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Katsuya Onax

Abstract

The investigation of an integrated undergruond development concept (referred to
as “Geotopia Concept”) to utilize various characteristics of the underground has
been undertaking since the fiscal year 1987, placing it as one of vital unused
areas left to mankind. :

In the investigation conducted last year, The Geotopia study was to develop,what
is called “Earth engineering” consisting of both wheels of a)the basic science
necessary for acquiring a furtiher knowiedge of the underground, underground
envirounmeat and earth in the broad sense of the word, and 2)the technology
developing a solid earth environment. From this point of view, the study areas
should be widely covered by traversing areas ranging from space to geology.

In this year, the 1nvest1gat10n for study deveropment elements and issues have
been performed actively from the earth engineering aspects :adapting. the
findings in last year, and along with the enforcement of the sampling

investigation of study items in these areas, as to the:promoting-method aiming
realization of the Geotopia Concept, the establlshment .of the pollcy from an

intergrated viewpoint, has been xnvestlgated

Based on the results of the investigation, it was conflrmed that the devélopment
should proceed programatically and be phased in by ciearly dividing natural
enviroument into developing areas and natural areas to maintain natural
environment. According to this conclusion the geological charateristics in
Japan, and the characterics and issues in deep and shallow layers of the
underground have been investigated , and the sampling investigation of the




issues for reseach and technological development also have been carried out.
Furthermore, the sampling of the technical development issues was conducted by
investigating the methods to bring out a practical utilization of the
underground and the construction technology. Finally, the establishment of the
Geotopia Center indispensable for promoiing further 1nve$t1gat10n was 1nd1cated
again,

Work performed by TECHNOVA Inc. under contract w:th the Power Reactor and
:Nuclear Fuel Development Corporatzon.

aaPNC L1ason Tetsuya Shiota

& ‘ *'General Manager -

Geosciences Research Program
Radicactive Waste
Management Project

*Katuya Ona

Director

General Manager

Planning Department
TECHNOVA 1Inc,




b N oo W

=>

L

o
1. 1
1.
1.

[
[ 1 B S o R .

mub-cam;....m,

E3E

3. 1

3. 2
3.2.1
3.2.2

3.3.1
3.3.2
3.3.3

3.4.1
3.4.2

b AR et (IOD) SR S S
= LS -

BREL TA N T mmemmmmm oo mmmmmm oo 3
I P mmmesneees 3
ABAEGBAD S OTAEE L THRR  ~mmmmmmmmmmmmmmmmm e 3
FHAGBAD S OMBYE  ——-moomemeee e 8
R e 8
FITA-IVIEIAETHE e e g
FERTZF DY F YA ommmmmmmmmmmemmmmmme e 13
BEBL oo 13
FART 27 HROBEHE oo e — 15
VART2PHBEOYF UL —mwommmmmmcmcmemee e ]
GART = P HEADEH  ---mommmmmenee e — 22
TAAZ72TRBWHsHAORYE - e L RS R 12
HAFSGORBETETRAT 2P OB ----mmmmmmmmmeemmees 45
#E e — e aiuinly memmsmommme- 45
HAANBORY LS L BEL WY -o-omommmmoeees --==- .45
K AAGORYILE  -=--omeee etk At LS E I .
| B $ﬂ‘g@ﬂﬁ , """"'"'"""“".'_'"f.?__"_“'_"""""“’.'!':f'";'_'._“:"“'_'-'_'?_ =48
HAABIL BT B IA ATz PORMM  --ocommmmmmmmmeme- 55
RS R T T PP T S — - 55
BOWH T ORB - 57
AR TR ) B, 60
IART 2P OMBEDEULPR  ---nmmmmmmmmmmmmees 62
FIHDE D DEH IR c—-mmmmmmm e e e e 62
R Ay R L 63



FAR BTEHONAERLEBRBEWORE  -----ememmmmmmmeee 67

4.1 BEB e 67
4. 2 BTHAELHEMEBOBEIK  —-mmmmmmmmmommmmmommee 68’
4.2.1 T OMB  mmmermemm e 68
.22 BROBTEMERBS - E EOEE TR 79
4. 3 /Wz7x7ﬁﬂkswr$ﬁgnagiga ------------ 85
4. 4 VAR 7EROEDOHWEHBEE e 90
553 A PETHREY X —IKDINT  wmmmmmmmmmmmmmmmmmmmee. 103
5. 1 B]H -—----~———------—-----;—-----—--T------;-------A-----r-.-- 108
5. 2  UAPEFHREEYR—DOBEH oo 103
5.3 YAMETHREYI-ORWRILBMWET - 105
Bb ") o e e 106
B - BEXHE - e O ' 10'7.
VA PETHBRHERA V- e ’—--‘—-—-F-—-4------—-~---f ----- 108
Appendix -~-—------———~--;~-'4--'-—'-u-——___..__; _____ ._~.'......._.'___'_‘ _________ 111 :
TBROBBERI L UTHER —mmmmmmeemmmommoemmeeee e )
I. mTksﬁé$ﬁﬁﬁm%ﬁkahriﬁ4¥ ----- mmomesnoneee 114
W-HECBTSHRPICONT. ——mommeeee —mmme ;_.--;_.'__;,.'7'#'__.__'__-_,. 120
IV CHRBESRENICISWTO o+ R Lli-'_'_';;';'.;....'.'.'_._,_-' 127
Vo rYRVBE LB TE  -tooeeee e B R E T 129
VI-BEECLVERBCBIIHR EORFICODWT  —mmmmmmemecmmmeeee 182
VI. EBRHBEKEDRA A AL oo --- 135

VIll. Advances in Technology

for Construction of Deep-Underground Facilities :---r-==---=- 141




U SHIC

HROBBLEN. RERKRBEORENA. DRLOES. REFHEO R
B BRI LS HRMAROBR S S Y BRI &5 FHMA AR YA
MEBKEARWEEFRETHE > URNARON TN L THAD &N —
HEACHBEINZEOK R TEE, |

IABORKOLTHRERNEELELTHOTHEOM I o ® Y Ly
Ho5H58 KERLEORENRGLALARKCH 52 L CEVORMELEE

CH B,

ankAﬁmé%hﬁfwmaanu;ua<$§h#fwmm$mowﬁm-
REETHOUBDTEEL VB ESS,

TOXIRBREB ST, YA NETRBEKCWHFTATLED L. MRS
BEOBEFEISLVLOWRFTET L wWIRKELBARY DALY, BuEFX
NEBETRSIN. AFBHECL>2RWSAEL 25,

CO-HAEEOTA M T7HERNE, MR EVD LoD YRF AL, HDWIE
FHOHCFETSVLONBETHB L WIBRK Lo TRNE BT E L,
BoLPETLVERTEVHRANE., HROLANRRBE LI LI 5T TREH T
tvﬁbﬁ?ﬁﬁmﬁmﬁaﬁmﬁif<6w%bﬂ&htwﬁxﬁkﬁﬁéf
RUELEDTEE, TORRIZOBWESTH 5,

xmﬁﬁjxLE?@%ﬁknwraanu%mua&aA% PR T
BV - DERCHTTO— B 2 hidEnwth 5.,



st

A T A

By I NVIZEo TREFEREELE, BRICERTAEFORTRI > TVWRET
DEHE., REIOEy IRV OBREHREDENED TH> T, ZHHExHEL
TWHENWIZTRRWDES S, ABOHESBEROBRTRERITTITRS
EENTWEZLOBERTEBENWOESE S, THBLZ MR LPIPLIERE
PARHEPZBEcORBRL LUTHETA LS, Chbo2EALEBTORENSHE

%




Bl1E HBRFLIVAPET7HESR
1. 1 #&#

ALBEORRBEUFABRT I OAT, SYEVHBEOERIHREALT
SLOAARBEEINEEIILR->TEE, FEARREOMETCE. HAXT
SYLNDREAAAMROTLAD o THRALTOLTED. FNSBEME 4
HBMALTWwWLE%, SORAYVYBRBOHALYARELLTRENRDB I LK
xor,Aﬁ&#ﬁﬁowﬁmﬁamourwW@#ﬁigrarua.%br
ZTHhALOMBAZKLULT,. AARZOAVHRORAATH I LA HMERRDER
BIEHOMHERL S EERRRAREATVS. ZAhHORBEHSZ AEE
Th 5. o . . |
UL, REMEEANLEFREONALLTEATVSRREBIRAE RN
EPOOBERFBETCHSD. TADLAR. AMEEA5I LAEBELRE
THdLEXDND, | . D et

T, AEENSACETEHRNEAN O, AMLEEN. XH L GEH,
BWREBAH. EREOCRTS (Zhz THRP] LBE) Z LIk THR,
AREEL Y, EBLABOARREFALD D, BRELLT 77743
¥ R RBTE, LIS TYFMETHM BZD (F574 -3V 51 O—

DOTHBLVWIUBMAS (VA NETHM OBAT LS E BT B,

1. 2 AMBOBAHSOREELTHR

A4 00 FRIFLEMICHEL, BELLANGHELE-E., ZOAHED
FTC—DDRELBEREL > EONKHOBEY THSE. BHEPKE T H LA

OHBDODEBALIBRRIALOEBARAOBALERT S, KBHICEF AL

W, BHOARZHRFEOFCEBUTHROEBAORICHARAET AT E .,
BROEYFHETEDEAEFODEBEROPTAENREATI O TEETEE,
HMBICENMSATVE, TAFPAIOLBAEEATEZLKES T, ASRA



BERENICHRTEZLIONRY, XRENFHBE- L, THLDBEREMA ST
BILIEoTHEBLNDI LWDIZ LRE S £,

ALDEBAESORED TV EDILERE L VELHBZ EAREL B Y,
INAXBERBECHRBHLbhok. ZOBEOXBRIVWTLLEREH
BRI 52tk THLEDESEER ST TEE,
EUTHEODAFRZIOERFICHEL VWS, HEREIILXHKE 2 BR
BESHBBRBFEIIRYVOODEBRTHS. ThASORRBHEIAOIENTS
5. , '

IINIEABRBE. BELVWIFEEHETEL2EY, BHMNEOEO®
REBEEHEIVEZVWLERTEZ22D Lhnin,
CREPSATABFETNTHLOBE LT 400 FEMEBHEBDT (X
HEMVBLTO) DSON 1 AHEOBEHROKBZVWEVNL /100TH 5, =5
e FAMD, Ta-bUHERMEIEB L TXEAGESEAXHCBFL 2
ﬂ#ﬁn—nwmbfﬁﬁﬁﬁﬁaﬁﬁirwr#fﬁﬁl00$T&U~i%
HBEDBEDHOAKL /1 00TH5., AMEDEL SRS — MiT = @:5L'
MBEHICELS RoTWS, (1 —13%) o
CDEIRBEREFETBLUT. ABHORKRRI YOS WS B H. 2hitl
LOOOEBEMDBULARVWERABHICEWAY, Z2LTZ0FBOBNE X
BREBMLIOO0E, 1 000FLEFLTWSOFNZAMSORZHEFICELLN
PHBELRETHBS, EEL. BLEZEHELRZwWETLE. AEN1TH
BHOEBCRSL WS NORRF RSB E. Z5TRERROAGLAL S
WHEETETHRESSEHF. ThEIRPARLEWSI YBHLEVEET
BB, RRELVI>EBIE, AMLE, XHEEZAILWIZLEZIZZLIcE
STHTL 3P0 THY. ABMKCOBFELDAELOLEVWEEDS, FokRic
DUTARLEI LT 20N MEDNARTH S E. BEEBRELIS 2 L1
BAEDEEL Wb X3 2 EA L, | o




-1004% &

flﬁﬂa

t

10077 48

o1 ze

100 4

| AV A Y

HERHE &
Eadgd

AEBY

BREME

 HEHOoOMBOoRAYE

AFRYE

RS- MWW - WEE - KB O LR ER

REM

EHomEY
YLyl

MERBRARER

TANMP - Za—-brYHEKRMEE
EREG o
s
RS~ hZ VB LW
EAARE

TRNMF -l

3R B B
L

(Bl ~1%) ABEBKE



1. 38 FHROBHA»S OHBR2E

FANM Za-bYyREKI-oTAVHEIAERRERNZE., BR LAY
EEHSULEETHRERTONLTHS (Z5iB) . chKLoTHRLEWS B
DE-EOEMICHEI LW Z LA K ARKE#REhE. ZLTZADOER
ERATE IRk THREOREANRLEL S NE,

TAVD Za-brOFHETE. FERANMY TH o T T CRBENL 2N
BEYREINTHEY. HRLLROBDLER D AT WA, HEEEERMD DO
THo THREDREDR YV, kﬁﬁéh?%mwﬁﬁ%ﬁ%?émﬁ%ﬂﬁ
TH 5, ‘

ﬁﬁ@$ﬁ%?ﬁ ?ﬁﬂEuﬁﬁJkiaféinfthjﬁ%LToTh
B: TLT. EM%E%%%E%H%?ATEVVKJmmﬁk-wbénat
EALN TS, BBIARNEELTHEDRREIRTEORBICEY h3h
EDOTHoT. TORPBBLTRTEILATERZY. BELVOISOD AR
EVDS LD R BFEEHOENLONCETINTELLDOTH 5.

TITARLAMESYTERABL NS ZLOBKAMDAT WS ONAED
BEThs. AROEER . ﬂ+th5%®ﬁ:ﬁ%#bmﬂ?é#$kﬁﬁ
&EEL%tnaht&T&btwat%hié.

ORBMTABREMICREBE, HELVWOIBAL, | FENORTOMHE Y
LRACEI 2AMOREL—OOBRICE LD Do THERBROTRANS L
LEABN B, | |

30D BT, A%A%ﬁﬂﬁ&K%@ﬁ%?&(ﬁb&ﬂhﬁ& B vV B
BICELDPoTVBENL 5,

BMRER LB L%, viﬁz$ﬁﬁkk6 awbwmm AW, XEAY
ahﬁ%wﬁwvﬁbtﬁ%xbn&h,ﬂﬁﬁ#tﬁ?ﬁﬁ(ﬂﬁl#tﬁr
DRV AMECEAELTTRTODOEEBALBT B NEETS 5,
Ik THRE LIz rds,

THIRE) O XA -V (51 -1H) iR+,

St e e P




R
W
e

A
AN
W

a|L
“\
'

Pl
AR
'\

7
A
]

(B1-1H) HBRLEOLA-Y



,_.
.
J
\Jt
N
3
J
i
AN
N

1, 2KRBVT, BEEERETILTAE. ABOARBAEROAA LAY —
NEBTEARKEL BVERABRUA R WS b, ELTERENEIERLT O
HEERWOBATHEZ L 2hAL,
BARBZOEGBROEDILEALNA2BRAROBEN TS 74—V TH5E
LEXTWS, '

FIT7A-IvIR. REOATEBAEAVETZL, HBVWE=Za—7

OYF 4 7E2MYBEBLTNWLZILTHS. HRTVWIHHMREFMBLEL T &

THY, BRUACOAED 5REDO—BH5 W HLBEAMSEE T = 5 HE
lu&ﬁ“ﬁ'% LehH 3B,

FIIA—IVIOERE (HAKL. BERS. EE TUZ-2E) KB
TABBHEAREREFIZ LIRS, T2 rAmau,tmau,aiau

Eﬁkﬁﬂ#thgf?ﬂfwﬁﬁﬁrxbén Aﬁ#ﬁkﬁﬁﬁﬁﬁﬁm%

HREh 5, - i

:w@ﬁ%ﬁﬂvaomﬂﬁﬁ%%bﬁb@??ﬁ%bﬁb?#ﬁ?ﬂﬁzt
?n&w.ﬁﬁ:niﬁm&éﬁbtéivnéhéﬁmﬁﬁ&ﬂmmnﬁbr
MR EVSMENNZEDRAZCL o CORBERRE TS 5.

1.8 F5727zx—-327evdrvr7im

TZ74A-IVI/DOHRENBEINEHE, —a—TRrFL7EHBRIERD S
ZLHEABhEL. REKRDBZLHER BH 3.

=R T AYTATERRIERDION TOF P 7HEM) THY., ET3I0H
 RMDFST7F—-3IvFTH B,
ﬂﬁ%ﬁmbﬁ<?thﬁ:aﬁTEbBAﬁKtofmﬁakhﬁﬁ%ﬁ%
&mUﬁﬁﬁﬁ%bTh<:tT&5.hh#inﬁﬁﬁw%ﬁﬁ&éﬂﬂti
BORB TS BHONY BN E VAL OHBMENS 2L Th Y. Zhat (v
TbH?%ﬁJEEiB@Eﬁ%T%é&%i%._

(YA NETHE) EHABCBHE o TIH THRE) ORAK Lo THER, A

B

o b Al o Hlirameiten s




HOZ e X<BRELTWARTAERS 2w,
AEEEDA A -V, BRPLIYTPE7HBEOLIA-TVELT (1 -2
B iR,

ABE BN D 0BTk SH B EBAD SOk

\\\\\////’ ’ _\\\\\////f

R % FEHAD e L
HEULRL T | mm

) J

A 7oA KB
(EHBHADTY I 7w T) || —
EhBEEA

(B1-2H) HRELVFPIEC7HEOSA-Y



B2E YFARAT7TOY VA

PR THELSDEAMOS b EERASERE TYT A7 271 24
ATWBo TOFRT2T7 1 PWOSERR. HTREOER LG FOBERIIRE—
BERTRELDTH-ToOEBCESWEBERE T EBOMKL MBIt Lo T
BETHAHLESEHRMRDEATWS, bhbhZBTHES S WEEBHL L IR
BbAEHEICL PR FLRRYESEP L TOFRT 27 1 BREOYF YT EEWT
AR




28 YART 27DV FYF
2. 1 &

WEDXFAREARERRET AL I TRELTEE. 202 LAY
EHTEEIEBCHOLT 5RO, AMORMCEoTRALLTS ENE
BlZ@B LT AE RO RV, HAHS. BREMBES N EERZ S0 L AN
RORBMTH5. THDLERL L. BRLBHOFYBOEVMCLTO Y
BRLVIRECHTE—DORENZO (VF 7R THB.

TYFME7HE ORABCHLEREELEOERO A A — V% (B2 —
AEJEﬁi{%bﬁﬁmamgw&ﬁfﬁﬁmzimazgnmrnaa.a
HEETETRETEN, (U4 E7EM EEMTAE. KYcF TER
HELE*ERTE, OWTHBRO oA A EOOXELTHABCEREL 2 98

HOobszririLTWS.

55 78 4t e
N

HBEOBHERT
HRo T %
BMrxzizhwinks

VA NETHED
B &5 B
EROTHEDH

%

£ K

(#2-1H) REEBLEEROSA-~-Y



RETE, 20 (YT NETHE 2E0sRBEY. HTHROBY 5 &7
ToOOBRRELT. VI UAEMET 5. |

2B, TYXPETHE] TR, LT, BTHEESHEAROD < 4 2 BR
MNBEEEE (YA R 727 eHTEzLET 5,

YFUARRE S o TR, MECRAEEAT Y LT NELERo T, &Y
BEVEOAANSBRERAB L WS> 22 2 RAOIRE & ¥ 5.

Tbb, (YARAT7z7) MRIE. BTaLzs. BRASEOHICHARA
Fghi7n YSLiCH>TETINDBTLERD vy,

FYAKHICIE. BRAKET b AFEFO LD ORRBEERH LT n
CEDRERLATIORYEVREIOHEM, ELTEAEX OS> REFC

FOoTEDIDILOVWIRHE TS, BRI CACORNEECBROBEE > M

T RUHEREOHEI P YUY P RARLTRL, B6ER T4 X727 B
REAXTHIZLOBBELOWTHAINT, REUBORN KIS -2 b+
BH0CH 5,

L b e L




2. 2 VYFRAZ7THREROLEH

ABOBRETFUTEIATHEALRWERL LT, AL, &% BIXL
¥-WREOMEEHTH5,

HRAOOHZE (F2-2H) KRTEIKZIZ30FEYEENB8000
FAOR-ZCHMEKTTVWSE, EOLELOFRICEIBL20004ICEHS
OfA. 2010FTTOHA. 20204CBO0MA. 204 OFKE100
BALRTZLRESIATY S,

HROBBEEES Ck. A%, XH. LIb3ZLAEROAH) ORBE
(FB2—3F) Kn¥. BEOHML LTBREOEESRIEL A XYHR LTS

W, HEDEEBVABCHMLTWALEELIC< W, ABLSHALLTOMM
FZHR. AOOHMELSBL UL LT bURTI LA TEZ I NBERS,

RBEFEHASAMACEAEINIYEE I REVWZILEEZRICWHA TBELDEND
F '

HHROBT XNE— ﬁﬁit/\lﬂ A&f‘)wiﬂ%ﬂ/ﬂi’ ?ﬁﬁﬁaﬁﬁﬁ'% (%
2—-4F) LRd. ~AbE YODLRVF— iﬁﬁﬁﬂ&thtﬁbofhfxu

'A&J\Eiﬁbﬂkﬂsﬂbf E’Eﬁﬁﬁ‘%*éﬂé@f%éj#.

SHBLBANRBEOCHMEINAEZLR<HML. TAICE Bo TAR
TRAFX—BOWELRER AL 3B, | |

ZOZERLYLABETATLBABOKKTS Y HARBOKETH 5.
AOHHABHEY ATERABOMMITE 2T Ehw o

LAL, BEREBABOZAKEORPRFENE N, READKBOWES £

T2ZeTRbbEECERBOWICETSsZL (REEL) BEHEBATRELY,

TZITEADNIONANOEEHOBERL TS S, TEOEXEMEL DD
EEEX ETAICHERELLELBICHTHEONR T 2bE (YA X727 M
MBEBEBICRSTC S,




%A
-60T

50
a0}
3o}
20}

0t

] i Ml |

EEN
1,600}
1,400 |
1.200:
1.000:

500

1850 60 70 30 82 84 86 88

(B2 —-2H)
HRAQOODOR =

N -
—
o -

(3 L i L L. 1 I S |

1934~38
Lok}

78~81 84 BG6 BR
23y A

(B2-3H)

ERAOBREEER Ok, MR, KE. L2352 LEEROAN) OB

B At
7,000} k2 /A
s.000f . meel 1.5
5,000}
4 ono‘ - 1.0
, —ABEYBRE ~
3,000
#BHRE
2,000} T0.5
1)000'
1960 70 78 80 82 84 B6
(52-4®)

ﬁﬂ@ﬁi$»¥f%ﬁﬁ(ﬁwmﬁ)a
AR—ADEYO T A NVNF—BERBORS




2. 3 YXAT7zTEBROVFVA

HMBEWSHEROLBOABRBEERBTE L LES, BHOLK., K%
EFBUhny, SOCBBPUNL Y OLER L ORKEL. &M WE. H
NeloRFEERBTILOCHAELARRBOMLERCES HET 5 2 L T,
TLThOREOREAN T+ I RATE 3L 2 5.

TITCTIIART =27 MBOVFVALLT (B2~ 1%) OL>AERR

R o k.
(H2-1%) Kgse
B o | mzorm#A
AV — 7 [Artificial zone] AT 8 W
B Y — > [Buffer zome] BEH. WK R
S " e
17 %
e ¥
C Y — = [Closed zone] | A5 OWEE | Hék
( (WhazHEBY | 27y
1 woZulan) By
| wE (mEm)
-t

HEHBIIL20TH, EFARKEZOEBBEICALIEOL T 5,
Bt LT, AV—-VHER SR BERBOBREEBERYADS, 2EL. 2hbd
WHEREEL SR EOBHBELBBTE L N E&HL RS,




EEREOBAEE (B2 -5H) KiT,

—

AV R RS AT RO EEEN R
ﬁﬁﬁﬁﬁhﬁ&.ﬂ?ﬁﬁsﬂTﬁﬁﬁﬁﬁvz%A&EF&E.
REEBHEORC Y - VOB T A ERTE S,

(B2 -5H) EHEREOEAN




SHLEEEHE:NRHMTRENICEHT YV ALLT (B2 -2%) O&
DKBEREET S E. _

BB, MEMEE. REUTTORVOVELDOHRL2D LK LERELE
VDTH->T, BWRROBH 10 TRAR2Y. SHRORFBEO VDL DOTH S,

(®2-28) BE®HRE

18 HRERE A=V DIF A7 TPHBILET
HMECHD 50RE0WERERBTICEY
AYTFAMIIF—DER

BY—-YOVFA7z7HBIL—-HEF
EEER. AERBRO—-WERR

MARR | AV-YBEOBY -V n0BAFHEEND
BY-YHEBOCY—-Y"DBANRKIEEHh S

A8 5 WE1990~2020

Rig ] PHREE AV—2DTVFR7 = 7HRIEE 1
BY—~YRH3AV-VHBBEBEAV-YEBY
FHEF L BRSOk

BY-YoUAA7x7HERE
R, EEREROBR

HMARRE | AV-YrBY-YABBOBTR2CHEEND

#4521 1 ﬁ§2021~205b

I # BB AV—YDOUFATZ 7 BHBEEM
FELREEERO B '
BY—-YOUYAAZ7z7PHBLIVEBIRD
WMRT RN -FlAKBEORD

BIRRR A; BY~YEehHBOARBMPI L REIETRER

A2 5 #H R ﬁgéosr~zloo




et o i i Sy

—g-ﬂ

— S

UAA7 2 7HROBBIEAE: (22~ 6F) |

N/

&
P
¥
B

\2

&
M=
%
R
=

v

- &
™
¥

R
=

Wt

VAA727HBOBRBENEAR

(#2—-86H)



Av-ygﬁwmﬁvm4f—v&(%2—7E)mﬁ?.

“1T%2“7E) Aq;yggggﬁumfi‘y




2. 4 VFART7zT7HBOAEEN

DA77 HRORKMBERE, B2 EESS WEERSIHh 2 RE,
HERBBEEAY-Y, BY-YEThBhKonTE L hi,

2. BRBVT, YFUALUTORMBES§, IM THO3IBBLCK
FUk, 18, THMEELTASOENTHS. LAL, SEEROBRE w >
RTEIOREMO A LR -~V TRETED0T. 22T 1. TMEE 0
EFRETAZOKATC. HEBWTELHE,

(UATT2T I BREBUAMTOFFA YT n e % (B2 —8H) KR
To YT b (MH) OBRABILE— (BF) OBR. SHKA vy
(ﬁ@ﬁ)@%ﬁ“tﬁﬁbfh<éi%4i—§bfh&

5. BBERHROKASA LR~V L LTOI ORMARTEDLRER S
NBVOT, FBABRTRIM. I#H. DHORSICLER > THRNEFHFS,

k
Y
YAY)Y)

(2 ~-8W) HWMFoF¥Lfrsotz




AV-YTO TUAA727] BROSZEMAE (B2 -3K) K. BY~-UT
DITARTz7) BROAGHE (F2-4FK) KFT.
EALRZAEEBBZLCEHRLEBON (B2-9B) . (B2—-10H) .
(B2-11H). (B2-128) . (H2-13H) BT “
(E2-14R) . (E2-15K ). (EL2-16H . (F2—-17TH).
(52— 18H) Td 5. A




AV~YTOYFR7x7HBOBEY

(82-3%)

s m -

c - 1 L) 1 1 L) ' 1

o L " N 1 ] + H

; " : ! : ; “

1 1 [] 1 1 ] [}

: m m : : m "

: : : m m m b

= % ; : " P " :
4 : : " “ " " “

e ; “ " " " : “

£ " " " “ u : :

1 3 1) 1 ] L] L]

. 1 L] 1 . L4 L

o : " “ " “ : :

[ N S Y @ ccccc e —m e L LI P S, ee——— - LI

1 H - 3 vV 1 H . v

: : “ " " : "
; " " i : : :
: : " b : :
2 : i ” " " : m
. " ; : ! : : :
: ; i : " : :
S B " ; ; ; !
L) 1 1 * 1 L] 1
o i K Ml “ : ; ! i
- : > & : m | i :
ST A b
“ . L] 1 L) L] + A
: ; : : " " ; 4
= R —— S LA SN A S R
: " : : ; : "
E " " : : : "
= n : i : : "

8 Si ; ; m m m i

- Ll L] El ] . L) ]

g Wi TSI T S R N
oAl = " | " : " “ E
- r >l ™ K} : : : b
= Y ooX: O > : : " : i
SO g “ : ; ; :
A ni R & P i '
; : ; : ; : :
s ; : " " " " :

S I A R B R .
; : i : m : ;
; . : : " “ .
- : “ I S T B
: oo m A P
P A : m m m m m

& P " " ; " ; ; ﬁ

o A . : ; ; : ; "

S PoRn : : oo : "
%% P& - : : : : ; n
ERE Pk : “ : : : ”

_ i : ; ; m m ;

w2y [3 ?

S F e Ay s S S
" ; " : : " :
" P S T
s | K — ; n ; : ; "
= P " " : : n "
Y1k : " " ; ; :

= o A A
& =1 " S

m | o® o m o~ ; : : " ; ;

P 1mERR 4 v ; ; : : ; i
51T " " ; ; : "
BHHBEA | an ; " " : " :

] L] [] L] + 1 t
.. 1 1 ' ‘' ' 1

o L] L] 3 ] L] L] 1

=]

- E

o =] (=] o =] L= o (=]
By o o o o ) o o
144 - o © - 0 o o

- 3




Ll + L] . -g .
S m : : m m PHE e
R " | ; : PoT RS R
= : 3 : " HORE -3
= =" : : ! ! KRB /R
Hy H : : : SR L
A N ‘ i : R4 W W
= ol h ; : " ' RE 2L AR
=R T : ; i BiER I EL B
Lo < H H 1 Euxvv-unﬁuzﬂ
£ | i : : P LI EENE ER
ﬂn ® ! 1 t m"mﬁ"ﬁﬁnﬁﬁ
- RO S— EA— IO S— I N —
& ; v ; ; : : :
m m Pow i : :
: S-S " : ;
v . [ .ﬁ- .g. ] . ]
o : P e : : :
: S ¥ : :
: oAl m! o&i ; ;

: © i S S-S B B
= g : LSS I S B R
& i oWl omi K i :

_m\ S Hﬂ T : ﬁ “ .A 1 ! . : t
o8 : : H : $ :
R q : : I o
m | S H -y AR : b T
L ; ; m : : : :
H : : : : : ! ;
o 8 m A R A
A S : : P : : ;
K : m : m : : ;
2 o P " A ; "
w e : : : : : :
S S = HE : ; “ P :
Y & P : : : : ; '
) X EA m m m : : :
P o m m m m : P
M e fromomemeoomooTes £ SRR St s St N St
" " m m m m : : m
< = - : : : n : : :
1 : " S : ; :
; ; : ol o :
m ® ; O - HE S
( & s - FE : n - S & :
&= BHH ; ; POED R :
wEOR | ; : PO e :
Ma-l : ; P =i ®Y i
ol S ——— S— AU SORP NSNS SERISS SNSAA: M
- i m | P m m
e m : m PR : :
8 _ A R A
m : z : : " : !
€« T
3 : “ ; ; : : :
- B
= Q o o =] o o o
-8 o o o o (= =] o
i3 - ~ o - n o o
-t 10




==

BY

"

AU,

THMETOYXA ATz THEOELGH

@

(32— 9E)

1o00




,«-—F_'N'_'ﬂ—ﬂi AVL\J | o Jﬂ o
. e T ;- B ] : . y ’J,‘ > . s

Eom e e
(2—10F) @: |HBETOVYART =7 HROEKH




Cys

BT

oo

(B2-11H) O: IHNELETOUAAT 2 7HROLEH




1a00

(Bo—-12F) @:IEEETOIART 7HROEES



HERRARET

(52— 1 3E)

©: METCHUFAT =7 BROZMEH

; i
e
| el




@

(2 -14E)

I ETCOVARZ7=z7THROAGH



VA2A 2 7HRBROEREH

TH#%EEco

®

(82 ~15H)




epH i

preC

et
o

rivny

- r———

e —
T

DHA*TD

®

(2 -16H)

CHAAZzTFTHRRBROBGH




BRSBTS RERG

.
.

®

(2 -17H)

DHBRECTCOS A A7 7HEBOEEYN

: L;,u .



MEHTOY AR 727 HEOE&H

-
-

®

(B2~18H)




2. 5 YFARAT7xzTPIBHAIEADGSE

HAREBHEABICRLTEY., AHOBLERCHTOWERET%H £ 4
DTS, ZhHANKATHBEHCS Y273 hT WD, —FH. B U ‘
HERC L SR OBHEESE RO~ REE Yo TOEORARTH S, [UF 2 i
77l OYFUARLERSTAY—Y, BY—>, CY=YKESTOHA ;
FRHEAIC Lo THLEDDTHS LS. | ;

- H. ﬁ%waiﬁﬁk&«tﬁ$m%nﬁﬁar5%®L?§&h B*—
 ETAY-. BY-¥, Cv- J@Eﬁrbfﬂafﬁﬁ&%hbt%. :
Tﬁﬂﬁ%ﬁaLraoﬁﬁwﬁ%ﬂaawu%bbumura% §$Mkﬂﬂ g
fcﬁ#ﬂﬁkﬁﬂ&ﬂ é&ﬁhﬁﬁ%ﬁ& s 5

;; Z
t—’_‘bk... #m._twi/\%yb\ : -
&ﬂﬁ%ﬁkﬁmbrE%ﬁ#%ﬂ?ﬂhﬁﬁwﬁﬂﬁ ﬁxﬁﬂog?k;j
TVoTH+RBATESLOLZA NS, 'f: 
' hwkvﬁhkﬁ‘\E*ﬁrﬁ#27:7jﬁ%®%ﬁm&ﬂ&ﬁcfyﬂ
ﬁ%tﬁﬁ@%ﬁﬁ%t&é«%?&é e




TEAT

e

—

E3E OANBOBMELYTRT =7 OFE

HATIBIciZ. BLALSTOREEROBRES KREP L SHEFHAH LT
Wh, £, CHOEDHMEBEOE OHETRERIIVWERSKOBETILbL. WD
PO HIHOBRRKOBENERD FoTWABENE W, FETR. TOX 32T
FHRBEETREHRINBREBWT, YFRT7 27 (ABEOHETEELHT) £2HRE
FMALTWS ETOREREBEL TS, HESHMEAEEL o2 Tbh 3427

7 ORFEHNAR. BREBRTE LRI THEIVFR T 27 OREORE L2
BT LPHEFETES, - '



#EIHE HAIBOKBL VA A7 270FH

3. 1 &

AETR. HAMBOHEIWEEERAS LL S, HEZHALI S UL
A7z7EMAAALTWS ECORMBAREEL TV, $£. BRLCIYAR
TP MBAALTOEDOHAMBREE R,

H*ﬂ&@ﬂﬁ#%&ﬁﬁ&~ﬁ&w&Aﬁﬁé%mtlhmﬁaﬁﬁ?aa,
HAFIBEAE<SOKAY TERDNSGZ L MbAS, TLLTHERENS
BBV LAMOBA L ENUAOBRTH S, HECRAKOBHOKBHH
1?235 b“(‘ﬂ:‘i ‘J_.. ﬁﬁ;\r\ﬁiﬂﬁ‘ biﬁ?wﬁﬁﬁ‘%ﬁ‘éhafﬁa‘} ln &%"’Clﬁ'ﬂ
AD%%ﬁkﬁﬁmﬁﬁén&hﬁTﬂﬁﬁ%xbna METRUEA Y-

REEE, BY-vEgECHNTS. B
C EAABOMEGEHTHETSY., CAERMLOOHDANEYART =7
COWRAAE. BRAMCHDREITHEITUA AT 7OMBOMM L RS =
LR T E 5.

