NRC STAFF SITE CHARACTERIZATION ANALYSIS OF THE DEPARTMENT OF ENERGY'S 

SITE CHARACTERIZATION PLAN, YUCCA MOUNTAIN SITE, NEVADA 

3.2.1 Geohydrology and Pre-Closure Hydrology Programs. "...With respect to 

the sufficiency of field studies and activities to test hypotheses about 

individual features, events and processes, the staff has identified the 

following concerns: (1) Plans to characterize the geohydrologic properties 

of the Calico Hills unit (a nonwelded tuff unit under-lying the repository 

horizon) are not complete. It is currently hypothesized in the SCP that 

groundwater flow through fractures and faults within the the Calico Hills 

nonwelded unit is negligible. As a result, the Calico Hills nonwelded unit 

has been designated the primary natural barrier to groundwater flow and 

radionuclide transport. However, current plans for characterization of the 

Calico Hills unit are limited to surface-based studies (vertical bore

holes). It is acknowledged in the SCP that the surface-based studies will
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provide very limited information about the distribution and flow charac

teristics cf fractures and faults in the Calico Hills unit and thus, are of 

limited use in supporting the hypothesis of negligible flow through faults 

and fractures. Development of in situ testing in the Calico Hills unit as 

part of an exploratory shaft facility is being held in abeyance because of 

a concern that penetration of the unit within the repository block may 

adversely affect the performance of the site. Alternative approaches 

(shaft sinking and drifting in the vicinity of the site and various 

combinations of vertical and angle drillholes and excavations) are being 

considered. Potential tradeoffs between the need to acquire data and the 

need to preserve site-performaance capability are being evaluated by DOE 

with a risk-benefit analysis. Selection of appropriate test options will 

be made, anz consultations with NRC staff held prior to initiating testing.  

Because of tne importance placed on the Calico Hills unit in demonstrating 

compliance with the performance objectives of Part 60, the staff considers 

development and completion of an adequate testing plan for the unit to be a 

significant open item; and..." 

NUCLEAR WASTE POLICY ACT OF 1982 

Section 1i3(c) Restrictions. "(1) The Secretary may ccnduct at any 

canaidate site only such site characterization activities as the Secretary 

considers necessary to provide the data required for evaluation of the 

suitability of such candidate site for an application to be submitted to 

the Commission for a construction authorization for a repository at such 

candidate site, and for compliance with the National Environmental Policy 

Act of 1969 (42 U.S.C. 4321 et seq.)..."
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Science Applications International Corporation.  QA 

June 30, 1990 

M. B. Blanchard, YMP, NV 
T. 0. Hunter, SNL, Albuquerque, NM 

INTERFACE CONTROL INPUT FROM CALICO HILLS RISK/BENEFIT ANALYSIS (CHRBA), TO 
THE EXPLORATORY SHAFT FACILITY (ESF) ALTERNATIVES STUDY 

The following information is provided to Sandia National Laboratories for 
inclusion in the ESF Alternatives Study, in accordance with Memorandum of 
Understanding (MOU) 630002, Rev. 0.  

A. Preferred strategies.  

The CHRBA task group recommends that ESF alternatives be evaluated using 
characterization strategy #2 or #5, as they are described in Attachment 1.  
These strategies involve extensive drifting in the Calico Hills nonwelded 
(CHn) hydrogeologic unit, inside the repository block. Strategies #2 and #5 
differ chiefly with respect to CHn access location. No significant difference 
between these strategies with respect to performance impacts or the accuracy 
of information obtained, has been identified by the task group.  

It is recommended that the ESF be designed to accommodate strategy #2 or #5, 
and that the CHn accesses be constructed as soon as practicable. The CHRBA 
task group has assumed that two proximale accesses would be required. No 
constraints on construction method or type of access (e.g., shaft or ramp), 
because of performance impacts or accuracy of information obtained, have been 
identified by the task group. Once the accesses have been constructed, it is 
anticipated that the extent of exploration and testing will be determined from 
factors including the available information about the CHn unit. Eventually, 
the extent of exploration and testing could reach that which is defined for 
strategies #2 and #5.  

The CHRBA task group finds that among the alternatives considered, strategies 
#2 and #5 will provide the most accurate information about the CHn unit.  
However, the task group also finds that such information is unlikely to alter 
the present expectation that site performance will meet the total system 
performance objective by a wide margin.  

The CHRBA task group also finds that strategies #2 and #5 each would result in 
larger expected impacts on site performance than the other strategies 
considered. However, the expected change in releases of radionuclides from 
the site that is attributable to implementation of either strategy #2 or #5 is 
a minor component of the total releases from the site, and the site is 
expected to meet the total system performance objective by a wide margin.  
These results are based on expected values for performance and the impacts of 
the strategies. (Ongoing sensitivity studies will examine the effects of 
using different percentiles of prior distributions for performance outcomes.) 

101 Convention Center Dr.. Ste 407. Las Vegas. NV 89109 (702) 794-7000 
Otier SAIC Offices Albuquerque Ann Arbor ArfingrOn. Atlanta. Boston Chicago 4u Sn,.Sile .•a Jolla. Los Angeles. McLean Orlanoo Santa Barbara Sorn-are a3- 1cso" 
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B. Basis for selection.  

The overall objective of the CHRBA is to recormmend to the U.S. Department of 
Energy (DOE) a characterization strategy that balances the value of reducing 
uncertainty, and the potential increase of risk associated with CHn 
characterization activities. The CHRBA employs a value-of-information 
approach to model the reduction of uncertainty, and compares this value with 

estimated impacts to the postclosure performance of a geologic disposal 
system at Yucca Mountain.  

Information needs for characterizing the CHn unit were identified by the task 
group using the Site Characterization Plan (SCP) and other sources.  
Alternative conceptual models as identified in the SCP were a factor in 

developing information needs. The task group concluded that all the 
strategies considered in the study, and the baseline SCP program (consisting 
of surface-based testing and testing at the ESF main test level) would address 

each of the information needs identified. However, they would be addressed to 

different degrees by the strategies, resulting in different levels of 

confidence about the contribution of CHn performance to system performance.  

Strategies were composed in a systematic approach that is documented in 
Attachment 1. Alternatives for major features of a Calico Hills characteriza
tion strategy were identified, and combined to form all possible combinations.  

These were screened and categorized, then grouped according to simple 
indications of test utility and potential for waste isolation impacts. The 

possible configurations were used to compose a set of strategies that 

represents each of the groups identified.  

Possible states of the CHn unit were identified for performance estimation.  

Total system performance was judged to be sensitive to hydrologic conditions, 
and four possible flow regimes were identified and defined using numeric 
criteria, as follows: 

Concentrated Fracture Flow. Defined as >1,000 cubic meters/yr moving 
through one or more faults, including associated fracture zones, 
providing pathways through >90% of the CHn unit. The plan area of 
such zones would be on the order of 5% of the repository area, 
requiring an effective flux-concentrating mechanism.  

Distributed Fracture Flow. Defined as >1,000 cubic meters/yr moving 

through fractures distributed over 50% or more of the repository 
area, and providing pathways through >90% of the CHn unit.  

Fast Matrix Flow. Defined as >1,000 cubic meters/yr moving at an 

average velocity of >10 cm/yr along matrix pathways through the CHn.  

