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331, FETEOHHE FORES
(1) RNOEELEE

(2) TEWE R U HE

(3) BEK

(4) #sh &3

(5) EiRtfE

6) Ht

3.3.2. RAREEM
HANEETHEHB LM NEENICRAELTVWS,

34. #EERFRER

34.1. ANODA
FKIERK 47.6 AR OBRADEIE 102 AR D, E 2.1 A/MTHD. 24
N0.42 N/iTH3., FRy MESBALDED 0% EE 5D 5,

342. #HEWE
FRy MEESIHEZEML. RRIZFRY MED T LEFRNSZ N, REITFRy b
BEOHEEEELERICEZZEEN KX,

343, BERR
THIDE < T HEFENEE TEMA 31 A THRERD 66% % 5D5., BFIIKRESLs
FELTWB,
RMNCINEORM IS, BEEMEETE, SESOMIIHELZEND S, KEIZ
TNETN—DULD/NEKNREFRND 5.
FEZBUTOSNICNS, &% AR, EREOEEYNH D SHBEL -,
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34.4. 7@

RADZBEFEITE LI BENTVWS, BHERAANDT VR TEICHIIE~EES.
i~F Xy b, FEE~FRNY NOEEICE-> TS, HBEMNEEORICHEETO N
D, —HOEEBOMICEEDERER TORA> TS,

UETHALZE DT ERBIKTERNIEI.UTOL S mE#EE T 5,D.3000~4000
mOEHFEHIAEL . [ENRE TERENE D 2 KEMEN, @ AO08D7 < FE 2.1
NGDOANOBEETH 2, XENRETEFEXLEFIBENTWS, Q.0 BREDEF
WTHY., MEOFRBEMNEMEREREETS, @.TELEBEOEENTE AEEDF
REMEN-OKERBFEOEBENREENKE N, O.TEOMEBESLEEE L TIRER &R
FOEEND 5.



4. PR 5 OE[RERFIKE

4.1. BIKFE EBIKEY LT DR E

ARER 3K B & TEORERATENTMERICIL BN E CERMKE~BME REA
LEA~CHFE, KERTE~ 88 P2 EAICEARRE U CEHE EHE 2D TN 5,
W &Y B IR OBET 100~160 mTH 0, WREABKBIZZNZN 50~100 f&m

& 30~50 fEm & 20~50 B TH D. SHOBAKDEEBIARIE 200 BMTHS.

42. BIKFES LOERBERE

42.1. FHEREOHTME

FIAKA O FHIKSCRBR A H 5. BREEFEASCEBIFNL 1957 £05 1987 F£F
T 30 EMOERT— 2HEE LTV 5. BETHRBOKSUERFTIZ 1956 €75 1987 4%
T 29 FRIOERT —FE2RELTWVD, KEMBRRAKBRFTIZ, 1959 £ 5 1987
EET28FFEOERRT—FEFEL TS,

=ARXEBIFR OB RFIOERKL T — ¥ 20 A L TEEEREICI D ADDOFTERIAKS
LOERIBEEZHRELE (F4-1).

422. BELBLKIERT—F ORE

ZAXBRFTOERT - DEREEZHRRBLEZD A TSEHEIITHH, 1992 £
HAKAZE BRI EKSOKERERERE R & A KFK T &R TESGE. B,
BARED=ZDDAKIBBEFIIH U THEALKRO TR TCOBAT -2 1| Ehd->TREE
FTT L. TO#E ZRTF—YREETESZT—FTHY., TEHEZERT DEICH
HTZXaT—FEL0W RN,

423, BEEBIEM QKRBT O
(1) BRAOER. A BED 3 DOBIKTES LOEKERITZNENEMEAT
BRFOEKERD 91%~95% £ 505 =0 =31k FES L ORRBHIETFARER
FRICH 5 SHETL T 5,

(2) REROHE RS LT EMOEKTEILZATATEIT OEKTRED 80% % &9
TV, BIREOBENDSHBANZ, HER Y LOFHESIKRIZRGKTES
LORETIHERED 83% % 5 5 2D HEEERBMOBEIBIARICEEL N,

(8) WA & RAY LOATRIL, TNENHBIAKTRD 60.4% & 67.2% % &
05, 1991 FEAKFIZERIMIEASUKEREERER CHETLOBKSY LERF
FEHC B DA TR ORB 2 4RI L 7. 19924 1 A 1 B A 5 ACTELBI % B L 72, 1992
EN5 1994 £XTO 3 FRIOERBOERT— 512 SNSRI BT OB E DL
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fERIHHAEFE—HEEHBAEL =,

#£4-1 BRI - BEL - KEFOEEIKTFEY LOERELRE

W& |FL -k EKEE | #FEFEEE [Cv |Cs/| BRaBEEP (%) okt
FHERE (Bm)
XEBIFT | (b g ({Em) Cv J10 25 |50 75 190 |95
HOEME 137704 124] 0.28 2] 170] 147 120} 98] 81.8} 73.2
RIE 130879 110} 0.28 2] 151] 129] 107] 86.9] 72.6] 64.9
X | 130120 109] 0.28 20 149] 128} 106] 86.1) 71.9) 64.3
BR 125197 99.3] 0.29 2| 138] 117| 96.3] 78.4] 64.5} 57.6
R 106683 68.5] 0.3 2] 95.9] 81 66.4] 53.4] 43.8] 38.4
FEH®E 32935 88.4f 0.19 20 110] 99.4] 87.5] 76.9| 68.2] 62.8
—HFE 25850 64.1] 0.19 2] 80.1] 71.8] 63.5] 55.8] 49.4] 45.5
fé’* =& 22110 52.1] 0.19 2] 65.1] 58.4] 51.6| 45.3| 40.1| 37.0
1m 35 19910 45.1} 0.2 2] 56.8] 50.8] 44.6] 38.8] 33.8] 31.6
L |EH 15000 31.1] 0.2 2| 39.2] 35| 30.8] 26.7] 23.3] 21.8
KiE |BARZ 19896 75.4] 0.15 2] 90.5] 82.7) 74.6| 69.7] 61.1} 58.1
ia) FER 15766 59.6] 0.15 2] 71.5] 65.4f 59.0] 53.6] 48.3] 45.9

43. BIKAOKEFEDF|A

43.1. JKEEFH DRI
SAOKBEIEETH D, REFHEARENSHS L, BRAEMEATEIFE 124
BN TH DA SIILE LEOATEBEFIL 570 Srists 0. HETOA DT 604 &
THO. KEFIHTEASERTIE 470 EmiTH 2.
1990 EHEDAKRIAZ A2 &, BRILHM 10.7 &m. BRAFE 3348 A, KiE
W 7.5 B TH 5, FERAKBRIZFR TR, BICFRELZAVILICERLTVS,

432, HEEFKE
(1) BT
1990 4F 10.73 f&mi. 2010 4E 19.21 f&m. 2030 4F 33.42 f&m.,
(2) BRI
1990 4 3348 Am. 2030 4 1.68 {&ni.
(3) K
1990 4 7.5 f8m. 2030 £ 32.64 f&m.

433. BIKBORBMEDOELIZDNTOTH
Eﬂ@ﬁﬁ%ﬁ%ﬁ@ﬁitﬁwéwﬁmmé<Tﬁ®$%§§@@%hfhéo%m
22 2030 FOHEKRKFTEERZMZ B &, FAOKEITHRD . BRAEFEKCEHEFT 22.31
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- fan, RZIT 525.58 fm. KR 387.36 i (3 4-2) DABARD. o TEIKED
&I DEFEITEAICED 2V, BRI OARIIEFEORRRI &5 D 5 H A s
ISR E A, BRAOTHE - BERANSDENS X FHOE L 50K SCERET LAY
IZEENZ N,

K42 SIKBOBREEHTE

M4 BRI HZIT KIS
EH

BRETHERE (Bm) 124 604 470
5lk& (fBm) 100 45 50
MRARRICEDBEIKBOEE (%) 80.6 75 10.6
&Ko zKE (Em) 24 559 420
2010 (EBR OO EEAE (fEm) (19.21)

2030 FERFHDEEKE (Em) 1.69 33.42 32.64
2030 FFF H DIEKE (fEm) 22.31 525.58 387.36

44. TWIEEILBIKE

44.1. wlEEIREIKE

AR EIKEBIE. EIBIKTEDRE., Fr0a> hu—)LAR. BIAKSY A LG EK
B FLOKEEBERNBRUOSIANT FTRICEADHEREE2EE L TEEIATFES
LDAIERRFIKE G& 4-3) ZiE L 7=, 3HE O W72 31Kk BIE MR 55~100 & . % I
40~45 fEm. KR 50 fEml. &5 T 145~195 B Th 3. BADTEEREKEIT 195
M THREBREICEHE L 72 200 Bk D 5 EBmdin,

442, BUKENY A FEHOERKE 555 HE

BRI 5 OFIARIE 100 FriTHY AFEHFARD 92% % 505, BETH 5D
BIKEIL 45 T, BAY AOERKED 86% % 55, FIEFMSOEIAEIE 50
mT. FEEZY LT EHMORKEBD 84% % 5D D, ZHOBKEIZEIKSY ADIERKED
80~92% & 5% 5,

BEDZLIZDOWT DD IFR] &=20 8RAkX] BNEX 5. ThbBEAS
EY LDHERRIBBIRENEAREE NS L&, FLESOTHROFEKENGRAEE WS &
EREAD. BUKFEY LS OREERFIKBRERTH S Z & LIITEERFIEASL
SUKTBLERD D ZEEERLTWS, FATEMIRE D TFROBKIIERTH S &1
AKEREOEREEE L THIKS ATFERTEZLEIKT B LI LB IERTH S
CLEEKRLTWS, ZLTZDO0 IBRKEWN] Z&i3, BIHEKOBAENAZLS T
EBRT L BRI RETEMOKBNKRE S AIERBIKBRAE NI E2ERL TN S,
TO0 TESAREN] ZERHFESEOKRBNSEBLTVWSEZETHD. =D THE)
CEHEGRREFAEENSERL TWEIETHS. BIKEBENTERIKSY LADERKEIT S
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DLUBENRENI LIIFRETHD, SHTH 3.

K43 ZADOEBIKSY ATFERO AR S KE

SE TV BlkAE  |REFY TEHEE BRED| LFAK TG |FHERTRE (Wi 5
RERE KE =4 LoP=)
SN Em) |(FrEmS | FLaB(|FLmEE] (BEm) | (Em) |BOkE  |72BIKE |stEs]
g
FEH W (m) () | (k) () | (Bm) |0tz
(%)
BE IBREBRRT 110 348 324 336 2.68 1.05] 106.27 100 91
ik
BRE]|FE |FnEEE B R 109 302 324 400 2.73 1.03| 105.24 100 92
i Nk
BE [BER TR 99.3 190 239 350 2.35 0.90 96.05 90 91
W B
FE (ABEERET 68.5 206 820 1400 11.67 0.48 56.35 55 80
=
EAR |REASRET 52.1 175 134 255 2.46 0.42 49.22 45 86
=
ﬂ‘ﬁ}_:,"‘i[ EEARTH 52.1 167 108 225 2.05 0.42 49.63 45 86
WEiFEk
B |BEEARRT 45.1 152 184 328 2.41 42.69 40 89
%=
RIER |FUR %"MF% RT 59.6 296 90 99 0.71 0.62 58.27 50 84
T Bk

11




5. BIKTEHESR

5.1. BIKERE

PR D IR K B & B DT 4 & MUB P12 & 0 IR R, FEIT. o
TRD 7 DOBIKT LA FEHEEEL. FEEFORL DN ONDIKESHE L7,
R TR EFEE BRRTFED 2 31k R a8 L.

51.1. BARWRTE
(1. BRAOKE~LEMOHAR FEORE (B~ L1

BEY LT EMIL. R 4160mTH LADESH 206mTH 5. BWES Ah 52 AT
D HAERBIKRIL 55 Er T, BHOLBEN OO _LER 4298mD & 2 30 5&EIIC A S,
2R 183 D> B R FIVA 181 nTH B, Z OBIKKEIEEFRAL D BTz —Bif < %
EWNSVERCRBEL Y LOBIMEEENE TTOENSIBEND S, FADE
B OKEMNAE < ZNEN 820 Eme 1400 kiTH Y. BKBENES . HRELEH
K=,

(2). BRI OBE~EROE A FEOKE (B~ 1)

BZES LT EHMIIIERD 3790mTH ADE A 348mTH 5. KIS LD S OER 100
BmZEKL TERRNY LABRRTEMOTRO 3997TmOEZ 3N SEMIZAS. RELE
X268 mTENRT bR ERSTWS, THIFEBICETICASBRR FTEORETS
%, AIEERBIKBPARESENY AEBRRTELEND S, M RLOFEEHEDIT 510m
1 CERRER OO H T 138 L,

(3. BRAOFM~HEL~ET D HARFEOKE (F~F~ %157

RIS & F EHITHERD 3860m TS ADEE 302mTH S, RIS LA S ER 100
BrESIKL. BOCKETERS ARICHATEN I ORBEA~KEKEE NS, EF
YL EEAICEAT B REER~EXEE NS, 28 289 md > 5 E~FEXEA 158 kn
TH~EXED 131 mTTRTIEF RN ERS>TND, ZOREOTEER I KBNS <
BOHE EMEREOMEERT 5N, BEMICTEEREDSRENEN, L L3k
BEL TEOMBARZMIZC LATNERS AL, 2052 THEO AR 2,
4. BETORE~ENOERRFEORE (R~ S15T)

RS LIIHBRAS 3890m T LA DB S A 152mTh B. BS A5 5Bk L TEBE] 40
EMESIK L TERFOERS AOTH 3960md & 250 5 &Mz A S, KELER 126.5
MmO S35 2 FVA 123mTH B, ¥ ADENKEIIE W ATEBIE S 2 EE T 575
SRV ORREAMBEREDBNNH D FEEX Th 5.

(5. HETLORB~BEFROEAR FEOKE (E~A8 & 1K)

RAS LATEHIE, IR 3795mTH LAOE SN 175mTH 5. EET LD SBAL.
EIH 45 & 3K L TR ORI T 3880ma & 2 3 TEIMIZA S, KELEA 131 T,
TRTA RN TH S, ZORMIHBIICENI —BF< —BENEZ52FAL TN
B0 LWAMEL T B, FHERBIKENAS < SHII LT E AT EEORRIC S 5.
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51298 > TR0 B EDOXE
(1. BRFMOBER~ZHMOR L TR ETEORRE GE~%8EK7)

BRSY LIWEHEN 3990mTHY LDEERN 190mThH B, BFEY LS B ALUERBIK
B 90 EmMTH S, BFAZROLH 4440mDE ZANSER/ICAD, 2T 2 BORY
TNTREHRE 44Tm, FE 252 T kw OREFEZERL. EMSHNEERIT 124.6 &
kw - hOFETH2, KELEIE 108 mD> 5~ X)LA 104 mTHD. ZORXEDE]
KRENL <, TEOMBELZRENNL, UL UIEBERSE < BREFALENE N,

(2. BELOEA~EAFMOES TR ETEOKE (B~ k)

RASY LIEHRD 3795mTHF LDEEN 167TmTH 2. EBY LM S BIKLUERBIK
B 45 BmiThH D, HATHOEHA 4280mTHEAICAD, 22T 2 BORI TANY
A LG 416m. BE 127 77 kw OFEBHMEZERL. EREHNERIT 61.4 {&m kw -
hDOFETH2. KELEIR 62 mD 55 k> FILA 60 mTH 2, ¥FANMELS . BENE
SEHAFRNNENENWSHENH D, RERBICET 202 KEN DTN,

B). KEFNOMBR~EHORY TR ETEORE RI~EHEIET)

R RS LT, WK 2920mT. FLADOEIA 296mTH B, BEFYANSEKL.
FESIKED 50 BT, EAXROER 3540mD & ZANSEMICAS, ZI2T 3 BO
RTNTREHE 458m. HERESH 125 7 kw OREFHFEERL. £EESHNEE 71
ffm kw - hOFETH 2, RELEIZ 30 mO>5 kX)L 285 mTH 5., TEOMH
HEAMDV R REOHHIERT 12.8 mTHENME SRENL BT L EHICHRTH 5.
SUKICEET 2 8 RICH T 45 HIEEE2£ 5-1 X 5-2 28Ranikn,

%51 BARTEZRORGIEE
ESl R REZT

B~fL Rl ~FE~ B~ B~ B~
EH H
BlKk& L 025 [=hn [ S EA
Y hkBEEE (m) 4347.6 4116 4088 4010 3933
EFARAZEE (m) 4298 3880 3997 3960 3880
ERIBIAE (Em) 55 100 100 40 45
Bk (B) 10 10 10 10 10
B&45 L (m) 206 302 348 152 175
BEBKM (m) 4356 4152 4128 4032 3960
BEEKMY LAEKERE (ki) 1400 400 336 328 255
Y LEEEERE (Bm) 819.7 324.2 324.1 184 134
FIAREDY LAEE (Bm) 715 189 203.6 129 68
FHEED Y LBEER (Em) 104.7 135.2 120.5 55 66
BELSE (m) 183.1 288.9 267.9 126.5 131.0
b RILEE (m) 181 288.7 267.7 123 131
BENFIOEX (m) 181 131 243.8 123 131
kORI [E5i gk (52 85 7
b FIVDOERE (m) 11.3 10.2 10.2 9.1 9.5
EBHEDEZ (km) 0.165
BHENEZ (km) 2.1 0.19 3.5
TERE Fm) 8912.6 13505.9 11691.7 3235.2 5454.8
A U—MRE (Fm) 631.36 1213.25 1123.46 312.09 369.42
BABKTER 0.017 0.015 0.013 0.009 0.013
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52 MELOHESME

521 FLOHESLM:

(D) FLOMBRELLTEESR, WEROMBTHS., HBICELTVSDIEES
LDBTRERTEMARETH S, TOMODYTLARWE. RE. BREOHEETHV.
ERRBEEZEFBEOERICEL. FARBMEL TO—ROBNEREZ®LET = &
INTES,

(2) MROBEEOFE S 1IHERICHE 20mUTOHBBIS < D IELE I
iz,

| B)@ﬂ@@%\ﬁ%m‘E%®%E%mLTWéOﬁﬂ@ﬁﬁﬁ%ﬁ@ﬁﬂﬁi@k
ENETIANEREOERES LOEBEDOBD IEDIIIEFTH 5.