3. 2 HAMBORYIDLMHEWEN
3. 2. 1 HAMBOKYLS

HAQOBMEIRBCHUBRTS 5. Eﬁwam&.ﬁaodnﬁﬁw&wmﬁf"

U&ﬂb~&thZétmﬂﬁﬁﬁmﬁﬁﬁﬁkm%#btéﬂﬁﬁﬁﬁLT
nwa. ityunbmﬂﬁﬂé<®ﬂﬁ?%ﬁb,iT#ﬁ@ﬁETth W
'<a#®ﬁmmﬁﬁoﬁﬁ#i&u 2T HBENFV, BRAABNZOES
&ﬁﬁ&ﬂﬁ%%?kiaf@@ FWHRLYFPIPRBLERELORABH
kﬁﬁb.h(c#@jvubmﬁﬁﬁmk¢91~ﬁﬁ'ﬁ%%éhﬁkﬂﬁ
HERTEZILLERTHLEAON TS, | |

EI-1RLES-1RR, HAABORYIZILIKHEIIHAERREERT,




(3 - 1%) EK?J.%@%&EKBH%%?’J%U)EﬁK
%ﬁkﬂa‘ﬁéiﬁgﬁ (XR 2 &Y slm)
m BRI, TEZ 3% - EUEEN BERELR, DELES £ B OE ®
. , T, WORBITES 3 8, B, | T, s oF, LR, 1% FHOR | RVAHRE QK- 1 7 FRE
R 7 II | RO RICRLE, RS, T | A KB, EEDCERELA | b REALRS,
rnB-mREms | T . e
k=T ERAEE.
FIRPL-b LB 018 £ AHRAOE T WM
L 4 k0 7 b9 | SORRED bEORKEBREE e g
BRESE-CBRAR | WE. il
[ mwmcmimgn ez 52 RUBROWERCINER, | FWAERTH,
(240my. 2190my. S SRH). | H4d 35 TWEARBIES, FERE RSO BERT A,
—_— BN (FIRE—k Fopb | (2617 TcRNoRE | BKBRE CREET <) RO
BEERAD puocrsFoolsnzit. | \bontashz, - BR(KET 7§ 7),

EXWRBERA RN L L

mtﬁiﬂl?‘]&(iﬁ‘ﬁ-‘k‘.&.t%&)‘tmﬁh
7R

MRS ZH b — LR - ARt
Aciith, BlREERE O »
nHdLo?

Wbtk B 2 b e
HEW & k5
owvtirs ).

Bl WAE T,

- MEHREAMREROSROBEE )

(LB AR 7 )

CBRLRISR WM, AMEOERK,

maLH, Lk, Eﬁﬂ#ﬁ-ﬁ??
MFE g,

Hig— E‘%ﬁitr&iﬁﬂﬂ:k&ﬂt'm
EWEIhRISHORE, EHELT
terhkidiks L:b*.::-'&llﬁﬁ.
SHRINRC B SRS O BIRITA,
| MFHEMEE B D R,

aewm— - ERW AL - P LRI .

Ta TR | ERREH, HAROBE DS | ¢ kAR (IR ) BT

RIS, RDHTRS Y,
HEF g—aﬁanyzmmm.
L DI G £ a*wa:ﬁmﬁ: Y 4&:u;&§ B HRRBE AT~ S,
VO N R W | TR PRBNNERR. =3 '

Va S RAM— e | M AR, Jmmxmzurexa, AhA 35 HB(EEM).
ESIETT AR\ | ESEEEOTes 5 £k, S ' :
Wy TF st | 120my. SX—LERRTORNE | WH-F— 2 THEMREROLM L
W s my-m| | wme. D BRPIBMAOB TR L C ol
FHHS 2 Z R | RN BT 2ROIES I Hime, | AR MROEERIEE)H ),

WA S WA ToRE L mitE,

FMBOIHM 23380, 3 U RO —HEEOEE,
A RIS 50 S LRI MK EMGG, Zduc S E BRI 1mihoRk

—
Y B & & 5 i
N = g

(R )

(IEERET.“I:I: El]f'h.ﬂ')
SN BAtGD

P~ HEESALIE
OXSHOTNTR, £S5, =
X,

A
BEE, 8 BT, DIRGLEKE
BoZlE:, B 5 ETHE.

HIERER
RIS, HZNDIED 5
AFHES, I’ﬁi‘é&':m,amﬂ'

SER-FNE,

({L13K 1 Foy TRz 3513 B3R 2k)
AL, FMBOAMED S 3k
DI BRI TR KRS Y,

[J:Eﬁm.i. CORAHES ki .

PRSI SR 2 A

(ﬁﬁmﬁfmmﬁﬁ%—ﬁiﬁﬁﬂ&) S
Wit~ o b s,

L ATREIVY = L7y YT —

FEoqi, nitnA, Wig A e b

FFERM, TABA, LRI
Bt s RBUONERR, Rz
b ILd B,

HF GRS 517 5 IS RS0 Bk

.

WIS 51 2 A N — pR I Coml
Fitnll,

Vv o oR M
= k-ﬁﬂ!%.. :

oLy, dtin
Ixagrtbskmy K:!t#:!)
5

‘F‘H—JEMT-'E:E': * RCHTEY I

~ ORI Kikisdh; r1el
- BRI ClR St o 2
e G 1 "/‘*}"?f'}‘ X
’@.ﬁ B*lﬁﬁ‘unu pl ;El_o

:t»mmn:mam :
TRIFHEMIM AR, AN,
Wil HAn XY % l.. B @l erde
W # Y.

E*ﬁﬂ* E

SHIFIES 3 45, JiLY, #PAk

WSS, Wbseyeh Ivh SR R e
XliEE, WM OIES I 8,
KAlsiEgy,

RIERIE

. .ﬂ-ﬁ&mﬁ_?a”fa. PR

(Ml b 7 7@t bae
ll!ﬁ'ﬁ&ﬁé 7.}

BATISENKIEMS &6 ¢ DAL
giﬁmﬂ(mmmﬁnwm iz

[J:EEVJ b ¢ DA RIS g ]
BEZEFIIGTRS 125 Y,

4 FIBRESEE B 5 e 8 L

RBOER, NiL—NiaEIFo
BREfES .

Holtsh, dcisdee 03 3 e
FMYITE, WERHRN, ALiBinic s
(o !.Jt!:!l‘.ft&ﬁ& BRI At g
WML,

L - F:EIr"ﬁ&rﬁb?ma'si N DR,
i AE—-IEE L HtE L i
O Bk i,

AT o B AL b AT ) 2 f5
#ﬁﬂ. PR H NS BT ) B

ﬁhﬁiﬁ—tﬁﬁ‘ L LTalnmE ) 3

LT

ey

T

L S (L e v e s =y




Kok b neel 0 weoipsindbitms

-
s i e

e 3 cr N

J 1 N ——

IR (300-270my. 4D ERT) o KIRIEH)

._ N
W
"y

. - ‘) s““

Ahoesedal G, X 45 e &

Loy : i

v k

:5’-‘: "/'( K 2%
| ) {L‘f_-;iil'ﬁﬁﬁné};{.’ﬁ‘\
L N e " ARk (L
AK B B £y v v LI

I (250-170m.y.2 b DERT) 88 Kkl

UR--Z 4
LJ 2 5 FTjij

Vil (120-80my.d 4 DERT) 4 ||| Kikighh

, R | [-j"i‘."”ﬁ“hlw"'-

: R o s
AT SRPTSN1  f1F
04 AL P LM HHI Uty [Tl i
oAl LI AT L e W s,
ﬁf* h _%_%p", ] %l_’ﬂjﬂ-' szaa)\/“\ RS

B L {1 -
AT R

KBRS,

Vi (I5my. 080 bORT) = Kkisdl T
R 12? F | ”"}‘Q_%“-I%“)-/\'

L7

%,
=0o kM W
=

e

—ny
L)

(B3-1[)

BAOMERRE (X2 EYEH)




3. 2, 2 HFIBOHKEK

VAR xFPOBBHEE SEICE =, HAMSOHEENETLTRO &>
E&é”,tﬁb\Hﬁﬂ%wﬂﬁmﬁmmﬁﬁmﬂEWQEU D TWB R Y
BOTHRTHY., UTFTRBR RIS BEE AR ST RDOTHE L LERET 2 M

EXNB 5,
(1) SWEBROBBR L ERTHe

TITEORRLBERZRANE VD, ZOF N HROBRE R, LEEE
BHDOHBIS & AN THBEH AT TOERBUR T2 v 577 F M ¥
&%(t,ﬁiﬁﬂkm<ﬁﬁbtna EhEEBHIC, ZhS ORKE OB
HRBMERH LRI TECRRRREH OB 55, Th5EWHERO S,
A LU S PHRL SO~ BT RAAR - R BRI 0
BELEWHAABOEKBRE (RS - 58 - MEAY) CELALEBRT

W3, it,_nb®¢%%é%mﬁ(ﬁ3%)kmafmbtvmiwﬁﬁﬁ

H~REREKRREFED, BHETEOLoTVEZ 2 NS N,
REEVHERO ~BICRERARESBOSE (F—25—H—) PER
YAVEEBRENTEY, BATORERRTRETH o 2N BERBIEL A
EBRFEN R BoTLEo k., $LALIDIK. HE=RO—BLEEEEN
HoT. POTRBALEREIATWEY, BERETADP R lo bk,

(z)kﬁ%tmﬂﬁ.

H*Mkﬁ%@%hﬂﬁfbé t<k$%ﬁﬁ®ﬁ$#b¢$ﬂﬁ%ﬂf¢:

@ﬂﬁkﬁéﬂﬁh%nﬁéh i#kﬁ%kﬁof%m%%mhﬁﬁﬁr?
HAODKHEDHHERE., ABLERAERISEE=RICHITICOLDT
HY. BRAOKHELZREHEIBRBER. Z2OBENZOBRMICEAS S Wi
BMELEDOEVWRAS, ZhOOREREMT A Y YAFY (W) PV IF
(Mo)wﬁﬁ%#h,é%nﬁw%ﬁﬁmtbfmwﬁE#i:t%%&

e
Kot



(3) HERRMOH)FEH

HAFIBOWBEBPABEOH RO EERO LIS =0~ 908 E 54
w¢6.$%$®ﬂﬁuﬁ<\Wﬁ@ﬁﬁﬁﬂuﬁ<ﬁ\WEwﬂEﬁmﬁMﬁ
V. BABREBE RO EZARTHEGHORB TR LEL 1YL I VD
WEETH T, AEBRRAMTIET OB 8155 E 8 A L
Ths., ZOTHLRERKAROKLED K UBREEAS Y. 5 < EELEA
ERUTLELEREC TS, 20k, TA6OEEDMEEEEEH
K7V —Y 47 (BRBERS) LtBEAZZLAd5. YU-VYEAI205H8IC
S U DRI ERGEK N DS, 7Y~V 47 EY O LEOBER - B
AR, LEUHBHPRBAZERDEOXB Y. wFnsEERETRRT
5 5.

(4) EHFLHMOBENERE

AABRKRELELTWOSVWET, 2EROS/6 LU EALUBTSH Y. LI
V/B@Env. UNALEADRBHEZILILKZORFREHY. AN
TIRAHFLTWBLODA TN, 3DOIEFLREEATWS#RKIL. ARt
THLELEYLPPMONEBALTET NS, TLUTHERE B BMREDS
MB% RECEIBHOPTHLOHROBBMYTEBEDATHYE. T0—#HICHE,
SORM., EBRTHATH o ERKUBEHOENTHEKUENEGENE, ZDK
[ MRE—RCABEERTOT. LELEALLBEATNEL. EO—A
"%@Ménrna.msﬁﬁﬁ%mgqmu:mﬁﬁ@ﬁﬁ%ﬁﬁﬁﬁbrua,

CHLOHLVERBORHREREIVREOBBYSH LY IO, SHEH

FRBIoRAABROBHELOBAZTARAEATH S,

(5) kil

Eﬁﬂﬁﬁ?%ﬁﬁ@k&@?&af.%Eﬁﬁ$#5ﬁﬁﬂkMﬁ&%ﬁ%
méntgt.%btﬁﬁ,:@ﬁm@inzoogﬁwkmﬁaa.:nem

%mﬁﬂﬁﬁﬂ<5htmﬁﬂﬁbh%®?&of,%(H%h%nmkmﬂ%




EEBLTVWS., KURHAOHBOBEELAERTHZ20H2LT, #B. O
MWTHERRBOLTYERELRIODTHS., bAhAICHEAOEILABEMOMSI /4
BRAKEzE0., KLESERLVWEYABREB- 2 1L/4BLTRIERW. Zh
SOKUMBEICE. FESBORRAS o CECHERBINTSY., —WTRT X
NE-BRBELTHBOBR DT OATY S,




== Bk~ Wik, =3, =&,
B w prr et (it i )

B prrscames (o, Sk MR B

e RSO ER LR T BT B RRE )

HER(K)
3&&-—%-’:5&

L (REEE, EEEETE-LE,
[=7ex34 H{ER AT SEE )
[ meemzeanm
[F]onnie 7aemtinsum

WIS
TrdK

(3 —-2H) #HWEHAROMEBRLILBELTHRE (XKR3 LY




135

RERIER &
170190

[r=o] et~ s oresi g
U7 it~ SR R e bk i~ 22t
sk ~ 452k RN TE R 2~ Rk

I Bttt
ST Ma{ 100 T M)

(3 -3H) KHEEHERE (XR3 LYBIA)




=R

3 fixn
BEAR S 4R BEA NPT ¥

i Br L

7)

(ﬁnlﬁﬂﬁﬁﬁmﬂ
sl BRIz E S

MBZMOBEME L HBE (XKML VA

(3 -4 H)




AT

(=] memtawunys

R ME TR
AR o0 e 1 BTIRAIZ

|

|

3, FELEOTERGE RIS T 3 0T
I £ My It (5 751 200m, 600m, Fitid

L42 400m FUHS)

(3 -5®)

FHROERDE KL - B (XR3 L YIE)




3. 3 HANBLEWBYAR7270FHA
3. 3.1 YARIzT7ORALBANSOHMY

B3 T . B*ﬂ%@ﬂﬁ&k%kﬁﬁbfﬁ,hnbwﬂﬁwﬁﬁ%ﬂTw
BRAAAOBAPSCHERE TS L, TROLD AL,

(£3-2%) HANSOMELMT OHA

HHO BN

| svwrosmre | %ﬂﬁﬁuﬂﬁt%m#én# mﬁuxﬁar,
HoBENSN., WHEHATSHALE, BRO
BEERE | BERLCREFEETHS.

HMBELTH., EREYRAGANAS V. B
KHBLERE | BRECHYAZRRETHRELESAFEDh 5
ZERBVH. WAL NS DAND S, |

| smmsEeBEmssAoTOEN. KEREE|
HERBHOBBER | TRA0TAERELEAZEABOASBENSL,
J BB LPTVHRECH D, - '

.| BRI ZoMECHS. PHBEETAE
mﬁaﬁﬂoﬁmﬁﬁ_4<$mr#ﬁmmﬁvaaaA#4w# B
e e | RHEESEWESE S

EEOBTHABEACWERTSE. Ll
K BBIXNVF -2 AVERERY, HTHHO XK
EHESBALER S A B,




VAA7 27 DRAEER., OIS 2BBENABREIISTIERL. S
RAZLVERBL VWA TR T ILENS S, WORTORELHNHEL H A58
Esﬁéﬁﬁwﬁéﬁﬁﬁﬁﬁ%kt%énﬁﬁ§i1717&k%<:onﬁ
HTHERDZLNTE .

TOR. OB H A EFET IR LA RO EWEBTHE, 22 TR, F<
DABEREL, FEPROBILTVZ DS, BEVWERH LR TOER %
BRABHENDD. ZOBKTH. BTFABELBBELELLTEY., 2FER
WHLOHMTEERBRLTWS 2L 5,

WE-D I, COBHHERVELBECHE, ADDURLL RREL A D 2
VHAECE, COMBTRERNEM B TOMNENTETS 5. TE, A=k
REXTOBTAABMEO TS, BEBCARRNENCANEED 5 2 &
ﬁf%a.tﬁb.:nif%btxbn:wﬂamﬂﬁﬁgﬁ?&uQ%%n
BrEOTHAY RERNEETSE,

B2ECHoEYARTI 27OV =S SR Avnil, BHBEAY—>. 2
DD BERBRVLCY - Y2 hEhHIET 5,

AV -y . B, CVY—-x

BOAEFS<HEOhE | ##smEsR
BMTRESCELRE | HECRELERLEE

A 2B D = 05w AT 8 258 72 0>
CMELATAEECHL [ BTRATOFED T

WO | m e

A ETH. BOBTOME | HESEE ST OHE
R F 5 MR

o

m??m,Eiﬂ&&:n%:owﬂﬁuwa\%n%nw%%?Wﬁﬂm
&ﬁm&%ﬁwﬁﬁ&ﬂﬁ#%ﬁﬂ#%ﬁﬁ?é.




3. 3. 2 BWHTOHHE

(1) BHPomEICOWT

BHEHTH. BELETHREERMBEHS, Wb SR8 2 ZH SRS
NTOLLEMTES. ZZTH, FTRVWVHTORELDVWTHEN, BRHA
KBEo>TOMBAEBEZNAEHI DAL To . -

MHYSARHORTED T, BRAOK—Y Y FRECEoT, 100
MEEETHERSEACASNT NS, UL, K 4%E. KEOMEE
L LR

OHROBE

HRKOME T, RERLE (JRIEK) HEEHE LT, HHOSME LK
HWOFHBEHBCEL>TVS, AEBBITCTHEASEZES EBRL TS
BB, ERERLTOLHORAFEI O BEENT0S.

LRERE. AREORKET. THOLSEEL FRORATKES S HR
ENT0S, LSEREER VN NEE2MhE +5ERE~RE &0 LR E T,
RUGE—WORMCHEL AT LTS, RABKBEEHAIC Y b EE SO,
LECDEORENEAFRUETH 5.

WABEE. WBHOREETSHY, YNNG DF PEEOIEHNOER
EhTwna, ‘ '

QEHEOHMHE -

AEBORBUBNAO FERFHOREER (RENREE) NEEL. B
FRUETHASHGUNE. LHURE. HHEF (NRE) Ko THREEH S,

HERBEHESZROBABCOT CORRYTH Y., HHERBICHEREN
EOIHEH CHEBLENRELEALNE, BBRKELE DE BEOX
Bibks., zzicik TREFEONE) AEEL. TOENBENTRER. &
MWeRER~HEHTHY, LBEUAKFES (85" ) LTHY., TOEERLO0




7 stmf‘%éa
HHREERESE R BRShEABTHY., LOERBRESESEICS
WTDEBRYTHE, WTFhi, B, HREEL & RIASHRIATHS.

@ KR o #8

REOHEE, EWAOTHRICHFHOMFREL, SO TRICHHPER
OEREMEFELEUT VD, BURRTHH STARER. KBEH. LHk
. WRFICLTHRENS, |

TABERIDEF LN LBOER I bR>TWE, KEERTEHRNMED
SHELA T CORMYLAR I, DRELEAKREIROER CTH S, LWH
aﬁufﬁﬁ&mﬁﬁa%ﬁ.xﬁsﬁauﬁaﬁmf%a,Mip@;wim
BHrERELEERS. BLNORDBBRRXEELRTAS.




(2) BAXWARIPSOHRE

REHLFFORVWHETR, HEWRELBEIGEBRIATVSE, 20k
&%ﬂEﬁﬁhbtﬂﬁﬁﬂﬁ%Komeyﬂﬁ#%ﬁﬂ#%&@&ﬁ&ﬁﬁ
NRETE 3,

Q# Tk ME

ufn%ﬂvmoﬁg&mﬁrau.m?m&nwka/hu R
ﬁﬁt&a.ﬁﬁmkﬁam¢9&%mrﬁa._
CETRECRRCHE LB B TREDORE
ﬁ?*wﬂ&tﬁk:&ﬁﬂﬁ?mﬂﬁ
CHBBWCERT 5 KEEOH R AD K
CHBEOBEOMRE 0T W L X

QHEHEomE

ABHILR, M- AB - LEFBOIOK. HEZREHPSBEWBLEITT
BIEMWTHENERL, TAOFMRELL RREELCHDRTAHT 52
TENBD. HH. WEVES HERXIALLERARSEBERROBED
55,_oxvﬁ_t#b.%ﬁwﬂﬁ&w<oﬁkﬁﬁbﬂ?oﬂﬁﬁm&%
AZZLVBBTHE. HULEMEALABT 52, KOLBYTHS.

Y LY Y L
- REBBE (HL10O0mMUR) OWEL., chkEILBHONME
CEWBOWE LR




3. 3. 3 BwWHTOHHE
(1) FMALRTEIDA YTy r =

BHEBLED, BOWBETEHE LTV L RYAI A 77 OBBARICK S
RPBEDBLDOTHE., BOMTELDLSICAML T OMIC DT i 1 B
THBAE, 22T BOBTENALEI L T6BA0EEAL. HE2ME
A SMELT B, |

BOWHTEAALTW LT, BLART RO, £kl THENFEY
KBERTE, PORRORFEROB RS2V LAEE LWL, LENo T,
BB AR T MU S H e BT 5 LB LTRETH 5.

BUBTRLOBEFALPT OALOWTH. KO hEANEFENT
BTHBLER3. ' ' |

OFF B3 AN
QHTF ARV, F & IZHTFREMNE
@ME (BAIEH) HE
OHEABENERTS 3

OEE OWH - BEHT W

THALOMK. BBRAPRORYOHEELEAONL N, BRECELTH S
ZENHTFORATCHIIENL IR ERNE,




(2) AIALPTWVWERKDODWT

HAGHEEHH T, RAKEAASERMLTALKEE O8I — 43)
KRd, FEOEREROELICELHDZLITES,
O THHEKL. BSRUBOREMOERENLRBAE LY T WBHL
LTEF2ZLHRTE S,
® MTRHCBHZMERBTAORRICOWT . KEKS RHERH
DRTELT. 487 -~ XOBERFLE N3,

(3-4%) BWHBTOHAKODWTOFME

FRAE LN

18 74 s CECEROMEIC ., BEOBCSFHS S STRES Y
CMACEN. BEEN. AREEOLTE. BESRNE
nwZzrdashtTtwnwa,

T Ak A2 v -3ﬁ$§®ﬂ?*u ﬁ&rwaﬁb&n*a#b it

BTREHFAEW | TAEFAEBEHEWLEXSH B,
cBRREEE. BEREEDOKRESR hbﬁﬁﬁwiﬁ}i#ﬁ

FTasEER. o, ﬂﬁﬁifﬂﬁ*ﬁ&ﬂ#&uww
LZATH, #HTAKENREWTEEDLNHS. -

HEGBRER)|  BRAABEI I V- oBERBLDY, —BHICHEMRL
AE W HAERZFTTVWDBEZZAONDN, HBOLRTF -2 EELH
: TWihWwoOREKRTHS.
CHBEFERBELUPTOWEHBE TR, 20 TWaHBANNZ T
Bl AN BB, : ' '

WMEMEAREM | - HE= ﬁuﬁtﬁﬁﬁmmmﬁﬁﬁ¢a&a.3*mﬁ
TH5 DHFREBZHICET B, .
- FL#. iﬁ@mé%_%ﬁﬁﬁ¢axﬁrﬁﬁﬁwﬂﬂ
- 76 E . |

- RBEOEREI D RSHBBEICH., ERLAHEHENED
h2BFTd 5. .

BROPE -B| - KBH. BEEGOLH>RLERANDH T EHR,
EXEn cBELARLSEROEEEOHTEE.
CTERENSLIBE., LEL, FEFREFABLINHTS
BEICE, BB LTOoOHEREVWDEDLE 0D,




3. 4 UARATTFOMBEDELERSR

3. 4. 1 FHOEDOHEKER

BTRBPE. HECBoTHRALW P OBIEETHS, A EMRLAM
LT EDIKE., BTORREELLHWL, ZhKESOTAEN R BEY
ERBLTIWSZLABETHS, COLDORNMEEL LI LD LROL S g
YTh s, ' ~ ' f;

(1) E2HREHEOBER L

ﬁﬂﬁﬁ&ﬂﬂ+ﬁ&ﬁﬁ%%ﬂru‘hmﬂﬁﬁﬁkibrhaﬂ(mﬂ‘
WTKE) PEBERLE XY ERCHNT 5 HMEMRL TS,
CEE MTAORREEOML
A OF B, HFOKE B O
CEBWERBOEDOBMERE N L ;
C T DM OB R I O E W L ' | B
- HRAOREORWE R L 1

(2) BTANOBEF &

RETHOALRACHBERRE R VT REDOBRFED. AL
ﬁﬂ?l»ﬁﬁiv?\'rl\%:ﬁﬁﬁbfh <a
CEBERSROCENSEOMR
A UROBEEROMR
BRSO F WEEO R
CHEORE, BAKRE OIS ED NS




(3) FRF&

AYHEa—-AYIab-varyi¥tRiy, “A*HEHLAEBAOEEVET
m®$QEWEE$W?é¥E$~&Szv—yayumhé¥—&&—z&8
EHERLT WL,

-ﬁﬁvSJDnya&$&wﬁ%
B EETFNERFEEORR
T HEF-AX—xOiE

3. 4. 2 SFao—-—nnihwge

AAT P EMBLTWLEDOEEE. WO ETHREOBRE BB O
HZEB0Tws, ENBERSNHABICTODN S EDICE., HBE L QML 2 L #
BETHY., COERTHRBN M I oM EN L YVRET S LA ZEh s,

VHEAZ 27 OHRANACHEETE L EAOASINELITFERT L. BEUT
DEBYTHB,

(I)ﬂﬂ®§4+£az(ﬂﬁ®mﬁ,%ﬁu&?aﬁ%)

-ﬂﬂwﬁﬁﬁﬁum?aﬁﬂ
CHBOOTHS. BHDHICET B R
"HHRRAOBRICET W
CKMEMCETAHR
HBBOREBBCET WA

(2) #HBoYERE
“HA. BUOERCETIWA
CHKROERICHETIWR (REAROBIT - BROBHE)

CEBCMTAOMENHEEERICHT AN
CHBBRICBTSHTRBAICHT 2

—63—




——

\ . \ ! T
EAE ﬁ?ﬁﬁ@ﬂﬁﬁﬁtﬁ%ﬁ%@&ﬁ

i;}
g

e LR sy

YERT7 o7 OHWE. ANEOEFEBLEATRL ASBWL. MELEBT - BEE
BENREEELAIO-X R YRAFLAEBRTEILTHS. ABRBLTAND
WMTEEMSAREESh, ThBRBERIBESE P VAINVBR I TEREN S,
VHFRAT 2 7EROZDRE., BROBTEMNBER BT SEAEARDBLIADT L,

FEZEELELTLS 3. chB0RELRBTIE. SAFOEHREML 2R
REELHSERORAPLRTSE 3.




EaE BTEZHONBHELRERBRTORHE

4. 1 BB

ARRLOE> RBTHN, BTEHALLILTSLE, BYERL 251
BB CRET LWIZLTHE. WHTLKL Lo TARRBROMETHS2 S
EERRMEFCANSZLATE, ThOORMEHATHI LR LTS
KRL, BHIEHUVWRREFICT LA T2, £, EEDPAM - FlA2
ERRAS SORBENSV S VSCAHTEHEME LCHT LHERBEKE
RoTEE, TUT, TAFAMOER L AE <WESRTEE,

P, BRAURFCHRTEEV oA WTVADON, HALLTHHOES S
VRAEEESIEICRY, KYBOLIZTHHIZLNTES LI Kok,
RAMBPZEFEAMEMTRERBICONTHTORBORREPHUADBLSTL
BY. T ACRDIERNEHNTHSHE. BNABBT S LICHE, AR
DELE, GHER-FHEERRHKARRLBYEDb-TELHN. TOWRE
LT 3" WS HFARTRTR2EDOTHY., ARXHORBLBUs*—F
YI)UY—QUEDTHo LN &S, |

FUT. BE HPEHNEREMRESEET,. ThKLbRoTANO "
5" RFHLEEXELTREN, RRLTEE, “Ha" HWLHARRKOBH
EOTh<, BEEAHMORBLLUTORA. BTOREOWR - AA. 351
RES=a—-70VF47  FHEAHUEAASAMLETL OBKEE 3%
THECRTETWS, B

ZZTH., ETSBELTETVWABTHAOEBICOVWTRA, KK “B5
T HHCRBRENIBTHAOEDOHBOARICOVWTHERS., ELT. 20
DATCIVA ATz 7 EEEBRT SO CHRERFLBEL R LBEDh I HINEH LR

Do




4, 2 HTHBLEHERHEBORRK
4. 2. 1 HTFToOo#MH

ABMOBTHEOERIBDTHY, 8~ HHEO M VIFRBOAY NFF
FOBMTFABHEBFS S mICRY. LFANLOAREZELTWELWDRT
W3 (EE1)., BEPABESLLTOMNBR - LEL, BAaoo— <& E
CBWaAM. XAV (BTEH) REANCHEATHS, ¥ £ HEHOY
rhyuswéﬁﬁuﬁ&f%ﬁménzwé.:nemﬁﬁﬂ?&ﬂmbté
BP RN FRCEECDE>THETR TSI LERLTWS., BETRA
O AR M A S Tl o 2 O (T 2) SREF 0 R A RESN
HEhTW3S, |

ERICE o T, $ll, BB HTHESAHRLEBEC LYRAERCHAEE A,
éBE;$w¥~¢ﬁﬁWEﬁm%‘%ﬁ%vx?b,%uﬁ%fﬁuﬁUI—
VaviER, WRER (MY —%) SHTOMAESKEKDbEY, haX
BB 2o TV S, | |

:n%mﬂTﬂﬁﬁﬁm,hy$»xgwﬁnﬁﬂ.iﬁ-%ﬂﬁ#¢mlﬁ
WORBIC LD R o THATEEADIOTHY. ZLiABLETIT, 288
OBFRBAOSVWILRREEAELE L 2o TV 5,

HASECRROBTERABCOWT, (1RARTOMEBM (2) AR

RENTHWEVS, BEBBOLO. 55 VWREFEOLOTITRT=7EL
THATA RSO BRNERERELTE OIS T TR T.




EHE 2 HFoMM

— 69—




(1) HRCcoFHER
© HHICBWT

Eﬂkﬁﬁéﬂ?gﬁﬂﬁgﬂE(%4~lﬁ)k%ﬁﬁﬁf?

EE ﬁk%&fﬁﬂi@ﬁﬁ%#ﬁﬁbn R ﬂ&%ﬁk*inrhé
:a#b.ﬂ?%ﬁﬂﬁﬁﬁﬁ%kﬁbnr%t._nbwgwﬁ(%4—zﬁ)
KRt cho RSB CER AN A SO THE,

BTXY P ZHRDEVEBTHTOAN. €Y bUA—N, O b,
Za—-3-2 (0w ¥y 7x5—-%>vi-=), RY (L P—N) KRS (B
H3). EYMUA—N, MOV IEBU2BTAHHOENRLFILBT LS
MEOBEPEAOLPTE, BERHORS, BEC BV 3 XARROBTS
TdH 5N, mxT%Ew&ﬁ?ﬁﬁ%ﬁh?é tﬁ%@ﬂﬁ@k%&ﬁﬁ%ﬁ
= o 2t 6 I :::. : _ Sl

OwZ7x5—%
HCiTbhTEY.
EEELTERNT ,b

IRLOBTHBCS
WaH A, HELUTRE
RO H I L,
EYEHBEBRTE 5.
BTELOWHEME &
MBEBEHICTSE DI
XERIRIAFbhTWVS,

EANT WD, BIFER
*r. TOEORSI

ﬁ%ﬁu,@mkam&%rﬁamzwéa




(B4 - 1K) ESOBTEEAMAEHN
® E B OE H
| cxmw) B oA ()
jbty:'?df:?\:/' ~e 3Gy W —
200m | AV ATHANBEER | ZAYH - F55 A4M
s AP S VA 14
2 — . —F R
Om HEREEmE Y X — AT T—F H_T'J‘J
258 | ¥ 32— XBEH 75>
30m. | Y9l AR R R AV —FY - 9THS
ROV PIR—F~- Yy, : — . .
33m Ny koL . TAVHAR -7 MW
40m | = — X ANL Y EIFEE EH AV L—=FY Z—=RANLY
%m;zx»ﬁzﬁmﬂmi% IV xz— - X20WH
100a | H-0y NERRFHARFRR | A1 - VTR
YU T 7R - s~ -
120m - EFAVIE TAVA - RV URZTH
ja0g | F=728=b>3n 4FY R
(FELL WEwE AR b > 2 ) 75 R
5®m #7x o INY REH Y7
L T00m | TV AT RBR AR AY E
1,800m | Z# v— 728l WM770H8 - F—-FN5YF




(4-2%) DBRICBYIHTHEAHEHN

H T 4 2 iR ! %
W - 1,2007%03 (745 K) PRS- 27N NN T ,
Bl MR %80~ 1500 Ay R K E % 5
‘ ' . AV z—Fy, IhTz—, | AH. BEHEEE
g | FH 2L,0000% (A2 > %) (FAUH, FE, VCT ) | BTFOEEE. EEEE R
e B ARBEOHEESLE. 7
ﬁﬁﬁ’ﬁ:ﬁﬁ 7‘{/7-/" -f)b!—\%ﬁ% N
LROMEEEEHICHE R _.. T DA EFIE LT KB
7& HEERE (SR, 2B zmF ) { AV z2—=F>, (7AUH) THRNNY— &
Mk 54,0003 (ALY Y F) 74¥5 VK
B 2420 () T4 Hk 1
. A h B 25350 (B&. 4 Fas7)
B
| By 5003 54 | Un s . . T4V VLR ERGHEY < V¥ — 2 HH
1/ Jor—2 ~ ) AR - s~ VS R, P -
Z%i\yﬁﬁa./ﬁﬁ%ﬁ Miiij’»fz-h W i —ig (1}\/32111? z%‘;zég Juvx
FHE (B00A) . LIPS (300A) . . _
ARBEE L FZ2I- b (108) | 227N IMIET s s - e LA
(745 VR yRyYyRAERLEZEE | T
BEk IR 1005w (7425 K) 74Y5 VR FROABT SV b
X T4USVER WFOY v hCEERY & A5
125,0000° (F ¥ =T IFREH. 71V © st BT OERE, EEE. AkZ
WRBR - 1) : 7 l7svsvrE MORELPTSEHA
1 %15,00002 e
I AVE— ) > n
% nEE (¥4 -Uz=xJdr, 74252 R) 7477 F RELHLYVA
&8P R X365n, ¥ x16n T4V R




AU (V- 7—=)

(BE3)




@ HAKBWT

N BT M TFEMARENE (B4 -3 %) CREECT T,

Fh. ABHECSTSHTHAONL LT, RADEBTOEBEHH RO %
TRORRLEBLBTEN - BFHBHO K2 (B4-4%). (B4—5
#E) KR,

A&k 5 wr%mrgﬁ@ﬂmu HRBEHRRICHEY. XEOREL
LHRHERE - BEMEALTET VS, BERE. AATHTEAD - ER
@ﬁﬁmgmﬁﬁa¢f~ﬂxsxvﬁuﬂTstaﬂmﬁmmgmﬁm%k
ﬁmmbrméﬁakﬁa_ DESARAOHT. BMORROEAR ALY

mm7ﬁ#ﬁT&7UJT47tbfﬁ@ﬁﬂTﬁW%%&UTB_

%ﬂmbtwtb x@awﬁﬁmﬂﬂ&a" T MTOREERE LT
-ﬁﬁﬁﬁ.%%-ﬁﬂ%m4AJb$—»,inAwﬂmiﬁyb%éiéim
EHINTEY, HFLOBTFTEMAR L LTEEEAT WS,

HECBY ST EZMAN . BRAEPHFLOVTOS X —VORS IO
HLUT. RAOEIK "BTHE" L ERBELOABNRSOREZRES h
TWRV. Uh L. SIEMK A ICH ST TS Y. 88 0258 2 04
Xha.