Slow Matrix Flow. Defined to include matrix flow and fracture flow 
conditions not described above.  

These conditions represent prevailing conditions over 10,000 yr and may not 
exist at present. It was assumed that any flow condition could be paired with 

one of the regimes, based on which definition fits best. The threshold flow
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rate approximates a quantity of water sufficient to dissolve a volume fraction 
of spent fuel that could result in releases that approach the total system 
objective, as calculated by Sinnock et al. (1987).  

For each flow regime the prior expected probability of occurrence was 
estimated. The probability that each strategy would correctly identify each 
flow regime, given that it exists, was estimated. These "test likelihood 
functions" were used to generate updated probabilities for flow regimes.  

The measure used to assess total system performance was the sum of release 
ratios as defined in 40CFRl9l. The effects of engineered barriers, .flow 
pathways, chemical retardation, matrix diffusion, dispersion, and other 
transport processes were considered in the direct assessments on this measure.  
The cumulative inventory of radionuclides available at the upper CHn contact 
over 10,000 yr. was postulated at different levels, and the inventory to be 
transported through the CHn unit estimated. The constitution of the inventory 
was assumed to consist of a volume fraction of spent fuel, enriched in Tc-99 
to the same activity level as .the most abundant actinide. This was a 
conservative treatment, based on recent laboratory and theoretical work (Apted 
et al., 1990) that uranium oxidation may play an important role in release 
from the waste form. The proportion of actinides and Tc-99 in the released 
inventory remains roughly the same from 1,000 to 10,000 yr, up to theoretical 
release levels at which Tc-99 is depleted from the waste.  

The availability of radionuclides at the top of the CHn unit ("source term") 
was assessed for each flow regime as a cumulative distribution function (cdf).  
The performance of the CHn unit was assessed for each flow regime, for several 
mass-points representing the "source-term" distribution. The performance 
contribution of the saturated zone was addressed as a cdf, on a reduction 
factor applied to the total system performance measure, for any flow regime.  
These assessments describe a performance model that is essentially linear.  

Waste isolation impact was assessed as a factor by which the cdf on site 
performance for any flow regime would be multiplied, given the excavations and 
boreholes associated with each strategy. Thus the greater the impact, the 
"flatter" the cdf on performance for a flow regime. The impact factor was 
also assessed as a cdf. The reference conceptual repository design (SNL, 
1987) was assumed for these assessments.  

A valuation model was constructed for comparative evaluation of different test 
outcomes and strategies. This model assumes that future actions (e.g., 
license application, repository construction and operation) taken on the basis 
of release predictions which are based on test results, may have different 
value than actions based on knowledge of actual releases (if it were 
available). The range of possible releases was defined in intervals: R<0.01, 
0.01<R<0.1, 0.1<R<1.0, and R>1.0, where R is the expected value of the total 
system performance measure. The ranges of predicted and actual releases were 
correlated producing 16 possible outcomes. Each of these was assigned a a 
value, based on consequential costs, by a management panel that was not part 
of the CHRBA task group. The resulting values were combined with assessed 
distributions on site performance, and direct cost, in a probabilistic 
formulation yielding present value of each strategy.
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The valuation model results are preliminary, but are not used as the basis for 
the recommendation. The results show that because of low probabilities for 
outcomes associated with high costs, the value of testing is dominated by the 
direct cost of each strategy. In other words, using this model the "payback" 
from testing has a small dollar value because predicted site performance 
already meets the total system objective by a wide margin, and small changes 
in predictions based on test outcomes are expected. However, the task group 
recognizes that there are additional values that were not considered in the 
valuation model, including subsystem performance objectives (e.g., groundwater 
travel time), evaluation of alternative conceptual models, and the need to 
develop scientific and regulatory consensus on system performance. In 
addition, the task group recognizes technical direction from the Nuclear Waste 
Technical Review Board regarding CHn unit characterization, as well as the 
preliminary recommendation from a recent independent peer review on 
unsaturated zone hydrology studies for the Yucca Mountain Project. Finally, 
the task group acknowledges that the plan for the CHRBA specifies a 
recommendation to the DOE, based chiefly on the tradeoff between test utility 
and performance impact.  

The rationale for the recommendation is therefore based on the following: 
(1) testing in the CHn unit is valuable for reasons not considered in the 
valuation model discussed above; (2) information collected in the near future 
from other activities (e.g., surface-based testing) may indicate a compelling 
need for accurate test results from the CHn unit; (3) strategies #2 and #5 
were judged by the task group to be the most accurate; and (4) waste isolation 
impacts from extensive exploration in the CHn unit are expected to be minor.  

C. Strategy description.  

The description, rationale, and rough layout sketch for all the strategies 
considered are provided in Attachment 1. Cost estimates and schedules for 
strategies #2 and #5 are provided in Attachment 2, which also lists the 
assumptions used to produce these estimates.  
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Questions regarding this interface input may be directed to Ernest L. Hardin 
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Revised 5/29/90 ATTACHMENT 1 

2.4 COMPOSE ALTENATIVE OAAC{) IZATICN STRATEGIES 

NTYE: This report has been revised from the previous 
version dated 4/18/90. Strategy No.'s 1, 2, and 5 
have been changed, and Strategy No. 's 7 and 8 have 
been added in this version. A su~mmry of the changes 
is presented near the end of the text.  

Assumptions and Overview 

In developing the list of strategies, a series of steps was defined. These 
steps included definition of the option space, permuted combinations, 
screened combinations, grouped combinations, selected combinations, and 
development of combinations into strategies. To accomplish this process the 
following guidelines were used: 

"* options should span the space of possibilities 

"* options should be substantially different with 
discriminating features 

"* options should be reasonable 

"* general boundaries of the repository are fixed 

"* ESF to be integrated with the repository 

"* 70,000 MTU capacity for the repository 

"* costs, environmental impacts, socioeconomic impacts, etc.  
will not be considered, but may be considered in the final 
steps in the study methodology 

The following terminology will be used in this discussion. The options space 
is defined by axes which represent ways that options may differ, and are 
called factors. The factors may occupy different states, corresponding to 
different characterization program configurations. The list of possible 
combinations of these factors is referred to as a list of combinations, which 
is screened to become a list of access options. The access options are 
grouped, and representative options chosen from the groups. Representative 
access options are consolidated and modified using rationale, to form 
characterization strategies. Strategies may be augmented with other details 
such as testing requirements, provision for special testing underground, and 
surface-based testing (SBT) in addition to the Site Characterization Plan 
(SCP) SBT program. Once the strategies are identified, additional 
descriptive information such as opening size and construction method may be 
specified, as appropriate, to describe the detailed strategies for 
evaluation.  
Strategies that involve SBT take into account the SCP program plans for 

surface-based investigation of the Calico Hills unit (CHn), and also: 

* Expanded scope of surface-based drilling into the CHn.
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* Surface-based angle-hole drilling.  

* Outcrop studies near Prow Pass, north of the site area.  

* Drilling into the CHn from the ESF main test level.  

* Geophysics, either surface-based or with subsurface borehole 
control, in the site area.  

Analysis of underground excavation considerations resulted in 24 access 
options (Figure 2.4-3) which take into account the following: 

1. Possible areas of exploration; north-northeast, south-southeast, 
west, or central.  

2. Location of the initial penetration into the CHn; whether inside 
or substantially outside of the defined exploration block.  

