2003 4F 1 A T E TR Jan. 2003
5B 1B Engineering Science Vol.5 No. 1

d

AR ARG —F /P AR L

%

+

=4

(BREBEHRT FHEFR AR TANK, HF  850032)

(HE]

FNF R R TR RE AR G AE K LR R RS 3N ARIRER AR, BRE .

HTME—MB_PME, THEEMNRRA—-NKIRE, BRI TBHNBARENARRLL, RERMHE DT
ANBURY RS EERNATHR, HBEAMELT 180~280 m, #MHERE 130~173C, KEXE K
Cl™ —HCO; —Na' 8K, BEBHAMIKSRKIEEHTY, FEBHERNE, FEIHAMEHEREEESKRHEE
WERMEZ R, BEESNBEBKCRIARAME, HPRPE - RHEEER 950~1 350 m, HHiEE 259.6
C; BEE AL T 1850 m IF, MEERFIBEA X 329.8 C, HWHAMAKKRERNRECl™ —Na* B, Sk

A CO, i EFHAML,
(X&)

[(PFES%XS] TKs21 [C#kFRiIREB] A

1 3

ARARRATPEAREAME, 2EEHAE
HHMHIRE =R FEE RN AR, BRREHR
) K 3 4 35 PR 5% T TR LA e AR IR A AR T2 . R
¥Z . gEME, NMEREAEXRWEEFRAHE
71, MAXMHRERSENEARXNEET =K
FHREFHHSEEEENE L,

R (TR R G Sk o 3 B T4 R
OO KA 4 ER b2 1 POR B B AT
PSR MAMMERER T 150 C M E 131
A, H 8 N H BRI BB 200 T, X&EH
R & b 4 AR ZE W RE B R A 48 B R KR AR
N £/ FFRERRE BT C 5 KRR
EREMBHE, HERMEFHEE 252 T, &

1%

[WBH] 2002-07-29

HiEH; REEE RE; A TR
[(XEHS]

1009 — 1742 (2003) 01 —0042 - 06

Hid®ik 329.8 C,

HHEMTE A TR T 1976 46, EEIERH
BET 45 OBRHF, R MR, IR ¥
M R 2 LE A B2 THE. B 42 km? B
A, HF 2042 80 FRFFIMMAELES T 25 04
FEFHA 13 0= 9 H

B 1977 F 9 H¥ENFHEE—F 1 MW XK
LA RB R, Bl 1991 EEHNERET KH
25.18 MW, 4ER BB ATX 1 X 10° kW +h, AT,
HEHRAFEAAANRRMMBEPIAEENOER
MRERR, 21320 REMF LR, KERHERNRE
BENREHNEAHBEN TR, CEAWERA
25.18 MW ¥ H AR ZB LA ER 1T, R,
PHAERAFHROESRES, FAMBERRE
AREHEHEK,

(EE@N] £ F (1953-), B (FHK), BEMEEA, PEIBRKRKEL, Elt, #BRANBBRERHR TR

O % #H, ¥ ARF/FHARLXERERREERSE. AROBHRMAK, 199

@ % #, % F/SAERBEETRTRERR ZK4001 SEH IR E . TR AT A, 1996
@ % #H, F F/HAAREHERMEERILMFRBE. ARBABEK, 1998

@ ERE, % F/OFRETBE K RFTRIFN . 7RG R R A, 1988

©® HER, % WRULAXR. 7RG AR K, 1989



s £

B REREBRRGE —F /G HREBERFE 43

EFERER, 1993 FFHXTHBEILX AR
REZAFRTHERAEM T E THE, HE
1993 4EF1 1997 435145 T 2 OB H . BHEKER
HEARBEBFERRBARE, HRERAAR
g%, AEER. TERESEERSA. HY
1997 4 T 52 H B9 ZK4001 fL, B H ZHEH A
£ 12.58 MW, BHRKSBEF X 302 t/h, H#0
T/ERE 200 C, THEEH 14.7 MPa, BEARE
W &M,

2 WBREF

2.1 KHHMEE=R

BRI R 570 1 AT H B BUR AR R
5LBMPIMEENEEFVNRR, RERIEE
¥RE, MERMNESTEMEGEE TFHTHRKR
B Ay SEsiMBERAE TR, EMERR
B EHE RSB, ESRROAFTAHTH
HEAMGIRERES R SHAEEMmHRES, B
T 7 2 3RV Bl TR A 338 3h A 55 i 5% 9 st B e
BRI RHAER o BIIR AP 7 4 i p g —
EDhmumpH?, A SABARBLTE—FED
PR b P KRR KL R R EZ —,

b2 R A B EE AR R ) 6 B 5 BRI AR
REAME, HEHXTHEH, BEFERN—R
EEREE AR BEROMM. FE, BRI
BRI AR T A E W B BIE R, HEF LR
RS ESE EF, AERMERERSEF