($4—3%) EHAOHTEEAREH

e BB A ?ﬁf&mﬁ
#40m o W FEAR Y WH
50mi ¥ AW e iy 1 9% 34 4 20
60~900 | ABTREHE - FARREHE T
#1008 —— CERBREAEH
1004 ggﬁggiﬁﬁ& W ALy Tk 25 7
400a 4R EA HARRSHH
500= Rt 5 B A _&ﬂﬁﬁ#ﬂ
500n 4 8 80 ;5 0 A
700m ATHA X TS FRER | LBAB
1,000m B B A R ﬁ%%ﬁﬁm
1,080a W P b 30 3 % 1
1,1008 - CERNEY BEIS Rk ko~ H RN
OKET2000) | oy o 8 TR~ 1L

(%Y 100a)




(B4 -4%F) %ﬁﬁﬁ%nﬁﬂai%ﬁﬁwﬂwﬂTwmﬁ%
® 32&3

b EHwEAER 3.2
J R 6.8

g H %k 9.9
BEH 77.4

EER 85. 6
R A 28.5

C % - WERE 37.3

g H - _

BWE+ 1 RERH 60. 0

mE+EBREEER 30.6

B A E 33.2

Bt AL 5 I R 89. 2

HEERER AHHEARERER 0
gﬁ&a—sib ﬂﬁﬁ@ﬁﬁﬁa—s%w 14. 3
g/ M v 3t | 3.4

— 76—




(84 -5%) RABTEN (HKE) -#TFTHEE—%

TR & W 7N £ 4

P M

0.5a TENES AR | mEN YK - FHE

0.5n ARER DK% i Bl XEK

B L5 | WEHESHAE | MEN | BEE-wwEE

s x| mExavmmm | gwun | semEw

g L aBeem %-E)ﬂﬁk;}csa. . %ﬁ m }[[n—rﬁma-@‘rﬁ '

10 8 | mBWSAE | BEEM | B

el 12 = Il\ﬁ#ﬁjkﬁ ”_”f.l...l.Ull o IJ\:&#FH

cmow | KBMSKE | kmEm | #ord

32 SR P ok B =wn | mmw L

3w | wARMEAR | owm | e ko

3 ke | s A W

= 1 oa | BEokSKE | wE XEEK - FREEK

17 & E]ﬁ)ﬂ AAkE | EREN . Jﬁkﬁfﬁ

B 22 8 | EBEMmSE | wEM | KE®

.5 m lkﬁ—'}‘}l]ﬁ}?}(% AR IFE%JII ﬁﬁ% Fﬁ

Wl % oa | mEaskE EEEN | MEW

40 @m (E#W)BTE M sHHEN i X%

0 = JURE I Bk B A1 ks

—17—




(2) HWHERELHELTHHO
ﬁE,ﬁTﬂﬁﬁ%iBhThé%@?%ﬁ¢@%®.%éwﬁﬁﬁﬁmﬁé
nfﬁhéﬁ\é%ﬁﬁ%ﬁﬁ%téhé%@ﬁcwf,%&ﬁ%tﬁbn%ﬁ

Wmrrbic (B4—-6R) KRT.

(B4 —-6%) EWEREBELTSHRTHA

5 43 % BELEh BHN
EREE e OBREEORERN. TAVF-ORAD
W HE
B | mENXEIEE BAHKERIANOHA, BFERANO®KY
% ELHEORE XM
e | _
w | vrraaEE B, EEE. ERERME X2 VYT
| ws SR THENER
G-V RV EEEEE. EXEISHBTHEIEN
r | MFTRFHAREH B Ref. ERBRERESHOHTA
3 . Eﬂﬁﬂ?&%ﬁ,%ﬁwtwtﬁé<mﬁ
n WRERD D
a
Ho| BBRREFH moAGEEORERLN. BB &R B
o
£ | B R R D R
. _
o | | N |
gefs | S4B MR REPERICHLTERLAEND
= ‘
BMTH R e 2~ | Wkt WHi. BEE SEHFTRETH
z B AR
D
m | mTmEEys— | BREFIARTAIEN YATLERE

B 2ETS

PN




4, 2. 2 HROBWTEHRMEBIN

HTRRARE. RO KGERATEINE, BF BT HHATH, BT
HhVAbY, EOKRBLUESTOZE LI NPHTREN —XVF-HEK
RBRSABTFoNS, BECHESHRBEAVETEDOETHERLERTR
%zbn&#ofﬁ%%ﬁ?mﬁﬁ&ﬁﬁbt%ﬂénaxjkmafét.i

ﬂﬁ$ﬁﬁﬁﬁ YT E-H— m-,ﬁﬂﬁ%¥%ﬂﬁﬂﬁ%kmﬁbr
fﬁbw&ﬁwm%ﬁﬁ%ﬁhkﬁbnrma ' a

hnbmmTQMW%ﬁﬁmﬁﬁ&&m ooﬁﬁbb,ﬁ£®%&%2#$
:LDTTT.f:'

“ud.ﬂ?ﬁ%%oﬁﬁﬁﬁ

“ﬂ?%awumﬁkﬁ&énaﬁﬁ%m x%?étﬂﬁ(ﬁﬁﬁﬁh),k
M) =W, RR# (FYXA) KHUERE, YAAT =7 CHBENIHT
”-m&ﬁﬁ%u,ﬁﬁﬁaﬁwguﬁuaar% AL OMBBRDEREST
CBREASB. e

#z7m7mﬁwﬁﬂ?&%#bﬁior.%ﬁmﬁ ﬁﬁﬁﬁ%,ﬂ%ﬁ
Ko ErfEamictay ey vz&ﬁ¢¢w%wwbﬁ?haﬁb %4&&?
BEALEFLTOVL, &S S #17:7®ﬁ%k£%&9T.Tﬂ4JWL
BREROMLAEADBON D UFHwﬁéhﬂﬁﬁkibﬁfﬁankké
%wﬂtﬁbarm<ﬁb69,bfﬁot.Eﬂw%%(lmynﬁ mH)
kswfﬁﬁ x(m)gm ER%WEEEﬂ&wLTH<f%65L ¥k,
%w%gaanawa%zmbrw<v&aﬁ %ﬁkﬁﬁ%ﬁﬁﬁﬁ@iﬁ&
OFHL., AHAERMORRE (Fa-T%) LR, |




($4—TR) V4272 TERENI B 3 BEREOEEEOTH b EHH OBR

VART =T ORBEY RAROBEHCORS BR
I Jtﬂ(wlso-z_ozo)' IT ¥ {2021 ~2050) TE¥A (2051~ 1M ARBEBVWCYAR727THRBEEDS,
— . - L3 LEMED LV bR SITICHTABTY
EEN, RN, KRB, AR5V 7, — iR {EE, 5, ATHRB» SH4 HTEE~, AR
YasdYSEy Y-, b3 — B, BENS 7 TH gB[Zﬁ;-‘::%&ﬁlﬂﬁJh. WTRERETBOR
] o - y T ns,
IR BH, B, T4, WU, v =0y -, | BRAVE-FAER, |1y ARBROVA A7z 7 BREE, ARSOMLH
WK Y R 7 b, WEF, avayLavery—-, | WTREER EH, BEHILS D ARSI L ARBR~BT, B
IVEa—Fers—, N F B, EBHEOCER~OREEHik, H#TOHRAG
I-.Txhb—g, SMES, mgiﬁ»g;iﬁnbehb, 74 2EMOHTIET
-5 ' : \ M TICEMBEES B LI I225,
274U, HRRBALRS, m AR cgi;zfggf%n e
B, TALEE, CAES, |4742Ew, ! ~BERI T B E RS,
RIRWARY, HEHLY, |hTREMHE MFA 2 b7 -7 CHIThE,
N '
© a Bt 6 BRE E CHAT, KTEADRE LA0mH
HETLR KB T HEO MR 1 [RGB TEE (BE, 77> MEABILSRTOAN, #H— U ¥y EA
R RRETETAIER ([ TERAHLEATHERY,
o © - YN FOLHE LTRESOmORRS Y.,
o BTREPGRAICHTR (BELOT77 LR ELT, [ REROBER~0EN | HAWRIFEEC L EE8m, B 2 16m(A T &) % HE,
¥ o B~ AREWOBATH |LHORE - Barka | - — 842 A1 B 3T K T 500~1000m, 3 BS b ¥ A VRS IH
= R-TEEHF LS kBEOAT, EERNA T200~400m, JRE I L RIE, AOEP4.5miEE)O LK
% ' T#HhIRBEROIEAFT2000mE TEEITTEE,
# | venk S . © o Bk Rl RE KB E T LA EORREHE
BTk, RUFE, B% [RTAKEECLIBE). Mht, BAEHELmEOERD D .
% & _ © © . © kP TORIERORKILL W,
N W OE-IM L | hEsRei 3 F o i 9 REROBER~0BE | OB G RA)CELIM, ¥ 2 8m, B2 T RERF)CIHE
% % I6m, HESSmOKES D,
Mo
L T o O m ikt R RE 2 CEAATE,
RREEISOmE CHRETE,
EIES ] O .0 - © fithh PR B CRETH,
KIS, KHHHL REROREF~DBE | BHL60HLABIZow THELITESS Y,

ERE O>0>00




(2) HTFZME8HHE

(L) TR AEHEY (XH. X D) #E. BRY) OBBRKEL, #BELT
FHODh3HHME. BEWORBAF Y 7RH# T, ~BEKROED>LEE S
Mans.

-EREM
- Ml (BTF) OWE - BE
ReREE
mE

o Amms | __ L

ChLOHRDS S, BTKOWTiE (B4 —T%) ORRETOES - BH
DEECEWEBCH L TR UL,

BT, ETUAOHEBEKD WTRT.
(a) MIREH

MTHRCBUSSAHE. RKLAKLTUARYRREES>THS. 24
EREE, HAWS. FEAMANKCHXE BMSOBVK Lo TELTHS
ERLbNE., BRRCBYIHTHAEF—U - FRKRBAT 20, LROB
SENH - ISVADRBRLE. HFXORMEBHET Ay N U - DB
FAUADEELVI IR LZANHAD I AETOMBER LB - LR
ERT. k. KKTE “BEMIRZORBEMBICLEY., BBLEY LR
u&ﬁt"awﬁ:auﬁﬁﬁﬁ%ﬁwm?thiﬁﬁﬁ%ammﬁb.E*f
BEBLHAMLVIL "RUBORTE” LWIBENDHY., ZhFIEFOL A —
VET Y EBEBILTVWB EIKEDAS. LHL, BAEICKS, KoEE
KARERAQLEREMASAAZ L. HLOAYHA -  HARABESOR S
PO LMENLBRTHEANEEh 5,




(b) #%® (BF) OHE - BE

BFREWORFCELCHADAIHE (BF) OHE - BECRRO LS 2
HONH B,
- (FH) UE—-hbe2o2y, ZHER BBRC L HBBEN
S (ME~RE) HERE. WERE |
C (RE~BE) K-UYY, BERK IORE
IhHEDDL, MEEN. BRBEABBEIECEESRILTBY, HFLOWH
WREZELAYREY., VE—FEY VY IRBESFLWEFOESEZET TV
5ﬁ‘&Bi$ﬁ§f¥ﬁénéﬁﬁ%ﬁﬁbrw&m.:nmﬁbf.ﬁ—u
YIPHERERNEAE RESERT TV S, ZABKONT (H4 - 8%)

\—m?c

bt




(Ba4—-8%) F-Vry7 - HEEERIN

B ®

hrao—-nwRuyxy

FMEOMNBICEHICHEHANTSIENOBK. FEb
YEANTHDAEKRKER—-UY Y FORTER. Oy
FOEESIUCHAHEMA L Ts0nilll UEBR
?ﬁﬁ&ﬂtum$fntmmwﬁfnrumf
hick YEsTwa.,

| avzneyrsra-oF

| kT, ERE -V Y VBN THRESOR |

E%%E&wﬁﬁmﬁﬁ%m:7ﬂm$u§b<

;E#ot.ﬂﬁﬁﬁénfn7ﬂwa§n v il
-g_mxﬁmﬂﬁﬁﬂm%ar%:7ﬁm$&ﬂﬁ
HICEDBEZERTES,

TP—FU VY ¥ T

CRREALLTHAEME TS TEOBE. AR

LG, WA RBBHRTHERNTE, k%

.,ﬁb&h L ko> THRERITNBMTE S,

KT RN REYF—

f?ﬁ WTVE®EWEE&*ﬁkEﬁEﬁ
V7N RALTCARBOAVBEHER 2B/ TEs

EIRCLEDD.,

E L EDREY S8

E— VY SAONCRRRORRET VRS £ |
JALT. BBESCRE - RELEBREL2E |

LT T2, TEEEERIO~100BEE. . |

| BEEH %

AHBBEODFT THRELPOERELZHh, HHTH
100~ 1000ne ML ULERNIEBMCHEEEZILT
Wi, Tt ARGFCTHRAHRELIVEB THIES
PERZIHLB =S, wﬂﬁﬁﬁr—amﬁﬁﬁ#~
- HHEIhTwWa, '

A RIS T4—

FEYS 74— LEMNEARERYVEDETHED
nrﬁﬁﬁb.ﬁﬁmﬁwwﬂiwﬁﬁﬁﬂ&ﬁ
ET32HTOBRE. HBELHSLLESOKRY
AAIwIPMNETFS T4~ V—H—-—hEFST
4—, HEBRNESS 74 —S50556, V—H—
FEYVS T4 —RBHEARAI I PETFI T4 —K
HARTAES 2B sz, AHMK
KETE2H, EAKBVWTRHRAMBLERL
EBRETSH S, : o




{(c) #HiHem

HTEHOMBER (EIRBLIUETHR) LUTAHAELRZFEER, HEPYC L
STRRZA. RELDBOLULT (B4 -9R) 0rH>230FET LN 3.

(4 —-9F%) HBTEHOEFEHIN

#® W | L -

- | HMT2E2MIPCAEAARNTHA0T. BRHICHER
"R - =H Tl TRZIENBE, BRI UIE, EOXEHOH Ol
BichEaN, 1M EHMIC—ERRATES | A L
E9RFHEOBDOFBREETHTNWS, o

o,

Bk - BRYRFL | BTROFAEEKRSAFLR. KHELTZO
- ESORYTRAF=VaviHBEBEIZHATNWS,

EsAofTcld. B THEADKIEEBELEZEY
ATV YIS —vAFALEWERERZENE
BRERAFL - b EEhTWE, FE —BOENMCRBNB LD |
‘ A D ABREEAREEHL, KRPERELTHTFZ
BABIESWEDBIYAFLIRBAZHTW S,

, EAOHTIZ, B EHEBICEYNBEILIER
B : o BHoMc, BTREDPCRIEEHOTFRY AT
: R LAHEESHhTWS,

(d) ~&E

HAOH CIX, KAWHBTHERBICBIS2BERNICRBEBEIHFWS h, BF S —
TVEBRLLKEECTHRECEINT WS,

(e) ARIBE

BETHHALHTHI LY AHNREE CHERERB IO EE AT




RAFEhTwWa,
CAORRBEBERPI VAR -2 LY TEETMBERET S,
CFHBEEMRBETESIIOCHEONEES 2ME - HRICT 5.
" HAOHZ -EHRER ELMEEEL. APEN - ANEHERB TS,
CEHOEEFRVICERL, "AET OED>LRHIREEARW,

4. 3 vxz7:7ﬁﬂnﬁwtéﬁéh6¥$§E 

-%z&rrbrjfuxw;ok,sz717uﬁ%mLmAmm§ﬁma-
Eﬁﬁﬁt%ﬁﬁb~Aﬁm$EE@ﬁitﬂ? ﬂE&ﬁﬂﬁkﬁAbrﬁn
— X JZTALL&i&?%%@T&& ﬂ?ﬁmmﬁﬂﬁﬁuAﬁmﬁﬁ=
ﬁﬂ%QV7bﬁ%ﬁwTEW%Tm%ﬁ%ﬁﬁwbnrua.b#b IF R
7:7%ﬁu%®ﬁﬁ Em.ﬁﬁﬁﬁkSMT nir*&ﬁw%ﬁ%é<.

brﬁotﬁaka%marwauamgﬂﬁmr<a aﬁ%mana L
T~fhbwiiﬁauvrz7z?ﬁﬂwém(lm.nmqmm)gxar
%ﬂﬁ&or<a25bnakmn- : o

CITR., VAR T T7HREBOLH (1 81, nm'm%)mswr V7 b
'A“h&Qbf&mtﬁ&%*ﬂ?ﬁéné#%&ﬁbfaé.&ﬁﬂ4 2,
Zﬁwﬁﬁk%bﬁt &@ﬁﬁkﬁﬁf%x% =EL. ﬁﬁﬂ%tbfﬁﬁ
EEER B, |

EREM  (H4-10%)

CHBE (BT) OWZE - RE (B4-118) .

T (2%, KON TR ﬂR%(b/*m) W BT BEAL

WEREE) (%4-12%) | } .

- HREE  (B4-13%)

CEME-EE (E4-14%)

CARIRHE  (B4-15%)



(B4 -1 03) HMRBHE
v#x7:?r '
- FTR2NHh2EREE
AR T OER
A, B. CYV—YOERST
EBHICBHEREE
18 FhicbhbrEsEREMN
BAEOHE
A. B, CY—-vo@H, Vv-ryHEHIOoEAEYH
C‘)__-_-)’CDEEH ‘:ﬁiﬁ’]
CMFKEBHEE ORM
CAY-v. BY-Y0ru-XFK- YAFLLOREE,
£V — YOO
i CHTYROMEMSOME., TEEE) <« T8RE]
cSFE-F XS V-, Y F-nib o L
-A%ﬁ@?ﬂﬂ%ﬁ&*ﬁé-%ﬁ-&ﬂETWEm
cAV—=Y, BY—~YDREREYE - FIESE - mﬁﬁﬁi
T HA -ﬂ?ﬁﬁﬁﬁm%ﬁ*ﬁhﬂ?@%Uwb%&#bfﬂm
- THREFEHLDI>LCTI FRAAN
(Ba—11%) 8 (BF) ONE - -BE
VARAT 27
BE 8 5 1 FHEINIERHE
- BB - BR8OBEHSFRE -
- - R - %ﬂmﬁ#ﬂ m@#%ﬁﬁwﬂﬁ
(HM) - WL HRE O W ME
(m ) - BRI EEHRBOAF IR ELELEREONE
(MERFHEEOES - BEHARR I8 - WA
BWTYPEELRS)
I - RBEAIC LB RDOBTR - MEONME

- T DR

I 39

-HBRECHTIHEE BERW-RHOMA L - BHIL




(a4 —-12%) HIT (2H. kK (W) 2B, BRW (¥ 2xn).
HE-EIL. SbasE HMEBRHR)
HR7=27
B 3% B i fﬁéﬂégﬁﬁa
ﬂﬂ&ﬂ. . o
ﬁﬁﬁﬂT%ﬂ&ﬁﬁ'_.
H*ﬂ%éﬁtbfﬁﬂ&#iﬂﬁ%ﬂﬁaﬂﬁﬁﬂﬂ
NOIZHT L B
%ﬂ®$ﬁﬁﬁkﬁT6ﬁﬁ
- BT Ak
13 - WRAE (EA)

CMREFSLHMTAEMOBITE (ESH R+
e Y= R

MR- EER

- AL . TRy R

- BEEEDICEBEEA R VWTE

- BHELRBEAOBBEROSH ' _
-gﬁmﬁﬁ'ﬁﬁwﬁﬁ(¥vau—‘:UF~»m)
-roEMBAE -
~HELEFRORSE - SRE L

- &AL - Efvﬁﬁ(ﬁ IE*EHIE meEs
gy b)

i

< LN - b/*h@ﬁﬁﬁl
“WEER ¢
ﬁ%ﬁ#bm#imﬂ




(4 -1 3R) #BEH

AAZ7=7

FHEahBEREH

B e
BTt AEHAMF— 2 2BW- 74— FAvsL. A
I3 HEoTE @B Ry b
o Bt - BERHICAYTFF AT~
mA - SN L L, FVFEVEYVFL-—KEUHEO
R -
(FBa—-14%) Bf- W2
VARAT7x7? . . :
B 28 5 FRE N BEREH
- e . .
BFE~# - By — TN
13 HF~HF - - HEB_y—INEERBLEEALTCOESR
Sh—TNOHBH2EITE, BFEHLIEH
- % )
B AREBOBEREIRATL
-BREODALY VAL .
o & -HTORY R -Vt F~HBTORE (MTHABH
HmroEfAren)
- FT~HMTFTOA - WOHE
-EE-EBEVATFLORERL - HHEl - A&
I 3 CTELEHRBH ELEL UhWEEBEY AT A

(K. V—¥V~—DiHRY)

BT TCHUOEY T SAGBBY AT L




(4 —-15%) AMHEHE

UHARA T T .
R FHEXhZIERHEH
cHREBUIHTHOREOYV—-F7Py 7
(I EEE. my, 2 #. ﬂbkﬁﬁé%%kﬁbé
g V7 by ¥aRE) ' :
R B KENANOFA (D BE)
-ﬂ?csnakﬁ@ﬂwm%
-Aﬁoﬁ?rmﬁﬁﬁﬁkﬁiéxﬁ .
- #A (xm%mRUAn.AIﬁﬁk;&ﬁwwﬁﬁ v/ 3]
Bh - -BH-Hs20TLEOHEA)
<HRIATLOBR - EH (HFA~ORE)
- Ao TES
m #e RGBS TOAEBADEE

CERRBEOWHEE




4, 4 TUARTVITHRBOEDOEINHEREESHE

HEOEWNAOH TEAROMNARK. BRBEHOBHREIZRATI2TOERL
NWIBADLRHLTAE, $£, VAR T 7HEOYFUADLERAT, U
AZT727ERROLEY (1H., I#H. HH) KBWTTESAZERER-TH
., ThLORFRKESIWT, VAR T77EHOLHORMHREE - F R
HELTEDE>RbONEABREMENT KBRS, |

a. TRE-FSTOKH - EHR
- HEABLENTA AT 7 ERRL. BETIEHOT I
HEBEE - FR-BAIVES FOBENEE
R ERREUANENZHEROSER
BTAMGEE - EENEE
HOFEE (BBEE, M TAN) B—EELIRTLEIERAR
TORER |

b, MTFRMEOFMBEN
CHTEMORORM 0 RWINE
EEMKEHRTEZEAAERLBEESTSHLTWD
B - HRY - EEEBESEERLT S RNSDE
S I H~08 - EKEHMTHEROBEE»SOFE
STf~ME - AMBEE» > ORME

c. HE - BROWE - BHEH

CHN - BROBEZHRE. RESME. BAEE AME BRE B
T R 5 A

- IR HLM A B O B 1 B4
HESORAMEPRS WA N LHREORE - ®/E
BMNEHOSWEBHTOHT RSO R
EROBNEBBESRUEZR AN S5 VRN S KRN R




FYRBTIYVEREOHREZFAHCHIHWN
SHROK—U Y SEE - %ﬁﬂ%ﬁ&iﬁthfﬁﬁfﬁﬁﬁ
SEBHKR Y4 - wyyy 7)) ORI E2EHRET

RUX VT
VE—h RV OEBRESDBET  HMEOHBEERMHEKELIIL
RTE2RFORY. BYOBRKTHESHN SRYPABHERRL I
CTOEFTCBONIHERMEAWL, SLLHERBMALEY, TW - F¥
CHEPLSHHBEAAW TN, SOETHIREDORKRREREA. 17
 BRERZOEMEORERWLLFLLFHREEHLT. BENCATHA
PR EEL. REORRELETS. ‘

a. o - %ﬁmﬁﬁﬁﬁ

R Kﬁﬁﬁ*ﬁﬁmﬁﬁ ﬁﬁ%ﬁ
&ﬁﬁmﬁam?mwm#"” o
- BRI - B WA
- AT — B
?Armﬁﬁk#ﬁbrﬁﬂm$ﬁﬁﬁwmmﬁmﬁ RAFEERE

‘e. METHM
S BIC I~ H@kswtﬁﬁﬂoﬁﬁtﬁbnéﬁﬁmmo;9&%@
BB,
WU QML EE RN T 55%W CRBKE, HBEN)
A BB AR O R
SEY -V FEEROMER
MRS (RRE. HE #D)
-1m~n#~mm&ﬁbrmxmmAm.amm&@waﬁﬁﬁaa
ﬁk¢~Eﬁmwwﬁtsmtﬁ%tﬂéﬁﬁuﬁwio&%@f&&.
M ($<REAHR) KB 56BN HERE
BRICEEToCal—vay
BROBH. BHEILLERBUMBERLREEBEAOBRIC LGN
I 548




CHELEROKY FOMB
B-IEOBYELE-NNIEAE  AENKOTE AR D
wy b '
CTEOEAME
BROBRBRUOCBEILEBYRAFLOME (F4 - 1H) K. #ROH
RERTEEVAFTLOME (B4 -2H) KRT.
¥, BRELOMELT. V- ¥R LZLABMPOA A —
Sk (Be—3H) K. V- F—BECLBKTAMBOA X — Y &
(4 -4 KRT.
éBEI%%Aﬁ@Jﬂ—V%?Zh%(%4~5E)Kﬁ?. “
CEROEES & o
BRGRE AT, BEC LSRR ((UF - ANFA YT ) )
(75X, UeF e Ueh, 7— 5. BT
— 1)
—MBHE BRI - ¥ RE




t'?‘ GELE ﬁ
RS AN,

2o

(4~ 2H)

N @l
BT "-&:-Jﬁe«\.n&'n SRR

s

EROBBEETERS AT L (KRB LYEIH)



= -
X'J Vo= |-
= By b ynh—
. ooafiy b 5"5’
> 2 E . — . - [ ’. _:.:. i S
r ﬁ.‘-':-'_,-"»“r- = .- ___;,;r'r'fi.'.’-'.' o3 D= :-e“
- ST
. | 74t
. Eﬁ*‘/q-?}. RSN
I . 2y b
< — L¥X )
= b
/ ‘/
EHA Yy b - |
Hb" BEyyzE 0 (
W xw
|2 o

’ P S
FHE2Y » b EHR

#1 vedunae rarry

(B4~-31) V-—¥-HFCILREHOSA-Y

— 94—




bmif =y x5 e R
E ERE '
I
AUz b Q Q
[t el 5
E—i 7| ==

2L B3 keE HERRIELIARR  KREORR

0t bemCANNMR(TLFTL)

] -

AVl

zzy b

P "

- = RAH

By bYah-

uﬁvﬁﬂ4

(Ba—4B)  U—¥F—HHK L BRTHAMBOS A~




e

B AL A . : il IR ey e D A T e

(B4 —-5E) IHEAMOAA-TYALFAL



£ i |
VAR T2TERIL LR T, AEOHLARETS. ZhoBT k.
BELEIS, ROLODRFEERDT S H 3,
KE - HH  BEEOLBHELYRF A
HERY 7TEL I LWORERERD S WRELY AT A
HHREBOHELFE
cEE. THREBVWIRSHLOEYANOEH., ITH~OMCBVWTRES
mﬁﬁmu,wiﬁiemﬁ-t55wézmurﬁﬁﬂﬁmﬁﬁnz
DEEHIERS AN EERICEHTS 2 5.

g. #EfE - WE

‘Im~nﬁtﬁht L
774N~ kBB
45 5 4 o |
FO-HOBAFPRE Y XTH (BRET VA -2 %)
UoFE—R— LB AT ENBE
BE - KFEVFE— X ~H— DR
HEHLIVWHERIC &5 8%
TR TS5 VA7

-Hm~mﬁmébf
TEIRVRBHEBELEVWYZAFTA (F—- TNV AKER, V-
W — & 1E) '
EhHikERE
Za-pbY ) EHE

h., ARIBH
S ARRBECOVWTR I ~TH~THEBLTHRBLRDOE I FEN
EBEWohs,
cFHEAS DT
IE 3 B o> R U
EEPHBEOR L




Bmab00BA (Kkoth., B. HaE0E4h)
CEERENOLEICE T 5 R R

HRICowT

BRAHE (BHBREORVTF Ay, BREXY T L)
BESH (AZHMCLAEEAR)

KIW OB F R o

EES - FEREOMERBRERY AT A
ARBOADH BN RE

cHRIKONWT

REXROBYAL (BT 74N =, $2 I 2H—-F V%) -
ATHE (EBECEVHO. BEL- SHELOEA) | |
M Rb3Y 7Ly Lol - BE | .
- ﬁ'[blc-:)\r\‘( '
WHERRKOWR

BMTFRECAL WO BR

g | |

?ﬁﬁc-ﬁaﬁn::m'c o

ABID %Y X 2 - W 2 T O E B IR 2 0 B
BTZHABOERCL 3B PIEETLOBBORE
BBHOFSFR - U -XF - VRFLOHR
BROWE - ARORY AN

—100—




BOE YA IPETHELYY—IcONWT

ANEDEEROED I AMOERLEE Lo oIS HEERETTDIBL L
TOIF I THRE VY~ BB BCH 5, S TORERIFIRA 72 7HREIC
EEELTFHERLOMb S, HIAESEENRBRDPEI TOBEROWIEED
A& e EONWREZDA T AP IMPAR—ZTTZ— 2B TWBTIRZWD,
WEFRIC L THERFARICRESHFIRETHY (YA FETHELY Y~ DR
BMERAFBRETH 5. '







BOSHE YFPETFTWERYE—-IKDOWT

9. 1 #H

VA PE7HMREEZYI - KoWwWTR, BREIEED YA M 7HEK
DVWT) OHT, EWHFIORIEBNHEHMALFBNIOHRAICKES
CEORRERL - ACTEHBICBITIVE D ICHEKNEFRRE LTRE
THIULARRENE, ESLBHMEIEED YA PEPHBEEN(I) KB
ut‘amm%ﬁ&aﬁuftya—fwm%?évoaﬁwo%ﬁaﬁya-
LHEHRLOBDYEOVTHEEED TS £, |

REFR. (FART =7 HROVF VAT oL BANLD (TH LYY
WEEYE—] OBBEHCOVWTRET S,

5. 2 UYFPMETHREYX-DOHEHR

ABNEROEDICR. BRECABOATEBRAT b2 —-70YF 4 7
EMYHLTWARERERBRY, “OREO0E DORREL LT, (vx
A7z7) BEOYFIUAEERL, HEABLWI JL —LRTO FYFRY
=7 MAOHIKIEL VAR 7x7) BROELDORFHRABELRH LTS
. , | ~ e

EUTZhOORPEBLT IY4R727) MRELDED IR, AHOR
REBREU D DAUENBEHEHICMYLATWL ZLABETH L OERICV
ok, RENAFCL - HELARHARNESART LI (VT hEL 7]
BERTE W, _ '

ZHOORMBEREAMAVHCH A LEANORBICREEDITAEBICEY
A -BBRIEILTHRETHS, AEEROTEEEEOIRELELVWES TUF
FPE7HREY S~ GHROBMEEZH o TWBLWAZOTIREZVWES DD,

ABRWTFREFCEREMRTZ 2010 hs. 208 NHEHTRYESD
DONREDOHBTHBRTHES LubATNE, TIWSERT (UL hET7HE

—103—



EYH—] COMBHHERRGOT Yy Y7y TERTLHELVWAD,
AN PHEE VI —-OHESHICODVWT (5 - 1K) KFT.

-FH

UAATcTER

XEHLDABFIERTES D

(5 —-—1H) YAXbE7HEEYA-OMAETIT

EHR IUFPETPHREYE—) EARKCREITIZLE HRAOESHR
FHHRBEIUHEEWNCOWTOHRRI S WL T, HROEHFLW>THET
THRWDOTEHRNS DM,

L2 EFAEGOBHBERIEDTHHETH I L WO RBUNS, ZOWMRE
ARECHBUVEBIFERNIBR ZA LT, HAPEZLRK > TV TH T2
AABTHBLEADILS.