3. The possible need for an extensive facility to support exploration 
and testing.  

4. Whether or not- access is combined and integrated with the ESF 
underground openings.  

The factors listed above are depicted on the "option space" diagram, Figure 
2.4-1. The SBT vector on the diagram shows that the SBT strategies were 
considered separately from the excavation options until the SBT and the 
excavation strategies were developed. At that point, strategies combining 
SBT and underground excavations were considered.  

The 24 possible combinations were screened, eliminating outside options that 
require ESF integration. The basis for this resides in the initial 
assumptions that the ESF is to be integrated (i.e., shared openings) the 
repository, and that the general boundaries of the facility are fixed. If 
outside openings are constructed which may ultimately be connected with the 
repository, then the boundary of the repository may be extended. This was 
judged not to eliminate any options which would have tended maximize test 
utility or waste isolation.  

An additional screening step eliminated inside options that would not be 
integrated with the ESF. These possibilities were based on the idea that a 
shaft or ramp could be constructed inside the exploration block and never 
integrated with either the ESF or the repository openings. A barrier pillar 
would be maintained, and the repository usable area would be reduced. The 
basis for the idea was that waste isolation performance might be enhanced 
slightly if there were no direct connection from the waste emplacement areas, 
to openings within the CHn natural barrier. However, this concept would also 
require at least one additional opening (and possibly two or more) from the 
surface through the repository block. The possible adverse impact of such 
extra penetrations was judged to offset the possible benefit to waste 
isolation.
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Based on the screening, a matrix of 12 options was developed (Figure 2.4-4).  
Combining like attributes, the options (including SBT) were reduced to nine 
strategies. Each strategy includes the basic SCP characterization program, 
and has a reasonable likelihood of providing the needed information for 
characterization of the CHn, although some strategies are more likely to 
provide this information than others.  

Defining the Option Space for Underground Excavation 

For strategies involving underground excavation, the following were developed 
as the principal factors describing the space of possibilities: 

1) Location of initial penetration into the CHn.  

Penetrations into the CHn may take several forms. A single shaft 
or ramp will be excavated initially. An additional access may be 
constructed to facilitate ventilation and egress. This additional 
access may be constructed in the immediate vicinity of the initial 
access, or may be distant. For this study, the location of the 
initial penetration was judged to be more important than whether 
or where an additional access is constructed. This position 
simplifies the range of options to be considered, and is explained 
in the following paragraphs.  

A additional access could be as simple as a raise bore with 
diameter of a few feet, in the immediate vicinity of the initial 
CHn penetration. The pilot hole drilling and raise boring 
operations could probably be performed dry, and the rockmass 
damage from excavation would be minimal. The impact of such an 
access on test utility or waste isolation, while potentially 
significant, does not warrant explicit consideration in the Calico 
Hills study, unless it is constructed in a different part of the 
site area (i.e., north, west, central, or south).  

Even if penetrations at more than one location are planned, it has 
been assumed in this study that they would not be constructed 
concurrently. It is expect that after construction of the initial 
access, and after roughly two years of SBT as planned in the SCP, 
significantly more will be known about CHn performance. This 
information will support evaluation of the impacts of a second 
penetration. Thus at the present time, the location of the 
initial penetration is more important than that of an additional 
access.  

The term penetration refers to the underground opening through the 
upper limit of the CHn, that might become a transport pathway 
depending on prevailing hydrologic conditions, and the performance 
of other barriers, during the postclosure performance period. The 
location of the surface portal for a ramp is considered 
insignificant relative to that of the CHn penetration.  

The possibilities for primary penetration location were determined 
to be: (1) north, south, or central locations inside the 
exploration block; and (2) northeast, west, or southeast locations
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outside the block. The basis for using the exploration block, and 
the rationale for the location possibilities listed above, are 
discussed further below.  

2) Limited vs. extensive facility.  

Access to significant features of the CHn unit from underground 
openings in the site area, is chiefly limited by the extent of 
excavation. More extensive drifting within or in the immediate 
vicinity of the repository block, could increase the potential for 
adverse impacts to waste isolation. Alternatively, extensive 
drifting outside the repository block could provide information 
needed for site characterization (possibly in conjunction with 
surface-based or ESF activities), while substantially limiting 
adverse impacts. To examine this tradeoff, the extent of drifting 
in the CHn was included as an explicit factor in the study. The 
number of accesses was not considered as an explicit factor as 
discussed below.  

Mining regulations (e.g. 30 CFR 57) give general requirements for 
worker health and safety. The mining engineers on the task group 
stated that althoiugh rigid rules do not exist, exploratory 
drifting would be limited by a single access. For the case of a 
shaft, drifting might be limited to roughly 2,000 feet in any 
direction because of ventilation, egress, and other concerns. For 
a ramp, the length of the access would be on the order of 6,000 to 
8,000 feet, leaving only a few thousand feet at the objective 
horizon before access was curtailed. A single-access facility 
would thus be restricted to exploration of features within a 
limited distant of the access.  

The task group considered that scientific testing would be 
required in an underground facility in the CHn. As a minimum, 
sampling and geologic mapping would be conducted throughout the 
facility. Exploratory drilling or drifting would be relied upon 
to characterize local variation in stratigraphy, the extent of a 
discontinuity, or for testing of a hydrologic feature. The 
simplest hydrologic tests would involve borehole stress tests and 
instrumented monitoring activities. The task group was in general 
agreement that such testing would require at least 20 scientific 
personnel to work underground at the same time, and that the 
facility would be what the engineers referred to as "operational." 

Thus a single access facility would be limited to exploratory 
excavation and drilling, with restrictions on the extent of 
drifting and scope of testing. A second access would be needed 
to support major testing, and would also permit more extensive 
exploratory drifting, regardless of the location of the second 
access with respect to the initial access. An additional access 
constructed by raise boring or comparable methods in the immediate 
vicinity of the initial access was ignored in development of 
options. However, haulage and service requirements on such an 
access could be determined from the extent of drifting that was 
associated with each option.
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Finally, the relationship of extensive drifting to access 
locations was considered. Targets for extensive drifting within 
the block were identified as: lateral facies transition in the 
central part of the site, Ghost Dance Fault, Solitario Canyon 
Fault, Drillhole Wash, and bounding structures to the east or 
southeast. It was determined that roughly 12,000 lineal feet of 
drifting could reach substantially all of these features from an 
inside access, and that a similar scope of drifting would be 
adequate to explore all of the features accessible from an outside 
access. The specific layout for drifting, and the locations where 
features would be intercepted, were not defined.  

3) Connection/integration with the ESF vs. no connection/integration 

This factor represents a possible major design feature of the ESF, 
and thus of the repository, and was treated explicitly in the 
Calico Hills study. An access for CHn exploration inside the 
exploration block could be integrated with an ESF shaft or ramp, 
and would share surface facilities as well. In principle, a shaft 
or ramp for access to the CHn could also be constructed inside the 
exploration block, but with no connection to the ESF. This 
possibility is discussed further in the description of screening.  

4) Provision for special area for "aggressive testing." 

Some task group members maintained that flexibility to perform 
large-scale hydrologic or transport experiments in the CHn was an 
important factor. This could be accomplished in either of two 
ways: (1) by providing access to features of interest well outside 
the exploration block (more flexibility); or (2) by providing 
information as the basis for evaluating whether it is reasonable 
to perform such testing within the exploration block. The latter 
approach was implemented in the development of options rather than 
the former, to limit the number of options considered and because 
the approach to "aggressive testing" was judged to be much less 
important than the extent of exploration, for evaluating the test 
utility of alternative strategies.  