4) BaA., GOENZ<ELRVIHBIHMAREL TS,

(B5) BFLELDBHMETE, SEOREICH S,

(6) HE, MR 200mE S D5 LOBRICHEL TNS,

(1) HEROMEREL TR —HOF LBROMEEENER TRENDE W, £
—HDY LA TIRILRNEN DB OEESH S,

522, IRROHE M

(1) BKBEOHROBHMEIEE L TSR EBNRTHD, S L TREICHE
e, BIREDOHERETH S, BIRIIERAES S BREESEND S,

(2)  FAHROREE LTINS LKA OEREE 600~1000 kn/ i TLERAREIL 5~30
X104 km/ci TH Y, BEIFLIIFBEOEAEIIELTWS,

(3) BIKEEDIIA & KBS HEOFEIZ—BITE WA T AENNS W, I
@7k b 2RIV OEEZHBIIEN R REIC S 2.

(4) &K N RIVBLEOEBEICEHEDSNTEY., —BHEVOFENE Z 31Z 1000
mIZEL TS, BIRICIANRET2EBNND S, BELIREOHEITR L WES
DERECOEEEBIIBEL TWE D ERSETHNZ BN, REENEN, L
PUEBFHOBEIRIREZEL TW3E0EKROL IS SN, BHOSERNRTLETH S
ZEiEBIT s NN, .
(5) ®/KEED LB EOREHMICKAETEDoTHY., MM EFETEER
BERRHEZ@EET 5 ZENTE, TR - TORECEHNTH S,

(6) BKEDOZ IIHMBOEARE 7~8 KENICH Y., —HOBKKIIEE 9 OHiEs
HET 5,

(7) FHE EORMEE U TI3EE O KB % < H 3]0 W28 1357 i o 15 8y s
TRERENDSZETHS, TUTREBICESK, #Et, (NINNEET 2 TERES 5.,
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# 52 RUTHN ETFTROBREIEE

= TR 2T KIE
H H B~% B~ B~
BlKE L ES E & B
FLKEEE (m) 4140 3920 3160
A ASSE (m) 4440 4280 3540
FEMEIKkE (Emd) 90 45 50
BI7KEE (H) 8 8 10
BSYLADEE (m) 90 167 296
BESKAE (m) 4170 3952 3200
BEEARAL S LABKER (kd) 350 225 99
Y LEEHEE (Em) 238.5 108 90
FERGEOY L8 (Em) 135 50 55
HRE DS ARE (B 103.5 58 35
KEgE2E (m) 108.2 62.2 29.8
k2 INEE (km) 104.2 60 28.5
BEFXNVOEE () 30.3 26 12.8
k2RI DE M PR R R
bRV OESE (m) 10.9 7X10.5 7.2X9.04
EEOES (km) 2.52 1 0.36
BHEOEZX (km) 1.44 1.2 0.9
R TR ETREAKESE (m) 447 416 458.2
RERBEE FkW) 251.8 127 125.4
EREHNEE (FkW- h) 124.6 61.4 71.02
+ERE (Fm) 3823.2 4826.3 4657.4
A7 —ERE (Gm) 369.84 285.05 139.14
B THE 0.005 0.011 0.01
BNENHEE (FkW- h/m) 1.38 36 1.42

o

S3ITERCREHT TESR

53.1.TEE

TEORBEORERVERDT—FXEITVWTEBIKEOIERZEL L., L TZN
KEIWTREBEZHETT 5, EROTERIIX5-3 TFET.
BRI DR E E TEROEBRRRICE DT~ 5 CHERVEMOY > 7)) > 5
AEZROMN T2 HETEROY LEREEIKBYO U A S 2% 5-4 TRT

£ 53 BIKERDBIKE

E:S BRI FET RIEH

H H > p
H~L [f5~% A~B~E B~E [B~' |E~E BB [B~E

ITHELE (Tm) 666.01] 318.28 502.51| 555.44| 255.52| 474.36| 359.42| 344.75
AIEE (o) 557.98| 282.22 219.06| 206.79| 254.01| 490.28| 281.40| 473.26
MorIVEEERE (Tm) 2295.97] 1253.47|  5770.24| 5485.25| 1031.08| 594.54| 1207.89| 260.46
EATEE (o) 5392.62| 1969.21|  7014.09| 5444.26| 1694.60| 3267.16| 3606.13| 3578.94|
"LAAIZ ) - OERE 41.49] 64.72 45.13| 27.06] 49.52| 123.12| 83.51} 65.06
(Fm)
A3 -MERRE (Fm) 589.87| 305.12| 1168.20| 1096.4| 262.57| 161.92| 258.91 74.08
SHEHE (5 t) 22.80] 13.10 50.34| 46.31 12.42] 12.80] 16.19 8.83
SEHE (1) 1447 7061 3587 2599 1152 8219 1061 21159
BREERE (1) 36344 10610 11985
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& 5-4 BIKEROKEHY X~

E A BRI Hﬁ%ﬂ: KIEF]
N
o. H H O P [ = — o =
~iL[{E~Z |F~H~ H~E(B~F (B~ |E~% |[E~& [f~F
BRARIR 7| BARTE [BRKEARTE R RE R RE L Ak T %
T |[&WE T |&E T Ti& N Bl BiFEE
ik Tk
— |EHEEIKKAL (m) 4356 14170 |4152 4128 (4032 3960 4022 3952 3200
—Z |BBAOEK (N 751 382 671| 1752 5480 2279 6600 2279 1496
= |FIFATTREZ s 1M
(7 km)
1 |53 (Fkm) 1060 303.6 367.9| 333.3 256 192 394 172 23.6
2 sk 7 km) / 0.6 8.9 8.4 / / / 71.8
3 |# G km) / / /| 3.1 / / / / 3.6
m KB () 294 543 1304} 165.9 / 670 1420 470 801
I |FEEK (w ) 730
1 |E5ERE (km) 0 27 81.5|] 68.5 5 45 2 0
2 |E£® (m) 32 64 58 47 34 62 125 60 168
N |BE D 0 2 3 4 20 3 8 3 41
t |EFEE (m) 0 45 40 0 7 48 135 41 19
AN UNEGRAOFRERT (35) 130
1 |REFREEE KW) 100
2 |EER (km) 10
o |FFBE
1 |#F% 0 0 3 4 4 ) 7 4 6
2 |Fkis BEEHEE |EAE|E4F |BES (BESF BT |v%F
=
EOBE |BERE|EEF |3mT BT |2ws [ARES
=)
BEFEE |ZHEFRVEE|HES A& BB /R A
©® B 5
BFEBET |BEEF EEF |BIES |2MEF
=
A ZARM
B
+F
HIBE<F

5.3.2. BREHETESE

FIEBUEITRE, 1995 ETRHOMKKEEZEEIC L, 2L TREBHOEBEREM O
MHHEHICEDNTESR, BB, RBRABSOEBLHEICMR S, ZOMOMEITIRBD
KEEZSET 5, BREEEHEIIE -5 TRY.

8 HOBBEIERI 254.06~1020.97 E5T T, ERBIKBEHUIO I THET B L, F
B &L 5.08~10.21/7tmTH 5 (% 5-6),

54. TERICHT DM
BREIZDNTRANIC 4 K2, R~ ILBIEHRNE < FTEREIKENSZ N, B~
ZRIR TR LT THOGEENEAENRE NS EREE FOMEII RSN ICS
W Bi~EIRIZS LAE < WROME LM E BT L AN LERIICEN, kLR~
B~ AR AR IR ENZ <. R OHBE S E LR EMNEBIIZE N & WS RN
7z,
ﬁ%ﬂKDMT@‘%EKEI%ﬁ&toﬁNEﬁﬁﬂ%E%*iﬁ@ﬁ<%§€H§ﬁ@
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BHEEOHRZEBBT S, E~ESIRIRY THN FIFRTIE S 3008 DRGSR NERE
B EOBEND D, E~REILTTEERKENS < MBS & T REINTF N,
KEFMIIDOWTIIR~EHEZETTH B,

BERMICHT L TERTOR~H~EROB AR T ERETOE~BOE AT Fike
KEROP~E DR TR LTI ERET 57 S HE L.

£ 5-5 BAKILBEHR IO MEERER

H B ERA BEL KIER
TEER-BANE FI~H~% B~ HB~% |~ |E~F |[E~f8 B~ f~F
BRETE [BARFE (R TR|ERA TR TR BRETE | BRETE (B 7%
W EIFEE | W T W ETEE
B1Wy BHRIE 5098343| 5177023]|1265680| 931632|1260458 1049226 600763
E2Hs BREKREES 122018 3000 3000f 138011
EAMTIE 3000 3000| 271316 3000
B 3WMH SEEEREEX 13053 2060 2276| 32356
T I=H 6824 4904 10957 2848
FE4EHH REILE 936658 953728 247647 395982| 272656 535606 532691 134941
Eo5WH KREEE 4452 4827 3439 6016 2094 2735 7648 4556
E6Hy ToOMOER 3214023] 3138032| 828822|1646716| 610432 860149 730183 344365
1~6 {H &5t 9263300 9281514(2627862|4666229]1951885| 2664008 2325024|1254992
HAEHE 926330 928151| 262786| 466623| 195189 266401 232502 125499
FRREIR IR 10189630| 10209665|2890648|5135852|2147074| 2930409| 2557526|1380491
RTHENETROEHRE
X &8 2335000 1212000 1160000
B RARERHA SRR ERE ) 5225648 3359074 2540491

#*5-6 MEREEISIKE

{44 g B #HEE (Er) FEREIKE (Em)| mu7-0nHEEE Or)

FA~E~EERRTE 1018.96 100 10.18

BRI Bi~EERE M 1020.97 100 10.21
F~FLE R T 513.29 55 9.33

B~BR L TR EOE 522.56 90 5.81

- E~GERRTE 293.04 45 6.51
= E~EERAKTE 255.75 40 6.39
E~ERL TR ETE 335.91 45 747

RIER S~EBR L TR ETE 254.05 50 5.08

5.5. BlXK Bk ITE

B DTS L EBIRIRSY N &R Y NI LB KEFROBENEET 2, EE
BeS LD LEFRTHIK « BrkS LEERT D EERERND 5. 45 BmrF. 100 fEmih
DEEETHEFBEY L RIS L &AW Y LZ2FA L TBIKREFANTESNEKE
M100 EmMY AZ2BA2 L, INEDY AIHRE TELDNENREICHRATINENRS S,
HRBWEHET 2B EH L WK - BAST AOBRRIINETT S, K-> THEE O
7 bDEIKERFKOMEIIBERTEBZEEZ LS.
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5.6 /N

(1) THEz%

BRI, BET, KENOZMORE < DBIKEM S LB L NEIAZ 8 Bi Fdio
o TDIBERAIZDONWTIL 4 £, ﬂ‘&:—%?ﬂ:absﬂi 3E, KEMIIDNTIE 1 £TH
%, ¥RBIKFRICOVTIRERARKTFE 5 £, B2 TBL LFE 3 BTh5, Smofs
MBEELTEBBRAOFA~R~EDOHRFTTE. BETOE~BOEAETE. A
DR~ERS TR EITHED 3 REEE L.

@) EFCRILTEOHR

BETLOR~EOERR THEENREET S, Bk R 20U 131 mTAY 2 H 5 ILEE
BT BEEBERDOED I 1000m THR/NAS 4A0mTH B, FIFEIZ 15 DI THEZEZT
B, BFHESIZ 5530m TRIED N THAM 480mTH 5, 8 DOXFNRHD., &F 16.7
mTHREN 2600mTH 5. ZROEEIE 5~20 kmT. AFEREL28mTH 5.

(3) R EEEHEKICBITBHD DFEVE F >RV &5 AOBRE O TEE

PEEN S BN OBRHI L NS R OEAHKICB N TS ADRZEENE 2 RETH
BIZHEHST, A I U— L — FEHOGEEAROY A DERITHII AT EET
BB, TLT 200m EE=13 300mETHOIL I Y — T L— FEROEELREDY A
RERRANZMEDERAR VI —BOBA RN EEERATIRERS 5, B 5H
ZF LOW B L THBREND S,

B b 2RV ORETEM OESNE N D O THRIE DR O L UL & 45580 F R [ H
5H0UE. BN RN OBTIIEIRICTEETSH S, Ll 100 knfrd b > %)W 44
RTREDO PRIV THTIEEEL V. ffo THEEE EWEOERICEN. BKOBES
LR LT b o))V OBRIESE % S5 L i 57200,

(4) Bk - BkTE

45 Ermi& 100 EmZEMIC3AL. EMRBOBE DY A TEKERKERFS & &0
T&E%. LU 100 fEnill k2 #mMic8lkT 288 BE DY ATORIKEEKNTE SN
ENIERATELEND D, HLWAIKERAT AEBETBIEE. BHERS LD L
TH LAERTFEEETNN,

(5) PB4

1995 SO KETFHET 2 B4 8 ROBBHIT 254 BT~1020 L THY. mbi-
D OREREIL 5.08 ~10.21 T TH 5.
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6. WRITHEADE

6.1. BIKKDBERRENDFE

BENRAIT TR, BIKERKANDOSBEZBHICHKEL. RNOADOERFSEAE O
BRXTEZLETDARNDS. LNLYLABRRIIAODOBBZHEIBOT. BITOEERE
BEOANODOBBIZEEIIHG LT NE R s7k20n, FLT3IKBEOY ATHRORHKEIIRE
DPUTHOKELKEYEI—EDOEEELEZ 5,

6.2. ZKXKOHABEADEZE

6.2.1. KK OB RRE

RIEYMOERICHRELT S 0% RAROERMBKEBEZEEREL L. ZOBKEEHE
TOMBREZMHMPERL L TENRBOERECDOVWTRRK, ¥EBRK, $EDPER
X, ¥EREEX, FECOMEZEX, FEXD L KFIZKATS (£6-1), chucksd s,
R EFRO 6 8 (HRX) ORBIEREFEEBRICETE 08005,

K 6-1 FEARROEMDOERER

bl X 7 FEEIEER BRI
80% REEZR DERMKEKE (mm) LR
I |BEBX <200 >3.5
I [FEEXSSERK 200~250 3.0~3.49
I FEERX 250~400 1.6~2.99
IV [HEXSCRERX 400~500 1.3~1.59
V. FEX 500~600 1.0~1.29

6.2.2. ZAROBHARBEADEE

DR TRERN SRR EFEBRICEIKTEE. RKOBRBEOREYEIZH S,
TH5,

(1) 5k, WEENEZ, BEOERERENRETES,

O HEYIOREEHBEBEOEMIEFNTHY, BEOEEREDRECHAITH S,
@ HHOEBRIEL S,

@ TEOBEHEYNEZ S,

(2) BIKIZLB2RIEOUERR LB EOM L3R

@ KEDOREFCH LKREITRIET 5.