— 104 —




5. 3 VYAPMETPHEEYR-OBRBENTL BB R

BGE. MRMEBL. AYVYEOMEAYBRRETHLOVTEFETCERS
REFLEATVS., MERIAOKETAF — XOARNBEMICLENCS
ATHEVIALBYESITH2. BRBRTHORBHPEVOLROL DS
WRABSEVER OO R EOHB KU+ A 2T - A XBETHS. LAL,
N UT - HOMREHo TH WO WEEORETHS 2w BB TE
BOLRYBLODHROI LK REBRENH 5.
-zm:a&%gufvwz7m71ﬁ%mﬁmr%ﬁuximniéztf&
5. EANEIANABY (YAZT727) BRKRYMATOL ZLALBRTH
BLYahbi, BFTLHMT 57— X AK. WA KAMRCITESIETRL
RUBPEAETHS, FTEBBHE ST HBEET S0~ 1004~ b
OMAAEHEHETE LD Mo T OBRECHEZ EmD Y. BTHREEROD
EBAFRFNTLOBRETH S,

Y22 7xz7) HBRBRESICTOh S, EXANCRERBEAEDICOL
T. BERICREYEL, ERWCRIVBRBERECR->TW L.

Fvﬁbz7m%ty&—1%fvxz7:71%%wx%w7mﬁbﬁrﬂ
BRCHELTW Z L REAEHNTH 5,

WAL, 942727 HROBLBABCBVWIE, Y4 NEPHREY
X)) BTEREREHETS00A - MVBECETIEFRRT S, ZOBROD
MEFRRBICO-LBAT, S LHOBBOBACLAREO MM ERY 5.
EoBBILBEWTH HNMREFVWOSHMT L000A—- M BEECHENY
WMBT 5. FR. SOLLHHE HWHRHEE 2EMARILS. BELHLT
EHRHOBEALHEREFPLTOVLLVI A3 Y FUAFEGTNTH 3,

—105—



BbYiC

AFEMBIVRTERNELALND IYX MY PHE) 2RV LT EE,

SROBRAFLLT. YX27x71 OVFUXROVWTHEESDT TV Z
ERBETCHD, TOEDERIZITHRANTHOETICE> T, KR, BE.
ﬁ#&Emﬁ&ﬁﬁmamtﬁ%%ﬁ%ﬁﬁﬁbrw#&ﬁnﬂ&B&w.

CRAEHBULERTHRSY, BEBERREDT7 - AR-YyIH AT VRS
XUBTHE. BRAEOFFA VA -V UF 4 —ORAEDLLE TUF P Y
7%%1@ﬁ%ﬁ%ﬁ&U%ﬁﬁénTh<%®t%ibné

TRBERBBLTWLON TUF NP HREYH—) THho, ZLT. &
ERZLRBKEY LR TYF MNEPHREY X —) +BUTEZLTH 5.
BF R AR A BB L WO FEZOLON VI NI REREART B2
MOSEEI A LAY, BTHABRESKR V42727 BRZO0L0 2 RE
HICERI LS 2L RYIZLBDIEDOTHL.

— 106 —

—




BIAXH - 221K

mE
1)

E3IR
2)
3)
4).

W4
5)

6)
7)

8)
g9)

10)

1990 AEHHER, (MATFEARL2ER, RF-LES HHH

BHEAB - TORRILES £ T—, KfFHilE, H§5FH
HAOHME SWBERRHLI16, BRABBIED, ZRBE

WAGIMEEH THRAER S CARERE S,
HTHRABERACEAN S

KBTS MTHHMBO M- 4T SR ARTORE -,
qz#ﬁr ﬁi‘l:t*. No. 219 ) :

HTHEERICOWT, dEHFEH, B5HFK, No,219
Qe Tyy=_79 Yy ﬁti{ﬂ”F?EEﬂ. MR FE B,

EHEE, BMEXR, BFREERR, E%Hﬂ'ﬁ"

MTREMACHETS Y YRIYIT L, LRSS, 1988.
WTHERUWARKECEIEF 7 /09— - 7EARXD,

(MIBAEXRBZWBERGS, MxrI=7yy VRRER, 1988,
ﬁﬁﬁ@ﬁ%ﬂﬁwmﬁiﬁﬁlﬁﬁﬂ/z-r.b.@ﬁﬁﬁkﬁﬁ‘é‘éﬁﬁﬁ??&.

M)zy =Py y ﬁ‘ﬁﬁ’% £, 1989,



S A ARAR AT R > 2

a7 EH |
B & K OB W =
B OE K B o&E A
x B[ .
I |
I |
Mmox B F
| il
= ® &
R N OB OB OH
HZ % Bt gh
BRIV AFLEHIBA
x5 [ |
O oo
I |
w B B B
B 2 E W
g2 H B =
| i
| |
I |
l |
# R K *
I ]

— 108 —

——

¥

Wrr ) nigk
HAZIREARLFER
HEXRBZLFEFHR
MeEYvy—FURHb
HEBAZT2BHI
AEBRZIZHHR
BRIy —FVYRLH
FEIv—FURh
w7 N
SHERW

Mk

oA AP

I 3L F 2 1 28
4 15 X3

=S R
P3:3 310

B 5 7 e
ES -
WEIYY-_TIITH
WP S
B B 32 45 B
kS 28
SHBERW
KRR

¥ 7 B 3

5 B




3. hHE#EIBa

EE - T | RRAZLFHER
MW KB MEAY
| ] wmEmE
EH OE X SEHERS
of | | kR EmRE
Bk B ZHEREG
R OEH O® W HAERES
woa W ZE WEXH
# O 8 K EEERR
4, BHEASHE |
E E ‘N A B F  AEBAZ
— T wmEke
w ok @ — =ZHETMW
MO B R WHEBRE
| {  ZFHEMNE
O H ¥ B  WAkEH®
I T KREBE

Bz%k Bk ZHERN
wn & ®| B WHIECH
oo B R R R

5. RATHR—R
xE % x MeEyy—-37I9xhk .
# OB 8 K % 5 5 W

=
e

6. AT -1
" & % BAHFE - BEMPMEARTFEN
I | B A - RHHEBERE

—109—




7. REFEBRE
N BB OH wFr )R
B FTHF W2 n

X O—-#HAHLHLR. EAE. UHER

—110—




Appendix I

HROBRLELTLIXHR

EIEBRYATFLBEHSBS(1990.5.20) I8 WT. EHWHETFICE-EY
%%t%@%iwﬁa&atﬂﬁwﬁﬁtﬁmhnht.ﬁmi%@%#iﬁ%
EREH2Aok. LTKEZOWMERRT.

1. 7574 -3I YV DAFRHEK

FITA-IVIOBBEARL VI BRLHDTHTER, 40 0 FHWK
EEThERLTEZEASORBRABFAZI VS URAKELENSTH S,

EOAHLOHTEBOREY LI OF— o OBBI Ao r, ATOEBR
w%k?&&._nkiafkﬁuﬁﬁ&£EMkﬁﬁT%6¢oktukﬁﬁ
FHEY., AHHSREIBZ Lok, - .
BRI OERERDS, XHERARERE TS LT b MREMAT 2
’ztgxL:%p,aﬁmﬁ#@ﬁﬁﬁp&gtmﬁui@ﬂﬁﬁﬁﬁﬁx&
5. EASREMAOKEMME G ABBE A IZEL A LD Y 2RO, AN
HOAALRAT—NiE1/100F D hoTnd, ABORREERTE A
W, FRAELOKOVWELEIAABEEBCEAOAEARETS 5.
FITFSIA—IVILOIBANBTL 5, REOATEBREMNY 5
TR Y BORKCRANEI K 2T AYF 4 7RMY BFORFS 7
ARV TBE. UANLTUBERET STy S THE. ML
LTREEZATWS. |

2. KERDFS37A4A—3I¥

REKRBERNRCLEILTH500. Thid, ARRMRELLTOTFS 72

SVIOBEBLUTKENMEOBELIYVHRAIPCHLTWBLERXZNID T
HD.
KEDRIALB_RERBEAKLERID . HBEL I _HMERBLANE
ShAHD. AFEIFEHIRAER. BESMYEET260~300", CO, B

—111—



ﬁﬁlOONi,OOOme,_hﬁﬁAm&t THEHAIZTLTABRICH
ERENTFVYLERLTVS, RERO. 5~23b0, KEKEERAKS
0%TH2, ELTZADLORB I EOLIMHRIAB L OOBEBL R ED K= &
TH 5, REOAEZRIRDLENOKREETHY., AROMIRATRD S
BEWROHBICED 5. |

I ERFTOLAEREYVE YD LA TS ATRENRSSL. KEICD
PEEDIAINFE -2 A YTy hTEL, HOVWA VWD TR ELRAEBEE THR
DRBIUEDORKL R >TL 5, WENRRLLTRAKLOOESNITER D
NBLVDRTND, EELMAEROKRRLEASEDLEMFES B M5 A
B LR, | '

3. BRZFoHY

FANM, Ca-hYBXAYBUAERERNZIARLANESTTER
. BBELULTOSH I, BROEML R OEEBEANERS LY L0 BRT
Bk,

AROFHR TRy YAV ORMCEROAM by FEShAELER S, o
EVEBLAMEST BENDZ LU S NS BRNS B0 HEbA TS,

INoREZLEEHT. AMLEAN MRLEAPEEA60NBRE T
>3,

TO27A- IV EBRBEDKEBROZLELSHEBLEVEVWT 2,

RRIDEIIRBFADORL Ao EOUBROBRL BEERELTELRET
BB, ZORRELTHBLAM, HR, XERLLWS> L EPUBLTRS
AbAmL RSB,

4. BROBEFRL#1L

KBARGEBBEL LTINS BIARENSEoCTEE (BRBED) |

RS MBEOHEIC Lo TTEB L ECHMMAND T AT — 28 B0 A B
KOTRNF-INERED, ZOLEHRARNTISAEZOTE N F —
FTEFHEMICHBT S, EBRCRBABELOBRBILERLYTORD BB Y
ALTHAXENTE, Z2OREBYRC L THEBEN LA T 5,

—112—




THLHMEABITCYIVOBATE 5,

EZOTRAAAOBEMEEZERS L, Z0ORELMABE. —DBHHE
DRTTITORNEEEES., —oLEEOETAOBAREEES. i
WRIANE-FHEBEFICLoTHRES, FRA200W,/ LT TTOEHN
HEEZFED., HEREOBHRENB > TFA150W/ fUTLRS LEBAERR
RECh-> THAMY RBEOBFTE 5,

LI NWOFRET THAREMRIC RS 2w, KBKEOLHC Lk
THHAERBLTLED. LHLERKHSOCSABATEE, ABNTERS
SLBREEOLAFRMASNT—RERoTW, FRRUATOES> Y F Y
FiL ks, A ' | _

RITA -~V Yy YARBoTWEBBOARORSRAEKLCOENR. AEL
#ﬁm&afﬁttbiﬁt‘CoumﬁﬁﬁﬁﬁﬁbrrﬁFﬁikxgtﬁ'
f£$+3. 2LTCO, ODARICRS.

CO: RAXRMEELRART 5. ABFAVAWEBLBATRAZRBREEROE
WECHEBL, TAFTY PIVCBYRBLEHMARALTARKRS., R&ER
ﬁﬁﬁfi%?é L#bﬁﬁEﬁﬂkﬁ%ﬁmhﬁtt%kﬁﬁﬁﬁbtbi
5% | .

kﬁﬁf%%wétﬁﬁk%ﬁbfcozﬁ%Embeacoaa&ark
mKMba.*nuﬁﬁk%ﬁﬁ#mawrﬁﬁ#b%%énfﬁk&a.%@
ZERXo TARENSBETAYHERBENERICAD D,

HMBRF MR THLLDCRBL ABILEESEDT TH 2,

.:mxamm%&brwaa‘&ﬂﬂmﬁﬂﬁfﬁam#auizaﬁ&aﬁ

A>TLE. ELTHHOBOL S HBBMKEo k. o

—113—




Appendix O

BTIBTHZHERBEWNERICONT

EIELAHMESF L (1980.5.8)IcBWT. HFTHAERBRDO -2 THSFHM
BlEROFALELDWT, BHIRRZ2ORFERHZBREBT EFA L. UT
KEZoEEEFRT.

1. ZHBOAKWTOHRK

EHBME. BFP. AU VA, BORFHO/L—F (Li. Be. B) . WO
fw—i(&n‘mF).Emﬁ»—ﬁ{m%&lo~19).#$m§uﬁw
~7(&%ﬁéoak)ﬁxﬁﬁmmﬁwgnrhé.%mmmuPﬁrsgo
EThid He A8 8. BYRFIEBILDLL2WHETHS.

I*)br#—-wgﬁw?ﬁ#ﬁ#ﬁﬁ@ﬁ%#ﬁtﬁ%?é CERWHEEHENAEZ YN
4fﬂ¢ﬁ%yﬁ4¢ﬁ?;Pﬂfyﬂ¢%?&80§<0ﬁ?ﬁ?<5hﬁt

RAEOHEF (2° ) BEOBTHAC D0y Bick Y. ZANRIHO
HELTe ke’ b®D2< 5, ZORFN. RFHEOHELEEH LI -TUVATH
Toh, TOMBICL o THERBTS. ZOXBETETILVF-FEVILE
FORFEDLDH, ZONIRKFMYBEN TV o T, FRCSLOBTFRF
DI V—-THTEB, ' |

NAFRF () BERLBEEIAFLTWS, HROBAEIRALELSKCL
Tz’ Pr2ORTEDLD, HBMTH L Ia—-hEF (px) 2oa—-rYJ
(v) K2d, pRTFINVF-FENESBIKe LZODv KHANS,

COEIRBRIFIARRZRTRI->TEY. MFIABRC2oTHBLECK T
X%. ZONTFOHREBZL, BIATFORZELILIIKHENMLESZARORE
FTHAKBRYEZZIALELRPUTL 5. vt REEFEANSPRVDOTDL B
NEBRRLALZOETEREPEFEBLCLS. RV X LF-OBFRSI
BRECHELTE. (KEBR) |

—114—




7 TBR By Bty
Colligeon dﬁ.‘ﬁﬁ* %

{ I R K
1‘!,"‘ b | '11‘__-'!'. ) ut j P K ..
nuclear Docoy O Nucleay
{ l fLeoy TV
R R
- ®® w=Pn PGQI-Y e'_«:-?e“ "" - .!t-g _tb 1[1. |
«  PreduckRon | _ rL| >3

—115—




2. WTAHOEHE EZ4

SHBOBNERICHTEHAT2EHLLCZD 5 5.
—om,T%éﬁﬁ:*»#mmﬁmﬁ%(uﬁﬁﬁwmv)Emvmbtw
Wi B
T HBOEBALUTEUATOEOIRBHOND S,
Cas - -d~-wE--Z74—-MF (4 K)
Hiy: nPRIFOME. BTOFHBBRENE, —a- bV JHE
%E:ﬁﬁﬁtbr.ﬂﬁ‘ﬂ?z7om‘ﬂT600m
OXR# (FHEWF)
BW: e HHEFORE

B I—Dl., FHMETZELEYE-oTO— - Nu s F5UY FORBED S
iEwis, : . | _
BESAB—BRERETESOEDOERELT. BFOFAEHERL LD
ié#ﬁ%k&orﬁt.:mﬁﬁm,ihmbbﬂzaﬁnﬁﬁéﬁdétw
KO- Ry s 75UV FTORRBBEEL R Y. Ok SETHARNBLL D
ERoTER, | .
BROEHLLTUTOLDDORD 5.
OIANFRINT (FH7HME)
BH:  HF O R
BE:#HTFT3,200m
W —oOHAERH, H1.8m. HBAW2.5m. RE54m
OIS - T—NF-T4—NE (4¥F)
CHB: BFEEER
RE :. iﬂI'F 7,00 0 meters water equivalent (FHICL > TEHGOLEN
BOOTAHYOESICLEM. 1nw.e.=100g/cn?)
B BTIC2AHH (28) ., 2RpaRE
HEZEOKEZ : 4 m, H&E3.8m, RX6m
WEHOHELLTHERWE

— 116 —

L r e A T e v TLun i
; T R R T R R




o2y v (Vi)
BEW : BFHBESNU
WE:#2,000m
P AEHE HOXLY4,000m
OVY—FSY KM (PAYA) IMB
R ES L1k
BE:#8FT600m
THE: HEHE. 20mx20mx20m
%iE: k%tm&19k$6w&10¥ﬁ
OWME (KER) HIAHNTT
B c 0T B |
Wﬁ@ﬁﬁﬂﬁﬁﬁ@ﬁﬁ?%ﬁ%k&%

3. BHERBRCLIS-a—-FYIJORER

 §®£¢@&&&&?@&5?&6r$ﬁm¢m&6$§ﬁﬁipt<§.ﬁ
ROBEEORVWEZANEACE o TIRMT 5. $H5LESCHBOKRNAE
STETDWKRAERTES., ENOEHC - TREREFYMBABDS.
BBAFEI oLl Rs, BORKRIMABLKLELTOAY U AKRTE
B, NUTLNTEDLIMBHBNBLI RS, E5ICAY YLRMRA. BRMNE
FEBAD, ABTEBATVESMANES Y RIBALVWOT, RBLBR
DR ABENENBRT 5. SOLMRABHRIBL 2o T, BRHLIH
DA RS, THLENUERARI LY, SERBRAIF R LS. B
BECBATRRBREEZY. ChABRHEORRTHS.,
ﬂ%ﬁm@i@ﬁﬁﬁkﬁ@ﬁi@l2%&Uk%htﬁﬁ®¢uk17v#
AR NARTCES, B~12HBORMOLERHEFENTES, ZOREHAEN
10~2 0knTHRERABLIEERLTS 5. |

TSy s R NEERIC Vo BN S F L ERoTI AWK, FEFEDD
BVBRYTFNERZE TS, ENFRRTILRIOBRMARRAS N #5
HoZEHAPMCEDLATZa~-bYI)BAODORACHETZ N,

198 7TH. TESYRBEOHDA— N~ AHBRLELE, E0Z2— b

—117—




V) FABRLEYHTRAOSINE, HEATR ] LECEERA M Dok, R —N—
IRDOBRCEDZa - ) TH2L LTHRENKCRMEAEDRBMEL 7 X
YADIMBEWYTH 5,

4. WRHE

THROFRBELLUTUTOLI RS OHZEABAT W 5.
-E%w#ﬁmlpnﬁtubnrnaﬁ%mLMﬁ&ﬁfm
-Bﬁ%oﬁ&%ﬂézauipr::~bU}oﬁ&%&&
CABROEEZa - Y ) OMAEREOESRELARNE DI BER D
BOTRBOZ2— U ) 285, -
cZa— MY IIHEF- a—bU)k&ofvxz #P‘J—FU)L&o
EYLEHTE (ma-1bV }ﬁ%bh')) tV\D_th‘%%Lﬂuat’h
BRYINERS, |
CTEYTRYE o THEENRREELE. Cv Z RV DL 3RROBICRE T2
DNBFTAERGLEFHERECOLRTOILARDTLESE, 2L
 “TQOQQWﬁEEHE%EwmﬁpNUOA#?%k.:w:ﬁ&i&m
BEBACE 2 Tbhok, FEWRORKL. 20L& 2Hkok %0 RME
COLEOHEN LS OREL - TV EMAERIEONRL LTEHICHR
LTVBLENIZ00EEDD, EREH-L2DESIEVDATWS, *
ERTINF - OBWENR B o EOEND, TOLEDHMEMTDONS 2ty &
(HEHEFDELTHZI VBB 2R ULAVOTEX2VWHEI — 2 - 2 &
—EWND) BROEELEHOHEB-TWEESS, 20—-HELTOT
ﬁ—m&&&%ﬁf&%. '
CALORMRCMTEEBOHEL UTHRUFOEI R LONS 5.
S ¥eY (£4YFP) MACRO -
YTSUUH AAVTF. FPRAUBOHEBHR
EREROBHILSHS., bIEREBRLEMB LARY,
B RA-N—Hh3IAgH
KOERS50,000ton (HIAH>FiE3,000ton)
EHRERETER

—118—




R E

Q :@$5m$ﬁﬁ®%§u‘ﬂTZ®<6w®méithﬁ?%ém#.
A FEEA-MNUMET, BITERLAVTFFUADPBEREL L->THS,
BEEFLABAEAL., av¥a—4-0EHIcbREL Y,

Q MTOEMIC ko CHEKRSZ LRV,

A O—- Ry Z¥V59YFRILERRBMCHEN. EEZIYIV-bEE
SHe. BEOIDIU - NEHMCHNBERTOCHENRS S, RIY T
BREHNOAY I Y- FEFE>T WS, -

QA ALADEILKREF LALLM T2 0D,
A FHEAREW, '

Q EEOBREHIHEBREER VD,

A H2HOER BALIa-AVOBEEARGLELUAECEEC RS,
HENDA>TWARNE, TIVF—KHRBETILELEERNERTZLE
2%, Lo YVHARENLTH D L3 TRAVERFTES. TTRHE-
THBLITBEEIOFETARY,

-—119—




Appendix M -

BERICB AN IcowT

BAEIGHEASHS19905 250 BV T, I TR —BoSEBBETHIEVWIBEO L &
u\ﬁﬁim%ﬁﬁﬁwu&oaLr,ﬁ@f@ﬁﬁkiﬁ%mawt@i@ﬂﬂﬁmoﬁﬂ
BEHBCBFrflof. LTEFOHELTFT, '

1. EiE AR

EHH 1400F km2, FHEB2300m(b 2 A 21— T &7 kb0 FHEI2800m),
BEILPOLVWERIBELZAHLLE | Z LT, XOESHH2400mTH 5, Lizdto (if
Ty KEBDERITIZF, TAVAI Lo TETFOMBLERIIDA2I2LA, BLAYIPET

FT, oAl r 0 BMREETILEIBRELES,

HIGICAS &, FREFEORIFCH L TESHBIBFEL LTRKELEEREFEL, BRoLH
EEHNTAIEC Yo T, ARBEHOREK - BEOELL LA LHFTED, .

ﬁﬁdﬁﬁﬁﬂnxormﬁuaﬁ<ﬁﬁ%%wmﬁgﬂfm¢¥ﬁﬁﬁ%-m@véa
B, NEOHERR F— s EHTR-60CLHVTHD, BUSALREREIX-8CLHVTH

S, EEIICIR—90C b nE T TMHoTWBE EEDbLRSL,
TELELE [ opTn o, EEDICEMTE» SEWBEMFK (g b 5, NEREIAERIZE

VARV,
BROEFROEMOBEERF I 1mS0emd 5V TH o4, ZNTELS E10m HEWitd

5,

H2RKBIR, 7AYDHFEBEHREL SIBEOEREWEN ST, KEVABF DD S

LI,

2. FEER S

18834 = A % oL 1] International Polar Year#'fThhiz, Tz €D BB0ESEICST
bR ok, 420 %dh o L (BEEIILEZVEDS & T, 1956~19574 2
BB RBUMESTFbRE, AROBEEMNIZCOEASAF— FLTWS, HAEHE
VBT o N, BEOBNEROEHZLETHITLALBETTRSE VORAFTH B M,

—120—




TORDBNCLI-THED L) LIRS h, BELBARG. BBREeBOI LN TE
YA

3. FEEH

19BIE KR SOT, HEMBORHAMALEEL, HEVREVIHLERG 2 E
HET i, AEMEOFARCHT2EEOERL ML L. BEHHENF B 62w
FELAEH, YHEI0BFETH o2, FERKFENEML TS,

4, B coEiE
ﬁﬁﬁmumgﬁb%%ﬁﬁb\@Eﬁwb®6ﬁ%&f$a'nﬁma$%$%t *—
x}vU?&mrmﬁuLbLﬁﬁ«ﬂ%T%Qﬁ%%mﬁr mwm%#kﬁ Eﬁ aﬁs
Eb#&ﬁraa %maum%% BaEy, Eﬁﬁé%v m%oasﬁwsz&v
FRDBOBBAILME L TREAT IS LIL 2D,
HERAOES . FERNEAAT, RN RET, AEELAER,
T Lfo-tt_i oﬁﬂlﬂ:rﬁ.&ﬁﬁrl‘i#ﬁﬁo |
lﬁluﬁﬁi-ﬁf?%l,fﬁ‘%%ﬁlffﬂli E‘rﬁ#%w?l#ﬁ?iﬁ&sb 25#64&&30&%10‘0)
@%éﬁ#tiaoaﬁwwmifmxmﬁﬁa&w #ﬁ(ﬂ,g@ﬁﬂ@¢ﬁf§%ﬁ
mrswkv479—Jb£%U#ﬁbnao:mk%mﬁﬁmﬁﬂmsaﬁﬁa?&r&#-
ThHY, HERADANRY 1 THd, BEALLL OB T CREVWICHEBEND > TAET
BN, IOBKHEFLTHEORENRE 2, |
BAGEBTORFALEEL ARG O AN AOHAZMTEET 5, kb, &
PMUGE OBBABET ) | T2 L% 5, BRTO RN MEEMTHB 0, KK
PR LR SN, HELLTRETREMEEVILEH—CERT B, b LANHEL
AR EN T LTV, | .
BECTEPEFZRBECERILNTEI L3104 h, PHRNCFEHE 2V, FEELEE
HEILTOTRT S, €CT. KHOKFELE=FALTCAIBHEFayY, F=F, 20
VEOBEEToTwS, £/, RETCRETHHTCHRELINOTEHEHALTHAL Y
5,
FEAOBRERTRIEnmBE, RETh o, BERVIRPF VY —LIlEbo T

—121—




B
HMoBH, REFITXCHEAEFEMCBREZGD L‘Cﬁ’) A GEBE R T @RS R

b ah, vrinpx—varotbhicd i s,

5. PIERERA

E 0 M B~ AT I A2 1T 3 (3000~4000km, #537 A). -
%EW@&,#@E#@M%W42v~y—L#mﬁﬁiﬁ%mwﬁ‘k&@&ﬂ@%
#. W AEORKSE, |
-%Ef~9ayumAIﬁE&o#atmﬁﬁﬁ%mwaﬂ,7U$—E®t§uu%mm
L— yfﬁmwﬁﬁ%m¢?5

ﬁﬁm ﬁﬁﬁfdﬁ@klof&AEkﬁiafw( ﬂ%ﬂ#ﬂ&tb ##Lﬁéa
ov&é<,E%%mm&#ﬁatFU7H&étiM#r%rﬁ&ofw lo BEY v v
#7)7%T%tw7ﬁ&%£Lfatﬁ ETOMIzEbRV, BETRRENCHT(ED
rP)%'ﬂm LT3, |
Eﬁiﬂ#smwmoacam&fmgﬂu\%mm%¢uﬁ6ntbmf55#;@ﬁu
L CBE TR TE ORI o Tw b, HTO RS, HEICHE DA TZE M AR
TEBI L, AN CRELBLNLVETHEY, KEFRLLETHE, -

6. BHE T DOFREHN

MEﬁﬁﬁﬁLtﬁﬁmméﬁ—Uva%ﬂtﬁﬁfoﬂﬁoﬁﬁﬁﬁﬁ@%ﬂ%%&a
SEHMNALFbATED, ARORT bR EERAETHE,
Eﬁ?ﬁ#yy*—WO#Eﬂ%Eéh;%ﬂ#k%tké<‘ﬁ<&ofwéltﬂﬁm
ShTW3, + VY OREENE+ /Y k- VOBRANEETHS,

BEICERNEBEES I LVIBENHZ, BRE, FEOTSI5 9 P F—AETERO
AL4HFEEI b d2, 20B0FIHE LT, A, XS0l L2 T2HI2s

Zvidp,

—122—




~

BRENO S 24 v vARToER —EHT10kn®
SkAREL, SREABELHOBHDTRELS, #

B 5 v KT FIEE EREK.

Hﬁﬁﬁtﬁﬁ%ﬁﬂﬁ%ﬁﬁ,iﬁN9£§Tv?%§
BETRES, {ERHPIRELmD - TS,

f%%FﬁmﬁﬁﬂmﬁﬁkaLG%J

29mE 3 0RBEE o TRELAARY v 5, BEGHE
ﬁzbémﬁﬁéﬁmgmvﬁﬁ,ﬁﬂﬁﬁm&ﬁﬁkﬁa

9 9 et - 2ok RS, be FRTS T,
oy VAR A&, 72130 8, ¥ ReERLITE,

G0Re A w3 WEHERELE, vy OBERIES G
HMEAETIMTed5 3.



AR Q ARIE LB, —BOTEEM6~8 F YO
BEEDE, 4~b&T7—F—2%ED, 2 ~30008m (—
B) ohkiRiEs S, SERCRARE FEAERT,

ﬁ&défﬁgﬂ@mﬁ.goryzm#ﬁzh,m<c
HoRPEREATVS, THEANE,

R T I

P b PRvp banr. .

1 1 St & - CE IR a0 BB A 1
ARYOITERBoRY, $eREE,S bn Tl
2T D,

100 ( B0 ©5 3275 Y-~y virEiEeEihg,

W SRR AR TS REF I vY a7y v
7Y, 10moES Rl THERER) £T0
BREED T LTHERY, REPENOEEHER<
3, Hih 6O L - TR EMRL AN, BEE
HORTEDE S LARBORREHMTTS 5,




Appendix IV

BREVHEHIC>wT ok

1. HE#EE

TER D T HU M TEEE 8B L5 T500~1000m. —ARE R b > & VIRAH L T200~400m
BETHD, RERNEFSLTRBICLAEL TR % 2000mE CEL LGS, BREFL~LT
LT RHT 5.

2. REHAE

1) &=

EHE $3.5m(ft LAY ), HWEIEPL5m

® E 2000m

Ao KEEATHROALOWEEBMEA, A -k s8-8 0 RmAte
CRRBTRAREO -0 ERTHIER Pk -EHEOS B FE
T35,

(2) ¥IHAE
AR BE T LN - SRR Ty FO R OEEE R B D, BEE
Chhdzs#20u—7HEXRNS R, REFEOEI O REOBXIAEBIRTROK
R ZDTMEHEFFKEVAD, L)LY, EELOU— YREHER L AL CHM LR
L BIREENEDEIC R4 LTREMICT EOL, RREFREEROBRBILERN

TEELTH SVERIm?, 0~ 7TEFELS /S & L,

yi e S a—- b AF YT YR ITHE
= " —BTE '
FTN 3m3

3. e

BRIRFW LAV SHF LT, RBEC 22 £/hOEQLHREE LY $3.5m, B HI#E¢4.5m)
THNE2000mAHRTRETS 2, LEL, O~ FTREFEHIL1000m L OBHH %2 V1
B, SEMCEGRELERETILENS 5,

—127—




Appendix V

Py R OVERE & @B T




—TIeT—

B2k JLSE MY 2t BH T ik s o U
e

REmobbuhh g -
Ckiktt, EEHK. BHR) \

#&ﬂ—uyr

kit (RB2aL)

2w P

F-xTyh-

BaARA Y b
) '

Vf"‘ Pa =T
A

7 17 eAvimmEA

J. B OBERE A

’v 'f_l'f 7': R
D otve sz L

SR ORI &

b Eh T et > = By

B ok st FE

1 B sl 295

BT T

By e S B




Appendix VI-

BEBYLVER BT 2HREDBRTIEoWT .

EEBYLVOEHIEL TR, BEREL Y 5 -0 K EFE2 20 o LEN S 0, Bt
EE RT3, BREOERHONEREL AL OBER B AIATED . 20Tk
HHNERSEDLE I TH D,

1. — AR SETE & A5 B0 bF 96 IHE

B O RELRE L MR N BEShTEY. BEOBYTHIIES
DERLBIELRD, ERCVWALEAL TV 2 24 HBHT 20— BB RHETS

z . ) - ,')‘

—%. BELEEEBETR, BETFRL TR VERAEES I v TR, BEX
BRI L2 PR RSN EOPN RS2 LBRORIEEATEEE I haTVE, JAK
BUT B 0L ROIOBIHETHAT S,

2. —‘&Eﬂxﬁzéf’rﬁi:'s}}zﬂﬁ%ﬁﬁ ‘

2-1 BESELOME
B5ILE O RAT S E EWTRE OB KAHE L oS BIC D1 T B,
ﬁﬁ$%®77ﬂ—*‘@%56®ﬁﬁ%®ﬁﬁ#6ﬁE%tﬁﬁﬁﬁﬁﬁﬁwf {
BB, | |

2—-3 BEROME ,
BB S 5 RIET 5B oMb, RUBEL— F 2R
HYBROEAZRK TR T,

2—4 B AREH-BERXE
EBYoLoECHAEET 25 2RT,
Tt TROME, BBAH. vy s —%0FRET 5,
BYoroNECHERE T 22>, BHEFRXEBR. 8R%ETRT,

—132—




2—5 HLKE
BESBOREREDELH £RT,
) B AKEL KB i T
ORI E e W
2-6 WigkmmmE
PR ERESNIRBOBMLE LB LTRT,
2~7 MEHE
PEFREOFCETE, EZONBILLTEES,
2—8 KUEORR. EHRB UMY
© KRBAOLHOEBMARBABMOYE £ RECE
AEAEEEORERRNOBE L BELE
EHARE. FETSORE L RELE
BRI 4 O FE
2—9 EEIEEE
ERORMENSAR L, BERBROBEETT,
A O REETTE |
HARAEREEL. BN, WESOBYGARLEEL., RABERET 3,
HEBRIE O RRERTE | '
oI B CTHLEDER 1T,
2—10 HHEDB L UHBIED
KIEFEOBRKDRIE % 5 BT A HEBRMOEEL BT T 5.,
9—11 FEAzZL~—F—
#ﬁmzvﬂma—mﬁﬁuowfﬁ&a.
2—12 WA '
BEESNT VB HKEEOEEL DS,
BRHXER, A7V s 55— BENEM. et
2—-13 HH-EF
Bt —COER - FIEASE

—133—




EBRWoEBH -2
ERERONES F OTRE

2-14 +off
BREDFRLZY) B DEE > WS,

H1 BB SR
55 ENER LEMCMIELEAT 520, BEERECHHEOREL B2 5 HEY
BBHH T, FEBRELEEF oA,
BETHUTO LS 2155w,
7 EY D b WK B E, PHE. AR |
Y-AN-ZLN— S ~GER, TR S - EHKEERD ) (

e AOEHE
DIEE 2 o> fF §1 18
BRI T o EE

—134—




Appendix VI -
BEHEBKENA =X A

1. #FE

(1) Z=5H
BEAR | |
ﬁ*ﬁ@%ﬁ~Eﬁ%@%%%ﬁﬁﬁ?%tb,ﬁ%ﬁt&tf%ﬁuﬁ%ﬁa
Twd, RERAL T2 ZREE, BFOEEMERLT 3 /o -
s _ ; o g RN
BEH R ATE, RESEEBCT, _
L BKEEYRTA oy B, BEBKEAA
EI/ELY /=T IVETCORERIN L, MEA~FEHT B,
BELbBETERY, B, TEHKEETEHE,
EEeecERt.
FBEFPRIAEFADNRET HH, FEREBEILR 27— Y oo o
ﬁuﬁ%&Lu%é*iﬁxumyvvoﬁﬁu&lprﬁ%aﬁz;t6550

@ #=5y—:_
RELE _ ‘

| FAVEZESV SR R EREROKERTH B, HKREM)

( BEBRHIEEOMRT, BAKEKS Y2 2MA T2, BEDLHDHEEMR

BT TR L, ERICE ) AT B,

ﬁﬁ.jsmﬂ._- _  ;¥ m” ._ T

?42%~ﬁw¢ﬁﬂ&%%%bkowfa,ﬁﬁ@ﬂﬁkﬁp,;_.

