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W IR AR, X HEAS Q-t, G-t I RE AT g S 25 S v R TR TR IR TR TR
AH 2 R Gy — Wi )RR AR A ) . A A Q. G WAREAR, i b
THATS 25 AR Tk b V& A B I 5, AR A Tk R 00 0 A B b 50k D BRI AR, T B T )
KIR R TR, —4— Q. G I, & WriripfemthdtiTE . T
W7 T L VT B A R R R B, WA T B T A B R B Bk B Caggrading
reach) & W€ TR W BE T Pl s ok ¢ (dagrading reach) ¥ b i i
PR o B e g 28 Y B — I Z0 0 DL Y, (H BR E PR 4 it v LU E I .

A0 A XA TR B () 8 BEARE R VB K AR & AT 2 AU R ] B I ) P kAR )ik
I ) AR 30, 5 5% A DAy 3K T B AT A v B U AN R O A R R AR E 1 e H bR, IXRE
AT B B R VR T T W o R RS AR TRV T IR IR 20 68 K g g3 B R 3
() 48 v 3 #r o

BT A FRATT AT V6 SR, A S BT A, A ORI B R T B, pR I
A TP (inregime) o E-P#ETWBCH, @A KWW HERL, #1086 K 5
10 ZE 7K A vy P MERR (R VD A, 2 483X 2 g R R 3 B~ AT Hb B, B WA IR AR 1) |
e SE AR o 7 18 e B ) g i U B R R B I T BRI R T . AR BN, BT
H AR L5 1) A B A7 0 R 1) i 0 I B K VD ST R I A . TR B AE e Rt
ik T .

AND oy TR AR R T AG B R (1) SR, pai ko
W ST T b JE T i R s (2) BRAR TR U AR I 1) 2K AR T,
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Fal o B B KW NTIAE T (3) FIWr 1 A AROK VD IR A 1) Bl g - PR RE 1A 4
WG — Bt AT K Jy 0 s B 0 BB B AT Zh PR e, A5 X Bk 10N i K o Ak
Mo thl) 5 T — A LRI UR T (R K AN 22 (PR T T o BT AT 3K SR A R AR [N TR VE T
IK I3 93 e R GE vt 20 Bt (AR A 22 531

IR B S b T D A, O b B AR BRI DU SRR 3 AR A ik
BN W TR, FIAE IR BoAMoe AMTHC BoA, i BEAE RS, A28 v [
SEFEH Ag AT IS, KW WAE Ao db i —E M H—Q KA ML, Wk A IH%
ANAZ o IXFE AT LR T PR VB AR A AR AN 2 NI RE 28 ) ML, T 42 0 0 S B AR Y B A, 2
W) o RXHLAATER A 7RORE R, I T e BBl ) — Ok ge, g TR
HE T RIS, A R R
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555 A 5 6 VT JR B

—., WHRELTEIR

CIB Ao e SIF: W= (s A YT N TV N ol w U PR U HINTITR % O N
Ji A2 P BT PR A, AT ZE KT 9 (degraded reach). H T YR AL AR B AR 1L
HANERA, P LA e SO B BT P () — Bt (reach inregraded). fE NI T 1
DX, anwyn] =Tk bl B — KB, WA R Y B Y% (aggraded reach).

JIT R T ek 4 R I AR G S AR R AR KA . L HER Gt g R e A,
B KR R S8 o, o Bt 25 R IR UA R, R R Bl o IR )

A5 11 DRI 503X P b B b b 30 5 T DR ) 35 AR K SLIR IR T vk A — FEI
B SR, PR R e v O A, O Bk E N AT . BRAESE I8 i X R BUSR
AU R R, B T I LR R PR B B, A BB ALBE, KRR
K, WG AT K. JFREBE: A, fE45E T2 RN B, )
ATV R . 2% (R =R 38 [ AR i B (1) 5% 00 )

FE I E, TE B AU, A EE BRI R, e AR E L, BT
HBCR AR =, O v i, 2% (BT BUR T R

s B =M By . 2% (VR BB 40 iR R ).
(—) HBFE AR 1)t 2

IR T b 33 AR op P R K A, HLAS AR A — T AR s AR s 5 DY AL
PKNHAT A IE N R BB s, HONER A R — J7 F 15— IR VK B Rk 1K
Bl B2 TF 4y o U INF A K U R 4 1 B bt A O N AT B . BT DY T A ok AR K B
BT ARl TR R R RAT W, R i — B . ARAT IR
i ok R ey 7V v NI, R AR LR ORBEZE b, TR Vb B HERE R, DI
Wy e, T E . ER RS T Y R e X AR UK AR 48 5 IR p AR T

£ (Fluvial process).

* 1987 4 5 H AE 4 AT K 2430 VB 5T B oA .
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TS DA TR R, L BN B ke T IR AR W 5 A0 (Facies) . LM
FuRe) 3 LA S HT I s B A . AR I X 2 RS A KU T RIER A YT, AT
fe sy & i ik vk iz % (Glacial process) F15 iiiz#% (Nival process); 7EA 13
Mo ME L REmB kR, efkimaahd 7T XL R (Aeolian
process).