6750 1
(m)

5750
4750 %@,.. A

3750 4

2750 4

B1
Fig.1

BEENMMENRE T MW EMREEG, #
BEDHBEMBHFEROEEABET R,
2.2 FI/)\HFRibRIFE

F A\ 230 R U RE N E RDE L AR B E T &
EHERLYTHARER, RKERTEN— W
i, HEMpERERERAESKWE, LAEL
SEBNHNAERAEERERLGIRERE, mitFEd
X1 B 37 Kk L2 3 S AR 2 s e

£ b A [ B AT B T 2 2 B B R HE B,
WA= Rb g m P .OoBs, BEHELEEN
BEEKMZE=MAE, F2EmMBERM, BN
FHMWE L 200 ~300 mo HEFARUR XD
EIESEIEL, TEAMDZE, 55004 vk i vkt
EHgdt R m i Ny oIl , AR BREEUE
RMEEHIN, BHREFERICE, 1921—1991 £ [H]
4.4 EMHEBY Z4 T 30 K, XEEHEHAE
I\ 235 b B ST EF 5 970 9 00 4 3 T B AR AE

AWEROWENSERETREE R, ZEH
MAPEAMBRERT RS AR, WRFEFEHAK
FHAERAR. AHMFMERZEGRSTEELR
—RER—FRIZ, W EHHEZHEEEM, I
HAEXBHERBA. XRBTHEE SRR
MEH—SEFBEHBNRAMAZE, HBEA, K
RiiEAL, BERRAENBEIER, ERK EEAETIK
BERBENENSE (B 1), A TREMEL
B3 /\ 3 57 B 2 B 220 b P Y K ] T B0 R A X R
Wika e CEEWEER) MHUETRTERY,

r 6750
(m)

- 5750

- 4750

»
J 3750

- 2750

S Rt R

Geological sectional drawing in the Niangingtanggula Mountain

Amn— R REREHFEGARERRE: CARRERADERDPEE K—HEZRTHEXLURES; K,—HERLEEXURBE;
E, M- WHEKE; i—RUBERSE: i—BLUERERE: v—FLURPERE Q- BURDHARBENERE

BT/ SF WG R PO B RS L
WA, HEEN YRR A ILAERIK, JE0hE
FRGURRAKES LK. AERBFOATE
FRGHUREEEEEY ERBA,

REAKRBERT, A RTERREM

O % #F, % AREAFARALXZEBEREERSE. K
Hh B KBA, 1996



44 hETER¥

%55

WMESE, UPEABAR, RETLNME. L
X, HXEMMEAFENABERE, BEKEED
RUHE LB R A AR SR A A AL U X Rt
BUSEMRKBY A E, WAEREERFHLK AR
5, BRESHE LR RR A EME SRR
MR AR, PR . LR X R 2 il A 5
B, R YR TS EEML

P A LR AL PG 1 B TR, R
HERY B ESIHR, EMHEERIFE
R BRI E AR o

3 HAEKAE

REAEENARERERREEROEREE
AFHHKMGER S HEREMRZRRS, FHEE
MEREY, BR—-NKRREHHENS AR
(B 7 J2 PR 0 R oy 300 A O 1 2 000 i D44 B 4 T R
SO R FLBRT AR o BRI P ) $A O A 2 1)
BPELANENBEERIMEE. BB RN RE
B. MEAMZEPHELXMBAEERE S THRA
H—E XS, B RIRUR T .

3.1 RE®E

XHEIEMRERENE N RILBR R MG, H
BRAKMEREER K, REILXAEMER/NIEE
TEHR WAL T H B 2 (8], IR RS T E 4N
14.8 km®, RIFREAMBES S HIE, HRE
B, dbE, RWEEAICE—R R MW E RS
FFAE

WAEHEFEAEM R LT 180~280 m [, WK
24 3800~4 020 m, HHEHBNAWERPEHA
B. VKB RRE . A TR E R . #
i TOU 3 eh T B S 45 1) VR BR 2 UM D JBORS 2 4 L 22
o HBAEEIEA NE DRI LR BT S MK
A, RMHALCXRFREEREUERE . RERHE
WAREE — &7 140~160 T, A AL 173 T,
MEFEINRS, SEKESEED, KEEHRL
Cl" -HCO; -Na" Bk KE, BRBRE G E
BKBATY, BAGHARLBFHKETLE, 5
REHR 1.5 g/L, SEFo(CO,) —MBKF 90%,
pH{E 7~9,