EBHEFC2VTE, EFL CREHHE» 5HHT 5,

AR
X T —DH, (- HKEE)

—135—




(3) &Kok
BEAs e BRLTWE,
ROBI 0k 28 b L T\ b,

(4) K38
BEEAMSOAEEZBEL TV S, ‘r%ﬁvzrﬁi,az,ﬁ, ARSIz oWw T, 1386
SRET, bLRFHEETHAALTWS,

(5) B
BEDEEMTEEAL TV, HHELOERY,
© BERHE -
WAROBE, WAEOF 2 SMENICEET I LR, MERAENE), B

- oo

feilen

EELEDTn S,
MAPOBEL LTI, RERGREEAT S, BERCESEELTRTSS, -

(7) 1RB3kth
CFRLEL, VIRRP AT LA AH 2R,

(8) BA%E. ik, EE). DRBEHRME
CEEDEKEORE, BRILGIEELT 22D, BERFELHV TSI ~—X
R Lvo#FLH T, 500~550mmBI il 0 a~8 Ny FERBTH D, o T, £k
2, HEh, BREBEBRM LV &S 2BERE,
(9) #e, HhAL- R EBMCEMBR) | . ;_-i?’ﬁ'_,
BERF A ~ENIY ¥V SREREE T — ¥ —>TORT o
B -FLik, BEOBEH I ) EH AL TS
B S THELERALTY 3,
(10) B2k, HEFTE ¥ A7 AGEMBHE)
3E., B, EEAEEECL S,

(11) EAL - B R ARG
IREFNC L B 24BE LB - B AR L L o T B,

—136—




(12) 5% SR v 2 7 4
BHELL L, VI~ RATH2H8 0500, COSERESOBONE ML

Z i S

(13) E&EH
E%ﬁﬁﬁtfw&on%&mﬁﬁ&\ﬁﬁ&%ﬁﬁ&%%xﬁﬁ£®%~7wuﬁ
RATHARBERL TV S,

2. FEEH

(1) SR LR . o -
REELOLDORALRAEE, WELERA Y B 6 OEAERAEI L D B L
Rz, | '

(2) BEmE AR |
SRR 120 DRHEBMEF 0, BAOUR L IIER L b BIALRS,

@)ﬁ%ﬁmﬁ%
:E%%b&ofwétbyﬁﬁﬁﬁﬁﬁbfﬁi?éz&ﬁ%aﬁﬂﬁﬁw ﬁ—m
HLLZEESCE, BEoRE L b, wO%ﬁLﬁ*?5 t%ﬁ¢‘ LD WK
R RET B O kAT,

REHEIC2Ww T, &/fA947of;7w#&mmTa sk, R%@ﬁﬁk
I%ﬁm%WwTwé .

M)k%ﬂ%
?4—ﬁwvx$v~¢-w?A&U§ﬁﬁ%ﬁétg'nn/ﬁk ﬁ#&ﬁ
BRTV B, HIZoVTHRREAELERL TV, -

PREBEIC L Y. KTLERT 2, BHLEFHEAIRLEL D,

) FEEEHBR
FEROBS VD, SUNEAFTEL 252 LHFAEL. TOLDEEAOE
FIRFEREEL TR v, FERETERESATVS, .

—137—



(6) ML
%ﬁﬁ&%m
BB AR R, #BKU&%L17Uz&T@n;%ﬁEFéhftb,777
4 /V%ﬁ%bfﬂiﬂ:‘x'ﬁ'%
BRERERI VL AF 2 —F v o N— 2 AL CHYT 5,
B #t3 @ DSRV(Deep Submergence Reccue Véhicle) KXy, EBIT 3,
ER@EER '
BEFR~EEBLTVE
M%#Bo ﬁﬁ%ﬁ&tb@%ﬁfﬁfﬁmﬁgnrwa,
kERE | | |
— AR & FIRIE S| BBk SRS LTV 3,

D FEREBERH
BN Y PSR, TAR— R AEME S AT, %ﬂﬂ%%ﬁﬁﬁﬁ A b B S T
Wi,

® FRTEE
BB Y\ R EEBMERMN S ATV 2, EEREGHE L S5 CRE
ShTwa,

(9 Eﬁ(&%)?&“ﬁUnablemmmw%

| BRBRSTHERL o TV AN, REAF AT MY AT AL %o TYAI. 7% an
L= R VHMERY TR LABETY, SOORIBETE, 2. THt0 R
7LID¥E?6 tt&%a |

(10 BEEREN I
REBBICE D, NV, EEES IR ERT 5,

8. KB H4EEHIE

(1) FARB OKRE
EiRE # TR ED 2RI RS,

~— 138 —




@) 18 -&4%%
BAREC BT, BRIEGEREZELTEY., QTORBARTONMIET 2,
BEohiZHicBwT, BORLEABNZTAPAORBLE CRES b o THLT 2 = &
PEHTERTH ), BEFFFBELOWTREAFTLS, #oT, BERUC(HE

SRALBLTEDABHEMBLTHE) . GABRIN L CHIEZ 5 REIF TS 1

b

4. AJIPS (Air Independent Propulsion System : S SAS# )0 ER

EHWBAEOBKOBAGRTEMIZ bET)ThHs. BEOMECHET 2
. L'C‘ JJ‘_F{:Q vy Tﬁﬂ:;ﬁﬁﬁ%ﬁ{‘{ﬁ:bﬂf'y\éo . . o
@ RIY—Y¥FIIVY
(2) CCDE(Closed Cycle Diesel Engine)

(3) MEFEE

—139—




TR FH i kR

ﬁ?bﬁ*%@%ﬁm\ﬁﬁoﬁ%ﬂﬁwdbbﬁ,ﬁ*ﬁkwﬁm&%$é&ﬁAKm%é
NRTVDHYCHRZIFIMF-RBENANEL, SOITERL VT LS, EoT, BMELHY LS
<ﬁ%5tb,E%ﬁﬁﬁuﬁ%&%%ﬁ%+ﬁuﬁﬁ?%:tﬁﬂ%faéo

<EE>
B B4 2 BHHE KK
Kebdok® 2,500 v AT
VEOBARTHBAE - 5@‘
TR Rk R 25,000 b >
CKEOBRARFHBKE
gk E 18,700 + >

BEFNBABRMO Y rO— MW+ H 2 ENB 26, 2TOMBEN YT -ShatEo
THYBETEZV,

—140—




Appendix VH -

Advances in Technology for the Construction of Deep-Underg*round Facﬂztles

(Tunnehng and Underground Space Technology, 'Vol 3, No 1, 1988)
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Advances in Technology for the:
Construction of Deep-Underground Facilities

U.S. National Committee on Tunneling Technology and

U.S. National Committee for Rock Mechanics

AUstract—This repart assesses the current lechnological ca pabilitics
for deep-underground, i.e, up o 8000 Jt (2400 m), construction for

-defensive missilé basing in the United States. The report deals with

fourinain arcas relating to the feasibility of-building facilitics at great
depth: (1) Geotechnical chavactevization, i.e:'the ability to'gather
gevlechnical information for site selection, design, and construction;
{2) Design, ic. the ability to specify the configuration of the
opening(s) and the natire of the support system; {3) Construction
procedures, i.c. the ability to creele the opening(s) safely and
efficiently; and (1) Excavation equipment and systems, ie. the
capability of the equipment nccessary for mining and rock handling.
Contracting and management issues related to deep-basing also are
addressed, The study concludes that the besic technical capabilities to
creale complex underground Jacilitics at the pace and depths
envisioned are available in current practices; and that the structure of
the contract and organization of the management team for such a
project will have 1o be both [lexible and highly integrated, in a way
lhat recognizes “the” essintial “intérdependence ‘of geotéchnical

Résumie—Ce rapport examine les capacités lechnologiques actuelles
" pour la construction sous-terre profonde (jusqu’d 000 picds-2406 m
de basés de missiles défensifs aux Etats-unis. Le rapport traite des
quatres grands domaines nécéssaires & la construction profonde sous-
" terre: (1) la “caractérization’ géotechnique, c.i.d. la possibilité
d'obtenirdes informations géotechnig wes pour la stlection du site, la
conception etla construction; (2) la conceplion, c.d.d. le possibilitéde

specifier la configuration des ouverturcs ¢l la noture des systémes droe

support; (1) les procédés de construction, c.d.d. la possibilité de pere’
des ouvertures efficacement et en sécurile; of (1) lef systémes '
équipement d'excavation, c.é.d, les capacités de Uéquipement
nécéssaives au déminage el au transportde la roche. On traite aussides
problémes de contrat et de management pour des bases profondes.
L‘#tude conclul que Uon posséde les capecités techniques-de base
pour construire rapidernent de grands complexcs sous-terraing mais
que fa structure du contrat et I"organisation de 'équipe de direction
devra étre & la Jois flexible et tris intégré rendus cisenticlle par

CUinterdeperidence de la  caractérisation géalechnique, de In
conception et des problémes de construction, ‘

characterization, design and construction issues,

The repart on ' whiich'this avticle is baved”
resulicd from & workshop organized jointly
by the U.S. National Commiittee on
Tunneling: Techiology (USNCITT) and
the U.S. National Commitice Jor Rock
Alechianics (USNC/ RM). The workshop
swas held in-Decewnber 1955 at the request of.
the Defenisz Nuclear Agency as a means of
determining the feasibility of cusrent and
developing concepls Jor deep strategic
Incilities—i.c. those constrirctal at depths
up to SO00Nt {2400 m). To address the
concepd of facilitics al these depths, the
workshop pariicipanis drew on expevience
developred i underground civil engineering
Projecis and in the consiruction and
operation of decp mines, Participanits
irscluded acadentic researchers, geotechnical
engineers, designers, ¢ tors for I
and shafis, end specislists in mine
ventilation. This cambination of back-
Xrounds and knowledge and the resuiting
1angcof opinions were e2zential in a1scysing
dhie icchnologies and practices appliceble 1o

the deep-basing concepl,

This article is adapted from 3 repor
"Advaances in‘Technology for the Construce-
Hon of Deep-Underground  Facilities™
based an a workshop conducted joindy by
the U.S. National Commities on Tunnel-
ing Techuolugy and the U.S. National
Committee on Rock Mechanies. This
project was sponsored by the Delense
Nuclear Agency through U.S. Bureau of
Mines comraets JOTH9025 - and J0199030,
Capics of she (0l vepors iy e ordered
from: The U.S. Nadiona! Cominittee on
Tunneling Technology, Nations] Rescurch
Council, 2101 Constitution Ave, Néw NiY,
Washingon, D.C. 20418, U.S.A.

Trenraitlionrg wniel Uidergranmd Space Techwolngy, Vol 3, S, 1. 1o 2341, 1YHN,

MiEviend in Crean iiiain,

Introduction - -

: —the eartly has been used asa means
I ol protection and safekeeping lor

many centuries. Recently the

~thickness ol the earth'cover required for

this purpose has been extended 1o the

. 2000-10 3000-{c.(600- 10.900-m) range in

structures coitemplated’ for nuclear
wasle disposal, energy storage and
sirategic  systems. With regard 10

delensive missile basing, it is now

perceived that the magniwude of the
threat has increased through beuter
delivery systems, larger payloads, and
variable tactics of attack: thus, depths of
3000-8000 {t (900-2400 m) are being
considered seriously for such facilities.
Moreover, it appears desivable that
the [ocilities be operational (il not
totally complete) lordeflensive purposes
within a [ive-year construciion
schedule.

Although deep excavations (such as
mines) are similar in many respecis 10
near-surfdce winnels and caverns for
wransit, rail; sewer, water, hydroclectric
and highway projecis, the diflerences
that do exist are significant. Major
distinctions hetween shallow and deep
construction derive from the stress ficlds
and behavior of eurth materials around
the openings. Atshallow depths, aliner
must be capable of redistributing the
load to the surrounding rock, so that the

QNRG TS 8 $3.00 + 00
Pergamums Py prle
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“rock’ and liner work in'concert to

providea szable opening. Also, spalling
and stress slabbing—which are unusual
in shallow construction, but increas-
ingly prevalent with depth—must be

“agcounted for in the design, excavation

and support processes.
Different methodologies are required
to accommodate other variations result-
ing from increased depth, c.g. clevated
temperatures, reduced capability for site
exploration and limited access during
project execution. This siidy addresses:
these and other questions related to
geotechnical characterization, design,
construction and excavation equipment.
Although technical capability may be
the prime issue aflecting the creation of
deep-underground facilities, itisnot the
only [actor that need be considered. The
success of an endeavor of such
magnitude, which involves a compressed
construction schedule and engincering
aspects on the cutting edge ol tech-
nology, ultimatcly will hinge on the
issue of contracting and management
practices. Because the proposed project
will require concerted interaction by a
multidisciplinary weam, the structure of
the contract and the auitwde and
arganization of the management team
must  be  flexible o allow such
interaction. Current practice in the
United States typically does not provide
a suitably inwegrated framework that

25




recoguizes the special elements inherent
in this type of project
Il the objecive ol constructing
permanent underground [acilities on a
scale and at a depih that have not been
aueinpied previously is 1o be achieved,
L will be essential to'choasde 2 site with
good rock quality and 10 utilize proven
rapid excavation fhethods, crews with a
bent toward productivity, and innova-
tive contracting and management
practices. Thus, as the potential thireat
to deflensive facilities increases, it is
advisable o establish the capability far
construction av- the pace and great
depths now -envisioned. The: - basic
‘Questions are whether it is possibleand
what technologies must be available in
-order for deep-uriderprotind facilitics 1o
bea viable strategic alternative. -

provides the:

discussisa

amnlined; shortand * long “shafts,
:chambers,:and “tentiels with “flat
and inclined: grades, as well as
junctions_ofvaﬁousconfigurzti‘on&

. 1.€..50-100 years; is.essential.

-mal blasting,
 The range of opening diameters

{1.8-7.5 m),

- The mange of tunnel lengths under
consideration is from less than
1000 Mt (300m) up to 20 miles
{32 km). _

= Depths of construction may reach
8000 {1 (2400 m).

® Geothermal gradient will fikely
average [0°F (-12°C) pec 10001
(360 m) of depth, but may be
subsiandally greater.

® Groundwater [{lows
encountered, .

® Vertical stress increases with depth
and horizontal stress varies f[rom
less .than.up to several times the
vertical:stress. . :

* Rock: strength funconfined com-
pression} will range (rom: solt {less
than 10,000 psi {700 aimn]); (o
medium ({10,000-20,000 psi [700-
1400 aum]); hard (20,000-30,000 psi
[1400-2100atm]); and very hard
{greater thian 30,000 psi {2100 aum]).

The question of building facilities at
great depth comprises four main
components, cach of which is dealt with
at length in this report. {This analysis
does not deal wilds political, environ-
menal, and strategic issucs surrounding
the concept of deep [acilities for
delensive purposes.)

1. Ceotechnical characterization—

may be
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* Long-term stability of the openings,.

= Excavation will be, primarily by
_...mechanical. means, i.e. with- mini- .

under consideration is 6-25 ft.

the ability to gather geolechnical
infarmation for site selection, design
and consiruction. Geotechnical charae-
terization {ocuses on the process of
collecting the information necessary to
understand the earth's struciure and
conditions for designing and building
the facility—an effore that could require
the evaluation of a volume of 15 cubic
miles ol rock. The autstanding questions
center on the inlormalion needed 10
select a site. that has the proper
characteristics, a strategy [or evaluating
an enormous volume ol rock in a

reasonable time {rame, and the tech- -

nologies required

to  obwin the
information, :

2. 'Design—the ability 1o specily the -

‘configuration of the opening(s) and the

“mature "ol the support  system, The

desiga section focisses on the processes

pport

‘necéssary to ensure’ that the openings
* are'stable’under the ‘high siresses and
time-dépendent behavior likely to be ~

encountered.

3. Construction—the ability to.create
the opening{s) salely.and. elficiently.
This section focuses on issues alfecting

.. the ability. to.mine and support the
-openingsinasaleandelficiencmanner.

The outstanding questions center on
the geotechnical conditions that would
affect the excavatien method and
sequence, means to dimit risk o health
and safety of personnel, and the
influence of facility layout on construc-
tion performance, .

4. Excavation equipment—the capabi-
lity of the equipment necessary for
mining and rock haadling. The
discussion of excavation equipment
focuses on the tools necessary to support
rock breaking, opening stabilization
and muck removal. The major questions
center on current and potential mech-
anical systems that can.perform rapidly
and reliably for diflering distances and
configurations, and constraints on
opcrability that may be amenable o
madilication in the near term or to
application of emerging techunologies.

Geotechnical Characterization

Geotechnical characterization for
deep-underground facilities, i.e. depths
ol 3000-8000 [1 (900-2400 m), constitutes
a mix of old, new and emerging
technologies. Most of the currently
available characterization techniques
are applicable o the data requirements
of the proposed program. However,
there is a need to improve certain
technologies and a critical requirement
to identily specilic featurcs as early in
the exploration program as possible.
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The volume ol rock is enormous and
remote, the poteniial {or conditons
particularly adverse 10 design and
construction it signilicant, and the
schedule for the project is compressed.
These considerations cannot  be
accommodated properly within the
structure commonly adopied {or a
geotechnical program. Typiclly, the
exploration phase is completed prior o
design and detailed characterization is
completed prior to construction. For a
deep-underground Lacilivy, thisapproach
is not a prerequisite of initiating sither
design or construction,
~ The recommended geotechnical pro-

“gram includes thc use of an iterative

approach thatanalyses the exploration
daw as they are produced and prior 10
imiplementing thic néxtstep in explora-
tion. In this manner, “{atal Haws™ are
identilied early and a site abandoned

" before _:_ir_t,yjl_@(__l_igibni[.{u:_nd_s'___ar'é_ used for

assumes 3 multidisciplinary team of
engineers, meologists and contractors

- experienced.in. deep-uaderground. pro-

jects. “The . geotechnical. design - tezm

should be supplemenied by an inde-

pendent peer review. group that meets
§

-~ on-a regularly -sclieduled basis from

projéctinception-tkrough completion
of construction. Gedtechnical’ character-
ization must be an integral part of the
entire project. e

. Many of the philosophical concerns
applicable to a, geotechnical program
for deep-underground construction are
presented in a recent case-history study
of underground projecis (USNC/TT
1984). Thatstudy also addresses someof
the supportivecontracting and manage-
ment philosophies “that” permit the
exploration ¢llort to contribute ellect-
ively wo all project phases. -

Elements of Characterization

The program of exploration is
intended 10:generate geotechnical:data
from the initial reconnaissance through
post-construction: phases al the project.
Theeffost to characierizc asite requires
thecontinuous developmentand analysis
of information on a.variety; ol {aclors
which, either separately.or in.diflfering
combinations, mayallect several aspects
of the project. Tius, it is essential that
detailed exploraten . continue.. con-
currently with design and construction.

Facilities at the depths envisioncd
involve a significant potential to
encounter elevated ground temperatures,
adverse lithalogy 2ad structure, highia-
situ stresses, and high-pressure inflows
of water. Another concern, groun_d
shockattenuation, is critical to strategic
facilities at these depths. These [actors
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are.considered most imporiant because
substantial occurrences could preclude
reasonable construction or operation.
Farexample, exiensive shearzones, very
solt rock and cxcessive stresses would
prevent safe construction.

The elements of characterization and
their .|pp||c.:b|hty to design, construc-
tion, excavation equipment, and siatic
and dyn'muc loading are indicated in
the matrix shown as Tabie- 1. The
signilicant elemenss for each category
are noted by an X" in the nppropnalc
column, chucnce or other time-
dcpcndcncc is not implied by relative
position in the matrix. For example,
temperature data may be used for
design  purposes before, during, or
after the same {or other) temperature
data are used for some phase of
construction.’

‘Each of the designaied *‘Critical
Ceotechnical Parametérs” in Table 1 is
considered . eritical  beécause  of

“a 'single such. -parameter may be

au[f:czemly unlavorable. for ‘design,

" construction, or pertormzncc to. dis-
qunhfy 2 candidate site. Under some
c:rcumsnnccs. a facior such as very law

Table 1.

the-
pcnenual toestablish s “fatal flnw": that

unconlined strength may be considered
similarly critical.

“Design’ clearly relics extensively on
the range of characierization elements.
As might be expected, the close

. relmionship bctwccn "Construction®

and "Equipmcm is reflecied by a
snm:hruy in dpplu:ublc clements. The
remaining columns ia the matrix call
auention to the characierization para-
meters required 1o address the ability of
the host rock 1o support and transfer
loads.

Influence of characterization

The inlluence of characterization on
individual aspects of a  project s
exiended by the interaction bewween
these aspects. Table 2 summarizes the
manner in which geotechmcal elemenis
and acility layout affect equipment for
excavation and support installation. In
this case, characterization is sigmficanl.
not only directly but also indirectly, via
the relationship between facility layout
and ¢ equipment. .

Geotechnical pammmcrsarc of central

" importance in system compaonent selec-

tton and function. For example, a full-

Elements of characterization for deep-underground projects.

face tunnel boring machine - {TBM)
designed for opiimum performanee in
soft rock is not capable of C"IC1:T‘II.|Y
cunting hard rock unless it is modified,
e.g. larger-diameter cutters, increascd
hydraulic thrust pressure, The poteniial
{or encountering substantive changes in
rock conditions must be anticipated so
that the machinedesign can incorporaie
specilic feawres that allow such
modifications. A particular concern
overall is the possible presence ol poor
quality rock in sullicient extent 10
interlere with mining, as well as
excessive water inllows and gas.
Equally imporant to.equipment
sclection is the project layout, which is
itself subject 1o the_ characterization
process. The geotechnical environment
is a crivical [acior in determining the
stability of openings and theappropriate
conliguration for tnnels, caverns-and
shalis, Inlike manner, the geotechnical
environment must. be. carelully con-
sidered in_the. plins. for. inclines a?x
declines, which: may present requif
ments vasdy. dilferent {rom: those

_tunnels or caverns. Altol these layouts

inflluence selection of equipment, which
may, in tura, restrict grades and wirning

Design Construction

‘Equipment

Static
Loading

Dynamic-
Loading

_ CRITICAL GEOTECHNIGAL
'PARAMETERS

Teriperature (rock mass)
Shock attenuation
{rock mass] -
Structure {including
discontinuities)
Stratigraphy
In-situ siress
Hydrology
Other hqunds and gas

Hardness
Density:
Porosity
‘---‘Permeabumy {rock mass
“andintact rock):
-Modulus/deformabamy- :
“Elastic wave velocuw
. Strength-
unconflned
confined .
loading {repeated)
Controfled strain path
Resistivity (electric)
Thermal conductivity"
Heat capacity
Creep
Squeezing index
Plasticity indices
Chémical reactions
Petrography

HHEXM X =X
HKHHH N

PHYSICAL PROPERTIES/BEHAVIOR

x

HKXM MM A M N NNK MM X X

HRHHMN

MR X

X

HKAHXX

VIVEVIRNV
X %

XX

*Also thermal diffusivity.
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Table 2. lufluence of characterization and layou! on sclection of equipmen! for excavation and primary support.
Geotechnical Elements Layout
Intact Rock Over-
rock mass stress
strength  condition Failure Water  Depth  Decline® Incline* Curves
Boring equipment. M M i m “m m M m
Cutting tools M i 0 m 0 0 M
Muck transport
At heading - m m o M 0 M m m
Horizontal m m o M o} M m M
haulage ! .
Vertical. : m M 0 M M M M M
haulage- : -
Primary support-- - mo M M M- M m m m
*Assumed greater than.15%..
..M {major) = strong.impact.on syslem compuaenl se!ecuon and funchon
| (lntermedtate)- significant impact but. not:an: overndmg influence.. .
1 m {minor) =:soma’ consnderatmn should be given for equipment: selecnon.
..0{no influence)= little impact.on equipment selecuon, S S

‘ radu. Th: mtclact E'_natu’re o[ dcs:gn
and’ conszrucnon is:clearly cxemphl'lcd
hcrc. e

. Pirased Appraach ta
-Geotechnical Charactenzatfon
+The “magnitadés ol the ‘proposed
;FI‘OJECG. and:the: comprcsscd ‘schiedule
dicuate: thavispeeial 'care besitaken 1o
lmegra(c cxplomuon. design-‘and con-
_sSstructionsintea’ unified, contempor-
-aneous effort: “The “volime ol rock
xnvnl vedanddhérémotcness tmposcd by
Ats depth;-as well as time coristiniis,
elibinace the: possibilicty ot olicaining
data - suificient -10."provide suitable
knnwledg‘c clitheandeérground prior to
construction.:: “Therelore, *a: phased
observational: approach “to ‘the geo-
techinical elforr-is-essential Suchan
approach will permitidentilicationola
location: with “enough “certainty 10
initiate the project, while details
required for final design and ellective
construction are.determined according
0 information .obtained. at. depth.as
nstruction proceeds,

‘Tt is assumed ihatan initial screening
processto |dcnufy apprnx. 25 puu:nual
sites, each: 107 square’ rmlcs (26 km?) in

p!:m. . w'll prc '

pinscs- site selection; site: cimracr.enza-
‘10". COnsu'ucl'.lOn and posl-co"slnlcllo“

Phase I3 sute se!ectcon

Prcllmmary s:tcsclccuon is mlcndcd
1o reduce the number af possible sites
Irom approximately 25w thede candi-
datcs that are most  promising  in
geotechnical wrms. Atthissuige; fack of
plhiysical access 1o the: 26:siws  is an
im pesed constraint. “Therelore,: alt
available sourcesol existing mfofm.mon
must he cuarelully examined—c.gi mines,
basreholes and logs, geologic i wopo-
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- _ﬁ"g'ré;ihii:' 'mapping, state and. federal
" ‘'geologic survey data, .oil and gas

drilling data. These sources shiould be

supplemented, il nccessary, hy tech-
‘niques such: as remoie sensing with
:systemadic analysis. The'critical laciors
to evaluate include iuhology, gco!og:c
-structure,, xcmpcrn{urc gradiend, in-silu
. stress, shock attenuation characteristics,
fhydrolagy and cxzsr.cnce of: hazardous

_ _dcpth ol mstallmmn for c:u:h
_siteand the possnblc locations. l'oracccss
“openings.

The next stage in, zhe sue sclccuon
processinvolves lield exploration-elforts
aveach of the three candidate sites. Field
workshould) progress 1mmcd:ntely with
detailed surface mapping, hydrologic
studies, and one: hole dritled: at- least
500 {t. (150 m) _Dbelow. the . proposed
maximum depth'of mstallauon at each
site.,

Complcu: suucs of tests on :hc core
and in the holes should be pcrformcd w0
establish values for all pertinent design
and construction parameters. Additional
boreholes should be planned carefully,
with ‘the spacing and. location..of each
holc choscn 10" s:ms[y individual

) s at c::ch site fuis anucapatcd
that'a minimum: of five holes per 10
squarc miles (26 km?) ol surface. area
will be required durmg the, sclection
process, The lcsung program should
also include experiments designed to
estimate characieristics  of  shock
adenuation, Both mathematical simu-
laton "and ficld testing with high
cxploswcs should be considered {or this
purpase,

A detailed geatechnical report of the
three candidace sites should be prepared.
This report, couplu.l witl prclummry
dl:ﬂgth consiruction, and operation
schemcs. will allow sclection of a single
site for construction.
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Imuaily.dcmlcd' t_t_:ch_ mctemauon'

imporant thaithese sh:l'u and’ lunncis
“be located. to maximiz, g 1
resulis whilé ‘providing “access 10" all
critical depths ol construction, Tuane!
lengths from 5 w0 10% of the final design
length within each distinctive geological
unitshouldbeapgropriate: [orcxplora-

_tion:purposes. A completeisuite of in-

sttutesting should be: specformed: to
establish values {forall pertinens dcstgn
and construction: PARMCLErS. oo

. Thecharacterization program should
also_ include development.of adequate
methods of mapping geology, - water
conditions, gas seepage-and drillability
ahead of advancingunnel faces, and for
monidring. the.overall performance. of
completed. tunnels; shalis.and: linings.
Techniques and--instrumentation - for
usein the wennel should be designed for
application.during. tunaeling - without
impeding. operations; rather- than. just
during downtime-of equipment. How-

ever, o this... capability - will - require
dcvelopmcnt ol-new leclmology and
specialized hardware, ;

oy comprchcnswc gcm.:c!m:r:nl rcport
thatisboihifactuat andinterpretive,and
carelully distingnishing betsveen.cach,.
shiould be.prapared at:the end ol this
phase, This report.will prowde thebasis

~ for, construction.. btddmg‘ and final

detailed design.

Phase Hi: canstruction

It is expected that construction will
proceed on a cost-plus  or cost-
reimbursement  basis, because pre-
coustruction information will be in-
suflicient o define the work suitably lor
fixed-price bidding. The geotechnical
rezm shuuld utilize advance drilling,
remote scnsing and post-construction
monitoring 1o validate predictions of
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fuce conditions and 1o project possible
trouble areas. The 1eam should also
establish the pay schedule aceording 10
conditions actually encountered during
construction,
Exploration must be a2 continuous
and integral pant of the construction
‘process. As information and data are
developed, the resulis should be used 1o
madily constriction techniques and the
clesign, asappropriate. The exploration
progrim should be designed, however,
to minimize its impact on the construc-
tion schiedule. Forexample, monitoring
instruments could be installed during
maintenance perjods to prevent inter-
ference with mining progress. Further-
more, every opportunity must be
pursucd to continue developmient of
remote techniques o predict ground-
water conditions, locations of criticpl
“discontinuities and changes in drill-
ability alead of the advanicing tunnel.
Phase 11t of the program should be
complced-witl ¥ comprehegnsive report
of. as-bujlt .canditions.. The. report
_should include the construction history,
--detniled geologicmapping; areas vuiner-
able'ta problems in-the fuitire and any
geotechnical | concerns  bearing  on
responsiveness (o hostile circumsiances,

Phase IV: post-construction |

- Geatechnical . responsibilities: - will
continue::{or: the “service:lilé:: ol the
Pproject. During roitline “operatians,
monitoring ol convergence/stress, water
inflow, gassinflow, felsinicit ' suppart
systems;:-and “chemical “dnd - physical
deterioration: of:: geotechnical’ com-

-ponents will:be réqiired. In addition,.

any anomalies: - encountered - during
construction :should::be-: observed- for
possible:effects. The information gar-
nercd:during- operations - will - provide
fecdback: useful-in-prajects anticipated
or-underway at additional sites. . -
~latheeventol hostilities; geatechnical
knowledge will be vital to the continuing
aperation:- of - the "installation. - Geo-
technical :skills: and:- data : will - be
necessary to-assist in:determining point
ol impact and ground:shoc

changesu:in Thydrology; 74
terniperar i il 7

E ¢ ival fnformanioi dbaae:
‘theunderground: environment “and”

persounelexperienced in subsurface:
works willbeinvatiable to sirmegicand
taciical planning efforts.

Characterization Techniques
for 3000-8000-1t Depths

In general, characteriztion techniques
and instrumentation that are suitable
for shallow depths, i.e. less than 3000 [v
(900 m), can be applied satisfaciorily at
greater depths. The rock mass and
SupIport responsccan be projecied 1o the
greater depths and  the appropriaie
miadilications incorporated into ihe
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techniques and instrumentation. How-
ever, scveral key cr)‘zironincn'tui faciors
unique to deep-underground projects
may be introduced, These [faclors
include the powntial for (a) corrosive
waters, (b} very high operating tempera-
tures; and, {or strategic facilities, (c)
high shock loads and (d)- high
clectromagnetic pulse (EMP) loading.
Theahility to evaluate these factors will
Ecquirc specialized test techniques and
instrumentation.

Testing and instrumentation pro-
grams during the geotechaical explora-
tion, construction and operation phases
ol the project will require extensive use
of bortholes. Determination: of the
location and number of boreholes for
characterization: can-beaided by the use

of decision analysis:techniques.

Stacistical correlations:and analyses of:

" borchofe data (using, forexample; the
Kriging method) will improve gealogic

extrapolations between barelhioles and

“help identily “the- bést locations for

additional borings, °

Testing and measurement techniques
Dynamic. Dyndimic tests should” be
conducted’ - (o - obtaif “rock " ‘masses
properties’ and to’“access  hehavior
-characieristics ‘such"as ground shock
ayenuation and “block *motion under
‘dynamic’loads. Thesé detérminations
“shiould also he used o evaluale various
types'of structuyal linings Appropriate
‘dynamic’ " techriiques’ “include’ “the
following: o L
- @ Spécialized geophysical logzing 10
" ‘obtain dynamicelasticmodili (3-D
“velocity) and seisviewer logs o
obtain {racture orientation,”

® Specialized - geophysizal “surveys,

- both:in vertical holes: from the
surface and in’ liorizontal holes at
depthi; e.g. vertical seismic profiling
{VSP), tube wave velocity surveys
and cross-hole surveys. -

s High-explosive (ests’ ‘at stirface,
witly appropriate instrumeniation
over:a. range ol 'deptlis to micasure
stress, velacity, ncceleration,; dis-

- placementind auenumion.”