©@ THOWELIHEIEDANTSNS,

@ HAREOFHEARZDIRIILS,

@ WMORBENHEA., KEREIIRET 3.
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6.3. BIKAOH TNROBEADZE

6.3.1. KNREOY

RILRBOKNREERIEHCEETH S, Wl THE LA BENREEN I 2.68
BEKW TH5. BRTEERKDEEIL 1.97 (8 KW T, EMREEN 15274 F KW - h
TH5,

TRILASAAFI A EESREE] TL2E. SHOERNDL BTSN A E TRES
DORIRFEER 69 FIERBTHFET. RERHOVSHERIT 1.3 & KW T, £MEE
CBIZ6800 TKW - h Th 5,

69 PHBEROFEFICIRETLOZ#S A, KERNOEES A, SETFS L. ETER
DS I, BNY LD 5 REFMNERTTH S,

2010 I LM 5 45 EmEEIAT 284, BRIO_HESRROENI LD 3 4
LEHETS, BRIETOY AIRET ORI, HTFH. 2VITOREED 6 O
BEXORERMOKLEEIL3853.5 FKW + h TH 3,

2030 FICERTEOMBEROREL. BEITHEA O~ RTHOKEI 11 F. JEm
6P ST ERILERIC SNt 5, it 25 OBBROREFORAEEIT 87215 7
KW - h Ths.

EHIEHE TIE 2050 I3 KRB D 69 DBEBROREIIT TN TERT 5 FETH 5.
BUE 2010 £ & 2030 EOHM, B (2050 ) FTOLMEELE L TERRICEST S
FEOBERSY LADBIKENIUTFOED TH 5.

2010 FETRITHROBELN S 45 EmEEIKL. BEABOEED 105.6 F KW
T, GREEHIIHKRAS 51.3 77 KW T, ERRERIEEN 517 £ KW - h TH5., 2HE
NBIKAETD 2.7%, 2.9%. 24% % 5D 3, :

2030 EEXT. ZHMAS 195 BmEFIKL. BREXAEDEEN 670.72 7§ KW T. {R5F
KA 310.9 5 KW T, FEMREEERD 442 8 KW - h ThD. 2HTHEIKE
DT7.7%. 7.6%. 9.1% % 5D 35,

2050 £ ET. BIKY ATFHOMEROREFITTERL. 195 EmE2kL. %
BEREDIEED 1838.87 5 KW T. fREEH I8N 844.1 5 KW T, ERIRESEREEN
1154778 KW - h Th 5., ZRFRNEIKFD 14.0%. 13.7%., 15.7% % 5o 5,

SIKBEIIRBROBBEROREFTCEA 2B ONTOMTEET R RS 0%
BT ORBERELES ZOHHT, FADEBELEEHRN—ELE NS RETFOHE
THD. Mo THMICAROBELEEERL., BHRLEE &2 NIFICRAT 5 RENS
5,

6.3.2. TEAKEBERKNOEZE

45 fEm, 100 f&m. 145 &l 195 EmMZENTNEIKT 288, BHELE< DEEKT
BRI O REME 2300 Bmd 2.0%. 4.3%. 6.3%. 8.5% %505, BELSLELE
LERDFED S O TFRFIRD TEMAKE BERAKNOEBIZZER DN, ZEMS L
MOBELEDSHBEE TORMTER O/ bE2EKL. 145 Bm2EIKkT 254,
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FOERBREILRSB 1200 EmMADH 2., AHMEKOSEOEKEIT 200 BmE LESL Z &
Wiz, LOBFEKBOZBIIZRICH DD, THEBORBEII TS CHEBREDE
KEZMETDHIENTES, BIUKIZEREO TERAKE BERKICEZEN T NE NS K
DN,

6.3.3. AMERNDOEE

(1) &L

A%, MROWMEIE? S SKEAM OEREREZ2 TR0 1 ERETENLIMIEE
EREZWMETDIENTES,

(2) Feir

ﬂ;&ﬁf_‘[@—l“?ﬁ@*bjfﬁ?ﬁ IZEE LN, ﬂﬁ%{l@lﬁt@ /"{1"'{}%{%1}[1‘ ZDWTIE 29
FHIC 13 FENEETS, FHFERIR 0.1 Frnd 8.9 AriETT. W HEDEREE
ERED 15.2 Fi® 0.7%~58.6% % 55 5.

EAW~TITEREIC D W TIE, 29 £RIC 2 FRIOBENS 3. ERBSEN 0.2 Fri~
1.7 AT, FABOEMAEERED 34.2 Fmo 0.6%~5.0% % 50 5.

(3) K&

RARENDS THROAMBRICEEN TN, BEAERBOERICSZ2EENLE N,
TOIEARBREO~BREADIL 83km ORBICAMDEFRERNTERAERD, KM
XA EZRRICE Z T 5z,

INSDAITITED & BIKREZEOEEMIIKBOAMEBERIC—EDEENH V. Kiok
EFMOBEDOREARENS LD 83km ORMEICEEN KX, JIRIEH HEL2HE L ZNE
Ndb 5,

6.3.4. JKENDHE

BEDTORERIIKIITROKEEHICEENT., FTRICTFIEITIERAREE
MELRBV, ZUTKNEBHOBRICEN. BREOAGNTE 20 KkKEHIcLE
VAR

UL THEHTESXLSIZ. BIKIEBIKST LD S5 FHROBERORERIZI—EDE
EBRBB, WEILND 45 BmiEsIkT HEE. 2010 FLERTED 6 ORBERORET
KCREL., RERMBEEDIEKLN 105. 6 5 KW T, REHAHOEEN 51.3 575 KW T.
ERFERBLEDN 51.7 KW THD, ZNENEIKEID 2.7%. 2.9%. 24%% 5D 5,
2%0&»%&?%@25@%&ﬁ@%ﬁﬁ‘?%&a%%&ﬁ@i@ﬁ%@ﬁijﬁKW
T, RELH ST DIEEAY 310.9 77 KW T, EMRBEBEN 442 & KW THD., 1N
BIKEID 7.7%. 7.6%. 9.1%% 5D 5.,

2030 FICTHMOTLELBEDEKENTREOBEFREICEDIENDBIKITTE
RKEBERKICEFNITEELZNESITLTNS,

2030 FFIZFIKICEL > TREDO W DN ORBICAMERBIC—EDEELEX 5,

2030 =5 DRI K I FREFT OERITHEN. BIKIC LD KK ERNDBEN
BBEHHLTNS,

FIKISRBE E FERMX OERBENQWETE, HONRBESEND S,
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7. EEBEDRICOWVWTOIEEE

REICHEDE, TRTODx s FOREOBIERICH LTSN E RESH R
270

7.1 FRHEEE &S

7.1.1. PR

EREFDRFFMBIINE 3 BEHEARLL, 2L T 2030 FE2LHKEEE L THIEL
HORBREICTHESBUKIEOBBEEEZEZE L TIKE 45 B0 2010 T —ZFim WK
FELT5,

7.1.2. FERT—F LB
ERZEFFHMEIECERGIEZES EERED 1993 FIIM Lz BRTHORES
MAHEET—5 ] (UTF, THEEF—F ) EBET). KRR 1994 EICANF L TKFE
RITFORFEFMHLE CUIF. HBHEKT) ZOBMUEOEEFEICRES,
FATEZEELRT—4
(1) ik & Mg KL
IHEET =51 2N, TEERETEOREYRIEI I TEMH&] 2FH L. 1995
55 3 W OMEKEICEKILT 5,
(2) HRBSWMERE 12% LT 5,
(3) FHE DX SR
TEHEONTRE~MEBERRTERE 9 £LL, #~F RO TR EFEE 12 &
U FI~~EOBRRFTERE 14 ££35., ETEOEEHEZ 50 £REET2, 20
SHLEEVEEOTEORESRE 50%. 2 F£HNS 6 £XTHE 10%2EHEL. 6 4
HICRFEDRDOREHMEITEL., FEEEHICALLRET S,
(4) EHEOHEUEFE LIS
STEOEERITEOE 1 L U THESITE | FOENET S,

K71 FHREFYDREERILE

FR FA | BEDR | BHEOKSR| REHR| A5t | RAEMEEDE
(&) (f87m) (&m) | (o Gt/ m)

2010 #EKY4E | 45 fEm 26.21 69.68|  43.47| 139.36 3.10

2030 /R4 | 45 fEm 29.58 139.30 43.52| 212.40 4.72

: 50 B 34.49 148.03 46.92| 229.44 4.59

145 fEm 126.11 361.64| 128.97| 616.72 4.25
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7.2. ZKREDOEFR

FIKIZZAKKIC B2 5 TREFRISECBEEMAKOEI & 4T TERKE ERERAK
DM EFZFFIROBENOEBFTOREBRNOEERETH D, 45 BmESIKTHHEE
TERK 25 Bm., BEAK20 BnTHD. TNTNSIKEBD 55.6% & 44.4% %505, 50
EmMZ5KT DEE. EEAKD 27 BT, BEAKD 23 EmT. ZNENEIKED 54%
& 46% %505, 145 BmZEFIKT 2BE, EIEHKD 65.4%. BERAKI 79.6 EmT
HO. TNTN 45% & 55% %2 EHDD, BIKICKDEMAKEIHMHAKROREBIEH DK
MOBEFDRIZDNTOEREOHIEITE 7-1 ITRLTWS,

2010 FIT. 45 EmMZEMICTIKT 2854, EBEED 26.21 ELT. HiTAKEREN
69.68 B THEHEELEN 43.47 BIL T, A5 139.36 EILOBERTH V. FHHmBEZEMN 3.10
TTTH 5,

2030 £IT. 145 EMZFEMICTIKT 2BE, EEHEEN 126.11 FEX T, HMARAKHEE
A% 361.64 {EICT. FEEHERAN 128.97 (8L T. G&l 616.72 FEILOBRTH V. FHMY
TZOBEN 425 T TH B,

7.3.  BUKROREFEE

2010 fEiC, BILOXEREZHROBRFED LEZHORETIELOERIC 3 Fie.
B ILOXRIC 3 Fdtd 25 2030 i, BILEROBRZHESEERTOREMIEILD
EFRICSFE. BEILOTRIC 11 FTE. KERERICS Fittd 5.

2010 F1Z. BlK 45 BmMOHE. REHE T OEREN 51.3 FKWT, BEBLEN51.7
BEKW-: hThs,

2030 4EiT. BlK 145 BmoOHE. REH I OEEEN 282.0 FKWT, HEHELEN
370.6 KW - h Th 5,

FETHETE 23K BOREELIL. BERREELEAMERORFELEND .
FREBRLEEZRERAETHET 2546, AlLORREMCHORETEER LU CEL
DERICEETERBETEOFARREELEBEL 2D TH 5.
AMBEROERBEICOWTIE. ERTEASBBIAME NSy 7 CEATEEIZES T
THROEREFE CEN, BORCANTERT 2 HEOHE. BROKETEE, &2
FBROET. BOARKANTERT S X TOAGBE2EMRE S FREERICHELT
EROEMELEEIET 5,

TG OFETEHE L R R ARERE 7-2 TRYT,
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R 1-2 ZEHIORFELEDORAM

R Z5 HEFMBRE | A EREME RS aal
(f&51) (f£or) (f&om)
2010 fEAKE4E| 45 Bm 24.49 0.32 24.81
2030 K| 45 fEm 74.05 0.32 74.37
50 fEm 23.60 0.21 23.81
145 f&m 141.53 0.32 141.85

2010 i, 45 EmZEMICTIKT 2546, REEEN 24.49 LT, AV ERELHN

0.32 &5 T,
2030 iz,

BE 2481 8L TH 5.

145 EmiZEMITFKT 2848, FEHBKD 141.53 BT T, KHEHREE
M0.32 85T T, A5t 141.85 T TH 5.

74. BUKIFEOREH

SIRIEORBEARITFRER LEMERBRLTFUEERLSD. TEREBICIIET
FERTHRNEFEOBNAEN EHEETELEESSD., TEREEITE 7-3 1250

w3z,
x7-3 REHEUPME G D)
FER A | ETE (¥ 07 Y7 ILE
BR | gmTE | #®mTE /INEF & &t
2010 AFELE| 45 fEm)| 263.44 66.04]  107.0 173.04 436.48
45 f8m| 263.44 68.44]  132.0 200.44 463.88
2030 K4 50 fem| 125.89 108.5 79.12 142.0 221.12 45551
145 f&m| 11805 296.3] 3485 644.80 1825.30

2010 I, 45 BmMZFIKT2HE, ETEREEN 263.44 L. B THEEEN

173.04 f&7t.

Ga436.48 BILTH 3.

2030 41T, 145 BmiZEIKT 34, ETEREMED 1180.50 &7 T. HETELLE
NS 644.8 fBILT. &EH 18253 8L TH 3.
FHREEREIFTHECHETECHEL TVS, ETFOFMEEB IR ST E-
BRI > TotE T2, MEIEOESBIIEE TEREED 2% T84 3,
RENBERIIECSBME L BREKR B2 SO, BFKERITEOE 26 £H

NHEHET B,

2010 £RiT 45 Bz 5IKkT 2 HA.

51K9 255,

AMEALOEE 1.46 (BT EEHEL T3,
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7.5. ERBEFHE
7.5.1. EREFFHEE

REDREBFBRRETERACHETIEROHEICETE, R OERKHRTIMOE
BHEEZR -4 TRT,

#F 74 EREFHEEE

ELR =5 AR IR R e EE BN RE L
(%) (&)
2010 /KFE4E 45 f&m 14.28 63.52 1.27
45 f&m 14.99 92.30 1.37
2030 KP4 50 f&m 19.63 192.49 2.00
145 {&m 12.95 52.15 1.11

LROBERZFFMIERZ LT, TEORENBINAERIT. 2010 £12, 45 Emzd]
KT 256, 14.28% T, 2030 £FiT 145 Emz5KkT 286, 12.95% ThH 5. HICEFF
MEDHAEHSHE R 12% L0 %0, REOFHRMEIITOIDAEL, BREDREML
BRILDREN, o TAERTOD 2 NIERREDRN D V. RENICEEE &5
TE5.

7.5.2. BRESHT

FHEERICH L TR EEREROREE NN T DU TOERZRE L TEHEHE
KEZDREZRELL.

(1) BEDHEM10%

(2) EEDROWEWA 10%

(3) HREHHEITET /A 10 £:8Nn 5,

(4) HEDHEM. HOREPROBA 2N 10% 70— k.

BB OFER 45 f&ml, 50 Bz 3k T B2 RIIFLHEEICT I AOYEND B, 145
M Z5IKT 5RIT. NEHNERIT 12% X0 ENDN 11.1%~11.96% 2BV, —FDV
AT ENREENN B B L DFERENE NS,

753. £&® v
LROEFITEEFHEZELD T, 2010 4FIT 45 BiZEBIKTB &, 2030 i 145 f&
mZ5KT B 5 EFIKKORFIBRE L AR OREDREOFERITILOBDITRS.

2010 ££5]7K 45 Bm OREFEZN RS :

FRREEBAAEINOREZI R (BT 432 i) 26.21 &t
BT TS F7K & TEERA KB OREE R 69.68 87T
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FRIAEBERBEMOREZNE

(PRAEHFT 120 75 kw #, FEE 102.8 8 kw - h) 43.47 f&ot
ERMHERREIRE 139.36 &t
2010 4 45 BmZ 51K 254 O E B TR/ R B A
FRIXEEHRKEMN :
(RALH IR 51.3 kw ., REBIEEL51.7 (5 kw h) 24.49 &t
FRIAMERTEEIC L B8% 0.32 &7t
GEHERREEER 24.81 &5t

LEROBFCLDEMNORBNENSKROREEEL D AE N L3, 2010 4o
MICERE S OB OKNFEER RS LA DOKEREEH EFKEANETE D A=
EHTH 5.