BREREREBMENF BB WEZR, H
HIFREKERAN 12 000 to KA H K THE
BER125~140 T, THEEHH 1.76 ~3.72
MPa,

3.2 REPERAME

GHAE A FREILRX 3630 m BELLT,
RIBEILFR RYILE TR, 456 1R & R 5
WEREW: BRAEAERERANR 3.8 km?,
KHWEEMEE, MRZIAXHREEMES, &
KEERFTHNBEERAERBESES, HL
ERfEE . BBHZE, URBMMEFHEXFE
F-EREMBEE, BE VAR EEHEENRA
wiE. MEEEHNEREMIER S . TEK FEERK
BMBNERE, &0 A 2P0 A 5T
VIR EEAZRFE,. REREAMTBERS, £
EMTyMERKA. RRA. FHA. AKX, &
%y . BHA. B, FA. A8, BrE
2 FEFIR 1000 ~1600 m EERNLAESREA .
Haf, Az 8%5mTyywas, BEHKR™
t, RABMBESM ™Y, HIERIRE 300 CXL
f, SHALEREMY,

PEZEHBMEERE . KK ERBE
ERAEAR, WRABKER, FFHIRETEMAE
RE, REPHEKAXTYHEMREEHK +
b, BB RIFHRKIER.

RIE ZK4002, ZK4001 LG R £, £ N\H
PHERARNEBRIEZ, HPE B2 T
HEKLLTF 800 ~1 300 m, FHiBE 250~278 T; %
“HMEEAT 1800 m, HEEKXT 300 C.

BRE—-NEEEEKXT 350 m, #iEEFH
& EE 251 T, 1997 58 H# ZK4001 L, 7EB
30 min FHAOSKSHBE TFRE, HBOw 0 A
15X, SEEANEL, REMERAHEX
¥, FoTHEEE 200 C, TEENHR 147
MPa, BH KK EBHEN 302 t/h, BHEKBES
ik 12.58 MW, BHRAGEEEALER . mERES
HE. ZHEHEHTT BRI RUE, EHK
1125 m A WBHRFHBE 255 T, BLKRJLKA R
EYHFEARBENZR, BHERMLNELES
B—HM,

FHBBRAKFELRRE Cl - Na" &, 71k
X 2.8 g/L, pHIEN 8.66, FFIETLE Cl. Na.
B SO, & XHFLMBERSE N 85%, <
EABF CO, HEFHAL, HKE N,. O, f H,S
K4k, EMAH HCO; . CI™, Na' | Li*, B %
SRVIBR TRERGE, HBHScAh, viLE
HRE®H 1000 mg/L, C1 5 BZHE2.28~



®1H %

e REREMARE—F SR EEARE 45

2.30ZH, B, TLLAAER Li. BEAM SR
ESrERAERBERATREEERR

BHE—-MEEME _AEEYBEAWER
BREGRAR, HENBEENEST MR, Bk
ABKR S R K5 F bz ),

4 BB

FNFRBEEF LUK, BRI TR bR
A E RS EHARMEEFIAR, ERIIAR
FlAFERTHHMFRAE ., BE. BREFIE.
FAEMZBEMEEENMNES, XELAREZIFE
R, MBEALANRABKARGEED THRBEOEM,
BEE 20 RFBIE . FEATENET. RHNRE
MINRRRE, XRAHREARBR -, TH
BT 3% 77 T SR BT aX — ] B
4.1 RBRFH

1) FNAFRBEATEFE G HETEEMKN
JRMTBL 2 K L — A FK MR HEMAL, ZXBHELK
BURERBABEDRABE, REEAFRMESF
BR¥EREH, ZXBEREMNEREIRAELE, BB
E EH. B, BERRmILESBFEEEKR
it 1 BRI K (it 22 8] 1) 45 3 S8 93 5 1] BRI K Bt 22 T 4FF
W, 3F AL T A UL — 4 AL T B Rk
HW . XFERERRKWEMEMMR, FH
THFTHWAWER, EREREFEN BT
#FA LT,

2) ¥AHFHMEILK ZK4002, ZK4001 R &F
BhHPLILAERESE X T ES 700 ~1 000 77 4 & #)
ERERAK, RALERKEDHNRER, LHE
SHEBHRTREEEERER, REAINZ MR
BREAMEK. ZEEREREL, EEHEKR, &
Wb 2F BB A R S A RIS B