*’Highiexplosive idsis ai ‘depth 1o

' méas G pertics,
atienuation,” bleck motion” and
dynanic joint propertie T

= High-éxplosive tests

osive tests ‘at depth to
meustire response ol in-place strue-
tares to a shiock environment.
Hydralogic. - Hydrologic teésés are
required to measure characieristics of
groundwater (law and o evaluate [fow
characteristics ol fracture sysiems.
Fracture sysiems have been found (o
play the dominant role in control of
groundwater infllows in crysialline rock
and in highly [ractured rock masses.
The types of 1ests will vary, depending
on theelicctive porosity.and permeabitivy
of the rock matrix and the intrinsic

_ other 1esis; The design of the measure-

C R

fracture/jointing system. Pressure and
injection tests shouid be used to obain
hydraulic conductivity and storage
coellicienis of {raciure zones, Formg-
tional-pump, constant-head, and slug
tests can be used for zones of high
permeability. Transient-pulse or sfug’
withdrawal 1esis should be used for the
tighter formations, or for zones wilh
little fracturing/joining.

Thermal. Thermal measurements of
the rock and fluids in the rock are
required idr environmental monitoring
and toassistin establishing the range in
which twmperature-dependent rock
propertics are 1o bedetermined. Thermal
canductivity, heal- capacity and the
cocllicient ‘of thermal expansion are
required forrock atand nearexcavadon
surlaces and [or cacly ol the distinetive

- types ol earth' materials between the

ground surface and- the’ underground
excavations. Measureménis should also
heé obtained from-boreholes drilled for

ment program shouldassume anisotrof
unless and until.accumulated mcasu{
ments indicate otherwise, )
In-Siw Stress. Traditional techniques
for- measuring . in-sili stress: cannot be
used. for stress.determinations in deep
-borehotes. Hydrolracturing is the:only
directmeasurementtechnique currently
available that.is applicable.under such
conditions. Stress.. data..{rom: - hydro-
[fracwuring. should be:supplemented by
.other...indirect . steess. ... determination
techniques using ariented cores; such as
-dilferentialstrain curveanalysis {(DSCA}
and: anelastic-strain recovery.: (ASR).
Boreholeobservation ol sidewall elonga-
tion or spalling and wellbore breakout
also can be .used. to. determine. the
oricntation ol the horizontal stresses. In
a: vertical borehole, core discing is an
indication. of high in-sitr horizontal
suress.

Limitations of testing -

and measurement techniques
The greatest obstacle o testing amg

measurement is presented by, the extent .

ol the: rock mass thau, is. subject to -

cvaluation. . For. stralegic. : facilitjes, : .

‘suilable. means to assess attenuation. i

major [imitations of current testing and.
measurement . techniques, it will be .
necessary to:

(1) Develop dynamic in-situ tests 10
characterize the rock mass over tens of
meters.

(2) Design a dynamic test to abtain
aticnuation properties of a rock mass
volume at the stress levels of interest, .

{3) Improve currenimethodology and
techniques 1o determine (a) a2 3-D
fracture system within the rock mass
away {rom the borehole/wunncl; and (b}
the hydrologic, thermal and diermo-
mechanical  charneteristics of  large
volumes of rock.
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Instrumentation and
monitoring techniques

Dynamic. The capability 1o assess the
dynamics of the rock system s of
primary importance 1o the long-term
structural integrity of the facility. For
stralegic purposes, monitoring is essen-
tial to address degradation of the rock
mass because extensive degradation
may notallow it to [unction as a viable
structure  [ollowing  hastilities. An
instreanentation and monitoring scheme
should encompass the rock mass, the

Devices that may be incorporated into
this scheme include velocity ‘gauges,
Stress gauges, accelerometers and targe
block displacemeénsor shiear'strips.
~Hydralogic, Changes in the hydro-
clogicregimears aprime concern during

00 {1 (2400 m),
be installed’ and

- pumping: water ‘mon _ _
control of the hydrological regime.

“larly:ac-critical Jlocations, ‘&g. poiwer
plans, commandiand: control centers.
Active dewatering . throughout ~the

cmecessary, regardicss ol naturaldrainage
~conditions; toenlianceshiockabsorpiion
+-capabilitiesolthe [aéility; Tn addition,
continued plmping will | {
'cone-of depréssion”, thus ‘aiding ‘in
botly temperatire ‘and water ‘control,
Parucularlyifan aquifer is magmaticin
origin as opposed to suilace recharge,
“Thermal. Temperatirés of the rock
and:the flaids in"the rock should be
monitored - at - the sirlice “of ‘the
underground- excavaiions and in bors-
‘holes extending from the excavation
. surlace 1o depths “of up ‘to” several
ameters of the'txcavation: In addition,
- wmperawures should be moniiored from
the- ground “surfack’ down’ o the
excavations in“vertical iritervals sufli-
ciently “small (6" "¢haracterize " edch
distinctive vertical temperature gradiene,
. ~Stress/Strain. Stress/strain;:changes
10 the rock mass and supportsystem are
imporant armmeters, boui throtiglout
e life of the structiire and during'and
after hostilitics. Rock mass respanse 1o
loading may be dedueed from changes
i supporisiress. Several teclinigques are
readily available 1o obain support and
rock - mass’ measuremerits.  Suitable
strumentation includes pressure cells
and embedded sirain gauges in the liner
or backpacking systems, strain gauges
in steel liners, sets or bolts, and rack
mass stress change devices instalicd in
borehales,
Displacenent, Displacement of the

30 TUNNELLING AND UNDERCROUND SPACE TECINOLOGY

support system and ancillary faciliues.

itared for carcful

.- Sealed pierorneisrsshould be installed
, 1u-ﬁborehbles--u'ri(hin"th:c‘Iacili’ty.if:i;_ticu- :

service: Yife ol the ‘stritctare will be

rilarge’ the -

rock mass isa very reliable parameter for
assessing long-term perfarmance of thie
structure and rosponse 1o extrancous
loading. Devices to measure displace-
ment are perhaps the most developed of
any geotechnical measurement systems
and are tie most straightforward in
terms ol dala analysisand inwerpretation.
Muhi-station exteasometerarmays should
form an integral part of the facility
monitoring system both during and
after construction. A five- to ten-year

“operating life is reasonable {or displace-

ment moaitoring systems in adverse
environments.

. Chemical. The chemical regime, in
terms ol initial water and  rock
chemistry, should be monitored closely
and auention should be devoted 10
alterations in the regime, especially as

... they mighy alfect support systems, e.g. |
. steel; grout, The approach may consist - -.

.- contractual sformat under wliich the
.-cotistruction:4akes place. “The recom-
;mendations in'.a::previous “study: of
" comtracting practices (USNC/TT 1974)
should be studicd,

ofsomethingassimpleas pH monitoring
ol facility. discharge .or: monitoring of

.. particular chemical constituents suchas -

chlorites, - sulfates. ‘and - carbonates.
Specilic concerns would be the possible

eltccts of long-term seepage that may e
© corrosive, ‘'or the presence ol water in
conjunciion with stray electiical curreal.

Limitations to instrumentation
and monitoring techniques
The -major overall :limitation: of

instrumentation and monpitoring schemes -

isinstrument performance over both this
shortand loag-term—a direct function

of the facitity environment, For thelong
term; thie limitation would encompass

all” devices o ~some “extent, but
particularly electronics subject 1o hot,
corrosive water and, perhaps, (o EMP,
Other constraints are thac siress change
measurement in boreholes is marginally.
successful and that "the dynamic stress
changes” are poorly tindersidod. Data’

transmission over lony distances is just

now being perfecied with multipiexed

digital transmission over [fiber optic
cable. In-shalt data acquisition migit
be particularly difficult due 10 the
ellects of falling debris on the
instrumentation, - - -

Design Considerations

Inconsidering the issucof technology .

for suble underground opcnings at
depths greater than 30001 (900, and
possibly as deep as 8000 f¢ (2400 m),

design is viewed 2as an iteradive and.
interactive process that requires close -

lies with geotechnical characterization
and construction acuivities.

It is expected that pre-construction
geotechnical investigations inevitably
will be limited because of the depths
envisioned for the proposed projeci.
Conscquently, the initial design
approach must be based on generic or
assumud typical conditions. The require-
ments of this approach include:
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 Desig Process
.. . The. sequence _of . activities - that

* Characierization of 1tlic- 1ypigal
classes or types ol potential ground
[aiture conditions auticipated
throughout (he site.

® Description of typical rock reinforce-
ment or support {or cach 1ype of
anticipated [ailure mechanism,

* Estimation of the quantities of ench
typical support section likely to be
encountered along  the project
Toute,

® Determination, during construe-
tion, ol typical supporior reinlorce-
-ment(including no suppory) that is
most . appropriate for the aciual
ground conditions-encountered,

* Monitoring of the response of the

groundand support systems, Jend-

. -ingovalidaionormodilicition of

.- othednitial approach. -
Elficient implenicmation of the design
willrequire careflul consideration of the

«asshould the system-
sed (or the Rogers Pass

-

“Tunnel ‘project in Canada. For that
- project—which _is. characterized by
“constraints. similar @ those for. ihe

project.considered hergin—the cancrace
documents . anticipate _the iypes of
construction problems, provide means

“lor resolution, and ‘permic contractor
“‘cammpensation in the manner that cosis
“are incurred. :

PIOCES'S R

comprise the design processare intended

. .-to ensure stable underground openings

[.:the  structure. Pre-

for the life o

. construction design-is based.on generic

ortypical condiiions, Subsequently, the

. initial assumptions: are reviewed and
..relined during construction as. site
‘characterization data are developed,

Although the design process is the same
for. both . the. . pre-construction . and
construction phases, the level of detail is
significandly diflerent: e

“The design- process begins with an

“examination ol site - charactérization

daa, with ant eyéitoward potential

- :mechanisms: over: the-proposed: layous

“The.type. of failure mechanism is. the
basis for sclecting theanalytic icchnique
appropriate forestimating ™ the- rock
response 10 loads - during and aflter

—constructionand; ultivnately, {or select-

ing the type of support for the structure.
Theanalytic techniquedictates the type
ol data input needed o arrive at support
requirements. [nstrumenting areas b'oxl:
during and after construction provides
an objective means of validating and, il
necessary, modilying the initial design
analyses and support recommendations.
The type of information required from
instrumented arcas depends on  the
analytic technicque used. ’
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"able 3 sunmumarizes the design
prrocess, listing the common failure
mechanisms encountered in  under-
ground construction, Logether with the
appropriate methods of analysisand the
data input requirements lor the analysis.
Typical support methods for the
various [aflure mechanisms are noted by
‘cross-relerence 10 Table 4.,

Failure mechanisms

Four failure mechianisms are idendified
in Table 3: structural, strength/stress,
faul/shear zone, and time-dependent
{squuezing/swelling/creep).

“Structural” refers (o failures that are
-of kinematic origin precipitated by an
adverse . combination - of joint and
opening geometry. "Strcngth/nrcss
refers to the situation in wliich in-situ
siress exceeds therock strength insuch a

-ynanner as. to pose-a-threat o an .

opening.. The. progression : of - local
!':nlurc to 1l|rcmcmng proporuons may

involve britde Iraclure and sirain
soltening or llow in a ductiic manner.
Both modes are possible, but have
different. consequences for support

toading.

“Fault/shear zone™ refers to 2 failure
mechanism activated when a heading
enters an  unsuspecied  lault- 2o0nc
possibly contzining a large volume of
wauer, sand or clay. “Time-dependent”
refers to failures thacmay result from {1)
degradation ol maierial properties as a
consequence of diffusion processes
colleciively known as “aging™, (2) a
viscous component of delormation,
creep or plasticity; or (3) dynauuc
overstressing.

Arial;'ftic methods

Structurally coritrolled ‘Taileres may
beanticipated by ananalysis ol the joint
block kinematies in a‘systematic way,
using - limitng: équilibrium “analysis

- {key block theory), “or by empirical -

) Table 3. __'l_\h_'_."fo'i_' [;_&A:Eg_zig.f _p[ the t'i_q'.\_‘i_'gn process, .

e e S " Data . Typical
-Failbre-m_'ech";pis_nf: M_e_t_ho,d('s) of analysis input support systems®
Structural - Kinematics {a) 01,23

C empirical'_ . :

‘Strength/stress  Stress.analysis/failure . .. {b) .2,3,.4,6

' . criteria/failure mode. :
Empirical/experience. ... . .. R .
Fault/shear zone ~ Empirical ey 4B 6
Time-dependent . . . Stressanalysis ~ .~ . {d}. .. .. 4,56

{cY nature and distiribution of faults.

*The numnbers correspond io the typesof support listed in Table 4.

"{a) uneonfined. compresswe strength or appropriate material behavior
model; spacing, origntation; condition {persistence, separation, roughness,
weathering, filling) of | 1oln15' groundwater {low and pressure,

(b) deformiation moduli, intact strength prnpemes ‘rate dependent |
propeities (dynamlc/creep} joint praperties, anisotropy, /n-situ stresses.

{d) creep/re!axauon modul:, *aging”’ of material properties, dynamic.

Table -!.'

Req u:'remcnu Jor tjpfcul support systemnis,

Category System

mesh,

Unsupporied except for spot rock bolting of occasional loose

Second shotcrete layer placed af.ler rock has stabmzed (if

) ,Tvpe 1.
o _..._hlacks. .
L TVpe 2 ; Rock bolupattern [wure mesh requ:red nccasmnall\r)
Type3 _ Rock bolt pa'i't'ern with shotcrete layer {and ”
Type 4 . Shotcreté apphed lmmedlalely after: excavauon. :
- Rock:bolt pattern 2nd wire mesh. :
Monitoring of deformation.
required).
Type 5 Spiling/s1eel séts.
Cable bolts (long).
Ground stabilization by grouting (il required),
final encasement (if required).
) Drainage.
Type 6

Yieldable rock bolts in conjunction with shotcrete and wire

Monitoring of support performance.

i e'mesh)

_“analysis 'of stréss that. includes tim:
_ dcpcndcncy in lllecon.sutuuvccquau

. {stress-steain relations), in e form o
' umc-dcpcndcau matcrial properties or

: D’atarg're.q'ui'redf A
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correlation with rock mass classilication
schemes.

Stress-controlled [ailures require cal-
culation of thedisplacement, strainand
stress changes aboutan opening as it is
excavated. The complexities of the
problem likely will require the use of
computer-based iechniques such as the
[inite-clement, distinct-clement, and
boundary-element metliods, When added
to the pre-excavation stresses, the stress
changes allow for a comparison with-
strength, il done purely elastically. IT
done clasticplastically, an estimate of
the extent of progressive yiclding is
possible. The extent of the yield zone (if
any} as excavation proceeds is an
imporiant design aid.

Fault zoné (ailures lack consisiency,
either in theirgeometry or in the nature
of the materials invalved. Such failures
are best handled empirically as encoun-
tered, because each occurrence presents
umquc (eatures. .

T:mc-drpcndcnl failures. rcquu’c an”’

viscous deformation. Dynamic or tran-
sient loading usually implies. inertial
forces and wave effecis, . However, a
quasisiatic, loading .analysis may be
adequiate, depending. an the nature of
the transient..

The éxcavation. scqucncc followed
during: construcuon -may lead. to-siress

. goncentrations.. sngmhcantly different

from thase associated: with::the . final
“excavated gcamclry. For examplc..
tunnel/tunnel’ intersection formed. by
advancing one wnnel towards the other
creates a situation in which the advarice
is, toward a2 zone, of high  stress
concentration on the. rock bcmg mined,
as well as on the rock that remains alter
completion of thestructure. A preferalsie
iequence  would. involve advancing
away [rom. zones ol high swess
concentration. For this reason,, stres
analyses that account [lorthe excavatio
sequence are needed in order wo quantily:
stress :hnnges induced during construc-
tion in addition tethoseassociated with
the final, fully excavated geometry.

Two. types of data are required for
input initial data w0 perform as
analysis, and monitoring data to update
designand warn ol instability, Thedata
input incltdes:

« Ceology, geologic structure, ~

« Geometry, excavation sequence,

® [n-situ stress, iransicnt stress.

» IHydrologic regime.

« Cas.

< Temperature ficld.

These data are common o cach method
of analysis that is part of the design-:
process. More specific needs for each
method are detailed in Table 3 and




include material properdes. In this
;eg:n-c'!. dawa lor the entire site cannat be
obtnined willh adequate precision;
therelore, anestitmate of the variation in
propertics should be developed during
thic geotechnical characterization process
as an aid 1o quandlying uncertaintes.

Effects of Depth

The design concerns associated with
the more common, “shallow™ civil
construction difler from those expected
at the depthsenvisioned for canstruction
of the proposed praject. There are three
primary {eatures. of design that refllect
these dillerences.

First, the [ailure: mechanism shilts

_..from a_ structurally. conuolled  (kine-.

- matic) . process:- 10 a.:strength/stress-
controlled process as depth increases. At

shatlow depths, the failure of openings
As driven.mostly by gravivy, whereas the
.. -Failure mechanism at greater depths is

" driven mdre by:tlie-ratio:of rock mass

:strength o the:induced stress. :
" .Second Lure increases with

tempem
Icg

(VRT) mig

—

adverscly alfect the.design-of openings

_.-and -support -systems. . The. exception,
. laonvever, lies.in potental increases.in.
. Tatesolrockcreep, .o .
T £ presence.of wateratdepth -
i beassociated withiexeessivelyhigh .
ressuresand flowrates. Eithercondition ..

“Third, th

lead: . he::patential cfor . liner

“fail
. .'.sl_opp.g_:;i. BN,

“solution—or drained, a morereasarnable
seepario. oo
. These three. [eatures are. considered
unique Lo deep construction;.ignoring
them may prohibit opening stability
and  constructibilivy. . Existing -design
technologies, . although - adequate. to
liandle these issues, are. by no meaas
perfect. A number of .research and
‘svelopment needs should beaddressed.
_ aanyevent, itisessential thatthe issucs
be recognized acthe carlieststage of the
design process. . oo

Swupport:Systems o 0 s
" The design™of-the “support system
should be versatile, so that the most
appropriate.method(s)-for-support-can
be determined on the basis of the various
rock conditions -actually “gncountered
during - construction. This approach
reqquires that eéxcavation equipment
accommodateinsallatioi ol avariety of
stipport - systems i concére . with
exca vation. R
The support systems appropriate {or
typricul eategories of ground conditions
{or aiilure mechanisms shiown in Table
3) sire outlined in Tabled: Wit}lin thiese
systems there can ~ba’variations; lor
example, Type 3 ground support may

=

urock temperature -
e night approach ‘130°F (54°C). . .o
" Themal siresses. assoclated with VRT

levels of 130°F:or lower should not .

- mesh betwea

ure. Watcr inllovis:inist be-sither
_ vith: grouiing. or heavy .
liners—an’ . expensive: ‘and. unlikely

“ liny
. extremcly expensive; Therelore; drainage

- water “available” in

include more closely spaced rock bales
and wire mesh rather than rock bolts
and shouwcrete. In such a case, the
variation may resolve o conliict beiwees
maximum tunneling elliciency and the
desirability of shoicrote. However, it
should be recognized that within each
rock category there may be diverging
opinions as 10 the particular support
system to be installed. Therelore, it is
important that clear authority be
established to direct the contractor as 10
support requirements lor a given
condition. Thisauthority responsibility;
including provisions  for appropriate
payment, should be assigned either 10

. one individual or to a small group (two -
or three individuats). :

: Shafts and intersections of openings
. Support for shalis and intersections-
of ‘apenings. (tunnels/wnnels,. shaft/ -
* tunnels) will require interactive design -
and sysiems similar to those applicabie :
“to wuiinels. ‘However, some diflerences

mius¢he con
F :

dered, .
e majordifferencei
ystem: would -encompass

" the'full circumference of the wall inall . .
cases. To prevent small rock falls during -
‘constrizction, a shotcrete layer can be. -
- applied” that could. also_ serve. as a
* portion ol the support system. Another
common safety measure.is 1o bolt wire
el the lining.and. the shalt -
~bottom. Permanentconcrete liningwill -
“insure long-term siability,.. ... :
_ Forinterscctions, the main difference *
g ' cs: form _higher -

in support design arises |
stress conceéntrations than thase that

" would beencountered insimilar rock in

a wnnel.  The  support requirsment
increasesas theangleof the intersection
decréases‘from 90 degrees.

Special concerns

Groundwater must be accounted for
in the support system.design. For.any
systemi that scals the rock and does not
allow free drainage, the lining must be
drained or designed 1o withstand , the

‘pressure. At depth, . the. hydrostatic
‘préssure_can_be high, and.the heavy
equired. (0 tesist: the pressires

‘and disposal of-water.inllow:should be
considered in support design. Drainage
‘should also reduce the. amount of. frce
_ n the rock after
dyramic loading—a matter of interest
lor strategic facilities. .

The. hardening sysiem of strategic
facilities is logically related both to the
support system and to the rock mass. I{a
havdened seciion includes rock bols,
then a portion of that pattern may be
used as Initial support. If rock bolts are
not included but a hardening, sysiem
will be insalled, a thin-wall (ull
column support or point anchor bolis
may be'used. Consideration also should

32 “TUNNELLING AND UNDERCROUND SPACE TECHINOLOGY

— 149 —

renceds that

Cin ialassumptions

~ thickness. ' Consequently, duri
struction it is quite leasible 1o modify

‘the_following instrume

be given to Uie use of Hexible ve rigid
SUpport systems. .

The geometric aspects of tunnels,
shalts and intersection(s) luyouts arc
important 10 opening stability. The
proximity of multiple openings will
allect the concentration of stress around
cach opening. [n addition, the angular
relationship of intersections {tunnels/
tunnels, shalis/tunnels) aflects siress
concentrations and the exient of yield
zones. Acute intersection angles and
mutiiple intersections shiould be avoided.
When such situations are unavoidabie,
special support systems suelias steel seis
and built-up reinforced cribs may be
required. - :

"'Monitoring for Interactive Design

.. The initial design. may be developed
reasonably on the basis of the necessarily

. limited site and geotechinical informa-

_tion available prior. to construction,
~_The various  classes.of .support are
‘predica i
-of the

timates of the behavior
pected faifire ‘mechanisms.
cchanical behavior

of the tock as zcwally exposed durin e

. construction, as well as the:interaction
“ between the ground and' the support,

will vary [rom.the assumptions of the
“initial desiga. Monitoring and evalua-
tion .of: {feld instrumentation measure-
‘ments will permit adjusiment .of the
' according to perform-
ding ‘claser.correlation
between  estimated. and | actual . rock
POt requirements.,

lements of initial rock

Théprima

“support during construction {namely,

rock “bolis,

‘bolts, mesh and _shoterete) are
readily variable as 1o,

spacing or
during con-

“support. quantitics based on evaluation

.ol monitoring insirumentation, thereby
~ securing optimum supporcand economy
" bothin the near term and over extended

periods of time.

"""The manitoring program should be

designed to determine the performance

“of ‘the combination rock/support sys-

“terns. The program should incorporate
in; neation as. a

e periphery of the opening.. .

& Multiple posilion: extensometers—

" 10 verily rock’ mass’ movements
away {rom the tunnel surface,

* Rock borcholeand/arliner pressure
cells—1o0 measure stress changes
indicative of load rans(ar.

® Piczometers—i0 - monilor water

pressure buildup.

Research and Development
Research and development (o assist

the design of decp wunderground

[acilities should include the following

efforus:
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(1) Nonborehole geophiysical systems,
e.g. ground probing radar, need furcher
development for use at the face to
idemily major geologic {eatures ahead
of excavation. Also, surlaceand borehole
grophysics need improvement for more
cllcctive site characterization. Electro-
magnetic (radar) surveys, which are
water-sensitive, should be used to locate
saturated faulis in an unsaturated rack
environiment.

(2) Case-history information, e.g.
stabsility rock/support interaction, on
deep excavations should be collected
and evaluated.

(3) Constitutive laws should be better
formulated and/or developed for ali
types of geologic materials, and especially
for rock types expecied 10 beencountered
avgreardepths, .

(1} Computer programs (or analysis
of a jointed rock mass and support
response under large displacement {and
possibly large-strin’ dynamic loads
with: progressive failure by caving and
{low) ‘should - be developed ‘and the
~accuracy of ‘computed constitutive

~“behavior should” be checked against
aase-history data, 7 _
-+ {5} High-spéed, tow-profile diamond
drills  “need
- instrumented: borehiolés near the face
- (just behind the mischine).
{6) Failure mechanics of a jointed
- rock ‘mass, particularly at high siress
- levels; require research, Improvements

-in knowiedge of failure criieria and in -

methiods for analysing the interaciion
between' the rock mass and (he installed

Support “sysicm’ are ‘necessary for

desighing more ‘elfective support.
{7) Yieldable support elements, e.g.
foam concrete, point-anchored, strip-
pable, threaded bolis, require research
to determnine capabilities for integration
into the support system, This i$aprime
concern [or deep facilitics in view of the
hich in:situ stresses expected and the
potential for high dynamic {or quasi-
static) loading. Conventional support
designs usually [eaturé rigid systems
(exceptions are yieldarches, wood cribs,
ctc.). Support eléments such. as full-
columaand point-andiored rock bolis,
cable bolis, shotcrete, concrete linings
and sweel sets offer significant resistance
o' “ground delormations and  are
considered rigid. In the highly yiclding
- Bround thac inay be expetied at greag
depths, kirge deformitions may cause
lailure of the support claments and,
perhaps, eatastrophic failure of the

opcning as well,

Construction Issues

The consiructibility of a deep-
underground project ultimately wilt be
determined by two factors: {1} siwe
grotechnical conditions, and {2) lacility
layout and design.

The site characierization program
muast account [or the geotechnical/
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to be developed for.

geological paraineters and physical
propertics of the rock mass in terms of
influence on construction methods and
sequence. The layout and design of the
facility must permid efficient and rapid
perfornance of excavation and support
operations.

Geotechnical Exploration

Detailed site exploration for construe-
tion al a2 deep-underground facility can
be accomplished most ellectively by
placing 2 shaft and adit so that the rock
conditions to depth can be observed
directly, in situ. If time is a constraint
and several sites are candidates, it may
bedesirable o place shafis ateach siteso
that the [inal decision can be based on
in-situ  observations. Small-diameter
shafts have been drilled 10 depths of
interest at Hot Creek, Nevada (5500 [«
[1650 m] deep; 120 in. [305 cm] diameter),
and Amchitka, Alaska (6150 {t [1845 m]
deep;] 90 in. [229 cm] diamcter).

‘Exploratory shafts and adits provide
direct evidence of the source and
‘magnitude of waier . inflows. Pre-

- construciion” excavation also offers an -
" opporiunity 1o observe the large-scale

tock {eatures that significantly affect
construction but cannot be evaluated
from "borehole data, such.as the
continuity ‘and waviness of joints and
the extent and character of weak zones.
- For the- designer and contracior, the

- ability to inspeci the rock mass and
- determine significant geatechnical con-

ditions is an important benefit. .

An’ exploratory shaft installed prior -
" tothé main construction contract can be
" used to advantage during construction.

It can provide early access ta the wnnel
level in  additien 10 serving for
ventilation and mucking operations
throughout the construction period.

Site characteristics

A major purpose of the geotechnical
exploration program is o determine
site characieristics that bear on excava-
tion and  support :
selecting a site or locating a facility aca
given ‘site,’ the ‘existence ol certdin
conditions  should "be viewed ‘as a

--distinct disadvariage for construction.
~Even - il-nov defined as “fital flaws,”
-such:conditions can have a subsiantial

negative impiict on construction opira-
tions, cost and schedule. Thiercfore, if
possible, project siting shiould not be
considered in areas that (eature:

1. Major aquifers. Large quantities of
water at depth are difficult 10 handle
and are hazardous when suddenly
encountered during construction, Siting
the project in -or near sources of
substantial water such as major aquifers
and heavily fuuled ground should be
avoided. : -

2. Heavy squeering or swelling
characteristics, e.g. wide fault zones,
plastieshales. When laultzones must be

procedures. In.

peneirated, the opening should be
oriented to minimizedistance in faulied
ground. Heavy squeezing and swelling
ol the host rock impedes the performance
ol most tunnel boring machines wiily
rigid, cylindrical bodies,

3. Gassy formations, e.g. methane,
Cassy [ormations are dangerous and
slow productivity because extensive
salety precawtions are required 1o
protect crews dnd equipment

4. Virgin rock temperatures aboye
100°F (28°C). High temperatures increase
the veniilation and cooling modilica-
tions necessary to maintain theelficiency
of the construction operation,

Other conditions that will adversely
affect construction, although perhaps
to a lesser extent than the four
conditions described above, include the
following:

* Sucssslabbing, violenuspalling, or
rock bursts in highly  stressed,
britle ground. . .

* Extensive ravelling'and slaking.

® Low-volume water inllows at hij
pressure{requiring extensive gro
ing of small fissures 10 rediice
inflow rates 10 meet project
requirements),

Noneof the conditions noted above will
preclude- construction - provided that
sulficient timeand finances areavailable
1o manage the conseguences. Stitl, [rom
a construction: standpoint; the most
desirable course is 1o reject sitas where -

- major occurrences of the conditions are”

judged likely 10 exist, based on available

-+ geotechnical information.

+ Although ‘minor occurrences of any -
ol the conditions can beaccommodated,
the presence of water or gas always
warrants special consideration because
of the potential to impede consiruciion
as well as 10 create problems during
operation of a facility.

The ideal locadon would béan area
havinga-relatively low average ambient
surface wemperature and a fow or
‘averagesubsurface temperature gradien:
The subsurface would be free of watg
and gas, the rock would be competent
and machine boreable, and the rock
mass would be free ol major discontinui-
ties. These [avornble characieristics
would be predicable and would exist
throughout the entire site. -

Facility layout and design

The design and layout of an
undergrouad project is a primary
meansof promoting efficiency, economy
and safety in consiruction. Constant
atiention ta this relationship is essential
to successiul completion of the fncilities
cavisioncd. Some of the actions impor-
tant 1o complex construction operations
atdepth are:

* Laying out the facility so that each
shalt system, i.e. pair of shalts, will
serve as many underground head-
ings as possible.
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* Designing cach shalt system 10
handle: (a) maximum muck hoist-
im;. (L) maximum material ser-
vicing: (c) maximuwm personnel
servicing: d) masimurm ventilinion;

and (e} special, major heavy/large
equipment trunsport, including
operuional requirements.

* Estiinating the average advance
rate for multiple headings scrved
from asingle shaltat 50% of the rate
that would be achieved under
single heading, surface portal

- vonditions.

® Maximizing use of raise drilling,
reaming, or slashing methods [ar
shalté when ground cond:uons are

: 'tppropnalc. )

d':\vo:dmg the ‘use’ o[ ‘hydrostatic

- linrs in large openings.

e Estabhshmg rail llaulagc at less
: grade._. -
g '_'Phnmng 'gr‘ldcs for _' cqulpmcm

'pcrsonncl !
devcloprncnt for!
lhrough pos(-constru

qui v .
Asameansol !ugllhg!umg the ranige of

{factors to be accornmodated in plans {or
ahealihyand safc working erivironment,
the following. partial. Tist of design
objectives for suability and conslrucl-
:bliny is prcsr:mcd '

‘= Lay out parallcl opcmngs “with

: connccuons._wl\crc possible, that

“will aid ventilation and. provide

‘energency escapc TOuULeS.

= Platy machiné mmmg l'orshafls. it

pOss:ble o

" $tressed; brittle rock (bcmusc of the
potential l'c_:r_ scvere’ poppmg or

bursting). N

* Minimizc. ckposurc o hc:':_wly

Taulted ground where suddei; kigh

" inflows of water could be encouri-

tered; probe for wiier whcrc itis

expecied,

* Maonitor the presence of fadon and

other gases and plan for adequate

dilution; avoid siting in g:tssy
formauons, if possible,

l—l.azardous situations may dcvclop with
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linle advance notice and cscalae
rapidly. Even though the probabitity of
an cmergency situation may be small, it
is essentiul that Arained personnel and
appropriate equipment and supplics be
reacily available o handle io

Effects of Depth ]

AL the depths envisioned for this
faciiity, conditions will differ [rom
those associated with typical civil
construction. Dcpth produces changcs
in the rock environment and i imposes
consequences [or project execution that
may influence construction require-
mients, ¢{ficicncy and costs. The factors
olconcernatdepth include temperature,
th-Sity stress, groundwater inflow, rock
quality and logusucs. ‘Their el'fccts on
the “construction. eflort cn be sum:

" marized as l'ollows~

- ¢ Temperature. Rising u:mpcnmrc
' _mcreascs cooling and veniilation
tirements 'md dccrcascs worker

"':Iallur:} itround l.hc advzmc:ng
.opening.’
'Groundzm_z 2

xcavation, - puu;lpmg

ificant quantities.

~‘béyond he démmblc range tl:rouglt
“the process of eviporation. Ground-
water inflows also tend 1o reduce
stability .of the rocL blocks .sur-
" roundingan opcmngandcomnbutc
~to_muck-handling problems. .t
somc’ siies, pcrmcab:lu.y may, de-
“crease’ as dcplh mcrcascs. ‘thus
: '.ﬂgmflcamly rruugnung ground-
_water “inflows, "I[] 1 cuon of
“inllow “Were ncccssnry low
pcrmcablhty rock, grouung at hlgh
‘pressure and low vnscosu.y would

absence ol wc-:tllcrmg. relicl joints
and odhier surlace features. However,
“samé structural features may pene-
tratc’ c!ccply._ For cxamplc. large
fauld 7oncs can ‘result in hcavy
squeczing at depth.

® Logistics. Increasing dilliculty in
aceess lor exploration purposes
may result in more unknowns and
greater visk unil access at dcplll
has Leen achieved. The time

required for shaflt sinking and shalt -

operation  will lengthen, with
progressive impact on the project
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Pl
“design work area lcmpcmmre ol BG°F
“{30°C) wct-bu!k (\WB) can, be well
fsupportcd T!lc _l_erllpcr‘ltul‘c ram,rcs

80°F _' :
- "(zrcr_wn :
-80-86"F

schedule. Changes in layout may

be necessary for  construction

elficiency. -
It should bLe emphasized that e
benelits or problems associnued witl a
deeper FGicility are strongly influenced
by local site conditions such as geologic
structyre, rock sirength and wemperature
gradient with depth. At some siscs, for
example, the strength of the rock will e
sulficient 10 prevent siress slabbing,
even lllough the {acility is deep. The
variation in these conditions [rom one
site to anotheratthe same depth may be

- greater than the variation with depth at

a single site. .
“Because tcmpcnlurc, veatilationand

B m-:uustrcss areol particular concernin
_ construction . at dcpth._ these factors

merit discussion inmore detail.