2010 Fi. BEZR 139.36 BT Eh SREEE 2481 BT,/ E2 <A FATHhIE
114.55 BIC/4E &30, FHMORILKZHEICEIKT 2 EMEEDRIZ 2.55 7&/mMT
H5,

2030 4F 145 BmiZEBIK T 254 ORE N EE :

FRESRERA/KEMOREDR GERHEE 1921 FibL) 126.11 f&o¢
BRI AETE 7K & TERAKEMORE LR 361.64 {&5T
FRIEEEEMOREZ R
(BRALHI T 350 75 kw 8. FER 309.91 S kw - h) 128.97 f&rc
BEHERRE R RE 616.72 85T
2030 4F 145 BmZ 51K 2356 O B Al aE IR % B S

FRRBERELR

(BRAEHITT1B 5% 282kw 4, BRI 370.6 fEkw - h) 141.53 f&rc
FRERIAMERTEIC L D% 0.32 &5t
G EHEREREFER 141.84 f&on

LROEFICLDENOREBNRISIKRORBERITIFIFHEL T, EITORE
AOFEEFOBRICHY. SRKOREBEENIEMNOREICLZNALDAEL A S,

2030 fFIT. RHEBRAS 616.72 (870 HFEh SRFEEK 141.85 BT EE2I1FALT
47487 L /LT3 D RIDKZEMICEIKT B EMREHRIT 3.27 T/ TH 5.
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8. HEFEIZDODWVWTOIME
8.1. ZKKXKDHEZNE

8.1.1. PR OBEFEFREDMEHE & HEEDEDEHE
FEREXDTREERE 14 AELERRIIBWT, {LIREIZ ME9E5 HESEMN S T
FEEHMEOREREZ LD —BERL. HREOLAKZNA. TOEZEHTLLOR
Ladiudizsizng CHECERLZ. ,
PR OREFE OB, KEBERORRICHH SN, LH, §E. X F—REDE
BOBMETHICHEETERN, BRIOP o7 MIBEILHHR OBEREOEDICBIFE
FUZRETDIENTE, FEROEZHED., TERFELAOHATEEN T RES
N2z EERBRIRNEREZRD.,

8.1.2. BROENE TLEORERREZ T
XAKEKDILEEFENEE T, FEHOBELR IR X2, EMBEE. S{S2EZD
HEMTH . ZARRKDZ < OHERFEIIFEOEFELEICB N THENNEBSEEET S,
ZAREOIFRIVF—FEHE, FEMBEE, BELSELEOEMEZIT. KOBEENSZN
ERXRTKEFENOEREENE ., N5 DEZDOBRBEOIEKIIKEENHIHREER>T
Wa, BR7OP Y METH, TRNF-EZEEMRELOREICL D FESEEE
DEEREEZZAD I EITR5,

8.1.3. THIDAEEERELRNOBERERZINT X
BRI O 7 NI BEAKN 109 EmiE, EMEREN 2662 Frdls, R4k 1168
FREBIZRD, RNOBRBOERZNT D ATHHENRD 5.

8.1.4. ERHDEMELEANDORD

FERTOD 7 bERER. RNOEEORRE., HiLWHILETHOERNESR, “h
SOHLNWIREFEREZHATHL VN TE, Y-V ILHBFTRTE., HiiLilE
VIZA55, HEFHIL2 L, TEREEOHEMIERZCRETAZERATS I ENTE, &
EANODOBDITDIRMNS,

8.1.5. EERREOWECERBEKEDOH L

19.4 Em O & BN OEFEAKERET D EI2k > THH & AN OEREDEEHK
ERRT S, ZRRKO—BOBROAELEEORFKFEE. KhD Ty ZEHENE
WEOHEZEANICRRTES,

KB, EHRICL > TRBOBE LEELGRVCEFEBRBEORENTE, ZAED
EROBRKEZSGDD I ENTES,
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8.1.6. IR~ DEE & F IO AN OB ENCAHF]

REEOTHBARE S TR EHREEEORERRBICLD Y —E AL A E< M, £ KT
DAMBPREET S, THEANZZLOEZICED TREBE] 070t AIaRICES
0. FEHOMEHE O A DEMOEHITERTS.

8.2 BIKRD#ERREMtLTE

8.2.1. #HELHE

(1) KADOFELZBROEE

ERTOD 7 S OEREITHED, RNICTEEM 2E8HT 2720 18K 0T & m
KELOT VX ADEDIIKEDESNHBRA L. RN SEEGENES L 2
5730, TEEMZERT DT TR HITEEOREICORNZES S,

(2) DPEERERBEHORERE & RESORE

EHR7OP 7 MOEBICIVRKNICTETE OESIIBAINS, EMFEETE
BO 20%~30% N ITERREOEABECELTIEAHLTVDS, N5 OHBIRK
NORFEHRBRZREL. WEE. . B BE KALZTRL. IEEEHEK
DRFEFRBEZELI U TAREFKEZH L 3E, REOFEEZ—BLTESE 3.

(3) REREBEDOTEE/ED HFEEH DOHR
CERTOC Y M, RAOREEFRREEZEST LT TR ZNITHES TRE, Tk
VF—. BIE. BREEOADTISIEBL. TEE2HLC L THESEHIAHRT 2,

(4) BHHEEDREEFREL - ERSEEOREBED
ﬂ*I%K#M‘AIE%®%K@&KMM%#%§&L‘AIE%&E%ﬁ%E?%O
TLUTTHROKTARNEEFEERL., HELROMLEEAMMTLERETSL. &

MEEEORBIZINWERZIEETE I ENTES,

(5) BULEBEOMT S8 E0RE

WMAFZELER IO NOBRICIVERERCHLVWESIEL, SEEAELME
AHRETD. TNEBREORBIIVWNEGZIBETS, TEXOBEEFH L TK L5
810, FH. RESa—. TERESOBR O/ S AZERL. RNOENESR R
B85,
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BHEETRE L U TW BB ELLIS, #EtEs s 2RE T sE
T&5,

OWft ZEER ZHFEHEIZDONT
7-1 WS W T B B EL M O Ko B, 2ol 8

4-2-1

HKRRDE—IZFROHMERE THAKD TR ADEFTZHEL TB 2 ETH S,

RIZ, HEHEEFIIEITHRER—U > F(boring ZBAXTH 20m L EEFXRT. EAE.
BR BMWEENICRR TR THD. LER—U D /IERLTVE, KL, HAEL
Ko7z, ZORBHAREDTEZN, BROTEAOEERZTHMRTIHDOTHD. HHEEN
FZOHFT, KER—V 2 TIE-TH 50%MULMAHSRNEEELTWS, AEER LT
RNV T DEREEBICHEAED, ELARVENENEZ S THH 5.,

HAKEBREMEZRER L 22 51E, KIEER—U >V E225BT. EacH T AEHRER->T
T5Z&THSB. Deep Well ,Well Point ZDEBAIZKIEZ TEDH .,

BAREDPRKTH o720, HKEBDBOEANRE S NN ERIUE, KikE DB TIIRATET
BN, IEAFZHZ DR P TALVEAL. RBKEEFE N XL OMEROE
DITRT 2 IEKRTEERATS 2 Tk 5,

ZOHITONTIR BB LESEBERNIEE OFANERINTBY ZC8BES 2L 3,

OBELE @ O ®. 20. 20

4-2-2 ZREETIE
TBMEKOBEDOHKTHNIRETTETHD. EHHSOREH CERELINTERELS
KHEANICRETRET 2 2L TES, AL, Bili%, KBEME IENTSHS, LoTE
ANCEHEFINB VA A TBE, SEEFREITE, X>F Ay Mbench cut THEZ, T
—RVEAT, BABRMTEEZ, TBMOBEBWEREE CERIERE. Hyy—EIFDX
TTBMZEBIRZONBREORNTHS S, ‘
TBMASERRIEREREE RS, BTS2 R T 2 REROEZ - <R HN, EBEms
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MRES, TOHLERBZBBTERVEAREEG. ¥ —Av Nutter head) ZED DT
EIT720. NMEHEDURENED TEL B3, IHRNETETIEATEEF>TRE, ER
ZELUTTBMORMEIAMBAD., HREMS 52/ R0, RLTHFELWI & T
720,

1EARY L (dam) D
HKDREDERITHA T, P RIVFRITY A (balk head) ZRIFZDH—KTH 5,
FAOFLILIEAR, MBIKRKIL TH 2 0MICRENEB TSN THD, BEEIOFLAEFELT.
HKP IR NRIVAD D ZBHIET B Z A £S5 UTHRAERRN D 5,

OWRMES =Mk ZOHH HKE&HHER

HKEDH

o EDLTWBEHRTIE. HERDHE 800%ton) /4 MNEETH ., ZOBIIHOLD
FtHL. TROARZEZHLELTLUEoHTH 5. FE 2RI TIE 807,/ B DRENH 5,
CORFIIHKEFAMERT TH oD TEECRAVEAS M TEROY L% 3EHEELE
WENBEMTEE, HKERFIN—BRLUAS, BEZHENT, fkR 728HBL TEL
EHTH 5,

R TR ED 10~20% X TR T T 5 2 EME 0, ZHUTHHICKAE B ORET
FFEoTWEDON, —FICHENHI NS THD., FAKENEE DL EBBL THRLIALTIZ
RBMETH 5,

OZE&EH ®

4-2-3 i BB w5

FADFEILEF 400~500m OHIFERB THNREMIC HIHY | H¥HF | Ealn
TENT L2 HEICHN TV, ZIUTEBRNTAY v Ycrack)?S BELTWEETH S
ERIETHO Tz, V5V I RELARCEINBALRETZDT. OB ITHYICAE<
MIABDERIDTHD. ARILIITIIRHH (EoLwD) ER~FRENSBRENIZKED
A% 2 A(methane gas)VMFrENEREES> TREH L, KEHICRD~IZOWTIFIRIL
DEFND DN, BBICDOWTIIESF ZH S ho 7.
FETEURLVEFESICETERSETH Y. HATHERAET LA, FBFRGETET
MEBFARD 2D ETH D, FRERENRERICEVELTHSL 1~ 2BRITERES LS
THD. EEBRYPEANTEFLRL., BBICREMFTIZ Y — Mconcrete) 2T 5, s
Bl GRBHEEZERZREEH D, MEOEIIE-STIEERILDIT. ERBiIck-T
WRPRZD, HRELEEETEL ., BNEETIRIEEAERELRVHTH S,

OZEXM @ O
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AT IAETIE, RUTEBADES ETRATT 2D, B<RITFEEAE~BLT
HEDEEREDOHDEERI~TITEEZ A0 LT, BEZEEH L7203 55N DI nET
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REDEIZE S TP TONEETH 5. BAHTH S0 5ET= DA DKEFINAE X,
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Moy, REE L TIHERHEND > = E8EL TS,
SINREICE L TRAITEKDBHN—BENEEINTNS, WHREEOHK/ A T (pipe)
REDERBHEITRS,
ZRIOBHAPROFEIL, EROKE, HBOMEEE, BEE BERE. WONRE
Ly TN E—DRBETINEFAETH I, ML ABOESEZBBIE2ZETH
D, 33 ITBNEHMEBICHEE, BE. BAICOVWTRELTH S,
REOEZDOHHHENMAIIKTH 2 BOKCEFND S,

#
#

OZE&EHR ®. 250

4-2-5 F#HEH A (gas)FEDRIE

33 PEHFHEZFICOEALTHD., EL#mLahor, FERDEREEREE S EEL
TEHBTH DM AL > H A (methane gas) P REDBRIZFEAESHVERVL, ESTHER
BERTOBMREIDESTEHEERALEVROMERRVWEES, HL, €< BERTH->T
32572, BRAMHEMEHEET 2 XS R5E. BRRKEIC RS2SRSS £ THARN,
FLLTHSCREL O [HFLPRIBERTTE I, FALICHWIRE S TERALETC LIS V. #
FRAZLED ELTHIRASEADEH L. BTTHTICASERDADEAERE &, &
FASTRICIIREINDER D H D,

5 WiAER AREEO2 RN RUAER R RLM 2

51 3-3HEHHEZFATRT. HRICSHFIDZVERSE TIIdH 2289\ k> 3L
FTEHELEN,
e
(1) BETEMNTHN8EH 5. N THTIEIBESLHEDH 5. HETEFOMBRE DR
PRRETD 92LUAF. i ¥R 2 I EZH0I5 30,
KU, BHWE 10md HDNZRBRROFEENVSINAEZ BND, BEEEHLT
AREZET TR TELIHEDEATIN, PR THRETIIE. BRI EYDE AR L
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ERIBBDITTHDMN, —HHRNOEREEHTHEICHR20T, BEVEKIINE
D TELSRD2DOPBHNIZ., BAZOEMROBHEBENLENEIATHS,

2) TO@EOHE. EMOMAICONTD 10moNEHERET 5. ZONENEIZAAE
OHHRERERBE THE2EE RN EDAZWN, EFEEAIL T2 XY —(belt
conveyor) & EAREKEE NN IHFRRETH 0. BIEE O VX F v & A (logistics) D B8 T IT
AL THEND,

(3) RWHAMRICEL TRAE, HTEAEEZEZ ThIW. BRAEKENTFEENS
HAOE ITET L ORMEE O KEZEMCRI20BERTHS, AGOES
EVDERTREITNERETHDEEZ B,

6 HIERw FWEED3 TBMEALORES
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MEBRAL TS, EHURPTHNONEFANSBEZIEB-TNWS, HET I,
AARRD% DB % A —F—(maker)73 5 EEREWEN D BB ICRARILENTSH 3 S,

6-2

TBMIZEBEHFITI E<ERTNIEIARERENEZRETSHOTH S, CHIREICI—1
k>R )V(Euro Tunnel) TETEFINTNS,

AU, BRBRILFS TWD, R SHBREARECKT EHBHEORES, BAMERIEE
SHOTHLTTEDIDDTH2, ZOBNRNS D, EROHERE., 58, HERRESZOR
BOBBREZMEUATOIRET S ZEERN, FAOF —Ateam) HBEIZT BMOER %%
PTHEHDT, EL P RIASEEHLZENRRERE> TS,

20Q%. BIELOBMRLT, SBHFEY A RTTBMEEYTEH L CHEATRELVER
S2TW3, HADEFHDOTBMITEZEFRL TVWAHERED. TBMICHET2REEZEED
TWEEEER Th o,

OzE&EE 20O

FRRETEITIZ. BV A M EEATEHSER->TWS, TBME EFICRETHIT. Y
BERHETH> THREFAIETHZEES, AL, BEEZBAZELENTEINSESIIE
B, —RlTECDDBAZ MBI NBETH S,
HRCHIOBNWREREHTH 205, DHIF. 81IZH. ILKMESEENS VTN, &
2, MRICSHMATRRETHL5. A—D—H5tHE+4RERMENBETH B,

6-3 T A M(segment)iz DWW T
F—RIEDHROE. 2T AL b OMKIEEEOBROMAEIC B> TLES &R
LTWBDT, A MOFRHICIIEZETEbDTH > 7. ELEOHEBED S
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ROXGREAEDORATOHE VAT RNEEZ 7=,

0. EEEROEEEE. RLENSRNE, BV A MEROHNEEITR SR NIEEY
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HEOBROERRKBUBORE, w/ektAL N EHEDET 2 ERBESOBRERIL Y
U—bOERNEETH B,

7. BIEEER HMED4 B NeosHDRE

INVBRLBEEERTHY, REREOEH CRERATFEIIMARNETH S, L THE
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B2, 3IFWMEBEOHEDOT T, PRVFEELHEDO S ETEVEL 2F> T3,
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KoT, ¢bRIREXREZZHERBVC, AEAOELERETRELE, HADOBEDS
MERDAMREHTH D, FEHFTERROL S 72, i, S, 2B EOLETE VDD
L7z, BRERTHDEROREOFEN DL EL Rok, BEDDOLENSLSFL LIS
ABBNWDT, BHICHEIITERWN, BV AL FOBERAZNEERS,
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7-2 I3HHEE THhIRBEITOVWTORE
7-1-1 BT A MO MET E5BICEDNS .