The exploration block that is outlined in the map provided as Figure 2.4-2, 
was chosen to define the location aspect of strategies. In general, 
penetrations inside this area have a stronger possibility of lying along 
potential pathways for radionuclide transport than those outside.  
Penetrations more than about 2,000 feet from the exploration block in the 
unsaturated zone are unlikely to lie along such pathways unless the 
repository is expanded, or there is strong lateral diversion between the 
respository and the water table. The exploration block (Figure 2.4-2) was 
used in lieu of the conceptual repository perimeter (SCP Conceptual Design 
Report) to accommodate limited future expansion. A distance of 2,000 feet 
extends well into or beyond the structures which bound the exploration block 
and may drain diverted or perched groundwater. In addition, the boundary of 
the exploration block is more uniformaly closer to these bounding structures 
than the conceptual repository perimeter. In the absence of more concrete 
knowledge of lateral diversion and respository expansion, the exploration
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block boundary was adopted.  

Defining the Option Space: Rationale for Location Factor 

In developing strategies, locations outside of the exploration block were 
considered to be distinct from inside locations, i.e., inside and outside 
penetrations were considered to be separated by at least 2,000 feet. It was 
assumed that the utility of outside locations can be considered in terms of 
the location of the initial penetration (defining what part of the site will 
be most intensively explored early in the site characterization program), and 
whether extensive drifting is incorporated.  

The term test utility is used throughout this discussion to refer principally 
to the location and extent of sampling that is afforded by an option or 
strategy. Options that involve miles of drifting have inherent test utility 
advantages over limited options. In general, the same types of tests would 
be performed in both types of facilities, but the more extensive coverage 
would produce greater test utility. In the extensive options, more testing 
could be located at features of interest noted from exploration. The extent 
of coverage inside vs. outside the exploration block could also affect test 
utility.  

Outside locations were further restricted by considering conditions in the 
CHn that are desirable for explotation and testing. Foremost is the height 
of the basal vitrophyre of the Topopah Spring Member above the water table.  
This should be at least 100 m feet to allow for roughly 40 m feet of 
nonwelded Topopah Spring Member below the vitrophyre, and roughly 50 m feet 
of capillary fringe. This condition was considered by examining the USGS 
cross- sections (Scott and Bonk, 1984). Cross section D-D' shows that 
adequate conditions probably do not extend beyond Teacup Wash to the 
northeast. Cross-section B-B' shows that adequate conditions are 
increasingly unlikely to the east of the SE portion of Drillhole Wash.  
Cross-section C-C' shows that adequate conditions are found over a relatively 
large E-W extent, south of the exploration block. Finally, cross-section A-A' 
shows that adequate conditions probably exist under Jet Ridge. The water 
table altitude in borehole USW H-6 on the eastern flank of Jet Ridge is less 
than I m higher that in H-5 on Yucca Crest (SCP Figure 3-28). Extrapolating 
conditions about 3,000 feet south of cross-section A-A', conditions are 
probably adequate despite downfaulting.  

The following generalized outside locations were developed: (1) west of the 
exploration block and the Solitario Canyon Fault, under the south-central 
portion of the eastern flank of Jet Ridge; (2) northeast of the block, 
extending to Teacup Wash; and (3) south of the block in a broad area east of 
the Solitario Canyon Fault and under the eastern flank of Yucca Mountain.  

Underground Excavation Access Possibilities: Screening 

Given the option space and possibilities, a set of combinations was developed 
and screened. Based on the discussion of factors above, there were six 
possible locations, two possible definitions for extent, and two possible 
states for ESF connection/integration. The resulting 24 combinations are 
indicated in Figure 2.4-3.
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The process of screening the 24 options began with identification of one as a 
baseline case that is understood by the experts and interested parties, and 
which may be used for relative treatment of scoring results in later parts of 
the study. The baseline option for the Calico Hills study was the original 
CDSCP proposal to extend shaft ES-I into the upper part of the unit at the 
Coyote Wash location (northeast, option #3 on Figure 2.4-3). Exploratory 
drilling, limited drifting, mapping, and sampling were conceptually planned.  
Hydrologic testing concepts were proposed, which would be adapted to the 
specific features observed.  

A number of combinations were eliminated by observing that for outside 
options, integration between the ESF and the initial CHn penetration is 
infeasible. This is consistent with the assumptions used to develop options, 
including that the boundaries of the repository are fixed. various ramp 
accesses to the ESF have been proposed which would include portal more than 
2,000 feet outside the exploration block, but these would not be readily 
usable for outside CHn penetration locations. These screening steps reduced 
the 24 options to 18.  

A further simplification resulted from considering only those inside CHn 
options with ESF connection/integration. In principle, a shaft or ramp could 
be constructed inside the exploration block and never connected with ESF/ 
repository openings. A barrier pillar would be maintained, and the 
repository usable area would be reduced. The basis for the idea is that 
waste isolation performance could be enhanced slightly if there were no 
direct connection from the waste emplacement areas, to openings within the 
CHn natural barrier. However, this concept would also require at least one 
additional penetration (and possibly two or more) from the surface through 
the repository block. The potential adverse impact of such extra 
penetrations was judged to offset the possible benefit to waste isolation.  
This screening step further reduced the number of underground excavation 
options to 12.  

The grouping process began with a discussion of hypotheses about what would 
be the most important factors in scoring, i.e., how would different options 
score on waste isolation and test utility. The most important of these ideas 
should be tested in the evaluation process, by assessing options that 
represent the range of alternatives. The ideas discussed included: (1) 
whether north/central/south location, inside/outside, and limited/extensive 
are significant choices with respect to waste isolation and test utility; and 
(2) whether the options that appear to provide best waste isolation or best 
test utility are significantly better than medial combinations combining 
both. To identify options which define the alternatives for testing these 
ideas, seven subsets of combinations were formed as noted on Figure 2.4-4.  
The task group then considered which groups are associated with greatest/ 
least potential impacts to waste isolation and test utility. The results are 
as follows:
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Potential Least 
Adverse 
Impact: 

Greatest

Waste Test 
Isolation Utility 

group 5 union of 

groups 2, 4 

group 2 group 5

The rationale for these assignments is straightforward. Potential adverse 
impacts to waste isolation are least for outside, limited facility options, 
and greatest for inside options involving extensive drifting. Potential 
adverse impacts to test utility are least for options involving extensive 
drifting, especially those inside the exploration block, but also those 
located outside. A check was done to confirm that ignoring the distinction 
of group 2 as producing greatest potential adverse impacts to waste isolation 
does not fail to include any option with potentially high test utility.  

Underground Excavation Strategies 

Composition of characterization strategies from options took into account the 
following objectives: (1) limit the number of assessments required of the 
expert panel in the scoring part of the study, (2) choose strategies that 
represent the range of possible options, and (3) consider factors such as 
phasing of different access options, which could not easily have beed 
addressed in the foregoing process. The option grouping results were relied 
upon, and an intuitive process was also used to identify representative 
options from within the groups, and to determine whether the strategy list 
adequately represents the tradeoff between waste isolation and test utility.  