Tempéra'ture-andzventilation

dnl undcrground construction, the
_ evel is. influenced. by
l’zctors.‘!‘!lcgemhc.rmalgndl:m
' esthe virginrock

b temperature (VRT)ata given dcpth.‘ro

the VRT ‘mustbe added the signilicant
amounis of heat generated by elecirical
machinery. For example, 2 tidnel

.. boring machine will. produce about
kWh ol ‘heal energy’ per ton. of rock
_excavated-—o 'm_llh' n b, :.u‘ per hufor

The “ccormm:c range.
(272:30°C) WB An' acclimacizod miner
can perform effectively.
“The*safety factor” range.
(30-33"0) ws Correclive’ measures

86-91°F -

“:shoutd: be -applied " if
'ilempcmturr.s are m ehls

S>91F
Braws.

y Ilght-duly. _short

‘e expected intémpern-
“taires greater thit 91°F
"~ (33°C) WB.

_ For facilities that have tlie potential
for clevated temperatures at depeh, the
heat must be removed or isolated 1o keep
work area temperaturcs under B6°F—
30°C [WB). the “cconomic” mnge.
"Thus, it is most desirable o site the
facility in straea witha VRT of less than
BE°F (30°C). Allhough the 86-100°F (30-

38°C} range is acceptuble, some air-
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conditioning would be tequired in
long, dead-end, rmpidly advancing
headings. Cousiruction instrata charne-
erized by VRTsatabout 100-125°F (38-
51.6°C), while certainly possible, is apt
o be very cosily.

Ventitation isan immediate construc-
tion concern, rcquiring thirt a primary
ventilation circuit be set up quickly.
The procedure involves driving at Jeast
two headin gs or shalts from the surlace
et eonnecting them underground at
the praper dcpth Alanthat lunctions to
provide Tresh air for the 'ul'clh.:ry fan
system is then placed in ihe circuil.
Qu.uu.uy is determined by summing the
r«.qu:rcmems of theindividual headings.
Inmining, drifi and shalt sizes arc ofien
specilicd 10 limit the fan" Uperating
point 1o & 25-30 in. {63.5-76 ¢m) water
columan.

Current.ventilation - lcchnology is
adequate  for constructing a- deep”
facility. Thie costand’ complexity of the
rsysiem will 'depend ‘on the anticipated
“licarioad: Planning Ior ventilation will
ilepend on lhc dcsugn and hyout of lhc

: f'u:nluy. . -

: !n-siru s’tress- s

CEThe cflects ol’ siress o stability and
"excavation progress must bc viewed
with respect (o the strengili of the intact
rock.” Siress shbbmg beh'wxor wlll
‘beginio occurin briwle
tericonfiiied slrenglh of, the intact rocL is
Iess (h-m ap’p

in many deep
pro;ccts) ‘At his: strcnglhll:vcl the stabs
nay form along ihe intct rock and
some ‘combination of a pre-cxisting
join, l’olmuon feawsre, or bedding
plane. More™ pronoum:ed ‘slabbing
occurs when-unconfined strengths. are
lessan approximately two 1o three times
the overburden  stress. At this ratio,
frncmrc lhrnugh the intaci rock alane is
likely. .

The inensity. ol' the popping or
slabbing of .the. racL is.a. [uncion:not
only of the strength/stress ratio butalso
of:;the britdeness..ol the rock and the
total strain energy hatis rcleased as the
ractures. Foragiven strength/stress
tie: stiffer; §;
wt _l ¢lease: more epergy and resuft in
morc(lyn'l:mcspnilmg. Inrock with pre-
emsuug fraciures; the, siabbmg will be
lessinwense than in the morsintact rock,
cven though thcshbbmgnnd loosening
m lglu take place sica lower threshold of
fre-siti stress.

Tunnels can be' constructed in
ground subjtct to’ stress slabbing if
anjaropriate excavation and support
procedures are applied. TBMs can be
used successfully il the cutterhend and
mucking. syslem are desigaeed o handle
slabss ol the size possible unidér spalling
mul swress slab  conditions. Short,
mawvable shiclds may be preferable 1o
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Tnnncl was ex:cavnlcd Iargcly without

3 ‘s'igﬁi'fi"c':ihl

- South Affien, operati

long, [lixed shiclds on TDBMs. The
support must be capable ol holding the
[raciured rock in place. Rock bolts or
dowels, mesh and shoterete can be used
to conttrol stress slabbing and provide
support. Under stress slabbing condi-
tious, particularly in a deep excavatian,
the support must be instatled close to
the wnnel face to protect against
spalling and o minimize loosening of
slabs.

Excavation and Support

In view of the size and complexity of
the proposed facility—{actors-that are
compounded by the depulis envisioned —
mhcr'tlct:puridergroundprujcclsslmuld
be surveyed as potcniial sources of
uselul “information.” For example, in
North r\mcnm. ‘Sotith . America and
India, mines operate ‘udcplhs similarto

“and: scvcral thousand [eet greater than

lhc maximum 'mucmmcd_m this case.

“In Europe and, (o a lesser extent, in
North and Soulh Amcrica, wnnel
construcuon m n)oumamous areas has

example, the ald Connnught Railroad

“Tunnel’_and the néw Rogers Pass

Tunnel areat. depths of 40001t (1200 m)

* in'schisis, with'foliation r.rcndmgacmss

“the’ tunnel axis.” “The " Connaught

‘dilferent type of ‘project on Amchitka

“Tsiand; ‘chambers ‘were excavated at a
~depifi ol "5000 {1 (1500 m)  without

spalling~ problcms rcl:m:d to high
strcsscs. )

"'For the maost p:m. TBMS with long.
‘fixed shiclds have not performed welt in
deep umncls in which the ground was
subjcct 10 squeezing ‘and slabhmg

induced by stress. Either squeezing or

- lodsening ol slabs '\round the perimeter

of a long shicld cin cause the TBM to
stall. Furthermare, once the slabby rock
cmcrgcs om“behind the 1ail of the
shifeld, the'rock is oftcn 50 looscncd that
it is dilficult to.sup

“Recently, "TBMs with slion’ shields
and the capabilily ol placing support

close to'thie cuiterhead’ havc performed -

well in ravelling and squieezing ground.
In the Stilfwater Tunnel, aca depth of
2000t {GO0Om) in a ravelling and
moderately squeezing shitle, progress
over a peried of months averaged in
excess of 150 [t {15 m) per day using a
TOM with a short canopy, whereas a
TBM with long shield was slowed and
ultimanely was unable o advence in the
same ground conditions.

For shaft sinking, the diversity of

suppor
“becomes more imiportant in a deeper

project experience is more limited, and
CONLPACIOr exXpericiice cven more so.
Geuerally speaking, only a few con-
tractors in North America have sunk
single-tife shafis 10 depths greater than
G00O [1 {1800 m).

Tunriels

The [acility should be designed 1o
take advantage of the capabilities ol
wannel boring machines. Long runs of
wnng! with circulur cross-section and
constul diameier are desimble, There
may be advantiges 1o driving pairs of
wnnels together, with cross-adis con-

' nccung them. For example, an oppor- -

winity may be provided 10 perform bot
thie excavation and_ lining operations
simultaneousty, at different locauons in
the tunnel.” Furthermore, in this, way
access 10 and egress (rom the hcadmg is
:mproved ‘groundwater inflows are

“more_readily. controlled, exploration
" can be carried outahead of the tunneis,

‘beenlianced.
abilityto pl:u:l:grcruni
ummedsatcly behind the lace

:_1_nd__ vc_m!l_auon

facility becausé the potential for
inswbility increases with depth. Fully
resin-grouted or [riction anchor: bolts
can be installed immediately behind the

“citterhead of the TBM. Wire mesh or
| cnblcs_ued to lllcgrouled balts prowdc a

dprevent loosenlngofslabs.
ilica” fume 3 dmvc s uselulfor
rebound control.
In' “rock. subject 1o spnllmg and
fraciuring, and in’ ‘faulied ground, it is

~desirable 10 have tie capability 10 place

“shotcrete close behind the cutierhead of
the TBM rather'than having o delay
placemcm until the trailing gc'lr has
passed. However, shotcrete. is' not
normally’ placcd around the. TBM,
particularly in small-dnmctcr wnnels, -
becutsse of dust,“ space” limittions,|
rebotiid bul[tlup on the machine and”
limited visual ability {0 - monitor
placement. Thus, whcn rock bolis alone
are. madequa

the rock bols.: “THis ch'mgc mvo!w:s
dilferent ‘equipment’ and requires a
sigaif icanuly different constrisction tech-
nique. Switching back ‘dnd *forth
bewween the methodsvesults in delays as
cqu:pmcm is removed and’ repinced,
and in low clliciency as crews alter their
routines.

There isa contradiction here, because
a wnnel lining system that relies on
Lulk  materinls such  as  shoterete
componenis may be preferable f(or a
deep facility. Large lining elements
such as steel ribs and precast segments
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require increased handling tme in the
shisfts, in comparison to buik manerials,
Even though it may be neeessary to
install addidonal supportata later time
for the permanent requirements of the
Lacility, itwould appear desirable to use
the inital support for permanent
support to the maximom extent
possible. Elforis might well be directed
toward developing - and  testing @
support system that can Le installed
eificiendy, ycu has the ductility and
toughness required to withstand Lirge
dcformations during loading.

Shafts

- Shaft-sinking pcrl’ormancc can greatly
af Tect the total praject” sciedule. The
sinidal shaltmustbé sunk blind and will
.-be- on-the- critical: path from] start 1o
finish Whetlier subsequent Shafts arc
sunk behind it or constriicted-by one ol
several other means will depend on rock
- condilicns, -
sclu:dule constrainis.:
A cxplomuon HAeces sha& would be

shaflt==most likely, 4 pair ‘ol ‘shalts—
would-he - réqiired “for- ventilation
adequaie ta accommodaé high advance
swatesifor mul(iple tunnéls at depth. The
+shali(s): could:alsn setve for micking
and serviceopierations: To achievefull
sproductionwiiié (unnel level assoonas
spossible;onéshalt Torexploration’and
snother: lorveniilation could hc blmcl
sstmlesimultancelasly;
lnsoltrockythe fasresg clhod @ put
dnwn asmall-diameteg shaltiz by blind
shafi{large-hole)drilling. Thedizmeur
thiatcan be achieved decreases:as depth
and tock strength:increase: Surface drlll
rigs..will.cut rock up:to 30,000 psi
{21900.atm); butonly at small diameters
and high costs. The diameter possibleat
a given depth,- evenif suiwble for
cxploratinn purposes, may bz oo smail
10 permit adequate vcnu!auon w0
_renove heat,
- Blind:shaly sinking by convcnnoml
~ lrill-and-blast)--means -is -possible - at
diameters up toapprox 33:01{ 10 m)and
tadlepths ofF8000:f-(2400'm). Using chis
method, which is suitble for all he
rock  strengths - o
Project; lhesmkmgratc,wou g probnbly
reach:Bror 91¢ (24 oc LT m) per-days
Witl proper:plant; thc smkmg e is
redadively: constant” :e. nor. dnamcu:r-
dependent,

Allhough a blind dowuholc horing
machine is under development, - the
lcclluology it nat fully proven. Such
cquipment is expected to perform
elffectively in rock up. 1o 25,000-
30,000 psi {1750-2100 acmi) compressive
strengith. Shalt diameters of 22 [t (6.6 m)
and sinking races of up to 20 (L{6 m) per
ity —twice the rue of conventional
sinking—should be possible with this
teechnology, Basically, as in conventional

" sinking, the machine would work to a

_ using raise
stashing methods, depending on ground

prcfcrrcd dmmctcr, and '

lte {ivstto  /be constructed. “Anodier

' tioe:. projects.

maximum depth of 8000 i (24100 m), at
whicli pointhoistiag limitations would
be reached.

Once one shalt is sunk, it may be
possiblc to construct’ a second shafy
drifling, rewmning, or

conditions. Single- or multiple:pass
enlargement is [aster than conventional
sinking and requires less heavy plant.
For a deep shalt, it will be necessary o

“install drill stadions at intermediate

levels, Although raise and reaming
equipment has been used {or shalt
depths to a maximum ol 2500 {¢ {750 m),
poor accuracy ol pilot holes is a

limitadion for methods requiring - their

use. However, technology now. being

" developed 10-drill accurate:pilot-holes

‘should  be. avmlnblc when Tequired,

: Raiseand’ rcammg equipment has been
Cused successfully in rock witl, compres-
“stve strengths as “high as 50,000 psi

{3500 atm).. ‘In_soft rock, .raised ;or
reamed slmfl dnamctcrs of 20 {1(6 m)are
lis d rocL lS-l'l (4 S-m)

pnmary hnmg ‘would be apphcd after
comipletion "of  excavaiion. and the
‘méthod “of apphcauon would dcp:nd

‘pn lmmg‘d_cugn. Ra:sc r:ammg and

only in [avorablc ground' blmd boring
or’ convcnuona! methods . would..be
selected [or use in poorer conditions.
As the depth ol the facility. i increases,
thc 1cngth n[ l.unncl dnv:n from a gwl:n

if'a hub-like arrangement. might . be
driven {romasingleshalt, Alu:manvcly.
‘Tewer but longer twnnels could be driven
Tromthe shalu Muliiple long hc‘ldmgs.

- il simulwnecusly driven, will prcscnl

large muck ‘hoisting’ and ventilation
requirements. Therelore, i is cxpected
that the diameter 'of the shalis’ ‘required
will increase with thc dcp(h ol the
l'ar:tlny
Résearch and Development. -

" Theconstruction lcchno!oglcs canbe

advanced significantly by researcli and
dévclopm:maccu‘“ pani
TéTis anticipated hat
substmlt:‘ll progrcss could be acliieved
insullicicotareasthalihe rcsuhs ‘could
e npphcd ‘to constriction . projects
startingwithin a few years. Some of the
mastimporiant requirements for research
and developmenc elforts 10 address arc:

* Rapid methods to sink shafts.

* A TBM capalile of dealing widls
violently spalling ground.

* A TBM that allows application of
steel-liber-embedded shoterete im-
mediaiely behind the face. -

* A TBM that can perlorm effectively

when - rock  hardness  exceeds
30,000 psi {2100 aum) compressive
slrcngth
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hy lemonstra-’

* Support systems that can be casily
installed-near.ahe face and have
large displacemént capabilities.-

* Directional coinrol of drilled pitot
holes.

* ‘Feasible medins 10 use the lieat of
evaparationio col theenvironment
and means totransport liquiilied air
into the headings to supplement
ventilation.

» Improved techaiques for  lieat
exchange, e.g. U-Tube, in venical
shalts and for transporting ice
-underground pneumadically, in
order o reduce. pumping of
condenser cooling watter.

Excavauon Eqmpment

~and Systems

In assessing the u:chmcal [eastb:luy
ol .mechanical. excovation: systems. [or
the: construction: of deep-underground
facilities, many [aciorsaflccting equip-

.ment.design and system:selection must
be; xconsidered with particular reference
o construction:technology.. Therefore,
.concepts ‘developed herein:shoiild be

reviewed in.concértwidli:(Mosé presented
(in . preceding-parts.of . this. report—
parucularly. the section dealing-with
construction. . . ..

Inadditiontothe gcncral assum puons
adop[cd asa [ramework, thisdiscussion
assumes that several distinct-modes. of
excavation will be  used :for. the
underground fadlity. Equ:pmemmquure-
ments: are.consideced . for each. of: fnur
categories of excavation:

{1} . Tunncls—morc. J.han
(300 m) infength. - .

{2) Crosscut’ passnge: and inter-
sections—shori chambers or. wnnels
less than 1000 (1 (300 m) long. .

(3) J:cessshaﬂs-—-vcrucal opemngs o
the surface, temporary for construction.

' (4) Internal shefts—iemporary or
permanent shalts between levels, or
cylindrical opclungs s required by [acility
plan.

Types of cuumg m-mhtncs. bits or
woals,and mucL removal and excavation
support cquapmcm are: considercd for
each mode. ol excavation, ‘State-ol-the-
art construcuon mglhods_are discussed,
1 uipmenymodifica-
ns. -and. possible.: npphcauons of
cmcrgmg technologies. . .o s

Tunnel Constructmn

Excavation equ.-pmenl

Four slalc—of—thc-art types of mcchamm!
cqulpmcm are considered {or poteniial
use in twnnel excavation: (1} Full-face
tunnel boring machines; (2) partial-face
tunnel boring machines; (3) road-
headers; and (1) impact breakers.

Full-face tunnel bering machines

A wnnel boring machine (TBM)
employs a circular cutterhead structure
to whichi eithierdragordisc-type cutting
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toolsarc attached. The circular structure
is rotted and thrust at the rock surlace
e the hieading, ciusing the cutters to
penetraie and fracture the rock, Torque
and thrust reaction forces are taken
through a suruewral frame o an
anchoring  systém  that braces by
gripping the tunnel wall.

"TBMs have been used elficiently in
excavating soft to hard rock—i.e. Rock
Quality Designmion (RQD} values
from 25 to 100% and uniaxial compres-
sive strengihs from 2000 to 35,000 psi
{410-2150 atm). TBMs are generally
designed for optimal performance in
zeological - environments + [eaturing
limited variation in rock and rock mass
characieristics. Some "hybrid” machines
designed to accominodatea wide variety
ol rock conditions also have been used,
with varying degrees of sucgéss. Thus,
thesite selection process should identily
and - exclude - locations  with widely
varying rock characieristies, - < -

- "The - technology ‘exists 1oday’ for
efficient exeavatioivoldreular headings
ar-averdge-dadvanice rates-between 100
and: 200 {t (3060 m) per ‘day. On-a
‘specific:project; vie advance rate will
depend on the design of the excavation
system, -the .tunnel lining required,
muck haulage: capacity, contractor
scheduling “and “ human factors.” To
allow: for the most rapid advance; the
bored tunnet should have a diameter 6f
acleast100e (3m) Ce
- Recemtmodifications incorporated in
TBM: system-design: include the
fDHu_\ving: . i e e e b » \ B
- ‘® Discoutterarrangem ts thatreduce
radial loads on the'main bearing,
~.increase penetration and reduce
cutter wear. L
* Rear-mounted cutters that can be
repliced’ from the rear of the
cutterhead, deécreasing excavation
delays, . _

* Dust-coniro! systems that incor-

" porate’ double’ dust ‘shiclds with
scction on the rear shield,

= Hydraulic systems’ that minimize

space ‘and maintenance require-
- ments and heéat production.
“*-Stepped or - variable drives that

provide a ' range ‘ol " cistterhicad'

hatmay incredse
penctration in rock masses' where
machine progress is not limited by
available torque. =~
For long wnnels with gentle alignment
curves (radius greater than approx,
309 {1{90 m]foran unshielded machine)
and grades not exceeding 20%, a {ull:
face, disc-cutter-type TBM is the most
vinble excavator. Trailing floor com-
ponents generally have limited flexibi-
lity.. however, and larger radii curves
{about 500-600 (¢ {150-180 m}) may be
required 1o allow adequate clearance for
the eqquipment.
For ramps and slopes, TBM design
cany be madilied 1o provide efficient
performance at grades up to about 27%
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(15 degrees) downgrade and about 100%
(15 degrees) uperade, Upgrade excava-
lion on steeper slopes can be accom-
plished with blind shal boring equip-
ment, which is discussed below.

Excavation in an upgrade direction is

prelerable  because it eases muck
handling and water disposal and
reduces power requirements,

Partial-face TBMs
Partial-face TBMs utilize disc or pick.
lypecutters. Theyattack only partol the
rock face at the heading atany one time,
using a horizontal or vertica! sweeping
motion 10 complete tic {ull face.
Circular cross-section, partial-face
cutting -equipment has been used
successfully in Europe, A piitial-face

- machine that cutsa rectangularopenin o

currently - is- undergoing * trials in
Australia. Because onlyafew cutiersare
in'contact with the rock at any. time,
thrust “and“i6rque requirements are
lower than- those for a Tull-face TBM.
Therelore, compared’ with a fuil-face
machine, partial-face- TBMs can be
lightweighoand highly maneuverable.

“However, ‘the limited installed power

tesults in correspondingly loweradvance
rates. This eq uipment may be used
‘more efficiendy in shorter tunnels and

“eross-cuts, where maneuverability and

short mobilization time are of primary
importance; Co

floadheaders and impact breakers .
““Avondheader is a mobilé, parttial-face
boring' machine. The cutting 1o0ls are
tungsteri “carbide picks on . rotating
cutterheads mounied at the end of ane
or more cantilevered booms. In typical
use, the machine is not braced against
the tunnel walls. For circular openings
in rclatively massive, strong rock,
roadheaders ' cannot . be  sufficiently
produciive to compete with [ull-face
equiprient, and pick costs are likely 10
be high. Hoawever, il a noncircular
cross-section is required or mobilizztion
time is short, roadheader excavation
may be preferred. In lower-strength or
less massive rock, where support
insallation may ‘conirol the. rate of
advance, rondheaders miay be competitive
with full-face equipment. - .~
Impact breakers are percussive
machines thatbreak rock by mechanical
impact, Expected low advance rates
indicdte that no serious consideration
should be given to this type of tool,
other than for trimming operations.

Research and development

. Because a full-face TBM clearly is
recommended overall for most efficient
excavation of tunnels, subsequent
comments on  wnnel  construction
equipment arc direcied only towardl
[ull-face TBM-based systems.
Significant increases in TBM excava-
tion riutes can beachicved by implement-

,

ing equipment developments  and
applications ol emerging technologices.
Areas [or particuliir attention, discussed
befow, include cutterhead power, cutting
1ools, main bearings, [atigue resistance,
shield design, water-jet-assisted cu ting,
coniinucus monitoring and robotics,

Cutterhead power density
Higher penetration rates result in
substantial increases in  cutterhead

Atorque and power requirements. At

present, the most signiflicant factor
limiting penetration rate is the amouny
of power that can be installed in the
space available at the face. Although
somc success has been reporied recently
in increasing power at the face,
developments and. basic. changes in
motor and drive mechanism design are
nceded to increase the power density of
the cutterhead.

' Cutting tools

For the loreseeabic future, the single
(disc cutter is likely to.be the principf’r- =

-cuuing ool for, TBM . excavatid,

Significantadvancesincuuterdesignare
possible for increased excavation effi-
ciency. Power requirements for excava-
tion.. (hp h/ion ol rock) . can _be
substantially reduced by incorporating

~high-thrust, cutiers that permit. large

spacing between kerls and fewer cutters
an the cutterhead. Increased cutter dise
life and resistance to'abrasive wear are
possible with thie usc of. new alloys for
discringsand the expected development
:of . improved. single: disc: carbide-insert
cutters.: In: addition,. improvements in
the design of ceriter custers are desirable
to reduce high wear rates and sculling
associated with the tight rolling radius.
Attention should be direcied: toward
improvements in bearing seal design to
cxtend cutter Jife. .

Main bearings P R

When TBMs are considered for
excavation of very long tunnels, the’
need: for superior quality and morc(
casily changed main. bearings becomes
imperative. Incurrent machines, replace-
ment ol a failed main bearing requiresa.
minimum. fourweek shutdown. Im-
proved conveational: bearings. or,. pos-
sibly, . hydrostatic . bearings: - miust - be
developed. Furthermore, changesinthe:
machine conliguration are reqquired. to
permitrapid replacement without over:
excavation or pulling the machine from
the face.

Fatigue resistance :

Faster cunterhead rotation rates and
higher thrust produce cutterhead and
machine vibrations with higher ampli.
tede’and (requency. The potential for
latigue problems will increasc, parti-
cularly when machines are used for
longer drives, Strucwral plate atioys
with increased toughness should be
incorporated into cutterhcad design.
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Auention atsa should be given o saddle
design details because saddle bolis fail
with increasing [requency on machines
with high rotation rates.

Shield design

Under conditions of high in-situ
Stress, ground squeszing around the
TBM can slow advance rates or stall
progress completely, locking the
machine in place. Improvements in the
design of TBM shiclds are needed to
faciliate operation of equipment in
squeczing ground conditions, -

Low-pressure, water-jet-assisted
cutting

““The use of low-pressure (as low as

2000 psi. {140 aum ) water jots to assist
~disc cutting resulis - in: significantly

. Teduced cutter forees. Force reduction is
.;-not pacticularly. significant in. solier

[ollowing equipment car be used {or
installation:

* Ahydraulicrock boludrill mounted
on the TBM 1o inswall bolts within
approx. Blt (Z.4m) of the dust
shicld, ’

* Mechanical ereciors to facilitate
installation of steel seis and
structural [abric {"weld mesh™)
lagging within a finger shield
appiox. 6 (1 {2 m) behind the dust
shicld. _

Although structural fabric has been
used in Australiaz and West Gemany lor
its. ability, 1o yield while conmining

fatied rock, such fabric has not been ,
. used. extensively in. the United States.

This 1echnology should be considered

.and demonstrated prior to construction
of the facilities discussed: hercin, -

.. Particular.auention should be given

mal, and that wo delay occurs in
conjunction with placement of arch
concrete, an estimate of TBM perform-
ance can be caleulated (see Table 5).
The rates of penetration for the three
ranges in rock strength listed in Table 5
are estimates based on boring experi-
ments, conducted at the Colorado
Scliool ol Mines. The system wiilization
valugs are estimated o include time
from thesiart of the operation witl: the
trailing floor until completion of the
‘tunnel. Advance rares are simnilar for the
cited rock strength groups, and an
averall average of 250-300 1t (75-90 m)
per 24-It day s patentially achicvabie.
Such an achievement would present a
considerable challenge at gread depths
and high ambient temperatures. For
‘wgnncls: ac depthis Tess . than 5000 (¢
{1500 m), hawever, advance raies in this

to, optimizing the: rate-of ‘erecting steel . Tangeareaveasonable goal for the 1990-
sets. within the triling lingers.: 7 71995 time period.
~Itwill:be noted that shoteréte s not: =~ 57 S

. Yock, where high. penewitions: can be
Tealized with unassisted: cutting.. How-
.-ever, i hardér rocl clion SV, - e e et S e D
can b::- 2 rcr:nl;%iktll‘:nlg:tﬁ: r:ﬁ::lf::zg . .mentionedas 2 componencoltheinitial = £y aion of Crosscuts -
increased penewration rate by 2 macliine ::g{::::: Y:m;gcﬁnﬁf: I::;::‘:f: ‘;;d;.-.:----_'a._”d interséetions -
‘::fs‘l:ngc‘ :ﬁ: mrﬂ:‘_:‘fPa_‘-‘_']llr_-f-hvs::_:fl’l::_ T8N .'_ha.'s_:?tc‘suhed-..in:cori's:igiéraiibns ol :
T and Ay pecspecially 1 .- equipmentmaintenance. The problems
L ia“g::w“ ci‘i':;‘:;‘:“c:::;':‘”]“?:mi,t;’": . encountered -with current-techniology

S reUised to et F e ps . suggest: thatapplication of shotwcrets in

- Tequired togeneratelow water pressures lose proximity to a TBM is undesirable
. Arccommercially. availablc-and of ‘aod should beavoided. -+ o .

.Proven;reliability for.long periods of = oo TR

COPRRAMON, o s i e P A R
pc Lo S N . Finallining. - oo
-In.some rock: masses, a. finaf'tonncl
lining: canbe-erected- near: e “aetive
Jeading;:preclading ihe riced

ading, 3

Trossofsadipment

-;: Five types:of mechanical ‘excavation
equipment are: considered for ellicient

- excavation. ol «crosscuts ‘and- rimming
.-, operationsatintersections: roadheaders,
multipurpaseboring machings, mobile
.... -miners,;-partdal-face mobile excavators
. and water-jer equipmenc

ment monitaring
te.ol 2 “TBM depends:
etration:and on
vailability. . For.. recent, .
J ual_ boring time ;

_ cadheaders ace machines equipped .
precast: concrete segment-liners'can be “* withrotary cut ds, cither drum or
“-rilling type, mounted on one or more

P

“typicallyaccounts [oronly abou(50% of
- total'shift time. Even if only 20% of the

- downtime is atiributable o service and .
repairs ol "TBM system components, .

this “figuré "might . be reduced by
-incorporating instrumentation to detect
problems andallow maintenance belore
“breakdowns occur. Redundant systems,
which can be utilized automatically as
Tequired, also tan be incorporated into
TBM sysiem design to increasc equip-

wentavailability,

Robotics: e L -
+*Remotélyoperated and robotic systems
‘carbeincorported for various purposes
-to-increase reliability and reduce. the
Trumber ol required personnel. The
following ““applications for robotic
systems arg particularly interesting?
© = Cunerchanging,”
* Automatic sicéring control.
* Automitic gripper rese.
& Automaic support sysiem instal-
lation, =
*- Equipment maintenance, e.g. lubri-
cation. '

Rock support. installatian

Initial support _
When initial support is required to
cnsure. stability of the heading, the

..placed. immédiately-behind e "TBM

gripper locations, and erection-equip-
ment can. be provided, ' Alternadively,
conventional cast-in-place liners with
steet fiber or rubber reinforcement can

be placed with collapsible or wlescoping

formwork, o e
Work has"been progressing on the
conceptual. development ol extruded
tunnel . lining . systems. in- bot - the
United State (slip-form 1ype} and - West
Germany. The less sophisticated German
design has been used in a2 22.5-ft
(6.75-m).diameter soft ground tunnel.
- Placement of a {inal:liring s an

-operation:that:should -be:locited 1000-
- 3000.01:(300-900.m) ‘behind:the TBM
Aaiting lloorand “decodipted™ from the

tunncl excavation process. Development
ol a viable lining systemn that is close-
coupled to the rear of the machine,
aldwugh possible; is not: likely 1o be
accomplished within the nexi five years.

Anticipated advance rates

Withimplementation of the suggested
cquipment modilications, advance rates
currently achicved can be increased
significantly. Assuming that horizontal
and vertical muck removal systems are
designed for “no-delay™ haulage, that
initial support requirements are mini-
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. ‘boodi‘arms; This equipment is highly
{lexible -and 'good [oc small,. intricaie
jobs: A roadheader unitis easily moved

»and ‘can‘ cut any ¢ross-sectional shape.
Reaction 10" the " ctitting " forces is
supplied 'bythe dead weight of the
- equipment Roadlieadersare nolusually
braced against the excavation walls;
some gripping mechanism would
increase cuuing elfliciency, butat a loss
in {lexibility, o )

-~ §ingle-pass operitions can cut 6- 10

-+ 20-fv(1.8-* 10~ G4 openings. Larger

wdrifts. canihe” excavited " with shield-

“roginted’ roadlheaders or hicading-and-

“henchéonstruction techniques. Typical

“eutting tools are picks, and utilizations
‘oFless (fian 30% ace cominonly achieved
onjobs where support inswaliation s
required, oo 0

. Cuerently, roadhcaders are operated
in rock with wiaxial compresstve
strength lower (han approx. !_S:OOOPSI

“{1030 2tm IT the rock is massive, the
limiting uniaxizl compressive strength
forefficient excavation can be asalow as
5000 psi (350 atm). The disadvantages
ol roadheaders include slower advance
rates, high cutting-too! costs and.thc
tendency lor heavy mnchin.es to “cut
up" the iavert during mining. Road-
headers will be most usclul for low-
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Table 5. Potential perfarmance of a madified excavdtion systesn

Uniaxial compressive Estimated rate System Average
strength of rock of penetrationt utilization  Advance Rate
{ksi) (f1) {%) {ft/day}
5-10 28-35 35 235-294
10-20 25-28 45 270-302
20-30 18-25 55 238-330

*An 18- to 20-ft diameter TBM with 2000 hp installed power and an

energy consumplion rate of about 3 hp-h/ton.
tRate of penetration limited by assumption of instalied power.

volume, intricate shaping or rimming
i rack of moderate strength.

Multipurpose flull-face}
boring machines .
Multipurpose boring . machines
(MBMs)are shor, maneuverable tunnel
and shalt boring, machines, .currently
under development. The MBM, which
is intended 10 be self-Ilminching and 10
be used in solt 10 hard rocks, includes

sidewall grippers for feaction’of cutter

forces. This equipment is ‘remotely

operated, so_tha personnel are not.
cxposed to hazardous’ conditions or
. unsupporied: .ground;-and ‘ventilation

requirements may be reduced;:

... TheMBM is dcsigncd:for-llurizonta!?

sloped, and vertical-excavation: :Muck

. femoval-.equipment- s required for

uphill exeavation where:grades.are up

tonbout 60% (30 degrees). Gradesgreater
than this will “self-muck” by gravity..
The maximum downgrade for excava- .
_ 15 .degrees), a
el iimitadon” imposed. by the.machins

tion is about 27%.

_'cbti_('c")fbi'"_ih cu ﬁni___ﬁsi;._.ihhfupt-.gmdc .
“changes ‘can. b accomplished with a

relatively smalt required radius—about

80 v {24 mYfor G- 1o 8-t (1.8--10 2.4-m)

diamecer headings. The existing design

" 15 for machines in this'diaméter range

only. If the size of the machine were to
be increased, somec [lexibilty would be

tost.

. Partial-face mobile excavators

Partial-face smobile excavators are
machines that  use. dise culiers on a
partiai-face cutterhiead. The cuuerhead
rotales dn an axis.and. can.be' moved

Iy .to. cut a.. recangular
18 is provided by side
ko cerown and - invert hydmutic
‘Erippers;. One__type of . pariial-fice
tor in current use is the Mobile

eNCav:
Miner, which was developed toexcavate
R rcctangularopening 12 (1 (3.6 m) high
by 207 (6 m) wide. Other units are
tlesivnad 10 cut openings from 70
(2.1.n) high by 101 3 m) wide to | ft
(3 m) high by o2, (6.6) wide. Two-pass
Dp::r:!r.ions are possible for higher
openings, .

The Mobile Miner leaves 2 flag invert
and can excavate elficiently bouh
wnnels and slopes 1o 36% (20 degrees)
grade. This equipment is very [lexible
and well-suited 10 both hard and soft
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rock. Partial-face equipment will be
most ellective for side entries having

lengths too short to justify mobilization -

of full-face units.

Waterjets ... i .
Water jets are émployed- frequently
loroperationsin uriniferous sandstone,
e.g. drilling:  roofbolt
equipment performs best in'porous solt
rock, although high-pressure water jets.

have. been. applied--successlully for.: .

slouting --granite - dimension  “sione.

-t high pressures; “and: e ‘support -
- tquipment is compaet and Ceasily.

-moved. Powerrequirements are high,so..
that .water jeis alone cannot be -

‘considered : competitivé . with ' other

equipment for large volume excavation.