400~450?/c? OEMHREDI >V U— NI, BETITHEM. HEH & BITHSICSET
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FHRETRH SN, TR —REE. —BRIAROBRBHBAIL 7 U — N THOIELS A
PIZROENTNDBREICENZ VN, > T, BEAOBETEAIT. HE~N—IATIIETHER
ERENRNMERTH D, FEOEMEBRICRFT L THE o BRI NERS,

712 HERBEOHKBENFLOREL DENZSW
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THORAETHTORIIED TS, I U~ NOREZ LIT2-DI103. SHORS
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TRERVE, MBI U—MELTOREREFHHVELHN. ZOBRETHREIVEME
ELTRETEDRDOTRBLNEERS,

7-2 TBMOMHEIZDNT

BHOFEEMOERIPAICRZLTWB L, JROESDTHHVEZDOT, ZOADT
APCONTIEIDLRLZTH D, A—N—OFR, HIFIZHEDID, BROMEEIZENITEKR
EEDD T EIFRNnERS,

8. BREE

RIEOF 2595 & 4 BMIZEDOH. EROWANWADHIZHHEICR-E, UTicB4
RIZRLBILZHL LT IEICT 5. ZMmBLRIEAIRBOEN>ES< DEHICHES
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FatREtEERE T &

BRIV EE 131km X #HH] 11.10m ¢ X B%) 10m ¢ X AR 1/3,000

IEH SN Kot-l SESE
(B fEM) (vERE)
TBM 11lm¢ X(FE+1552H)=1,200ton 144 150
8 B X150 FFTH/ton HTES
% | HEENHERE

Wik, IBEEEER5+20~30%

HEIE 20 A/5mX131kmX8 FH/A 420 690
TE. 87, #BEE, BEE,. T et

T AR 10m¢ X0.45mtX 1.5mw X 9P 890 238
a2z y—hk 14m 3/mX1.2 FH/m 3
73] 2,310kg/m X 40 H/kg
BV NE 50kg/m X 150 M/kg
>—IU#f 2,000 H/m

MIE=FfE/NEEX1.56 =40.74 FH/m

759k 35m 3/mX15f%EX2HFHA/m 3 14 12
# PEAIEE 11.1m

FitiE NV ARy —, BEERE. $58. BIE ete. 120 247
Bl 15 B X8 KHE
hy2 71 30 M X 11 HFr 330 -~

B EHiREICOEELEN L

& & B‘E!UTARE 1,918 1,337
OTBMEfE. /A NEEEYENE (174,400 73$)(121,504 778)
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1. The Preface

Supported by the State Bureau of Foreign Experts, the Reconnaissance and Designing
Institute under The Yellow River Conservancy Commission(YRCC) and the
Sasakawa Japan China Friendship Fund under the Sasakawa Peace Foundation,
Jointly the important achievements has obtained through the many-sided bid, the
project {The Research on Deep covered, long tunnels in West Route Scheme of
South-to-north Water Transfer Project ) that carried out by Chinese and Japanese
experts. Invited by Shinichi Kubota(i% FI#—), head of Japanese-Chinese Friendship
Fund department, A group of 2 Chinese scholars headed by Professor Lei Kechang is
going to Japan to further counterchange the research achievements. This report is
written to make the Japanese scholars comprehend the progress in West Route
Scheme of South-to-north Water Transfer(SNWT) Project.

The institutional of origin is as follows:

1) Concerned documents from the Bureau of South-to-noith Water Transfer under the
Ministry of Water Conservancy (MWC) ;

2) Concerned documents from the Reconnaissance and Designing Institute under
(YRCC), Which is a subordinate of the Ministry of Water Conservancy;

3)Two research reports made by the National South-to-north Water Transfer Project
-Research Center under North China Institute of Water Conservancy and Hydroelectic
Power; .

4) The research report made by professor Russell G. Clough, who comes from
Stanford University, USA;

5) The essay from Japanese tunnel expert Mr.Qianyan Yongxong(H )R 5 ),

6) The concerned articles from published newspapers in China;

7) Material downloaded from Internet.

2. The Background

The United Nations organization alarms time and again that we are facing pressing
water resource shortage. The whole world will suffer from the threaten of water
shortage, Along with the increasing of population , the quickly development of
cconomy and the greenhouse effect, the water shortage will become serious, the
disputes concerning water will become boiling, so there is a saying that the 21 century
is a century of water.

The contamination of the whole valley of the Huahe River in China is more and more
serious. The zero flow in Yellow River is becoming worse, the duration of cutout is
increasing year by year, the year 1997 witnessed the longest main stream cutout in
history: a totally dry period of 282 days, while the zero flow river sect goes further
mto upriver, from Shandong Province to west of Kaifong city, the dry up river bed is
700km long; the beginning of the zero flow comes earlier each year, from May or
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June move to February or March. In 1998, a record-breaking flood took place in the
Yangtse River valley. As the actuate of the exploiture of west part of China, in 21
Century the water shortage in north China will become more pressing. This problem
attracted attention both from the Central Government and our Party. To settle the
problem many measures were adopted. The State Department held the national water
conservancy meeting, which is the first time science the foundation of the country that
a meeting convoked by the State Department under the theme of water conservancy.
this meeting makes clear that water conservancy is a basic industry in national
economy (1995.3.20, People’s Daily). In the same year, the State Planning
Commission demonstrated all-sided the SNWT project (1995.11.25, People’s Daily).
The demonstration includes: the reasonable water supply scope, how serious is the
water shortage in water import area, the amount of transferable water from water
export area, the technology feasibility of different water transfer schemes, project
quantities and investment, operating expense and environment effects appraisal,
economic evaluation, evaluation of society and national economy endurance for the
project and the scheme to be actualized in the near future. Among them, the last one is
the keystone, the conclusion is: because of their different water supply scope and
functions respectively, the north, middle and west water transfer scheme can not be
replaced by each other. :

In the beginnings of 1999, the Chinese Communist Party Central Committee Political
Bureau member, central secretariat secretary, vice premier of State Council Wen
Jiabao attended the informal discussion with the academicians from the Chinese
‘Academy of Sciencer and Chinese Academy of Engineer, they discussed mainly the
water resources ( 1999.01.20 , People’s Daily) . The Chinese Academy of Engineer
ratified to start the research item ¢ The State Stratagem of develop Sustaining water
resources) , the SNWT is included in this item. 1999.3.9, on the second plenary
meeting of the 9™ session of the Political Consultancy Conference, 11 commissioners
addressed the meeting on important state economic problems. 4 of them talked about
water resources, Mr. Han Yingxuan emphasized the SNWT project, He suggested that
the SNWT project be implemented as early as possible, so as to ultimately resolve the
water shortage in north China. For this purpose, he further suggested that:

1) In light of the construction of Three Gorge project, the State Council should create
the west route water transfer corresponding institution, it’s main functions are to
establish policies in the SNWT project and harmonize the relationship between
different departments in government and different district that the water transfer
project involves; :

2) Backed up by the big-and-middle-sized power station situated up upstream of the
Yellow River, A head office for exploitation of western water transfer route should be
jointly constructed by Ministry of Water Conservancy, Head office of Elictric Power
and the provinces or districts that benefited in the water transfer project. it will take
charge in implement of the SNWT project, in the rolling open up of water
conservancy and hydroelectric power and environment governing in the construction ;
3) Suggesting that the following potencies award to the head office of western water
transfer route: water transfer authority, the exploitation of water conservancy and
hydroelectric power along the Yellow River valley and the might of financing. These
will guarantee the trouble-free operation of the rolling development along the Yellow
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River.
On March 30 the same year, People’s Daily published  { water conservation and -
water resources protection is an important national policy ) , It is written by Wang
Shucheng, Minister of Water Conservancy Ministry. In the essay he pointed out when
referring to the settlement of water resources shortage problems, that the water.
shortage in north China and zero-flow of the Yellow River should be researched

and solved, and the demonstrates of the SNWT project should be accomplished so as

to make a good foundation for implementation of the SNWT project.

“In November the same year, a meeting on SNWT project was held in Beijing,
academicians from both the Chinese Academy of Sciencer and the Chinese Academy
of Engineer took part in the meeting.
All the facts mentioned above make it clear that since 1995, especially in 1999,
SNWT project become a popular subject of talking both in the court and the
commonalty in China. The central government takes the project as the most Important
measure to solve the water resource shortage in the north China. To carry the west
water transfer route into execution is imperative.

3. A Simple Introduction to the SNWT Project in China

The SNWT project in China is an ultra-large type, inter-basin water transfer project,
Water is transferred from the Yangtse River to the Yellow River. There are three
routes in the project, they are eastern, middle and western route. The target of the
project is to optimize the distribution of water resources in China, replenishing the
water shortage in the Yellow River valley and make up the great gap of water shortage
and avoid the loss from draught in Beijing, Tianjing, north China and northwestern
district. It will assuring and promote the economic development of north district, the
development of the Yellow River, improve ecology environment. It has a very
important economy influence and a long-term political impact in continues, fast and
healthy development of the whole nation’s economy, in society stabilization and in
national long period of peace and safety etc.

3.1 The East Route

The east route intake water from Yangtse River, intake position is in Jiangdu county
near Yanzhou city, water is transferred along the Beijing-Hangzhou Grand Canal and
its parallel river course. It is gradually pumped higher to the north, via Hongzhe Lake,
Luoma Lake, Nansi Lake and Donpin Lake, and traverse the Yellow River near
Weishan, after that the water flows automatically. Along Weiling Canal, South Canal
to Tianjing, the main stem is 1150km long, 651km lies south of the Yellow

River; 9km is tunnel traverse the Yellow River and 490km lies north of the Yellow
River, its water supply scope involves Jianshu, Anhei, Shandong, Hebei, Tianjing 5
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districts. The difference in elevation between the highest point at Donping Lake
impounded level and the intake water level is 90m, 13 pumping stations will be built,
total pumping head is 65m.

The construction of east route chiefly includes water transfer engineering, water
storage project and power supply project. Water transfer project includes strand
project, pumping pivotal building, the tunnel traverse the Yellow River.

Water storage project is chiefly to reinforce Hongche Lake , Luoma Lake , Nansi Lake
and Dongpinghu Lake etc on the south of the Yellow River. To extend the Tuanbewa
that situated to the north of Tiangjing city and the Qiangingwa in Hebei provence, and
newly build the Dalangwa and Langwa in Hebei province. All the project mentioned
above, including the Beida habor reservoir, the total water shortage capacity is 9.1
billion m’, the quantities in the constuction is 780 million m’, concrete used up to 53
billion m3, increased pumping capacity is 920 thousand kW, about 1300km electricity
transmission line will be built.

3.2 The Middle Route

The middle route of the SNWT project intake water from the Danjiangkou reservoir
situated on the Hanjiang River, which is a tributary of Yangtse River. Water
transferred along the Tangbaihe River and the western edge of Huanhuaihai plain
(east side of Funiou Mountain and Taihang Mountain), stride over the Yangtse River,
Haihe River, Yellow River valleys, the water transferred will flow automatically to
Beijing and Tianjin. The main target of the project is to supply water for the city
domestic and industrial usage, giving attention to agricultural and other demand, it’s
water supply scope separately belongs to Beijing, Tianjing, Hebei province, Henan
province and Hubei province.

The middle route project is mainly composed by 2 parts, the construction in the water
intake area and water transfer engineering. The construction in the water intake area
can be separated into continued construction of Danjiankou Reservoir and the
compensation project along the middle and lower part of the Hanjiang valley. The The
continued construction of Danjiankou Reservoir is mainly to heightening the dam of
the reservoir, this will invole the dealing of of the problems in submerged district. The
compensation project chiefly is to solve the possible unfavorable influence that the
water transfer project bring about to the agriculture and shipping in the lower part of
the Hanjiang valley. According to the real impact, some juction may need to be built
and a water transfer project to carry water from the Yangtse to Hanjiang is expected,
some. of the sluice gate should be rebuilt and enlarged and some navigation pass
should be regulated. Water transfer project includes the trunk canal and Tianjin trunk
canal and the project to cross the Yellow River. The trunk canal is 1243.6km long, the
Tianjin trunk canal is 143.6km long, the tunnel stride through Yellow River is 7km
long, it composed by 2 tunnels, their cross-section is round, the diameter is 8.5m or so.
The designed water transfer ability is 500m>/s.

According to heightening the dam scheme, the middle route project will first construct
the partly compensates works in the downstream of the Hanjiang River. At
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fulfillment about 45 billion m®> water can be transferred. The major project quantity
of excavates is about 600 million m> , the stonework excavates is about 60 million m3,
the cubic meter of earth and stone fills up is 230 million m’, about 15200 thousand m°
of concrete is used, 7180 thousand m’ of cement is used in tunnel lining, the
reinforcing steel needed is about 700 thousand tons.

3.3 The West Route

The west route of SNWT project intake water from upstream of main tributary of
Yangtse River and translate to upstream of the Yellow River. According to the west
route scheme, reservoirs should be built on the upstream of Tontianhe River,
Yalongjiang River and Daduhe River, water transfer tunnel will dug through the
Bayankala Mountain, the dividing ridge between Yangtse and the Yellow River, so
that water can flow into the Yellow River. Yearly average water transfer quantity is
14.5 — 19.5 billion m’. Among them 5.5 - 10 billion m’ from Tontianhe River, 4 -4.5
billion m® from Yalongjiang River, 5 billion m® from Daduhe River. The major aim of
west route engineering is supply water for the domestic and industrial usage, make-up
the gap of water demand in agriculture, forestry and livestock production in six
' districts, they are Qinghai, Ganshu, Ninxia, Inner Mongolia, Shanxi and Shaanxi.
They all situate along the upstream of the Yellow River, the other target is to promote
sthe economic development in the Yellow River valley.
The topography geology circumstance along the west route is complicated, the
elevation is 3000 - 4000m, weather is very cold and air there is oxygen-deficient.
The water surface altitude at the water intake dam locations is 80-450m lower than
that at the outlet into the Yellow River, so, the construction of high dam and digging
of overlength tunnel is needed in the west route project, the dams’ height will be
150-300m, while the length of the tunnel will be 30-160km. Whether the geographical
circumstance, or the depth, length and diameter dimension of tunnel is rare in the
world , thus there will be a lot of technique difficult problems in the unearthing and
building of the tunnels, these problems should be studied and solved.

4. The New Development in the Research of West

Route

4.1 The Research Work Accomplished by the

Re-connaissance and Designing Institute under YRCC

The research work of the west route of SNWT project began in the early 50's of 20
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century, during the 30 years from 1960-1980, the YRCC and other units have gone on
large-scale surveying; In 1982 the exceed prior planning research began, it finished in
1996 , the whole exceed prior planning took 10 years, in the same year began the
program stage, according to the time schedule, { The West Route Scheme of
South-to-north Water Transfer Project Program Report) should be submitted in 2000.
In 1999, the report is just under speeding-up to be completed.

4.1.1 Fulfil the Special Subject Report

1) The analyses of the hydrology meteorological phenomena reports: chiefly
replenishing completes the runoff, flood and meteorological phenomena of the
keystones along the Da-Jia water transfer line;

2) Transferable water quantity analysis: it’s mainly replenishing the transferable water
quantity in Da-Jia line;

3) The report on analysis of the unfavorable influence in the water transfer: mainly on
the influence on the generated electricity of replenishing the combined adjust of
exported water of the three rivers;

4) The project scheme : replenishing the keystones and layout of Da - Jia water
transfer line;

5) Investing estimates and the report on construction;

6) The present condition and long-rang perspective into water resources of the Yellow
River, this was completed on the research report { the important problem of the
Huanghe River and countermeasure )

“7) The analysis on the water transfer benefit;

8) The analysis of the power supply for the pumping station.

4.1.2 Field Operation

1) A surveying team was organized to reconnaissance survey the Da - Jia water
transfer line and appraise the dam location, the team submitted a report of feasibility
of the project program.

2) Many geology reconnaissance works have been done, including the indoor
iterpretation of the remotely-sensed mmage of the route and certification of the
remotely-sensed image in the open field.1/5000 surveying and mapping was carried
out on Dukehe River Upper Duke dam location, Marqu Yartan dam location and
Arkehe Keke dam location, probe drilling were proceeded both in upper Duke and
Yartang, the drilled aperture in Upper Duke is 100m in depth, while the aperture in
Yartang is 60m.

3) 2 hydrological station were established on the second tree farm on the Dukehe
Riverand and Banma county on the Marqu River, the 2 station went into work on May
1% 1999, the main task of the station is to confirm the exportable water amount.

4.1.3 Other Works

1) 2 reports were written for the Chinese Academy of Engineer, one is {the West

route of South-to north water transfer Project) and the secondis (the Discription of

the Zero-flow on the Yellow River) , these reports is written by the research group of
{ northern water resources and South-to-north Water Transfer)

2) Worked out  {the South-to-north Water transfer project in the 10" Five-year Plan} ;
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3) Finished the 1 / 5000 topographic map of Upper Duke, Yartang, Keke, Duosong and
Dorgen Dam locations, 85km? district was surveyed;
4) Telefilm and multi-medium has been made.