Several members of the task group produced lists of strategies for 
consideration, and these are compiled in Figure 2.4-5. Discussion of these 
lists developed the following positions: (1) the strategies should be 
selected for clear comparison of possible answers to the questions posed as 
grouping hypotheses; (2) explicit use of phasing to combine access 
configurations tends to reduce the clarity of the comparisons; and (3) 
definition of access location is necessary for the results to be used as 
ESF design input (i.e., strategies which give only a selection of possible 
alternative access locations have less value as design input).  

The discussion resulted in the underground excavation strategies described in 
the list at the end of this section. The rationale for these strategies is 
as follows: 

Strategy No. 1 (Outside, southeast, 2 accesses, extended drifting, no ESF 
connection, w/ additional SBT; in addition another facility 
inside, northeast, integrated w/ the ESF) This strategy 
represents a way to achieve high test utility while limiting 
impacts to the rock mass along likely transport pathways.  
The major facility would be located outside the block where 
there would be relatively fewer constraints on facility 
design (e.g. repository design control) or testing. The
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Strategy No. 2 

Strategy No. 3 

Strategy No. 4

facility would be designed to support support extensive 
drifting, and testing as appropriate, in the area of the 
facies transition in the CHn. Drifts would be constructed 
to explore a portion of the imbricate normal fault zone, and 
the southern extension of the Ghost Dance Fault. The 
influence of facies on the hydrologic importance of 
structure would be investigated. A SBT program in addition 
to the SCP program would be conducted, including a Prow Pass 
facility, several angle boreholes, and deepening of two 
planned boreholes (these are discussed in more detail for 
Strategy No. 6). The outside facility could be constructed 
first (although not necessarily) along with the incremental 
SBT. The limited NE facility could then be confirmatory, 
and its design could be based on preliminary information 
from the other facilities and on early results from the SCP 
SBT program. In short, this Strategy would maximize 
information about the CHn unit while limiting direct 
excavation within the exploration block.  

(Inside, 2 accesses in the south, extended drifting, 
integrated w/ the ESF) This strategy maximizes test 
utility and data representativeness, and would also produce 
the greatest potential impacts on waste isolation.  
Approximately 12,000 feet of drifting would be supported, to 
provide access to major features including the Solitario 
Canyon Fault, Ghost Dance Fault, Drill Hole Wash, imbricate 
normal fault zone to the east, and the vitric-zeolitic 
facies transition.  

(Inside, northeast, limited facility, integrated w/ the ESF) 
This is the baseline strategy, corresponding to the CDSCP 
program. It is the most widely known and understood 
configuration for a CHn characterization facility. It can 
be used as the reference basis for relative comparisons 
among strategies, particularly with regard to test utility, 
and will also be used to evaluate whether north vs. south 
location is an important factor for limited facilities.  
This strategy would provide access to several major 
features, including Drill Hole Wash, Ghost Dance Fault, and 
the imbricate normal fault zone to the east, while limiting 
drifting to about 5,000 lineal feet.  

(Inside, south, limited facility, integrated w/ the ESF) 
Some of the options under consideration in the ongoing ESF 
alternative configurations study, involve shaft or ramp 
accesses to the ESF in the southern part of the exploration 
block. The unsaturated zone is thicker there, and the 
Calico Hills lithology is mostly vitric, so the waste 
isolation impact may be reduced relative to the baseline 
Strategy No. 3. However, access to major features would be 
limited to the Solitario Canyon Fault zone in the southern 
part of the exploration block.
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Strategy No. 5 

Strategy No. 7 

Strategy No. 8

(Inside, 2 accesses in the northeast, extended drifting, 
integrated w/ the ESF) This strategy is similar to No. 2, 
except the accesses would be in the northeast part of the 
block rather than the south. The drifting and testing would 
be virtually the same for No.'s 2 and 5. Tradeoff between 
waste isolation and test utility will be evaluated for 
northeast vs. south access location. The combination of 
No.'s 2 and 5 ensures that at least one alternative 
representing high test utility, can be integrated with the 
ESF accesses wherever they are sited.  

(Outside, southeast, extensive drifting, no ESF connection, 
w/ additional SBT) This alternative is similar to No. 1, 
but without the limited facility inside the northeast part 
of the block. This strategy would thus maximize the 
information on both vitric and zeolitic facies, without 
direct excavation in the block. Similar to Strategy No. 1, 
the extensive outside facility would support exploration and 
testing as appropriate, in an area that includes the facies 
transition and known faulting. This strategy is included in 
addition to No. 1 to examine the relative significance of 
the limited, inside facility to the northeast. The results 
of evaluating both strategies can be considered together to 
represent the benefits of phasing the outside and inside 
facilities.  

(Outside, southeast, limited facility, no ESF connection, w/ 
additional SBT) Because of the scope and location, this 
alternative would minimize potential adverse impacts to 
waste isolation, and represents the "Least Potential Impact" 
set identified in the grouping process. In addition, this 
option includes the incremental SBT in addition to the SCP 
program, which increases the overall test utility. The 
excavation would explore the southern extension of the Ghost 
Dance Fault.

In surm•ary, the strategies discussed above (Strategy No.'s 1 through 5, and 
No.'s 7 and 8) provide good representation of the groups identified in the 
previous section as having least potential adverse impacts to waste isolation 
and test utility that were identified in the previous section. Strategy No.  
8 represents least potential adverse impacts to waste isolation (for 
alternatives involving direct excavation in the CHn). Strategy No. 7 is 
similar to No. 8 but provides for an extensive outside facility, and thus 
exchanges aspects potentially favorable to waste isolation, for increased 
test utility. Strategy No. 4 represents the intermediate group but retains 
aspects potentially favorable to waste isolation, and is intended to test the 
importance of north vs. south location for inside facilities such as the 
baseline configuration. Strategy No.'s 2 and 5 represent most favorable test 
utility. Strategy No. 1 combines aspects potentially favorable to both waste 
isolation and test utility. Access to the facies transition is an important 
test utility attribute for Strategy No. 1, and potential waste isolation 
impacts associated with being downdip from waste emplacement areas would be 
mitigated because of separation distance and intervening structures. The 
CDSCP strategy for direct excavation in the CHn (Strategy No. 3) is
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incorporated so that comparison among the strategies can be based on a well 
known configuration, and performance evaluations from the literature which 
use the baseline configuration can be used more directly in the assessments 
for this study.  

The central and west locations for inside and outside facilities, 
respectively, were not included in the strategies list for the following 
reasons. The west location would require extensive development of support 
facilities such as roads and utilities, and was judged unlikely to provide 
more information, nor present different potential impacts to waste isolation, 
than Strategy No. 1. Central locations were eliminated because although they 
could provide access to the facies transition with a limited facility, and do 
so within the exploration block where test utility is highest, they would 
tend to produce the greatest constraints on repository layout and the ESF.  
Central locations could produce the greatest impact on repository usable 
area, and were judged to be no more favorable than Strategy No•'s 1, 3, or 7 
with respect to either waste isolation or test utility.  

Other assumptions were also developed by the task group. The possibility 
that ramps would be used to access the CHn was discussed, and a position was 
reached that for outside accesses, and probably for inside accesses, shafts 
would involve far less excavation, and there is no obvious difference in 
waste isolation impact or test utility effect. Mining in the CHn would 
probably be done by mechanized miner, which could be transported in a modest 
shaft. Also, some assumption on the plugging/sealing of mined openings is 
needed to assess the postclosure performance implications of the alternative 
strategies. The approach to backfilling, plugging, and sealing is addressed 
in Sections 2.5 and 2.6.  