The use of water-jet-assisted: bits for

... drilling . and -cuuing :is- 2 proven
;- approuch..to..excavating: rock. "This. --
‘technique. will facilitate excavation of -
Antricately shaped;: ocpenings-in> areas -
.whcmdamng:.;o-.-t!u:.surr‘ounding‘-rock :
smust. be: minimal - Excavation  with -

water-jet-assisted drills: and -slotting
equipment generally resulis in bi life
that is many times greater than that lor
-conventional wols. '

Research and developm:n-t '

To.improve the operating efficiency
of crosscut  excavadion equipment,
dnention should be devoted to imple-
menting. the (ollowing developments
and modifications: e

* Water-jet-assisted: roadlicaders for

- softer-rack.. .

. .+® Bracing:.: mechanisms for - road-

headers and: water: jéi5' 1o provide
..increased: performance: in: harder
ceroeko
* Hard-rock roadheaders with disc
cutters and, perhaps, water jets.
* Increased Hexibility in partial- and
full-face boring equipment.
* Partinl-face mobile excrvators lor
short, large-section tunnels. ’

Access Shaft Excavation

'Type_.s' of equipment

Various types of mechanicul equip-
ment cart be considered for use in
excavating the 3000- 10 8000-;- (900- (o0

2400-m-) deep, 20- 10 25-11- (G-107.5-m-)

holes. The

Minimalamounts olwaterare required: ;.
~than:conventional sinking because no -

finished-diameter shafis 1o be used [or
construction access. In the Ioliowing
discussion, the terms “drilling” and
“boring™ are not interchangeable.
“Dritling™ refers 10 equipment with the
power supply located remotely ag a
derrick and wansferred to the lace via 3
drill string or pipe. "loring™ indicates
equipment with 2 power supply
downbhole that is part of the cutting
equipment,

Blind downhale drilling
Large-dizameter drilling may be 3
possible technique for excavating aceess
shafis. Using a reverse-circulation, air-
lilt method of muck removal, shalis
havebeendrilled inasingle passatig-fp
{3-m} diameter and 8000-fr {2400 m)
depth in Amchitka, Ataska,and at 14-ft
(4.2-m). diameter and 2460:0¢ (738-rn)

- depth in . Western Australia, Multiple-

-passshaits have been drilled ai 25-f (7.5-
m) diameter and 1680-ft (5¢H-m) depih
in Holland (1954-1939). These multiple-

pass shalts were completed ' in 40:72
cmonthy, s T e '

Drilling ‘shafts is inherently sacer

personnel enter the shaltuntil it is fully
lined.. Moreover, drilling: may be the
only -practica! construction option in

- some geolagical: conditions; ie, very

soft or véry wet ground. The wirter {or
mud)in the shalt supports the wallsand
stems the water inflow by virure of jis
hydrosiatic head, Formulating the mud
to maichthechemistry and requirements
‘of the vock is an established science.
;. Atleast tworigs have been built with
sullicientpower {up 1o 0.5 miltion fi-1b
“torqise and 2.0 million Ib {ift), 10 dril]
large ‘holes &t an ‘economical rate.
However, the praciclity of buiiding
larger and larger rigsis questionable. A
disadvantage of the drilling system is
the requirement thac al! power: 1o the
rock face must be wransmitted through
the drill ‘siring. The cost of a fow

. thousand feét' of large-diameier dri’

pipe will exceed the price of the dritl Ti{
One fundamenual fimiiation of the

~ blind shafy drilling echnique .is. the

accuracy of the shalt. In general, a shaft

" 'proceeds. in’ an ever-expanding.spiral:

-

and'do 1 caniral.isitolally. passive.
" Shafi toleranices Areespecially eritical if
the ultimate use of the shaft involves
“high-speed hoisting. Maintaining true
verticality within 0.25 degrees is a
funciion of geology, equipment, crew
taler, and, sometimes, luck:.

In sunmary, drilling may beg vigble
option at dizmcters of [2-16 [ (3.6~
1.81n) and depihs of 3000-5000 [y {900-
1500 m). At sizes and depths beyond
these, blind drilling probably reaches its
economical and feasible fimis.

8lind downhole bering

The use of a dewnhale boring
machine—similar 10 a TBM operated
verticaily—is, in theory, an option lor
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conventianal shaft construction. This
nutitned system usces all tlie established
conventional technlques except thatthe
drilling-and-blasting "operation is re-
placed with a mechanical full-face or
partial-fuce rock-cutting head, Muck
hoisting may bLe accomplished by
conventional skips.

Shaltboring with a manned downhole
machine was [irst attempeed in 1969 by
Zeni-McKinney-Williams, In 1980, a
24-ft- (1.2-m-} diameter, 670-[t- (201-m-}
deep shalt was bored and lined in a
program spensored by the U.S. Bureau
of Mines. This program involved a {ull-
face shaft borer, followed bya workdeck
or galloway, A jumip farm was used o
insall concrete lining. The laser-

guided . shaft boring machine.- never

deviated. {ram- true vertical- more than

~-0.75.in. (1.25 cm).-Although the boring -

machine builva:structurally acceptable

. - shalt, -progress: -was - insullicient - for”

. economical  operation. - The ~major "
- problemeretated o picking themuck ol u
:-the laceandaransporting ivveriically o

askip:loading station:-
- Fhe [irstknow i

o partial-face shalesinking system

capable ol :20- 0 24:t (6- 10 7.2-m)
co-dizmeters; - désigned - and: built: by
.- Robbins-Redpath, ‘has-not yet -been

‘utilized, An advantage of a partial-face
machine is that access to the faceand the

head is accomplished more easily than
isadvantageis

conliguration :
* much greater power can be applied 0

with a full-face unit, .
‘that>“the 'partial-fac

limiits the power that can be applicd ©@
“the'rock so'thai the excavation rate may .

‘belowér than with full-face équipment.
A ‘shalt boring system fas the

" patential o meet the réquirements lor
shalts in'large diametecs, up. 1o 8000 ft
(2100 ) deep, with accuracy acceptable
for “high-speed “hoisting. The capital
costof suchia system is less than the'cost
af an cquivalént drilling system for
ihafts larger than about 200t {6.m) in
dinmeéter and 1500 ft {450 m). decp.. All
-the techniques developed. for. conven-

largely  dicited by: . hoisting.. cable
capagity, a0

Reaming ... .. _

The _use ol _reaming equipment
involves, drilling . a. _pilot "hole and
calarging the hole w finished dinmeter
i11 one or more additional passes, Both
upward and downward rcaming are
cenrumon techniques, incither case, rock
removal is by gravity and aceess (o the
bowom of the shalt-is: required. The
technique is notapplicable o the initial
access  shaft, “Dbut” is” ‘generally an

10 TUNNELLING AND UNDERGROUND SPACE TECHNOLOGY

cowas builtin Russia {ci:1965); buttivde
- information sbout its performance is
.-available; Itiwasaliegedly successful in
sinking 2 21-{=(6.3-m-) diameter shafe. *

cconomical option for additional shafts
once underground works lave besn
extended.

For shafts atsmaller diameter, e.g. 12-
[ [3.6 m] diamewer 10 3000 [v (900 m)

" deep, or shallower depths, e.g. 1000 [¢

(300m) deep at 20-ft (6-m) diameter,
raise drilling is commonly used. Where
applicable, raise drilling is by far the
Teast expensive method of shalt excava-
tion. However, as with other drilling
methods, all the power 10 the cutting
head is transmitted via drill pipe, which
limits both the capability and economic
feasibility of raise drilling.

" Reécently, a sequential reamer was

‘used in South Africa for larger-

diameter, i.e. 20-(i- (6-m) shalts, The
raise-type reamer cuts, firse, an inter-

“mediate diameler and, diei, the final

diameter. Although the raisc head is the
{ull diameter, it is constructed o have
two independently Totating components,
This 1echnique ' limits. the.

e s

requirements. of .1

“Adown<ream

bo

control. The principal difleren

) tock cuttings ars  sivept down a o TE
P sty ¢ . generally in -
n-) diameter ..

ted shalt

range.  Because the V-mole. power
systemi 15 located in-hole” at the face,

the' rock. As 2 result, | this, type of
‘machine has been used. successfully to
excavate shalts in hard rock {to
40,000 psi* {2800aim} compressive
strength) to a diameter of 28 {t (8.4 m).
In deeper and. larger-diameter- shalts,
capital costs for the required equipment
are less than costs for blind drilling
equipment. |, The extensive. power

., cpability . of a V-mole has  been

demonstrated. in enlarping. 2. 8- 10

o 24-0e- (24- 10 7.2-m). diameter shaft

'r.e:_i:_xc_q'cding <100:00-,(30.m).. per

L'_I?'l_ie.,.do_ n-reaming ‘metlhod has the
-potentialitomeet: all shali:excavation

requirements o deptlis - of . -8000 [t

(2100 m}), provided that siccess at the

boitom handle muck has alrcady Leen
estuhilihed.

Mechanical impactor

An impacior shalt sinker has been
constructed and tested in the United
States; in one commercial use to date,
the equipment was not successful in
excaviting homogencous, massive rack.
Expected advance rates [or the inipactor
are not competitive with rates possible
using other types of equipment,
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] the drill
string” by cutting only .a partial: face .
.. atagiventime, The switching between -
A ‘0. _components .is -done . auto- -

""Adown-reaming machine, sometimes
referred to as a 'V* mole, has been used
_for larger shalts. Like a blind. shaft.

 per “hr.” The * penetratio

Excavation methods

Three methods are suggesied as
options [or sinking deep, large-diy meler,
access shafts: (1) Pilot hole drilling and
reaming; (2) blind boring: and (3)
conventional drili-and-blasy,

Combination blind drilling
and reaming

This methad, which isused {orinital
opening ofa mine or other underground
workings, is 2 combination of blind
drilling and raise rcaming or down
reaming. A B- to 8-It (1.8- 10 2.4-m)
finished-diameter shalt is blind-driticd
10 final depth and cased with a
hydrostadic lining. A smaller-diamerer
unlined piloc. hole. is_also drilted 1o

depth, and. 2. connecting . drify s

excavated “between  the wwo at the

-.working devel. “Then the.pilot: hole is
. enlarged to the required shaft diameter.
.. Muck..from: the: subsequent reaming

. ;operation istemoved through the blind-
-drilled and lined

-shalt, which is-fitted
isting: system.:Several

with a muck:

‘equipment  optidns: are dvailible for

enlarging  the ‘pilot. hole;. :selection

- -depends -on. shaft depitis.and .(inished

diameters . oo
@ Single-pass reaming: with a misc

B this unit is manned, (ollows a . ... .. drill. .. .. .
- Jaser beam, and employs conventional
" techniques Tor. eround and

@ Multiple-pass reaming with 2 maise
o drill. e e e
= Raise:

eaming with ;. sequential

ming: as . with:a.V-mole

. o {res ither: an - intermediate

" . Taise:excavation to about 6-ft.{1.8-
m] diameter ordrilling the ariginal
pilat hole 1o ac least 2-fi [0.6-m]
diameter). ' .

Current methods of pilot-hole drilling

are expensive and slow, with typical .

advance rites not'exceeding 5 [t (1.5 m)

deliberately” “kept. low to*
‘accuracy. Theaccuracy of the pilothole

" isimportantbecause the final shaltmay

be fitted “with 2 high-speed  hoise.

~Techniques currently used for inéreasing

drilling aéciiracy create "doglegs™ from
‘intermiediate deviationsand corrections.
Tlese “dog legs? also can ciuse an oise-
: af'-s‘g‘x'ciri&a'tié_sujla:iulqg'esh_arh:fcom pen-

-4 peofunic oo
““Ava depthol*3000 [ (900 m), all of
the equipment options cited ‘above are
feasible. - Completing the acdéss shalt
with a'single:pass or sequential reamer
exteénds  the - state-ol-the-art, “but the
methad is within current iechmnological
capability. - -

At 5000-1v (1500-m) depths, blind
drilling of the initial 6- to 3-[t (1.8- (0
2.4-m} shaft in hard rock is technically
marginal, The total weight of the drill
string, bit and weights for pendufum
and cutter [orce cxceeds the capacity of
any current rig. In addition, accuracy
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requirements for a ‘drillel hole are
cilficuly, il not impossible, to meet
using current technology.

At o depth of 8000 [t {2400 m), the
procedure of blind drilling the muck-
hoisting shalt and pilot hole, with
subsequent enlargement of the pilot
hole 10 [ull construction size, is nota
practical solution in the near term.
Particular prolilems include drill suring

- and rig availability for the initial blind
shaly mlm hole accuracy; and the effects
ol squeezing or spalling ground on the
preliminary - dnll, pilot - hole: and
mu.nncdntr. or linal n:ammg

- Blmd banng
= Although blind shaft bormg to {ull
dmmcmr is technically possablc. improve-
mend- i perform-mcc is “required for

econonmiic - feasibility. " The ‘potential’

cexiits for f-n-onblc advance rates {at
:least wwicerns fast as for: conveiitional
- exenvalion) because’ b!md shalis'borers
scan apply more pawer ‘oivta the face

srafnocan drlllmg ‘methods. ‘Adequate =
“future technology involves the develop-
ment of a submerged boring machine
capable not” only “of “applying high
- horscpower’ onito the face, but also of
“utilizing ‘an air-lilt or pumped slurry |
* method of muck removal. A submerged '
- machine'could be'of greatbenelit where
“the hydroswuc pressure.ofa mud-filled
“ hele g rcqu:rcd for. shaft “stability.
However, 2 major 1sadvantag¢: would .
the machine for .. .

s shaledfanieiers  dre posspble “with
~increased: powcr. ‘anid “thé “equiprment
-allows moreprecise control of deviation

than is possible with drillinglcc‘li’hiqucs. :
+ A manneéd: shalt boring machine is’
appropriate [or all rock “strengths

-«considered herein-sand for shalt depths
‘up to BOODft (2400 m). Any suiable
lmmg ‘system: can'be émployed. Visual
inspection and testing of ‘i

dchiticjtics forca ability or

rolling

: apphcd. o

Convenuonal banng

' Dnll-nud-htast tcchmqu:s must_be
h cons:dercd an. option lor access shalt

exeavation and slashing_for. small-

‘diaincter shaft enlargement.. Drill-and-

blast slnl’:s cn . be. completed . very
‘accurately in- rock .of all_strengths
consulercd and continuous_geologiaal
_Enspection is- possible, so. that. ground
pmblcms can be. handlcd by. slandard
tech mqucs. .

g largc-dt'lmeu: hafis 10 depths as
grent as: 8000 [ {2400 m),. The . dis-
1dv.mmges of , this, mediod include
lower advance rates. {(no.more than 10 {t
{3 m] per day can be expecied), more
disiurbed rocL mass than with mech-
anical cquipment, labor-intensive con-
struction, and extremely hazardous
working conditions.

Research and development

Shafy sinking by blind shaflt boring
equipment holds the potential for the
shortest schedule and lowest cost of all

o
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- particularly’ importa

‘rock is -
‘piossible during sinking, and developed _
“malntenance and oy _ .
“feasibility of iis type ol unit may be

: groundwater mflow problcms can be
- pacéd by the dcvclopme:u of highly

the methods cansidered herein, Improve-
ments in performance are possible,
p'xrucul.xrly il additional atiention is
given ta developments in imechanical or
pncumatic  and  vacuum - mucking
systems,

For drilling and reaming operations,
atiention should bé given 10 developing
the capability for increased accuracy in
pilot-hole dritling.

In drilling operations, carbide insert-
cutters are commonly used, The
development ol longer-life carbide
insert-cutters will help o reduce the trip

time required for cutter replacement.

The potential use of new alloy disc
cutters also should be mvcsugatcd for
downhotlé’ dnllmg operations. In addi-
tion;, autention should be devated 10

improving cutter: bearing. ‘seals and.

developing Iongcr-hl'c bc'm_ngs.Tlns is

higher emperatiimes, deb:hnungground-

“water and abrasive'wear'to be expected ..
“under adw:rsc coud:uons in. 2 deep
shal't. :

“For: blmd shalt boring, a potcnml

‘betlicneed (0 rem

hnngc' .. The

reliable componerits and. longer—l:fc
cutiers capable of w:thstandnng heads in
excess of 5000 {£ (1500.m) for more than
a {ew hours of dperations,

Internal Sﬁaft'Exca vation
" Types of equipment .-

Internal sha!‘ts within o decp lncxlm

" may be temporary or permanent and

may be operrconivections bietween fevels

‘or blind- shalts; “depénding on the
“facility design. Fout typesolmeéchanical

eqmpmcm cary: bé: recommended: (1)

s« Raise deillsy: (2): llind raise: dyilis;. (3).
« blind:shafidrilis;and: (4) mulupurpose

bormg mncluncs.

Raise drills e
The raise drilling operation involves
single-pass reaming of pilot holes and
requires access to the top and battam of
the shaft. Raise dritls have been used (or
excavation of hard and soft rock, with
the largest-dizmeter shafis completed in
soflter rock. _
Theequipeent has been demonsirued
in 20-Ni- {6-m-) diameter shalis up 10
670 {1{200 m} ceep, and in 12-[t- {3.6-m-)
dizmeter shafts up to 3000-[t (900 m)

view of the

deep. Using a sequential reamer, 20-[t-
(6-m-) diameter shaflts  have been
completed o depihs greater than 1600 ¢
(300m) in hard rock. The only
limitations ol the raise drilling tech-
nigque are unstable ground {[rom low
strength or exceptional  depth) and
accuracy as controlied by the piloc-hole
dritling.

By a wide margin, mise drills offer
the [astest, most economical and most-
demonsirated method of construction.
Raise drilling with directionally drilled
pilotholes will be the optitnum methodl
ol internal shalt excavation in good
ground conditions.

Blind raise {box hele) drills
Box holedrillsare commonly used lor
-the construction of ore.passes- in stope

. mines. A pilot holeis not required, and

access is necessary orily:10.the bottom of

"..the shalt. Current.technology - includes

cquipment:with in-the-hole drives and
non-rotating -drill.string; - derrick.
mounted  drives..and-: srotating:. dg"=-

-strings.;and: large-diameter - units p

:pelled by pipe-jackingmechods. Dcmon-

-swrated -capability..of this:equipment ~

includes 15-It~ (4.5-m-).diameter shalis

_to 150-ft. (45-m): lengths, and: 5-[¢-{1.5.
-~ .m-) diameter: shalts. 1o 300-t (Qﬂ-m)

tengths.: The:box hole.technique is
slower and: more:labor-intensive than

. mlsednllmg Typlcaldnl!mgaccuncy
.1sahaul l%

““The. blind shaft dnllmg opcr:mon
involves downward: drilling without a
pilot hole. Accessistequired onlytothe
top of the shait; therefore, blind shaft
drills can be considered where bouoim
aceess is not praciical. Mthough an
underground rig does not exist, requm:-
ments l’ordcvelopmemarc not extensive,

' Such a rig wouid be very similar 10 a

rms: drifl.

Mulupurpase {Iul!-{ace} bonng : (

machine:
The rnulnpurposc boring machine

“{MBM)isa concepi underd:vc!opmcnt.
FAST canceit '
“maneuverable ‘maching, similir 1o a
 remotely eontrolléd  THNG “One: such

lie MBM: is*

unit-is'in’éxistenceand: has aridergone

~labortory ésting, The'deviee: has the

potential o (ollow a compound curve,
perhaps siartinga drift horizonmilyand
then turning vertically to continue
excavation. The existing unit—5.7 (1
(1.7 m) in diameter and equipped with
200 hprol powerand variable cutterhead
speed—isdesigned wo excnvate 1 1000 fi-
(300-m-} long incline or raise.

Research and development

To improve the performanee of
internal shalt excavation equipment,
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“auention should Le directed to the
following arens:
® Development of an underground
blind shaft drill,
* Continucd development of the
multipurpose boring machine
cancept, -

Muck Handling Systemns
Transport in tunnels

At the heading, muck buckers of the
TBM cutterhiead scrape muck from the
invertand deliver ivtoa chuteat the top
of the cutterhead support structure. The

~chute discharges muck onto a short
conveyor that transfers material to the
rear ol the TBM. The TBM conveyor
discliarges muck oniga second (railing)
conveyor, whicly is built.into a railing
“platlorm and towed behind the TBM.
“Movement (haulage)of muck through
‘the winnel wypically isaccomplished by
- one of four Lypes of systems: {1} rail; (2)
‘conveyor; (3) wheeled: or (4) pipeline.

- Rail system
A TBM trailing platform is generally
fivted with -double-track ‘rail - aad 2
switch at the end:of the platform near
the junctionwith.themain tunnel track.
~Rail-mounted: muck: cars- are. filled by
.onc ol two methods:, .. .00

(1) Thedischarge pointof thetrailing
. conveyor.isat a.lixed. location, to one

“side of the wmiling:platform:for:dual-

.track:platformis..Empty ‘muck:cars are
. translerred fromy the incoming: 1o the
~oulgoing track with a car-passer; and

the carsare positioned under theznd of

..the conveyor for [illing. This system.can
. Provide  continuous - muck - remioval,

assuming that.a.supply of empty.cars

-can be maintincdat the heading.

.. {2) The trailing.conveyor is at feast as
long as an assembled train and. is
centrally located  with.respect.to the
tunnel walls. Trains.remain stationary
: sluri_ng muck carAfilling. The conveyor
1. fitted . with a. movable: deflecior
{tripper) positioned.atlocations along

e conveyor, and. can direct muck into
-ars on.one side ol the.tunnel;: Afcer:a
train is loaded: muck transfer is halted
while.the dellector:is.returned - to- its
starting position:at the teiding end-of
. thetrailing:(lo riuseiiniloading:a
- trainon:theiopposite side of the tunnel.
Although this systemialso can.provide
continuous.mucking, i generally
requires a largetrailing platform, .

- Tunnel haylageistypically.on 24- 1o
36-in- {61~-10.9}-cm-):gauge rail, with
wider gauges for largeriurinel dinmeters.
Diesel locomotivesareused and, il space
is available, tunncl.rail may be double
tracked. At.the:mucking: shaft, muck
cars are comptied with:a.rotary dump,

and muck is transferred fnto. 2 hoist.

surge bin. . e

All Iacets of the rail system.described
above are state-of-theare. [f-grades are
reladively flat (less.shan:1%); this system

CUsystems, T e e .
 Conveyar sysicms have the potential *

CHincréased”

will provide no-defay haulage for 2 5-
mile-  (8-km-) long lheading. For
‘unflavorable grades and/or longer
hauls, additional veatilation or trolley
electric locomotives may be required.
The limiting grade for unassisted rail
" haulage is about 3% (1.7 degrees).

Conveyor system .

Although bLelt conveyors have been
used {or tunnel haulage on a few TBM
projects, delays associated with belt
extension, . repair, and maintenance
have been significandy geeater than lor

_mail systems. . In addition, because
“conveyors haul in just one direction,
ahermate. systems for material and
personnel transport mus( be provided.
“A’conveyor sysiem ol some variety,
e.g. pocket, bucket, cover belt, can be
used” for “maierial “transport on any

slope. but conventional belt conveyors -
~carr be'used only [or grades'up to'about
. "30-35% (18-20 degrees). Heat dissipa-

tion'and ventilation requirements will
“be lower for convéyor: than {or rail

" to'accommodate the increased advance
rates anticipated and may be the only
“equipment’ ‘capable “of maintaining
‘high-capacity, ‘uninterrupted service.
Recentdevelopments in belttechnology
"and technigues {or speedy repair have
: the “retiability” of canveyor
d-reddiced -tk rrence of
timé forbeltreplacement,
L ining and manulacturing
operations,” bell conveyors have been
“demonstrated 1o be the mosi economical
“¢hoice for long-distanca haulage.

Wheeled systam. .~ ...
Load-haul-dump .. (LHD) vehicles
- will be useful only for very short hauls
and for short-term. operations such as
,mobilization. Low-prolile dump trucks
_can.. provide. faster,. higher-capacity
service than LHD vehicles, and may be
cconomical lor muck haulage in.short-
10 intermediate-length headings,
. Wheeled. . systems... may . be . diesel,
electricor battery powered. They may be
preferred . where {lexibility and. maneu-
verability intight areasarerequiredand
wehiclescanibeoperatedongrades up to
.aboucl7-20% (10~ degrees): However,
requirements for. flatter. inverts and
larger openings, i.c.greater.than 15 ft
(4.5 m) arc mote stringent than {or rail
or conveyor haulage. '

Pipeline system . - SR
Slurry and pneumatic pipelines have
been used. for bulk material transport,
Haulage rates as high as 150 tonsof rock
. per hour have been achieved in special
applications. Although capable of
continuvous, unilorm, high-capacity
transportation in both horizodtal and
vertical directions, these systems are not
given (urther auenton herein because
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the (ollowing [aciors
potentiak:
* Limitations on muck pariiclesipps,
* Abrasive wear ol pipe, pumps and
vaives.
* Spacerequired near the heading {or
necessary plant components.
* Subsuantial power requirements.

reduce their

Transport in crosscuts,
intersections, ramps and slopes

-For crosscuts and intersections, i is
expected that LHD or low-prolile
trucks could be used for short-chistance
transler to passing haulage. Loading of
the hauling vehicles would be accom-

- plished by mucking shovels or [rout-
end loaders. Extendable conveyors
could ‘be used in side passages.
However, wheeled vehicles are likely 10

~ “bepreferred lor mobility, lexibilityand

ease ol maintenanee,” - - -
‘Forramps and stopes; unassisied mil
- haulage canbe used ‘1o handle muck
“onlyatgrades up 1o about 3%; conveyor
- haglageican be used for grades up o
 about 35% (20 degreés). Fo cper”
és..carsoc bucketson track or cable
* guides can'be used ifa winch assembiy is -

~“added o the rear of the boring machine.

““Fordry conditions, unslope éxcivations
‘having “grades® gréater ‘than abour 85-
1H00% (40 to 43 degrees) will “sell-muck™
by gravity, Whén walter is present, the
grade for “self-mucking™ is reducéd 10
about 35% (20.degrees). SRTTRT
eansportiashatts
“ies Vertical movement of: muck from (he
. bottom.of a deepiconstruction shaftcan
. be .accomplishied by the. [ollowing
methods: convéational hoist, conveyor,
and.pneumatic and hydraulic.sysiems,
.For canventional hoisting, available
.equipment includes mechanical friction
.and.drum hoists. This.equipment is the
oaly type.in common use:[or vertical ’
.movement.of material. from depths as
great as 8000 [¢.(2400my). . .. ... . -
-.:Conveyor systemis consisting ofbucke
-elevators. and teay-lilt. conveyors. have
-been. used. for vertical - muck disposal.
However, these systems. have not been
applied. .in ;-shalts. ..ol -the..depths
considered in.thisswudy. ;- oiven v
:Preumatic cand: hydraulic -systems
‘have: been::used: for:continuous-lilt
vertical: mucking: but.-not in-shalts of
the.depths considered for this.case. The
limitations ol.this method, which have
been nioted ahove fortunncls, apply here
as well. . o

Research and development |

The most likely metheds for horizontal
muck transport in long tunnél headings
are rail and conveyor haulage. For
vertical muck transport in shalts,
conventional Iolsting cquipment is
likely w be preferred at this time.
Increases in  haulage mpnc.ity and
system reliability can be achieved by
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implementing cquipment developments
nd exiensions of existing technologics,
as lollows:

e Rail systems that incorporate
advances in automation for rémote
operution, car switching and dump-
mg would serve adequately for the
increased advance ratesanticipated.

* Redundandhoisting systems should
be considered 10 allow continuous,
relinble mucking for shalts. One
system could continue to operate
during (often time-consuming)
mainienance or repairs Lo the other
system.

® The pou:nlnl for use of a vertical
conveyor {cover belt) should be
investigated for hoisting muck up

N .dccp shafts, ..
In vicw of the fact that pcrlnps 20-25%
"ol all shiflt time, typically is assocnnlcd

“with_haulage, delays and. repairs to

tr-ulmgand bacl.up sysiem components.
_ continuousequipment mopitoring u:ch-
viques  should. heg.

W atically
uul izédas rcqu:rcd should be  provided.
“Remaiely operated and robotic. systems
‘e be dew:lnp:d for regular mainten-
ance to increase sysv.ern rehabtluy

Contracting-and- :
Management Issves
Hisworieally, siwe_ chancnenmuon.
[acility design and project construction
havesbeen:sconsidered: separate  and
distinct - entities:For:: conventional
underground stmcturcs. ‘this'view has
heen. accentuated in: recent- years by
improved abilities to characierize and
evaluate the site, ‘ro:design -openings
- consistent with: the natural conditions,
. 1o develop - improved: materials: for
construction: and- 10’ create’’ stable
Ipenings. However; asdemands increase
1Or wnconventional, deeper structures,
the piucity. of- knowledge and under-
standing ol the siwe ~and <ol the
magnitsde. and ‘degree of variation: in
rack: properties-will not allow:inde-
pendence of geotechnical characteriza-
tton. design.and ‘constriiction.:.
F : p_ro;cc:. mat -::hailengcs ' cch-

mvcsug-nors dclcmmn g thic varintions
irvahiesite; thedesignerspecilying the (it
ol the structure to-the'rock, and the
constructlors excavating and sni.ulmng
the openings. Consequently, contracting
anel managemetit phitosophies must be
oricnted to permit—or, perhaps, demand
—adaption of means to ensure close
coupling of these activitics.
Elfeciive approuches 1o contracting
anclmanagement will notonly acknow-
Ir:d ge the special. elements of a project,
but also will provide for equitablc’
stusring. of risks, establish clear prace-
dures for timely resolution of design
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and construction changes as encoun-
tered, and losier communications and
morale esscatial to productivity and
eamwork (USNC/TT 1978).

In the United States, general practice
is to use competitively bid, fixed- pncc
contracts for underground construétion.
However, a single type of contmc:.
cannot suit all circumsnnccs and,
some instances, is most mnppmpnal.c.
A pnmc example of the later case is a
pmjcct in which the schedule is critical
and it is essential to begin construction
well before the designs are finished and
the plans and speciflications completed
(US‘NC/‘IT 1974)—a case not unlike
the project considered in this report.

In a suitable suu1uon. a fixed-price

" contmact caa offer the owner a presum-

nbly firm price. for _the work and

“motivaie the comncmr 1o achieve the

lowest possible . cost.. Howcvcr, the

“inherent. dxs'ldvamagr.s can. scnously
:'uﬁdcrr_nme tllc _ability to_obtain a
" projéct

that is’ on scl!edulc. within
budget {or at’ reasonable cost), and

_ operates. to design. Considerations in
. the use of fixed-price contracts include

tht: l'ollowmg- .
* For competitive blddlng, the work
. must_be specilied in great decail;
__yet, as the work proceeds, _the
: "dct:uls may be revised to accom-
) i '_'condmons actually en-
" countered. “Thus, 2 solid. basis for
.. preparing a bid rarcly exists. .
* The comraclor isoften. rcquxrcd to
k ' sks_related. 1o
“unknown subsurface. condluons.

" Thebid reflects this risk in theform’

of o substantial contingency, and
the progress of the work determines

. whether the contracior or owner
. benelits. The resultis higher initial
costsand anadversarialrelationship
that promotes expensive and time-
constming disputesand livigation.
-« Changes: during construction—a
‘common - occurrence -for - under-
ground. projects—are often expen-
sive and involve readily: contested
issues ol necessity - and:‘{inancial
--rcsponstl.uluy When:ihe price for
the work:is:- [fxed; owners” and
contractors «arefarced to'=adopt

- rigid; :defensive-positions:thac not

“-only eanalfect construction perform-
ance-hutialso cin lehd e costly
schiedule: dekays, dnspuu.s. :md
litigntion. -+ :

Inflexibility in- comr:ctmg dis-
courages the use of innovatve
design and construction technicques
and improves technologics, thercby
resulting in  unnegessarily high
costs for construction.

A suilable contractingand management
[ramework will acknowledge the special
elements of the proposed projectand the
constraints imposed by great depih,
long wnne! lengths and compressed
schiedules. Neitlier time nor resources
will permit securing pre-construction

constraints

' Conclusuon

geotechnieal inlormation sullicien: 10
deline the work for {ixed-price bidding,

In general, maximum economy and
minimum disputes will resule i (he
cortract documents include risk-sharing
provisions, anticipale and . provide
means for resolving the twypes of
canstruction problems that may be
encountered, and permit contracier
compensation in the manner that costs
are incurred. Although such a system is
commonly used overseas, itis relatively
novel for U.S. projects, In Canada, a
similar systemn was used successfully for
the Rogers Pass Tunnel, where the
resemble. those of the
proposed project. Another means of

- minimizing bid contingencies and

disputes'nnd delays dit'ril"\'g construction
is '\ppomtmcnt of a Dlsputcs Review
‘Board prior lo construction. Such

“boards have boen successlully engaged

Tor the Eisenhower and M1 Baker R:dge
wrinels in the U.S.

The conisensus of lhc workmg groups

: mvolvcd in preparing thisreport is that

the basic:technical capabiiities to create
complex underground:{acilitiés at the

- paceanddepths envisioned areavailable

in-.current: »practice. -The ‘necessary
-improvements and-‘gdvancés in ‘tech-
nology: hold :reasonable: potential Tor
development withinashortto moderate

«-period:of -time. "Therelore, clforts 1o

initiate: @ dccp—undcrground facility

- vould beundertaken-whilethe techinical
developments: are-being pursued. For .
- major;: civil

projects, - a conlident
approach often signals the demand that
naturally attracis lcchnnIOglcn I achlcvc-
ments,
The consensis :l!so is'that the issues
-and limitations to beresolved are varied,
olten intricate; and sometimes formid-
able. -Ahthough the technical - basis
.continues to-expand,. the practice of
‘designing and constructing an undcr(
-ground facility issiill less 2 science than
an - ar. - The accent: on- art: lies in
assembling companentsof exactspecilica-
‘tions: and: known-response-into-ar set

conliguration withina basicenginicering

maieriallor whichneither theclirteier-
istics-nor: belavior-can bt determined
with precision. Fhieconeept of extensive,
teep-underground: facilities tests' the
furihiesi reaches ol wechnology and art, as
well as the meutle ofthe parties involved
throughout thedesign and construction
processes, - However, the path from
concept to completion does not appear
to present insurmountable absiacles.
The challenges in creating deep-
undereround lacilives are not solely
technical in nature. An integral part of
the endeavor, and an issue that is
fundamental to the success of such a
facility, is the philosophy practiced in
contracting and managing the project.
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The structure of buth tie contract and
the organization of the management
team will lhave to be [lexible and highly
integrated.  Eacl will have 10 be
implemented ina manner that recognizes
the essentiul interdependence ol geo-

technical chamcterization, design and
construction.
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