4.2 The research achievement produced by the National
SNWT Research Center under North China Institute of
Water Conservancy and Hydroelectric Power and

foreign experts

4.2.1 Research Work of the Chinese Expert

Commissioned by the Reconnaissance and Designing Institute under YRCC, science
1997, the SNWT Research Center is charged with research work {The Research on
Deep covered, long tunnels in West Route Scheme of South-to-north Water Transfer
Project ) , mainly there are 2 targets in the research:

1) Technical economy comparison between single tunnel and twin tunnel design,
complete the single and twin tunnel design of Chang-Cha auto-flow line, make a
technique feasibility demonstration on some key problems, fulfil cost-effectiveness
‘analysis between the investment of single tunnel and twin tunnel design, and put
forward recommendation opinion.

2) Measures of technique that may be taken in tunnelling through several special
geology zones along Chang-Cha line; including measures in tunnelling through active
broken course zones and broken course zones, in tunnelling through high crustal stress
zones, and in facing the out-gush in underground construction etc.

In 1998 the research center submitted two reports. they are {The Technique Measures
to Be Taken in Tunnelling Through Special Geology Zones in Construct the Deep
Covered, long tunnels along the Chang -Cha line) , and (The Cost-effectiveness
Analysis Between the Investment of Single and Twin Deep Covered long tunnel’s
Design in Chang-Cha line) . The former has gone on a thoroughly analyzing on the
geology condition in the construction area, and puts forward the measures to
tunnelling through active broken course zones and broken course zones. On the basis
of the hydrology geology condition data, analyzed and classified the groundwater that
possibly encounter in the construction of tunnel, and has put forward the prevention
Technique measure when out-gush encountered in the construction; Especially a
profound research has been made in rock burst forecasting, after comparing and
analyzing deferent theory of rock burst forecasting, the grey method of best
approximation and classification model used to forecast rock bursts has been put
forward, this is important innovation in the rock burst forecasting theory , it has cast
off from traditional rock burst forecasting theory, it can forecast rock burst possibility
without any supposition. On the basis of this theory, the rock burst possibility along
Chan-Cha line has been confirmed, and the rock burst intensity is between degree 1-2,
that is between weak rock burst and the medium rock burst. A database of rock burst
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examples has been established. In the second report, detailed technical economy
analysis were given on the following: layout of the single and twin tunnel line, the
dimension of the cross-section, lining cutting thickness, excavating scheme, muck
removal design, ventilations and abstraction of water in the tunnel etc, and
recommending single tunnel scheme as the best design.

When checking and accepting the report, the trust unit pointed out that the

content is full and accurate, and material used in it is rich, the report has accomplished
theory combining with reality, and the achievements is practical; The structure of the
report is reasonably, and the discuss levels are clear, the conclusion is definite. It is
valuable for the research work of deep covered long tunnels in the west route of
SNWT, and this achievement is in leading level in the same problem researches at
home.
To raise the level of this research work, The subject research center invited American
and Japanese experts to China to take part in the jointly studying at deferent time, the
foreign experts have submitted the research report successively , their work makes
this research achieve the level advanced in the world.

4.2.2 The Research Work of American Expert
Under the approval of the State Foreign Expert Bureau, from August 10, 1998 to
August 30, 1998, Professor Russell G. Clough, a consulting professor of civil
engineering from Stanford University, USA, went to China to do a jointly research
work with the experts of the Water Transfer Center. Mr. Clough submitted his report
(The Research Report on Construction of West Route Tunnels in SNWT Project) .
Professor Clough’s rteport researched the fault belt and broken course zones,
water-gust (the groundwater dashed forward ), rock burst, single and twin tunnel
designs in the west route tunnelling project. When touching upon the fault broken
course zones and water-gust, the report bring forward the technical measures such as
surpassing drilling, grouting and draining off groundwater etc; Professor Clough
thinks that the rock burst is a serious problem when tunnelling with TBM, to prevent
the rock from bursting he suggest TBM should do it best to tunnel on continuously
on a stable speed when there exists a rock-burst risk. This is also a good method to
tunnel through the broken course zone. On selection of tunnel diameter, his
recommendation is single tunnel with diameter of 10m, he dropped the design of twin
tunnel with diameter of 7m; he suggested that the length of the section that every
working face to tunnel had better not to surpass 30km, so a tunnel of 131km had
better to be divided into 4 or 5 working faces. Using of conveyer belt should d to
transport waste rock debris is a good method. Driving should excavate from lower
ground to higher parts. He also talked about engaging skilled workers and machinists
at a higher salary, and often do some preventive servicing on the equipments, these
step will greatly reduce the cost of project.
To estimate the expenditure on the tunnel, Prof. Clough put forward the curve that
shows the relation between the length of the tunnel and its expense. generally
speaking, with the prolonging of tunnel, the costs of driving per meter reduces;
tunnels at the length of 4 - 6km take the highest cost, when the tunnel is 20km long,
the cost will descend, and this is a useful method in tunnelling cost estimation.



4.2.3 The Research Work of Japanese Expert
At the early stage undertaking the subject entrusted by the Designing Institute of the
YRCC, we got acquainted with Myakawa Toshihiko from Konatsu Ltd. Jana, He is
bound upon the friendship and intercommunion between J apan and China, by his over
and again efforts, Shinichi Kubota, head of Japan China Friendship Fund department
under the Sasakawa Peace Foundation, actively sponsor the research subject, he
contacted 3 Japanese experts {jU# & (who did not embarking), Yukiya Tanaka (5
£, prof. Of Fukui University),tunnelling expert Mr. Qianyan Yongxiong (FiJ& B
HE) to come to China for a jointly research. Mr. BJJ& is a learned tunnel
Expert, his practice experience is very rich, he went on a large number of preparation
work, including the compiling of  { The Study abstraction of Chan-Cha line
auto-flow design in SNWT project) , his work made a gook foundation for the jointly
research, and has carried a large number of related books and material. For this
subject he came to China twice to discuss the subject with Chinese experts, in his
second visit, he stayed in China for 3 weeks,from Oct.17,1999 to Nov.6, and has
finally submitted :

{ The Study and Discuss Report on West Route of SNWT Project) , the report
reaches 15 pages.
Mr. HJ&’s research report is fruitful, its content is rich and detailed, the report both
has very deep theory and very strong practicality, it is a material of one in a thousand
for China scholars to learn. His report make this research achieve the international
advanced level.
‘The geology problems and dealing methods that Mr. FJ&’s report discussed includes
active broken course, fault broken belt, high crustal stress(rock burst), geo-thermal
and the subterranean toxic gas; The report also approaches the single and twin tunnel
design in the west route project, the employment of TBM and the budgets of funds
etc.
The active faultage is one of the major geology problem that Mr. HiJ&’s report
discussed, in his report he has listed the examples in J apan. After his return to Japan,
He mailed to us the {The Collected Works of the 3™ Report Meeting on Active
Broken Course Investigation Achievement). In Mr. §ij&’s report, the science method
of how to use GPS measure the active broken course is amply introduced, how to read
and diagnosis the satellite photograph to recognize the active broken course along the
west water transfer route. The countermeasure on fault belt and water-gust in broken
course zones, He pointed out that firstly the investigation of geology should be done,
using various technique and method to seal water or drain off the groundwater, and
the measured of how to use TBM tunnel smoothly through broken course zone is also
discussed. The west water transfer route goes through many magmatic rock
area ( black granite and green gabbro ), the underground temperature is also high here,
and some metamorphic rock stratum maybe hold poisonous gas, all the problems
mentioned above is clearly discussed in Mr. HiJ/&’s report. When referred to the
choice of single or twin tunnel design in the west water transfer project, Mr. §iJ&
approves of the single tunnel scheme that China expert recommends, and this is
identical with the opinion of the US expert. Owing to the fact that the Chan-Cha water
transfer line reaches 131km, consider all the aspects of the project, such as time limit,
funds, equipment, carries, ventilates, muck removal, water-gushes and communication
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etc, a long cave should be divided into short ones, construct the tunnel in sections. Mr.
HUJR pointed out that in view of the special geographical features and- geology
condition of the west route tunnel, effort should be made to study the protect shield of
TBM, the cutting blade, materials to make the shafting bearing, and stagnanting water
material etc.

As to the budgets of west toute project, Mr.ET/& has gone on a careful trial to
calculate, though Chinese, American and Japanese experts all are refers the real
circumstance of their own country, the result is very approximate. This result has
provided an important support for the design of west water transfer route.

The Budgets of Chan-Cha water transfer ling in West Route Project
Made by Chinese, American and J apanese Experts

. .. . Compared with the budge
Nationality budges of Chan-Cha line made by Chinese expert
Chinese(RMB) ¥ 14.522 billion 100%
$1.863 billion
US®) (¥15.463 billion) 106.5%
191.8 billion
Japanese(yen) (¥ 14.577 billion) 100.4%

* according to the present rate of exchange, 1$=8.3¥ 100yen=7.6 Y

43 The Mechanical Bureau under Ministry of Water

Conservancy

A large number of mechanical equipment of water conservation in the construction of
SNWT project. The research by the experts of Mechanical Bureau under MWC points
out that the weather, geology and topographical features and geological structure
stratum etc respectively has its own characteristic in the east water route, middle route
and west route. So the mechanical equipment used in the construction can not be all
the same. In the article { SNWT project construction and prospect in the mechanical
equipment needed) , (China Water conservancy newspaper, 1999.12.16, 48 issues of
economic weekly, a signed article), the authorities of the bureau pointed out that
owing to the fact that the west route project construction place is in high elevation, the
weather is cold and the air there is oxygen-deficient. The general machinery
equipment that use fuel oil or gas as dynamic force such as transport vehicle,
excavator, bulldozer, diesel engine, loader and the scraper ete, the fuil will not burnt
completely. This reduces equipment power output, further more carbon grain will be
produced, this in turn will exacerbate abrade of the equipment and

reduce service life of the mechanical equipment. So, to study how to improve the
performance of general machinery equipment so as to adapt the high elevation district
condition, for example, how to mprove the engine, is the problem that must be
studied and settled.




There are a large number of tunnels in the west route project, the full face driving
machine(TBM) will be adapted in the tunnelling. In consideration of the deep covery
of the tunnels (400-800m), the length of the tunnel (tunnel in the Chan-Cha water
transfer line is 131km long) and the complicated geology condition (there are many
broken course zones and they are quite wide, water-gust, high earth temperature, high
crustal stress and poisonous gas etc ), the TBM used there should be specially
equipped. When working in good conditions, open fuselage TBM can be used, in the
complicated work conditions, single protection shield, double protection shield or
Multi- protection shield TBM should be used. The key techniques of TBM includes:
the blade plate and blade fasting tools system, cutter design and material nature, the
big tooth circle and mechanical bearing that strut the knife plate revolves. The
geology detection system in front of the working face; Some hydraulic
pressure component and automatic control systems . The TBM that used in some
special
geology belts in west route should consider the following factor:

a. Can smoothly tunnelling through the larger fault belt and broken course Zone;

B. Can deal with Big water-gust belt;

C. Can pass through the high crustal stress and high ground temperature zone;

D. Possess the surpass drilling and grouting ability;

E. Possess the surpassing geology detection device etc.
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Report on the Basic Investigation for

the West Route Scheme of the South-to-North Water Transfer Project

Mahara Isao, Consignee

The Sasakawa Japan-China Friendship Fund

1. Period
October 17 to November 17, 1999 (visited North China Institute of Water Conservancy

and Hydroelectric Power from October 18 to November 6 ).

2. Purpose

The basic investigation and research on the water transfer tunnel for the West Route
Scheme of the South-to-North Water Transfer Project is being conducted in China, led by
Professor Cui Yunhao of the North China Institute of Water Conservancy and Hydroelectric

Power. The purpose of my trip to China is to participate in and assist the research by



introducing and discussing Japanese technology and real examples on tunnel construction.

The Sasakawa Japan-China Friendship Fund arranged discussion meetings and field trips
by sending Miyakawa Toshihiko of Komatsu Ltd. and Dr. Tanaka Yukiya of Fukui University
to China, and inviting Chinese researchers to Japan.

This discussion was aimed at providing a more detailed and concrete feasibility study of

the tunnel construction.

3. Introduction

3.1. Prior Condition
During August 31 and September 4, 1999, I visited the North China Institute of Water
Conservancy and Hydroelectric Power for an advance investigation. In interviews with
Chinese researchers, I learned that they were specially interested in the following topics.
a. Geological Problems
* Investigating methods on active fault and its movement;
* Countermeasures for gush problem of fault or areas with fault disturbance;
* Countermeasures for crust stress and rock burst problem;
* Countermeasures for high temperature stratum problem;
* Countermeasures for poisonous gas.
b. Choice of Single or Multiple Tunnel
The possibility of a single tunnel of 131km x 10m ¢ .
c¢. Controversial Points on TBM

d. Examination on total cost

3.2. Preparation in Japan
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Based on the above concerns, with the permission of the director of the Sasakawa Japan-
China Friendship Fund, Kubota Shinichi, I bought 15 technical Japanese reference books. In
addition, I also collected photo copies of 17 issues from academic journals related to tunnel
construction. (See Appendix I and II)

The above references are all in Japanese, which not all Chinese-side members can read
fluently. However, because they are technical references, it is not too difficult to understand
their basic meaning with the assistance of maps, tables, graphs, pictures, and Chinese
characters. They can have the most important parts translated if needed.

As for myself, with the help of dictionaries two months' effort, I believe that I can mostly
understand the Chinese report on the project. There are dangers of misunderstanding
affirmation and negation, future tense, present tense, and past tense, and the meaning of
Chinese characters. In my case, it is specially difficult to understand foreign words translated
into Chinese.

Tunnel construction is a comprehensive undertaking of science, technology, production
management and economy. It is a wide field even if only concentrating on technology.
Therefore, to avoid any mistakes on issues related to tunnel construction, I made a check list in
advance. And I planned to discuss the above mentioned four topics with the Chinese
researchers as they required.

In addition, to make it more convenient to use, I put the references with the related items
on the list.

This list was translated into Chinese according to Professor Cui's arrangement.

3.3 Regarding the New Material From Chinese Side
"Research on Tunnels for the West Route Scheme of the South-to-North Water Transfer

Project: Comparative Research on the Technology and Cost of Single and Multiple Tunnels for
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the Chang-Qia line," National South-to-North Water Transfer Project Research Center under
North China Institute of Water Conservancy and Hydroelectric Power, February, 1999.

I received the above report as soon as I arrived at the institute.

In this report, disposition plans for both single and multiple tunnel, size comparisons of
tunnel diameter, segment design, cut-and-cover section, and ventilation and drainage problems
were concretely discussed. Construction cost was also estimated. It was concluded that it is
better to build single tunnel.

If I had read this report before I visited China, I would have had a better focus on the
Japanese side reference materials.

In the report, 8 vertical shafts, 3 construction tunnels, and 8 construction districts were
planned. Their position, height, expected sections, and the style of connection with the main
tunpnel were clearly shown. Furthermore, transportation, ventilation, segments,
countermeasures for poisonous gas, and power problems were discussed. The expected cost
and possible overruns were also estimated.

Although with further investigation the plan may have to change a little, the report is
considered to represent the design for the tunnel construction.

In tunnel construction, to ascertain the geological conditions ahead of time is a major
proposition that will affect the safety and efficiency of construction. Therefore, advance
investigation is very important. A test should be conducted where possible to gather
underground information.

Because of the existence of the excellent report mentioned above, when I explained the
current situation and the references of the Japanese side, I ignored the general items and only
focused on the four items of most concern. During the discussion, every item was discussed
back and forth. Here, they will be reported in the order of the prior conditions mentioned in

3.1.
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The main members of the Chinese side discussion group include: Professor Lei Kechang,
President of the North China Institute of Water Conservancy and Hydroelectric Power;
Professor Cui Y unhao, Director of the Geology Department, the North China Institute of Water
Conservancy and Hydroelectric Power; Professor Chen Nanxiang, Rock and Earth Engineering
Department, the North China Institute of Water Conservancy and Hydroelectric Power;
Professor Wang Tieqiao (interpreter), Chief Director of the Japanese Language Research

Association, Henan University.