The number of penetrations through recognized fault zones, associated with 
each strategy, was discussed both with respect to data representativeness and 
assessment of potential adverse impacts. Accordingly, it was assumed for 
limited excavation Strategy No.'s 3, 4, and 8, that each targeted structure 
would be penetrated at two different (nearby) locations. Extensive 
excavation Strategy No.'s 2, 5, and 7 would also penetrate each targeted 
structure at two locations, except for the Ghost Dance Fault which would be 
penetrated at three locations. In addition, Strategy No.'s 1, 7, and 8 would 
be located outside the block to the southeast, where multiple faults are 
inferred from mapping by Scott and Bonk (1984). Accordingly, the extent of 
fault penetrations is likely to be increased by a factor of two, with 
allowance for the magnitude of the faults which may be encountered, and the 
uncertainty inherent to surface indications of faulting.  

Testing Underground 

Underground excavation access strategies considered above do not limit 
testing to a particular area. The principal objective is exploration, which 
would be accomplished chiefly by mapping, sampling, and exploratory drilling 
of shaft/ramp and drift walls throughout the excavation.  

The extent of exploratory drilling from the underground openings was assumed 
for the purpose of assessing test utility and potential waste isolation 
impact. Drilling would be limited, on average over the entire Calico Hills 
facility, such that all the boreholes drilled from each 100 m of drift would
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have aggregated length sufficient to penetrate the entire CHn (unsaturated) 
thickness at that location.  

The scope of underground testing was discussed by the task group, and for a 
limited facility (up to 5,000 feet of drifting) would include: (1) prelimi
nary, dry-drilled coreholes ahead of the penetration to explore rock 
conditions; (2) geologic mapping of all underground openings by photogram
metric means; (3) sampling throughout the facility and in the muck-pile for 
matrix hydrologic tests, hydrochemistry studies, etc.; (4) perched water test 
as required; (5) a series of radial boreholes tests conducted from the 
penetration, involving about a total of about 2,000 feet of dry drilling; and 
(6) testing for hydrologic and transport properties of faults, as described 
in Consultation Draft SCP Section 8.3.1.2.2.4.6. For extensive facilities 
(up to 12,000 feet of drifting) it was also assumed that two major hydrologic 
tests would be performed. For the purpose of assessing test utility and 
potential waste isolation impact, these tests were assumed to provide 
information on variation of hydrologic properties and processes with scale, 
validation of models for flow and transport, and monitoring of in situ 
conditions. In this respect, major underground tests in the Calico Hills 
unit would be similar to the bulk permeability and infiltration tests planned 
for the ESF MTL, and the suite of borehole stemming and monitoring tests 
performed for the prototype testing program in G-tunnel on the Nevada Test 
Site.  

Surface-Based Testing Strategy 

A strategy was developed which would involve SBT, and also drilling from the 
main test level (MTL) of the ESF, in addition to the baseline SCP 
characterization program. No underground excavations would be constructed in 
the CHn, except for a shallow adit into the CHn outcrop near Prow Pass. It 
was the consensus of the task group that the possible waste isolation impact 
from dry drilling, geophysics, and outcrop studies was so insignificant, that 
a single comprehensive surface-based testing strategy should be developed for 
comparison to the other strategies (which involve excavation in the CHn).  
That strategy is discussed below.  

The task group recognized that the feasibility of drilling applications such 
as angle-holes, or drilling from the MTL, is strongly affected by whether dry 
drilling is required, or fluid controls are removed from drilling activities.  
The possibility for two SBT-only strategies, one "dry" and one permitting "wet" drilling with mud, air-mist, or alternatives, was considered. As 
pointed out in Section 2.3, the test utility of drillholes is limited 
compared to direct excavation. Test utility would be further reduced by 
contamination of samples and the borehole environment by fluid. waste 
isolation implications could also be associated with the introduction of 
large amounts of water or other materials into the natural barriers.  
Accordingly, the "wet" SBT-only strategy was rejected.  

The SBT strategy can also be described as a drilling-only strategy, combined 
with a special test facility near Prow Pass. Task group members assigned to 
consider this strategy found that the SCP-basis characterization program 
already contains extensive surface-based, vertical, dry-drilling. Angle-hole 
drilling is called out in the SCP as a possibility in the second phase of the 
systematic drilling program (Study 8.3.1.4.3.1). Angle-hole drilling from
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the surface should be included in the SBT strategy, particularly for 
characterizing the Solitario Canyon Fault, the Ghost Dance Fault, and the 
Drill Hole Wash structure, in the zeolitic and vitric facies. Accordingly, 
at least three such boreholes would be included in Strategy No. 6, located in 
Solitario Canyon, in the vicinity of Drill Hole Wash, and near the Ghost 
Dance Fault to the southeast. In addition, the SBT strategy includes 
deepening of the planned multipurpose boreholes near the exploratory shafts, 
to the water table.  

within the ESF, drillholes from the MTL down to the water table are included.  
One such hole would be vertical, located near the exploratory shaft. Another 
hole would extend from the MTL west of the Ghost Dance Fault, and intersect 
the fault at depth. Some flexibility as to the location of these holes, and 
possible additional holes of this type, is inferred. Thus the strategy could 
be carried out with any of the possible ESF configurations under 
consideration in the ESF alternatives study.  

The SBT strategy also includes a testing program at an outcrop of the 
tuffaceous beds of the Calico Hills, plus underlying strata, north of the 
site area near the physiographic feature known as Prow Pass. Although the 
lithostratigraphic units comprising the CHn at the site are exposed here, 
lithologic conditions may not be exactly representative of zeolitized CHn in 
the site area. A testing facility would be constructed to support outcrop 
studies, open-cast excavation of structural features, and a shallow adit with 
a test alcove for drilling a pattern of exploratory boreholes and conducting 
hydrologic and transport tests.  

The SBT strategy does not explicitly rely on geophysical methods beyond the 
planned feasibility tests (RE: DOE/YMP-90-38, in review) and characterization 
tests. The use of seismic and geoelectric methods to investigate 
faulting/fracturing and alteration/moisture content, respectively, in the 
CHn is potentially feasible. However, such concerns as sensitivity and 
repeatability of these methods, and the validity of correlation between 
geophysical properties and characterization parameters, have not been 
resolved. Implicit in the SBT strategy, is the effort to establish the 
validity of these methods and apply them using the planned boreholes at the 
site, if appropriate.  

Combined SBT and Excavation in the Calico Hills Unit 

Another application of additional SBT is to augment an excavation strategy 
that does not involve extensive drifting, or drifting within the exploration 
block. Such an application of SBT tends to extend the test utility of the 
excavation strategy, without much increase in potential waste isolation 
impact. Although additional SBT could be added to any excavation strategy, 
relatively little would be gained in this study by combining SBT with 
Strategies 2, 3, or 5. Strategy No.'s 2 and 5 involve extended drifting that 
will investigate the zeolitic facies. Strategy No. 3 is the baseline 
strategy, and involves drifting to structures within the zeolitic facies.  