3) REATHBERNRAENAFBBRE
WA 22 km b FE—RKER, THRBENMTER
f, BB AHMBBE (MT) REEH, EEXENHF
REILXERY S km L TFTHFE—HEEN 5Q'm
RIEEZ, N EELHNERRED,

4) RAE R HE BB IR B R, ZK4002 1L
1850 m BAL, FHEATIE 300 TLAL, Habiig
BHEET 150 T /km, #&7E XA BMIEE A 600
~700 CHBE, A 4~5km TRE R AKX EHF
.,

5) BEMAET YRAE, ZK4002 1 ZK4001 FL

£E1270~1850 m HEHHEBZH, A=BFMEA
ZHEMAKREETHES, XETYHRRELE
300CUE, EfTRE K BB (>300 T) $#iFE
BIEBRMT Y, REEXMBRHERA,

g LR, KRR I BN R A B 5 ot
R, EBUESE T 3\ 34 0 R A2 7E B IR A R ml A
B
4.2 FimHEEH

PHBRARXA T EEFBRLRERES S &
B —ELRBEENERY. ZERBENER
GFEKERIRISEL, AEEMRERTRE
e, AW HEEB AT A 150 km, A ESHH
HRLEHREN., THREEARABNEZE =M
HAWZ B SRR, FHFIRMNLRNEE T
RERS. FN\FHRBREPZ—, RIHZB
ZUAE B 30T 30 B 35 3 LK MR AF . B IR ILAT &
BFAMZHEN, REIMEHEERE 1 km, BEEF
NWREHEMRGE. BEE. BREE. BAFMK
WOhAR %, KRB E KKEBKERBEN,
REMERAHREABBHEA . WEFHT, %
HEEZEROBEREHAE S HEREXRYARES
WETRAERXFRENZERBAELNEZKH
HERNERE. FREFAMR, HArEMEES
HWEBRIEEER KBS, MAEFRERKFH
e MR E R E W EEERAMBERARAERS
(B2), EEEFEBENPLEERZBBAERAT, B
WFE AL KIS, FERBEMESERIHET RS
WEWE, MEBTRENEAMUFB T RS
BREHMARBERETRNEX LR, MAXER
Wil THHHRIE CERAR) 5RMBHHFEC
4.3 RFREMNIE. ERBHM K4
4.3.1 4% HERFHREHEZGT, ERERK
MEAGH A —EEXHRER BB T HK
BIKIR &M, RIEABHBTRKE . ERMCEST
HRFY, PKAFARKRIBEK KR AKE AR
BRI FRE, HAMAHBRE 4 400~5 800 m Z[H],
—BEA4860mEL. ZERBELTFEHFELHAE
GEBWERTAKE, 54BETXREBERKRRE
AARBE—H, SHEFEREET (11 m, —K
WRITE 6 000 m LA L, WTRARERE, AWK

O £ #H, HF FNHAHEBHBAEEBRILFFRR
. TR R KB, 1998



46 P E TR

BSE

RE, A—iRFER “BEKE". Bk, AKX
#F ORISR B & H E AL ORE VK . HRK

(m)
5000+

kAl

4000

= ﬁ‘

3000+ L Anzmn

1] ; -
2[4 2
3]
100044 ] 7 [
sLF s
6C 9 [8]12[7]

2000

(=}

Wi B AT ZWIEER, FF SRR A K AT A
Xt R

B2 F/N\FHHAAKAREZHSIEDH
Fig.2 The conceptual model of hydrothermal system in Yangbajing geothermal fields

1—RSAMAK; 2— EFHARK; 3—REHEL: 4—FNRLBRBNAE: S—HELBRBEAM; 6—RBLUE
REE RSB 73R 8—FNHWE; 9—AFAL; 10—BEKEE; 11—EKE; 2—RREE

4.3.2 BAAHRE RFKOER. BRiFEKEB
FEZWNBE MR T ERERE RN
JFAYHE., KENKKEBEWE RSN LB
s iE, B% Tk AR LXK KSRk XS
KEFBBBRE K. T KEENERTIEHR
BRHH—FETE, AEHARTEREKE, &
BAEIR L 12 AW 5 AR A R AT K A e, TR
WEEMRRE, 76— B E NI R EK
WHE, HE—-EMHWERGTHEZE, B THR
KEAMEELE, EREARALAR. EARRKE
WiEH BT, E—DERHANHNBRERSET B R R
. ZXBRACARRIEBEWIE RGN, BA TR,
wrgdem ., HEERERSAM N, HPHEREK
EUVMATHER, AMBETHEHEEL. TZEK
KAMBAKER, FRFBRMEAE EF, BTF
WEEM, RREFERA, kS KEAESK
(I H,S. CO,. Hy) FIKFHR, R RLE R
KAMBREMEmE, AR TERBRESEE. KK
METZMEBE, BAEHEEERTRY &, K
FWEAHA . EARKFED, HFALRE XL
BEMENRDEZ, BRIEZEHMHE,
HHEATRHFE G ELRTH, 3—8Kk3
WRE RGNS, BT KERRX, BAER KR
75, WEHRAGMRS: BXMBRABRET,