4. Discussion 1: Several Points on Geology

4.1. Investigation Method for Active Faults and Their Movement
4.1.1

In Japan, the Kanto Area (centered on the Tokyo and Yokohama areas) had several big
earthquakes, and now, led by the Meteorological Agency and the Geological Survey Bureau,
public organizations are constantly conducting accurate surveys. The purpose of the surveys is
earthquake prediction. It is not specifically for surveying active faults. According to plate
tectonics theory, if the sinking of a plate (the trench of the sea of Japan, North America plate,
and Philippine plate), or the cramping of a mainland plate (on which Japanese archipelago is
located) exceeds certain limits, a major earthquake occurs. So, through surveying and
determining the amount of up and down movement and the amount of displacement in the
peninsula area of Boso, Miura, and Izu, the movement is closely watched.

Active faults are those for which there is historical evidence of activity. In Japan it is
often noted after the fact that the fault line moved so many mm, but there has never been an

example in which a moving fault line has been definitively measured.
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For example, since the investigation for the construction of Seikan Tunnel started, over
30 years ago, because of worries about an active fault, an accurate survey has been conducted

around Tsugaru Strait, but no displacement has been found.

* See reference book 16.
* In retrospect (November 9):

I visited the Sasakawa Hall to report on this trip. Public lectures on survey results of
active faults happened to be held by the Science and Technology Agency in the international
hall. After talking with Mr. Watanabe of the executive office, he kindly gave me a set of the
lecture manuscripts to send to the Chinese researchers. I immediately sent them to Professor
Cui by airmail. The manuscript is as follows:

Manuscripts for
The Third Public Lectures on
The Result of Surveys on Active Fault
Date: November 8 & 9, 1999
Place: Sasakawa Hall, International Hall
November, 1999
The Science and Technology Agency

4.1.2 Earthquakes and Tunnels

As for the relation between earthquakes and tunnels, compared to the surface,
underground tunnels are much less affected by earthquakes. For example, in the suburbs of
Kobe there are many tunnels, such as bullet train tunnels, subway tunnels, national highway
tunnels, but it is said that during the Kobe Earthquake there was almost no damage to the
tunnels compared to ground facilities. Only some collapsed earth at the surface opening, and
cracks on the inner walls were reported.

In my own experience, during breaks in a mine pit, I have heard sounds like thunder

from far away ori sevéral occasions. As soon as it happened, I called the ground and was told
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that there was an earthquake. The vibration was not felt underground.
* See reference book 16 (p 194), and reference 3.

The part of tunnel which crosses a fault line is usually stable, and no extraordinary places
on the supporting internal wall can be found. If the fault line moves when there is an
earthquake, the supporting internal wall will be destroyed no matter how strong it may be. But
even when the tunnel crosses a big fault displacement, it is possible to approach the site and
conduct restoration construction after the earthquake. A difficult situation such as vertical

displacement is also possible, but I believe it can be resolved.

4.1.3 About GPS Measurement

A method to measure the three-dimensional position of a testing site on surface within 20
mm was developed and is used in business using signals from satellites. Real time testing is
possible if error in height can be ignored and horizontal error within 10 m is acceptaﬁle. In
Japan, GPS is used for automobiles (where it is called a car navigation system) and sold for
about 150,000 yen. It is very convenient.

Therefore, with a special high quality system and several hours, it is possible to make the
accurate measurements mentioned above. There are contracting teams in business in Japan,

US, and European countries.
*See reference book 10, and 11.

*Appendix III: Commentary on GPS Summary (abstract of principle part from reference book

10and 11)
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GPS measurement is considered to be very efficient for the West Route Scheme, but there
are several points that we have to pay attention to. When it is used to measure altitude, since it
is rigidly related to the shape of the earth, which is close to an ellipse and geoid, without the
help of specialists in geophysics, geodetics, and topographical survey, the judgements may be
mistaken.

With this in mind, since there are fewer problems using the traditional method of level
survey to conduct detailed measurements, the traditional method should be used for setting up

vertical position.

4.1.4 About the Geode Meter
These is an instrument which uses lasers to measure distance with extremely accuracy.
With it, it is possible to conduct real time measurements. Since it is portable, there is plenty of

scope for consideration.

4.1.5 About Aerial Photographs

It is now very easy to get aerial photographs, including those from satellites. Satellite
photographs accurate to 1 m should be very useful for the West Route Scheme. Using the
American private satellite Econos, a 11 km x 11km range can be made for 350,000 yen.
Therefore, the photographs accurate to 1 meter for the whole West Route Scheme (131 km) can
be done by a total of 5,000,000 yen.

With satellite photographs, various kinds of faults, areas with fault disturbance, and areas

with collapse, which may be missed in a field survey, can be found.

*See reference on aerial photographs
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4.2. Countermeasures for gush problem on faults or areas with fault disturbance

4.2.1

The first countermeasure for gush problems is to estimate the most likely gush site
through prior geological surveys.

Second, during the construction the lead boring should be at least 20 meters ahead to
discover water layers, cracks, or broken layers in advance. There are many examples in which
even with lead boring, gush accidents still happened. This is evidence that the nature changes
endlessly. Mochida deplored in his book the fact that leading boring can only get 50% of the
information. But, what we can do is just try our best to read the information from boring
carefully.

If a possible gush site is discovered, we can set up several borings to remove the water.
There are some aggressive methods, such as deep well and well point, to remove water.

If the amount of water is too large, and there is no tendency to reduce, it will not work to
try to remove the water. In this case, we should push water stopping materials into many

boring slits, and form a waterproof area in front of and around the planned tunnel.

*See reference book 4, 7, 16, and reference 11, and 12.

4.2.2. Breaking Through Methods

TBM can be used in the case of a certain amount of gush, and can also be designed to
conduct airtight boring by its own power. However, it is not useful in a disturbance area or
weak rock area. Therefore, in these areas it is the best to change to bench cut method, guiding
drift method, and other methods until it gets to the area where we can use TBM.

TBM is often considered a method that can perfectly stop water and break through broken
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zone. However, when the piece of broken bedrock is too big, and the lifting equipment can not
pass through, the cutterhead 'can be broken, and the possibility of being stuck is very high.
When this kind of situation happens, there is no choice but to take the danger to send a person
in front of the TBM after the water stop construction, and try to solve the problem. It is not a

desirable situation.

Water Stopping Dam

To be prepared for the worst gush, one method is to set up bulk head in the middle of
tunnels.

When I was working in mines, it was required to set bulk heads in submarine coal mines.

We had the experience of having prevented the water pouring into other mine lot.

The Amount of Water

In Japan, the largest recorded amount was 800 tons per minute. In that case, water flow
out from the tunnel and the houses at lower course were swept away. The Seikan Tunnel had a
record of 80 tons per minute. At that time, the gush spot happened be to in the working drift,
several temporary dams were built with sandbags, the water was temporarily led to the main
tunnel and then was removed by enhanced draining pumps.

With the pass of time, in most cases, the amount of water will reduce to 10 to 20 percent.
This is because water is stored underground in a free condition, when it flows out the storage

reaches the bottom, and only the percolated water left.
* See reference book 16.

4.23 Countermeasures for rock burst problem
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When I was working at mines 400 to 500 meters underground, during the quiet periods I
would often hear cracking noises. This was the sound of small crack developing in the rock
bed. When cracks occurred air entered the rock bed and reverberated loudly. For coal mines,
spur accidents (a huge amount of methane gas bursting out from coal layers with broken coal)
often happened, but I did not know any examples of rock burst accident.

Since the rock burst problem is often connected to accidents in China, I did some research
on reference materials in Japan, and found that a similar example happened at Joetsu Bullet train
construction. One or two hours after the new surface is created by blasting and things have
settled down, concrete is sprayed before drawing near the surface. Or metal netting or
Synthetic fiber netting is placed over the surface.

Rather than the depth of the shaft, it is the type of rock that causes condition to vary, rock

burst occurs more often in dried hard rock, and rarely occurs in wet rock.

* See reference book 4, and 1.

In Japan, there are few cases in which death or injury occur through flying broken pieces
or falling rocks (which are not larger than a Japanese tatami mat). Because most digging in the
West Route Scheme will make use mainly of TBM, rock burst countermeasures should be

rather easy.

4.2.4 High Temperature Stratum Countermeasures

Generally, it is said that ground temperature rises 1 °C per 30 to 40 meters. For example,
if the layer is 800 meters, 800m/30m x 1 °C =27 °C, and the atmospheric temperature is 10 °C,
then the temperature should be 37 °C. If you add to this the heat produced by machines and the

oxidization of metals in the rock bed, then the temperature will exceed legal working limits in
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both China and Japan.

Usually, large amounts of air are used for cooling. In high altitude areas, one method is
to use the cold water from valley rivers which can be led into shafts to cool the air through use
of a heat exchange device. In the past I have this used at a copper mine in Japan. I cannot
remember exactly what the temperature difference between the input and out exits of the heat
exchange device was, but including the effect of lowing the humidity I recall feeling that it was
very effective.

As for the temperature within the shaft, the gush of hot water is the most dangerous. It is
necessary to use such things as heat protected drainage pipes.

It is possible to calculate the effectiveness of using air for cooling by the concept of
enthalpy, assuming the above mentioned water temperature, conductivity rate of the rock bed,
the amount of air circulation, humidity etc. In any case, a large amount of air is circulated, in
the report mentioned in 3.3, wind speed, quantity of airflow, and escaped air were estimated.

In reference paper 9 there is an actual example of just how large the cooling effect of large

amount of air is.

* See reference book 6, and reference paper 9.

4.2.5 Poisonous Gas Countermeasures

This issue was mentioned in the report cited in 3.3, but was not thoroughly discussed.
Since this stratum is composed primarily of metamorphic rocks of the Mesozoic era, there is
almost no possibility of exploding methane gas or coal dust. The problem of lacking of
Oxygen, caused by air pressure method, will not happen as long as the air pressure method is
not used. However, we should not let our guard down, if the air circulation has been stopped

for a certain amount of time, it will be very dangerous. There are many examples of death
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caused by carelessness or mistakes, for example, when people enter old shafts or shafts being

built where the air circulation stopped.
5. Discussion 2: Single or Multi Tunnel?

5.1.
When I read the report mentioned in 3.3, I thought I would like to recommend the single

tunnel plan, although there was perhaps no other example like it in the world. The reasons are

as follows.

(1) There are 8 vertical shafts planned. In which case, while under construction the actual
single tunnel with air circulation problems will be no longer than 9 kilofneters. Of course, I do
not know anything about this kind of example yet. However, if the effective cross section is 10
meters (diameter), there are several possible ways to guarantee the air circulation quantity. One
possibility is to compress the air, decreasing its volume and circulate it. If released at the edge
of the working face, through the adiabatic expansion effect it will become cold air. However,
the air within the tunnel will also be compressed, therefore, the returning air will probably
become hotter. It is necessary to discuss this with a thermodynamic specialist.

(2) Also, as for the removal of slag and the sending in of supplies, 10 meters (diameter) is quite
effective. This open inner cross section is bigger than the bullet train single tunnel multi-line
cross section of the Seikan Tunnel. Long distance belt conveyors and multi-line railways can
be used togethef. Transport work logistics can be accomplished extremely easily.

(3) Concerning countermeasures for abnormal gush, underground water tanks should be
useful. The plan is to prepare water tanks of several thousand ton capacity near areas where

dangerous water zones are predicted in order to buy time in an emergency. This should be
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considered a necessary condition for human safety.
6. Discussion 3: Problems with Using TBM
6.1.

There is yet no example in the world of actual use of mountain TBM of 10 meters
(diameter) and above. Even if there had been one, there is none of such a long distance.
However, there are already many successful examples in Japan of using shields to cope with
weak ground. There are probably many of these examples in the world. Well-known
Japanese, American or European makers will not hesitate to be candidates for making such

digging equipment.

6.2.

If TBM coincides with the condition of rock bed, it can bring its ability into full play.
This has been proved in the construction of Euro Tunnel.

However, TBM also has many weak points. In the case of a zone with fault line with
water, or a zone of weak ground with water, its fatal defects will be exposed. Therefore, the
importance of the geological survey cannot be too much stressed, nor can confirmation of the
kind of rock and fault line zones. At past, my team had bitter experience of giving up the use of
TBM and it was decomposed and pulled out of tunnel.

I hope reference paper 2 will be translated so people on the Chinese side who will take
charge of the TBM can read it. It is an authoritative reference with the real experience of TBM

construction under bad conditions in Japan, and it also has a future prospectus of TBM.

* See reference paper 2.

It is planned to use segments in the West Route Scheme. If TBM is well designed, even

if the condition is quite bad, it is still possible to break through. However, if the conditions are
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expected to exceed limits, it is necessary to be prepared to change to other methods without
hesitation.

Since it is a unprecedented long distance digging, it is necessary to do a joint study with
the maker's design team, and make the change of the consumption parts such as cutter, bearing

material, and water stop material safe and easy.

6.3. About Segments

When I first visited China, I learned that the price of a segment was several times that of a
digging machine, therefore, I debated for using segment. It is also not favorable for later
maintenance or the supporting design for diverging points.

However, as for the high efficiency of digging work and safety, the use of segments is
without question more profitable. The special attractive part of using segments is that many
TBM failures were due to the gripper, and segments can work as a back anchor and support it
steadily. Even in cases where the plan calls for the use of a gripper shoe, when faced with a
weak zone, it is easier to change to a method that does not rely on it. If there is no need to
worry about this one aspect of the gripper, it is possible to concentrate on countermeasures for
the TBM front face.

Segments make use of reinforcing rods so it is necessary to make sure that there is
enough concrete cover, otherwise 10 or 20 years later there is the possibility that the rods will
rust and the concrete will be damaged. It is important to examine the design plans before hand,
to make sure of the positioning of the rods when they are placed, and use quality concrete,

making sure of the water to concrete ration.

7. Discussion 4: Estimation of Total Cost
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This is a most important point and based on the material currently available it is very
difficult to estimate. Moreover there can be unexpected changes on site (usually tending
towards negative situations) thus making estimates even more difficult. Within the estimates
mentioned in the report in 3-3, cost increases due to uncertain conditions were considered.

Estimate of total cost = original estimates X (1+ & ) a =05

Therefore, while keeping in mind @ as a safety margin, I have made my own estimate.
My estimate was based on the average Japanese site, in which conditions found in the West
Route Scheme such as remoteness, high altitude and extreme cold are not found. Looking at
the results, my estimate was a bit higher. Because the conditions are not exactly the same, a
simple comparison is not possible, but I believe that the influence of the use of segments is

large.

* See Appendix IV: The Estimated Construction Expenses of the West Route Scheme

7.1. Impressions of the estimates in the report mentioned in 3.3.

7.1.1 The segment price is too low.

It may just be that in Japan aggregates together are very expensive but, for concrete for
which the compressive strength is from 400 to 450 kg/cm?2, the Chinese estimate is too low.
Because there are also problems concerning the quality of concrete, this should be looked at
once again.

Even in Japan, so-called raw concrete (compressive strength 180--240 kg/cm?2) can be
obtained for 8,000 yen/m3. However, this is concrete for use in regular construction. It is not

nearly strong enough for use in segments. Therefore, from a Japanese business point of view,
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this is a price for which no profit can be made. It would be best to have a Chinese specialist

examine this.

7.1.2 The number of reinforcing rods called for in the Chinese estimate is much more than in
my estimate.

If the amount of steel called for in this chart is for segment reinforcing rods, it is many
times more than my estimate. My estimate calls for 310,000 tons. Even if including other steel
amounts, the Chinese estimate is too much.

Normally, concrete products are designed so that the reinforcing rods submit before
hand. Japanese construction manuals follow this. One cannot increase the strength of
reinforced concrete simply by increasing the number of reinforcing rods. For segments the total
amount is 5-10%, the estimate calls for 7%. A strong design using steel frame concrete is also

possible, but even in that the amount of steel called for is too large.

7.2 The price of TBM

I am a little uncertain about this estimate because I am not updated on the latest

technology. Though it depends on make, the price for a machine should not vary too much.
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Appendix I: List of Reference Books

References for the feasibility study on the West Route Scheme of the South-to-North
Water Transfer Project at North China Institute of Water Conservancy and Hydroelectric

Power, Sasakawa Peace Foundation bought the following books (totally 17 books).