SBT could be combined with Strategies 1, 4, 7, and 8, consistent with the 
objectives of this study. These involve limited facilities, constructed to 
the south-southeast, either inside or outside the exploration block. By 
incorporating elements of the SBT strategy with Strategy No.'s 1, 7, and 8,
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test utility is increased because the zeolitic facies would be more 
intensively investigated. These elements include: (1) deepening the 
multi-purpose boreholes; (2) surface-based dry-drilled angle-boreholes to 
investigate structures bounding the exploration block, particularly in the 
zeolitic facies; and (3) construction and operation of a testing facility at 
the Prow Pass outcrop of the CHn. Strategy No.'s 7 and 8 remain essentially 
independent of ESF construction, by omission of the angle-holes drilled from 
the MTL of the ESF.  

The incremental SBT elements were not added to Strategy No. 4, so as not to 
confuse the comparison of No.'s 3 and 4 in the scoring process. Also, the 
extra SBT is included in Strategy No. 8, which is similar to No. 4 but 
involves no direct excavation within the block. The additional SBT can, in 
principle, be included in any strategy. For purposes of this study, more 
insight is to be gained by maintaining clear comparisons between north vs.  
south, and inside vs. outside, than be combining elements in every possible 
combination.  

Description of Changes in This Version (5/29/90) 
Relative to the 4/18/90 Version 

The following list summarizes the changes in this version of the 2.4 interim 
product for the Calico Hi.lls study, relative to the previous version dated 
4/18/90. These changes were made prior to the conclusion of expert 
assessment of test accuracy and performance characteristics.  

1) An initial assumption was added to the first subsection, that ESF 
will be integrated with the repository (i.e., shared openings, 
with ESF openings considered permanent items).  

2) The 36 possible access configurations were reduced to 24 by 
simplifying the ESF integration factor.  

3) The 24 possibilities were screened to 12 by eliminating outside 
options with ESF connection, and by eliminating inside options 
with no ESF connection.  

4) Development of the rationale for possible locations was changed, 
to acknowledge possible configurations of multiple accesses, and 
to eliminate the concept of a primary penetration.  

5) The extent of drifting needed to access major features from an 
inside, extensive facility was revised from 10,000 to 12,000 
lineal feet.  

6) Elimination of inside options with no ESF connection is discussed 
in the screening description, rather than in the text describing 
formation of strategies.  

7) In the grouping analysis, groups were renumbered in Figure 2.4-4.  

8) Strategy No.'s 1, 2, and 5 were changed, and Strategy No. 7 added 
in accordance with the results of the 5/23/90 meeting.
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9) Strategy No. 8 was added to represent least potential impact on 
waste isolation.  

10) Assumptions on backfilling/plugging/sealing were deferred to 
Sections 2.5 and 2.6.  

11) An error in the text was corrected, such that Strategy No. 4 
does not have include incremental SBT as stated on p. 11 of the 
4/18/90 report.  

12) Information on number of fault penetrations was provided as the 
basis assumptions for data representativeness and impacts 
analysis.  

Strategies List 

The following list of strategies for characterizing the CHn at Yucca Mountain will be assessed in the remainder of the study. A brief description of each 
strategy is provided. Further information on each of the strategies, can be 
obtained from the sketches as noted.  

Strategy No. 1 Outside, Southeast, Extended Drifting, No EST Connection; 
Combined With Additional SBT; Also Cxined With Limited 
Facility, Inside, Northeast, Integrated With the ES? (Figure 
2.4-6) 

This strategy requires the construction of an "operational," 
2-access facility, located at least 2000 feet outside the 
boundary of the repository exploration block to the 
southeast. This facility would have no underground 
connection to the ESF. It would support 12,000 lineal feet 
of drifting in the CHn, which could be distributed over two 
or more different levels. Drifting targets would include the 
facies transition (exploration of the different facies in 
representative settings) and the imbricate normal fault zone 
east of the block. Based on limited available stratigraphic 
information (see Figure 6-13 of Fernandez et al., 1987) there 
would be ample access to the zeolitic facies in this area.  

Additional SBT elements from Strategy No. 6 are included for 
increased test utility. The proposed test facility at Prow 
Pass would be constructed. At least three surface-based, 
angle drillholes would be drilled "dry," to explore 
conditions along the Solitario Canyon Fault, Ghost Dance 
Fault, and Drill Hole Wash. The Multi-Purpose Boreholes at 
the Coyote Wash ESF location would be deepened to the water 
table for additional information on the CHn.  

In addition, an underground facility would be constructed in 
the northeast, within the block boundary at or near the 
Coyote Wash site. This facility would be a limited facility 
similar to the CDSCP-proposed, baseline CHn testing facility.  
It could have just one access if permitted by applicable DOE
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Orders and other regulations, otherwise it could have a 
small-diameter secondary access in the i~mediate vicinity.  

Strategy No. 2 Inside, 2 Accesses, South, Extensive Drifting, Integrated 
w/ESF (Figure 2.4-7) 

Approximately 12,000 linear feet of drifting in the CHn, 
within the boundary of the exploration block, would be 
supported from accesses in the south. These accesses could 
be shafts, ramps, or somw combination, and would be 
integrated with the ESF. The underground layout would target 
the Ghost Dance Fault, the Solitario Canyon Fault, the 
imbricate normal fault zone to the east, the Drillhole Wash 
Structure, and the vitric-zeolitic facies change.* 

Based on limited available stratigraphic information (see 
Figure 6-13 of Fernandez et al., 1987) there would be ample 
CHn thickness to explore the target structures, while 
maintaining mined openings at or above 2,650 feet elevation 
(at least 70 m above the current water table). This 
specification is adopted from the original CDSCP 
configuration, and is intended to ensure that a minimnun 
thickness of the CHn, corresponding to the minimmum thickness 
found anywhere beneath the conceptual repository, remains 
unexcavated.  

Strategy No. 3 Inside, NE, Limited Facility, Integrated w/ESF (Figure 2.4-8) 

This strategy includes the CDSCP configuration, refined to 
include drifting to the Ghost Dance Fault, the Drillhole Wash 
structure, and the Imbricate normal fault zone to the east.  
The extent of any single drift from the single access would 
be limited to around 2000 linear feet. Excavated openings 
would be maintained at or above 2,650 feet elevation to 
maintain a minimum thickness of unexcavated CHn.  

Strategy No. 4 Inside, South, Limited Facility, Integrated w/ESF (Figure 
2.4-9) 

A single access would be constructed in the south end of the 
exploratory block and would be connected with the ESF in that 
area. Exploratory drifts would be extended to the Abandoned 
Wash area and to the Solitario Canyon Fault. Each drift 
would be limited to approximately 2000 linear feet in length.  
Excavated openings would be maintained at or above 2,650 feet 
elevation to maintain a minimum thickness of unexcavated CHn.  

Strategy No. 5 Inside, 2 Accesses, North, Extensive Drifting, Integrated 
w/ESF (Figure 2.4-10) 

Approximately 12,000 linear feet of drifting in the CHn, 
within the boundary of the exploration block, would be 
supported from accesses in the north. These accesses could
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be shafts, ramps, or sowe combination, and would be 
integrated with the ESF. The underground layout would target 
the Ghost Dance Fault, the Solitario Canyon Fault, the 
imbricate normal fault zone to the east, the Drillhole Wash 
Structure, and the vitric-zeolitic facies change. This 
strategy would be similar to No. 2 in every aspect except the 
access locations and any associated differences in the 
underground layout.  