JR T KR WX db X R T A 45 B
Fral, MEAHTHK “EEHHX" 8. HX
BE AN R BN B R0 A A R, BT
ok O 1 HER X

B2, IR BT R S | PR
EFREIE, WM KRB fL B ES (B ik
£. B8, TEUR, B, B, Km
AEFAHMELER, HEA 1977 FFRESD
A 20 ZAEREE], T #OK 9 FF R B IR R R X
THK®EEHM S K. Lk, 2BBERMAE
RREARGE, KEFAEBHE IR, dRHT
TEG 47 B 48 3 e LA 3K B T 1932 B F A a0

% & X #k

(1] #& 4, &ep, Zmde, %, fEOeH (M]. L.
Pheg L, 1981

(2] Edwards L M %, BKREF. sRAERFH (M]. db
R MR ARAL, 1987

[ 3] Millo. Geothermal Resources Development In China
(Tibet) Project; CPR/93/X01 2nd Interim Report.
Grothermica Italianasrl pisa, 1995

[4] &&E®, % wrEBEWE (M]. RN PEBKEK
A, 1989

[5] F%EHB-O, E/K-RF. ¥ RHMAM].
EEREBTERBRFREF. LA iR



1 £ . AEEHBHARE—F/F R EEARE 47

4. 1981

The Basic Characteristics of the Yangbajing Geothermal Field—
A Typical High Temperature Geothermal System

Duo Ji
( Geothermal Geological Brigade, Bureau of Mineral and Resource of Tibet , Lhasa 850032, China)

[Abstract] The Yangbajing Geothermal Field is one of non-volcanic high-temperature geothermal fields. The
Yangbajing convective system consists of two reservoirs at different depth. The shallow reservoir is constitued of
loose alluvium of Quanternary and altered granite of Himalaya. Temperature inside the shallow reservoir is in the
range of 150 ~165T at the depth of 180 ~280 m. Shallow thermal water is of sodium chlorite type and mixture
of deep hot water and cold groundwater. The deep reservoir is in a slip-fault zone of the core complex. It is a
veinor zone-shape reservoir. The deep reservoir can be divided into two parts. The upper parts of temperature
2517 is at depths ranging from 950m to 1350 m. The lower part is below 1850 m , in which the measured
temperature is as high as 329C . The deep thermal water is of sodium chlorite type, too. Carbon dioxide. is a
major non-condensate gas in the shallow and deep reservoir.

[Key words] high temperature geothermal; thermal reservoirs; genesis; Yangbajing; Tibet

(cont. from p.37)

The first-two Chinese prototype transmission electron microscopes were constructed in 1958-1959 in
Changchun Institute of Optics and Fine Mechanics, CAS. Beijing Scientific Instrument R & D Center (KYKY)
developed the first domestic scanning electron microscope. According to a survey in 1996-1997 there were 1 921
electron microscopes including 756 transmission electron microscopes (TEM) and 1 165 scanning electron
microscopes (SEM) in China at that time. Of these 1 921 TEMs and SEMs, 1006 were domestic production
(mostly medium- and low- grade electron microscopes) accounting for 52.4 % of the market, and 915
instruments were imported (47.6 % ). Beijing Scientific Instrument R & D Center, CAS (KYKY Technology
Development LTD), Shanghai electron-Optical Technology Research Institute and Jiangnan Optical Instrument
Plant produced more than 95 % of these 1 006 home-made electron microscopes. The first domestic scanning
tunneling microscope (STM) was completed in 1987 in Beijing Open Laboratory of Electron Microscopy under
CAS. Since then more than one hundred scanning probe microscopes of various types have been constructed in
China. The Chinese electron microscope and scanning probe microscope production should be improved and
enlarged to cover the progressively increasing demand of research and development work in China.

[ Key words]  nanotechnology; nano-measurement; nano-machining; electron microscope; scanning probe

microscope; focused ion beam-electron beam (dual beam) equipment; instrumentation
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