1. Tunnel Standards:Volume on Mountain Construction Method (Tonneru Hyojun Shiho Sho:
Sangaku Koho Hen), Doboku Gakkai.

2. Tunnel Standards: Volume on Shield Construction Method (Tonneru Hyojyun Shiho Sho:
Shirudo Koho Hen), Doboku Gakkai.

3. Tunnel Standards:Volume on Cut-out and Cover Method (Tonneru Hyojyun Shiho Sho:
Kaishaku Koho Hen), Doboku Gakkai.

4. Tunnel Library 5: Suppormental Construction Method Jor Mountain Tunnels (Tonneru
Liburari 5: Sangaku Tonneru no Hojo Koho), Doboku Gakkai.

5. Tunnel Library 7: Verticle and Diagonal Mountain Tunnel Shafis (Tonneru Liburari 7:
Sangaku Tonneru no Tateko to Shako ), Doboku Gakkai.

6. Tunnel Geological Surveys and Rock Bed Measurements (Tonneru no Chishitsu Chosa to
Ganban Keisoku), Doboku Gakkai.

7. The Use and Evaluation of Surveys and Measurements bf Tunnels (Tonneru ni okeru Chosa
Keisoku no Hyoka to Riyo), Doboku Gakkai.

8. Liquid Mud Pressure Shield Construction Method (Doromizu Kaatsu Sirudo Koho),

Kurihara Katsuo, Kashima Shuppankai.



9. Introduction to Underground Water (Chikasui Nyumon), Chiban Kogakukai.

10. Manual for GPS Measurements and Base Line Analysis (GPS Sokuryo to Kisen Kaiseki
no Tebiki), Tsuchiya Jun and Imakirei Tetsuro, Nihon Sokuryo Kyokai.

11. GPS Measurement for Practitioners (Jitsumusha no Tame no GPS Sokuryo), Sada
Tatsunori, Nihon Sokuryo Kyokai.

12.  Ministry of Construction Integration Guidelines for Engineering Works 1999
(Kensetsusho Dommoku Koji Sekisan Kijun: Hesei 11 Nendo Ban), Dommoku Koji Sekisan
Kenkyukai.

13. Construction Prices: October Issue (Kensetsu Bukka: 10 Gatsu Gou), Kensetsu Bukka
Chosakai.

14. The Story of Seikan Tunnel (Seikan Tonneru Monogatari), Y oshii Shoten.

15. Dover Channel Railroad (Doba Kaikyou wo Tetsudo ga Hashiru), Uga Katsuo, Asunaro
Shobo.

16. From the Seikan Tunnel to the England-France Channel Tunnel (Seikan Tonneru kara
Eibutsu Kaikyo Tonneru he), Mochida Yutaka, Chuko Shinsho.

X 17. The Study of Tunnel Construction (Tonneru Kogaku), Kasuya Itsuo, Kyoritsu Shuppan.
X 18. Irrigation Studies for Technicians (Gijutsusha no Tame no Suirigaku), Sato Seiichi,
Morikita Shuppan.

X 19. Mining and Coal Mining Handbook (Saiko Saitan Handobukku), Sayama Sohei,
Asakura Shoten.

X 20. Mountain Mining Safety Handbook (Kosan Hoan Handobukku), Y amata Minoru,
Asakura Shoten.

21. Manuscripts for The Third Public Lectures on The Result of Surveys on Active Fault (Dai

3 Kai Katsudanso Chosa Seika Houkokukai Yokoushu), Kagaku Gijutsu Cho.



* In retrospect /(November 19):

Book no. 17--20 are general reference books, and are out of print now. There are also
some similar books in Chinese at the library of North China Institute of Water Conservancy and
Hydroelectric Power. I thought it might be useful for the discussion, and brought my own
copy to China. However, they were only used for explain the underground dam, so I brought

the back with me.



Appendix II: List of Photo Copies of Reference Papers

I made photo copies of the following reference papers from academic journals.

. "Introductory Applied Geology for Tunnel Technicians (Tonneru Gijutsusha no Tame no
Oyo Chishitsu Nyumon)" (1) - (3), Oshima Hiroshi and others, Tunnel and
Underground (Tonneru to Chika), no. 30-3 (March 1999) - no. 30-7 (July 1999).

"Can TBM Overcome Japanese Geology? (TBM wa Nihon no Chishitsu wo Kokufuku
Dekiru ka)" (1) - (3), Nishimatsu Yuichi, Tunnel and Underground (Tonneru to Chika),
no. 29-3 (March 1998) - no. 29-5 (May 1998).

"Survey and Examination of the Movement of Rock Bed Cavern During Earthquakes
(Ganban Kudo no Jishinji Kyodo Kansoku to Kosa)," Hamada Masanori and others,
Journal of the Civil Engineering Association (Doboku Gakkaishi), no. 341(January
1984).

"Japanese Technology and the Alps Tunnel (Arupusu Tonneru ni Nihon no Gijutsu),"
Kitakawa Shuzo and others, Tunnel and Underground (Tonneru to Chika), no. 29-4
(April 1998).

"Feedback from Construction and Maintenance Management (1) - (4): Suggestions from
Example of Accidents (Kensetsu, Hosyukanri he no Fidobakku (1) - (4): Henjo Jirei kara
Mita Teian),” Imaki Jinichiro and others, Tunnel and Underground (Tonneru to Chika),
no. 29-5 (May 1998) - no. 29-8 (August 1998).

. "An Examination of Supportive Design for Tunnels with Large Earth Covering (Do kaburi

ga Oki Tonneru no Shiho Sekkei ni Kansuru Ichi Kosa)," Mashita Hideto, Tunnel and

Underground (Tonneru to Chika), no. 30-2 (February 1999)
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7. "Practical Research on the Role of Supportive Construction in Places of Comparatively
Good Condition (Hikakuteki Ryokona Chiyama de no Shihoko no Yakuwari ni Kansuru
Jikkenteki Kenkyu)," Nakata Masahiro and others, Journal of the Civil Engineering
Association (Doboku Gakkaishi), no. 523/V1-43, 85-95 (June 1999).

8. "Practical Research on Underground Water in Rock Bed Caverns (Ganban Chika Kudo no
Chikasui ni Kansuru Jikkenteki Kenkyu)," Ito Hiroshi and others, Journal of the Civil
Engineering Association (Doboku Gakkaishi), no. 342 (February 1984).

9. "Terrestrial Heat Countermeasures in Small Section Tunnels (Sho Danmen Tonneru ni okeru
Chinetsu Taisaku: Aoni Dosui Tonneru),” Otsubo Yoshiaki and others, Tunnel and
Underground (Tonneru to Chika), no. 30-6 (June 1999).

10. "Examination of Large Section Tunnel Supportive Structures in Fresh Granite (Shinsen
Kakogan ni okeru Dai Danmen Tonneru Shiho Kozo no Kensho: Dai ni Meishin Kosoku
Doro Ritto Tonneru)," Nita Hiroshi and others, Tunnel and Underground (Tonneru to
Chika), no. 30-1 (January 1999).

11. "Kohoku Tunnel Burried in Earth and Sand: The Occurance of Quicksand Caused by
Broken Layers and High Water Pressure which exceeded expectations (Dosha ni Umatta
Kohoku Tonneru: Yoso wo Koeru Hasuitai to Kosuiatsu ni yori Kuikkusando Gensho ga
Hassei)," Oda Hiroshi, Nikkei Construction, May 14, 1999.

12. "Opposing none Convergent Displacement with SFRC (SFRC Fukuko de Shusoku Shinai
Heni ni Taiko: Tohoku Shinkansen Iwate Tonneru Mejika Koku)," Okumura Koichi and
others, Tunnel and Underground (Tonneru to Chika), no. 29-5 (May 1998).

12-2. "The Construction of the Second Segment Approaching the Main Structure Line (Choo
Kozosen ni Kinsetsu Shita II Ki Sen no Shiko: Matsuyama Jidoshado, Ozu Tonneru),"
Ishii Kenichi and others, Tunnel and Underground (Tonneru to Chika), no. 29-5 (May
1998).



13. "Digging a 450m Verticle Shaft from 1,790 meters above Sea Level (Hyoko 1,790m kara
450m no Rikko wo Kussaku: Ippan Kokudo 158 go Abo Tonneru Kanki Riko)," Tanno
Hiroshi and others, Tunnel and Underground (Tonneru to Chika), no. 29-8 (August
1998).

14. "The Separation of the Underground Connection and Double Layer Shield Directly Under
Route 7 (Kanjo 7 go Sen Chokka de no Chicho Setsugo oyobi Nidanshiki Shirudo Bunri:
Kan 7 Tokai Matsubarahashi Kanro Shinsetsu Koji)," Otsuka Masahiro and others,
Tunnel and Underground (Tonneru to Chika), no. 29-1 (January 1998).

15. "Challenging Soft to Midium Hard Rock with the Boom Cutter Shield Machine (Nanjaku
Chukogan ni Idomu Bumu Katta Shirudo Ki)," Hoshino Akira, Shield Construction
Training Meeting (Shirudo Koji Koshukai).

16. "Efficient Digging with the First Large-scale Free Section Digging Machine in Japan
(Kokunai Hatsu no Ogata Jiyu Danmen Kussakuki ni yoru Koritsuteki Kussaku:
Kokikaku 127 go Tomitsu, Tateyama Doro Chikuoka Daiichi Tonneru),"” Nakagawa
Makoto and others, Tunnel and Underground (Tonneru to Chika), no. 29-12 (December
1998). |

17. "The Structure of the Occurrence of Accidents in Mountain Tunnels and Their
Countermeasures (Sangaku Tonneru no Henjo Hassei Kiko to sono Taisaku)," Asakura

Toshihiro, Tunnel and Underground (Tonneru to Chika), no. 30-6 (June 1999).



QOctober 21, 1999

November 19, 1999 revised
Appendix III: Commentary on GPS Summary

Tsuchiya Jun and Imakirei Tetsuro, Manual for GPS Measurements and Base Line Analysis

(GPS Sokuryo to Kisen Kaiseki no Tebiki), Nihon Sokuryo Kyokai.

1. GPS - Global Positioning System

2. GPS is a system which allows for highly accurate 3-dimensional measurement of the Earth's
surface. For example, if 10 meters error is permissible for cars and boats, it is capable of
nearly instantaneous measurement. In such cases, the margin of error in measuring height is
quite large.

3. If precision methods are employed accuracy to within plus or minus 20mm is possible. This
requires several hours for measuring and the use of a computer for measurement data. Realtime
measurement is impossible. By employing a discrete standard point, building a network every
few kilometers, and determining the distance between individual measuring points, highly
accurate measurements are possible.

4. There are 24 satellites in orbit. Measurements are made using the radio waves from four of
these. Excluding possible interference from mountains, valleys, buildings, etc, there can
always be four satellites in position, rain or shine, sending radio-waves 24 hours a day.

5. 3-Dimensional measurement is related to the WGS-84 (World Geodetic System 1984) value
(related to the earth's oval shape), when measuring at sea level one must be careful since it is
not in principle directly related to a geoid.

6. The "static interference measurement” measurement principle used in high accuracy
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measurements is used in radio-wave astronomy. Just as with measuring the position of pulsars
or quasars, it uses radio-wave interference.

Satellites travel in correct orbital conditions. They have extremely accurate clocks within
them, and each satellite's radio-wave are in perfect harmony. Therefore, terrestrial positions
can be determined with high accuracy (especially when the relative positions of more than two
target points are used).

7. Theoretically it is possible to measure with the radio-waves from three satellites but, in order
to revise cases where the receiver mechanism's clock is not correct, the radio-waves of four
satellites are used. The computer software for this varies with‘the maker, including corrections
for tides and the theory of relativity, therefore it is difficult to decode in detail.

8. As for the West Route Scheme, if measuring only the movement of active fault lines, it will
suffice to measure the relative distance between individual points. If measured yearly for a
numbser of years it should produce necessary results.

If used for high altitude measurements or for the positioning of tunnel vertical lines, as
mention in 5 above, one must take into account the geoid. From the map we can read that the
geoid at the site is approximately 40 meters. However, the chart on page 50 does not include
oval-detail so it is unclear. It is possible that the IUGG 1967 (International Union of Geodesy
and Geophysical) is used but that must be checked.

9. Even taking the geoid to be -40 meters, if the standard measurement method used up to now
is used, and detailed pitch put into effect, the standard will follow the geoid and, barring any
sudden changes in the geoid, should not have any effect on the basic functions of the tunnel.

10. On page 59 of this book, there is an example in which the difference between GPS and
(geoid) standard measurement is 70cm for 15km. It will be necessary to enlist the aid of

experts in geophysics, geodesy, and topography when it comes time to place the tunnel vertical

lines.
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11. There are numerous GPS device makers, software makers, and measurement teams in

Japan. They are also available in the West.



November 3, 1999

Appendix IV: The Estimated Construction Expenses of the West Route Scheme

Water Transfer Tunnel

Long 131km x Internal Diameter 11.10m x Effective Diameter 10m x Gradient 1/3,000

Items Breakdown Estimated Expenses Chinese-side
(billion yen) Estimated Expenses

TBM  11m ¢ x (body+attached equipment)=1,200
ton 144 15
8 x 1,500.,000yen/ton (price in Japan,
+20~30% for abroad including instructor)

Digging  20person x 131km x 80,000yen/person

Expenses (including wage, power, management, etc.) 42 69

Segment 10m¢ x 0.45mt x 1.5mw x 9p

concrete 14m3/m x 12,000yen/m3

reinforcing rods 2,310kg/m x 40yen/kg

bolts 50kg/m x 150yen/kg 89 23.8
seal material 2,000yen/m

processing costs = total x 1.5 = 407,400yen/m

Ground  3.5m3/m x 1.5 x 20,000yen/m3
Material  (internal diameter 11.1m) | 1.4 1.2

Anached  Belt conveyer, ventilation system, railroad, etc.

Equipment 1.5 billion yen x 8 area 12 24.7
Shafts & pits 3 billionyenx 11 33 -
Total Not including: *shipping costs for TBM, etc. 191.8 133.7
sconditions of remoteness, high altitude and ($1,744 ($1,215.04
extreme cold. million) million)
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October 22, 1999

November 19, 1999 revised
Appendix V: The Examples of Estimated Construction Expenses
Estimated Total Expenses

* Seikan Tunnel, Japan

230 billion yen (estimated in 1997) (attached equipment included)
cf. From the Seikan Tunnel to the England-France Channel Tunnel (Seikan Tonneru kara
Eibutsu Kaikyo Tonneru he), Mochida Yutaka, Chuko Shinsho.

* Euro Tunnel, England and France
1,600 billion yen (estimated in 1986) (including international terminal equipments,
carriages for exclusive use, etc.)
cf. Dover Channel Railroad (Doba Kaikyou wo Tetsudo ga Hashiru), Uga Katsuo, Asunaro
Shobo.
* Alps Tunnel (plan)

300 billion yen+ ¢ (estimated in 1998)  (Investigation expense 50 billion yen included)
cf. "Japanese Technology and the Alps Tunnel (Arupusu Tonneru ni Nihon no Gijutsu),”
Kitakawa Shuzo and others, Tunnel and Underground (Tonneru to Chika), no. 29-4.

* Chang-Qia Tunnel
14.5-17.5 billion RMB yuan (203-245 billion yen) (estimated in 1989)
West Route Scheme

10.1-15.5 billion RMB yuan (132.3-204.9 billion yen) (estimated in Feb., 1999)



Other Examples of Expenses

* Geological Survey Expense

cf. Tunnel Geological Surveys and Rock Bed Measurements (Tonneru no Chishitsu Chosa to
Ganban Keisoku), Doboku Gakkai, p. 5, table 1.5.1.

* Aerial Photographs

cf. Tunnel Geological Surveys and Rock Bed Measurements (Tonneru no Chishitsu Chosa to
Ganban Keisoku), Doboku Gakkai, p.12, table 2.2.2.

* Private Satellite Photographs

Econos — Mitsubishi Corporation — Japan Space Imaging (accurate to 1 m)

Photographs in stock 1km?2 Black-and-white 5,500 yen
color 7,000 yen
New photographs 11km x 11km 350,000 yen

* General construction integration

cf. Ministry of Construction Integration Guidelines for Engineering Works 1999 (Kensetsusho
Dommoku Koji Sekisan Kijun: Hesei 11 Nendo Ban), Dommoku Koji Sekisan Kenkyukai.
Construction Prices: October Issue (Kensetsu Bukka: 10 Gatsu Gou), Kensetsu Bukka

Chosakai.
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