Strategy No. 6 Surface-Based Testing (Figure 2.4-11) 

The multi-purpose boreholes would be deepened to the water 
table. Three dry, angle-boreholes would be drilled from the 
surface, located in Solitario Canyon, in the vicinity of 
Drill Hole Wash, and to the southeast of the exploration 
block. The target structures would be the Sol itario Canyon 
Fault, the Ghost Dance Fault or the Drill Hole Wash structure 
in the zeolitic facies, and the Ghost Dance Fault to the 
southeast in vitric facies. Dry angle-boreholes would be 
drilled from the MTL of the ESF, in proximity to the Ghost 
Dance Fault, to intersect the fault in the zeolitized facies.  
At least two such boreholes would be drilled. Considerable 
flexibility in the number and location of such boreholes is 
inferred. For example, a pattern of boreholes may be drilled 
into the Ghost Dance Fault from single drillroom in the NE 
part of the repository block. In addition to the above, a 
surface-based testing facility would be constructed at the 
Prow, north of the site. This facility would include 
excavation of a small fault, and construction of a shallow 
adit (e.g. depth of 200 feet) to obtain access for hydrologic 
tests possibly involving liquid water flow with tracers, and 
additional drilling into the fault.  

Strategy No. 7 Outside, Southeast, Extended Drifting, No ESF Connection; 
Coined With Additional SBT (Figure 2.4-12) 

This strategy requires the construction of an "operational," 
2-access facility, located at least 2000 feet outside the 
boundary of the repository exploration block to the 
southeast. This facility would have no underground 
connection to the ESF. It would support 12,000 lineal feet 
of drifting in the CHn, which could be distributed over two 
or more different levels. Drifting targets would include the 
facies transition (exploration of the different facies in 
representative settings) and the imbricate normal fault zone 
east of the block. Additional SBT elements from Strategy No.  
6 are included for increased test utility. The proposed test 
facility at Prow Pass would be constructed. At least three 
surface-based, angle drillholes would be drilled "dry," to 
explore conditions along the Solitario Canyon Fault, Ghost 
Dance Fault, and Drill Hole Wash. The multi-purpose 
boreholes at the Coyote wash ESF location would be deepened 
to the water table for additional information on the CHn.  
This strategy would be the same as No. 1, except that no
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excavation in the CHn would constructed within the 
exploration block.  

Strategy No. 8 Outside, Southeast, LiUited Facility, No ESF Connction; 
Cmined With Additional SBT (Figure 2.4-13) 

This strategy involves only a limited facility (which may 
have 2 accesses if required) located at least 2000 feet 
outside the boundary of the repository exploration block to 
the southeast. This facility would have no underground 
connection to the ESF. It would support 5,000 lineal feet of 
drifting in the CHn, which could be distributed over two or 
more different levels. Drifting targets would include 
southern extension of the Ghost Dance Fault. Additional SBT 
elements from Strategy No. 6 are included for increased test 
utility. The proposed test facility at Prow Pass would be 
constructed. At least three surface-based, angle drillholes 
would be drilled "dry," to explore conditions along the 
Solitario Canyon Fault, Ghost Dance Fault, and Drill Hole 
Wash. The multi-purpose boreholes at the Coyote Wash ESF 
location would be deepened to the water table for additional 
information on the CHn.
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Figure 2.4-1" Factors comrising the option space for surface-based testing 
and underground excavation strategies for CHn characterization.
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Figure 2.4-2 Map used to define exploration block.  
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Figure 2.4-3 Table of 24 possible combinations for configuration of 
underground excavation in the CHn.

,ica:c i, o t int;al Integrate 
CH oe,'etaticn Extensve, Facilty w, 

Ger erai lnsicet Operational ESF U/G 
Area Outsice Facility Openirngs Descriotion Ic I 

NE Inside Yes Yes 1 

No 2 

No Yes 3 

No 4 

Outside Yes Yes 5 

No 6 

No Yes 7 

No 8 

South Inside Yes Yes 9 

No 1 0 

No Yes 1 1 

No 1 2 

Outside Yes Yes 1 3 

No 1 4 

No Yes 1 5 

No 1 6 

Central Inside Yes Yes 1 7 

No 1 8 

No Yes 1 9 

No 20 

West Outside Yes Yes 2 1 

No 2 2 

No Yes 23 

No 24 
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Figure 2.4-4 Table of 12 screened options for underground excavation in the 
CHn, with grouping and categorization of groups according to 
Potential adverse impacts to waste isolation and test utility.

Groups 
1 = outside, no ESF connection 
2 = inside, 2nd access 
3 = inside, no 2nd access 
4 = outside, 2nd access 
5 = outside, no 2nd access

Least potential adverse impact on 
waste isolation = group 5 

Greatest potential adverse impact on 
waste isolation = group 2 

Greatest test utility = union of groups 2,4 
Least test utility = group 5 
Intermediate (not included In other 

classes) = group 3

Revised 5129/90
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rOperational Faciity w. Impact on lmpact on est Least 
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Area Outsice Openings ID # Group(s) Isolation Isolation Utility Utlity Grouo 

NE Inside Yes Yes 1 2 X X 

No Yes 3 3 X 

Yes No 6 1,4 X Outside 
No No 8 i,5 X X 

South Yes Yes 9 2 X X Inside 
No Yes 1 1 3 X 

Yes No 14 1,4 X Outside 

No No 16 1,5 X X 

Central Yes Yes 17 2 X X Inside 
No Yes 19 3 X 

West Yes No 22 1,4 X 
Outside No No 24 1,5. X
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Figure 2.4-5 Candidate strategie 
indicated.  
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Figure 2.4-6 Sketch depicting CHn characterization Strateav No. 1.

STRATEGY NO. 1 
OUTSIDE; SE; EXTENDED DRIFTING; NO ESF CONNECTION - ADDITIONAL SBT 
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Figure 2.4-7 Sketch depicting CHn characterization Strategy No. 2.  

STRATEGY NO. 2 
INSIDE; S; EXTENDED DRIFTING, INTEGRATED WITH ESF
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Figure 2.4-8 Sketch depicting CHn characterization Strategy No. 3.  

STRATEGY NO. 3 
INSIDE; NE; LIMITED FACILITY; INTEGRATED WITH ESF
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Figure 2.4-9 Sketch depicting CHn characterization Strategy No. 4.  

STRATEGY NO. 4 
INSIDE; S; LIMITED FACILITY; INTEGRATED WITH ESF 
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Figure 2.4-1"0 Sketch depicting cHn characterization Strategy No. 5.  

STRATEGY NO. 5 
INSIDE; NE: EXTENDED DRIFTING; INTEGRATED WITH ESF

I 
OUTUNE OF REPOSITORY 

PERIMETER BOUNDARY
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Figure 2.4-11 Sketch depicting CHn characterization Strategy No. 6.  

STRATEGY NO. 6 
ADDITIONAL SURFACE-BASED TESTING (WITH U/G DRILLING FROM THE ESF MTL)
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Figure 2.4-12 Sketch depicting CHn characterization Strategy No. 7.  

STRATEGY NO. 7 
OUTSIDE; SE; EXTENDED DRIFTING; NO ESF CONNECTION - ADDITIONAL SBT 
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