B B R A A B e PR S, R OKAT W, db K, R
ZRUe, BTAR 28 J1 T A L, )R 100 & 300 K ANEE o I HE RS A [7) H 5 AR Y
wh)E, AREVGIEW ARG K. HmRAeRX R, Bl TRk E Rk Y
ok, BIEEECLT, RWEIARE RREL B, Fedbfem oo, 598 7 ¥ FORAT W
RO T E R TE] T R I P

eI b, KURAE HERR Y 4k B2 TR, JC iU S Tl 11, [R] IR JR) 3 E AE A
WEEW A, X, FREIEEEE.

B T Bk B R K LA, B R KA g i SR S AR L Al T i
[ 40 e i3 il Ah, XA R w7 B S0 i AR, RO W e AL B (Subsurface
process ).

IR E YR VAR YT RO R, i R B KR . W R R b, A R T
el 4s, MOMHEKPPdEEFE (Marine Process). A WA A8, A4 i X JT A
KA e FEAEY) LS8, IFAE I B E BOilg iE « TE P

T S AT U P Ji b B P A R ) e B T A e R ) 2 B B
(=) WRESH R

TEFTAT Lk 2 Mt S AR el R vp, — A DAV R vh AR R AR T B K. AE N
TN EE TR SRt O B N T s B vl = B TIPS = D AR B AT A I e 95 LA k- ST TR
Mo ERXFERB MR, M B W58, VB MR E, & PR/
A BRI o X 8 NP i ) OR Y v, DR RO M ORRESE B, BN
T~ Ji 3 il 1) SRR

FEW B AR E S, XA R b T O] B e v s A8 Ja 2 1 3T AR AN T BT AR Y
AR WA, WAL BB P RIS . N RAE P R b B A e X
(R 1 25 Bk e R b 5 AR . BT LA M o s S v A e R kN AT R .
NATT NG 2 - 3 b st 28 m] LLE ) 6200 4F 13 F AT 40 58 A2 v i g Btk o, Bl s 2
4000 4 [/ B 77 AL H P BT X2 P bR B B G OR A T, I B KA
AREE. EOREE, IR RIEE k.
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SCAE M 5 iy Sz rp 3t J2 T B 1K) de sl R A Al A O e i AR T SR R AR AL, R
M T U ) (0 B mT ASO ORR AR PN IV LA T R R SRR AR D) E Bk
RS ODEVRCR ERUAR B ] G s e O LB R IX T B XN SR IR,
AL SR T, AR A A, BN D) E .

A5 B R S0 H b THT A9 452 et B D7) A P el s X VA R R L MR AR . X R R
S5 RN, Wik, fER St B, VA TE SRR 9 B AN IR 88 0 A .
DIRI R R e b i S 2L, AR Ao nan £, AMENRESLE. )5
EEWAE Lo PrLL, wRoE N py AR v 0, R RN R R L
IR 3 A G DL, T O AR L M R A DTSR, B — K T IR W 1
AE 77 o A2 A A DU 4 R S A R FR SR B T E 2 LK R R TR AR
(DRGSR | 2 S NN R S| DS B Y

NRFIH L, A A 2 fE AR bRy Mol Al 2 ik, - 383 2
oo ALK AEAK L ORFE, R IE A KRRl DURCRR T, X e 1. N+
TS [ 20 W A L A TR T R T 2 S AR T O A% 2 S o R R O L
R EAE, e S AJFEIE F AR HET 2R S iE MR R S KGR E A
W, K ORI AMR A PO A Uy W o 3T BLA O, K R OREE X TR iR AN
BN, RAREEKK, AT EATATH (FEILE: CRia B K Jrmg)).
(=D R IC IR IR 5 1 3t 35 36 22

MDY TR R PR R Y U E N B K A, PR VB TR TR Ok, HER R
I, (RIS MU B R AT EE, PO TP e TR AR K K IR T P
Mo, GROKIN Y b T AEMEM b, MR B HE R A5 HARIE, TS K (R A R
TER. BERARSEROK, ER AL R R . A A R AIGE K IR DAV P L R
T RER Y5t AP SN R, BT DA AR DR A R I e, R R O Ak (R
NEM . BRI RE A AR AR XA o AP SRR A R S, AN S TR e
S

HI8 2 Y8 7 A HA) R T T R b A R L, T I ) T HE AT L . S S8 Y5 v Y
AN M, PR R R B R s U R R R SR AR AL R 5, TEAIR
R E) T, BN E IS0, AHIE A AN 2 REMZRIEE, FEEaR %
IRV SCW SRS o SRR, T Y It b (R ] R A3

TXFE T R AT AR 7R 52 BN S 38 o 7K e D e T 38 A 3t v 0, T T Y
ALSCHIEN, B EW RN . R 2 S RIE, 0w 4 F
AL RE R R P VD i o X0 LR AN 9, IR I IO L5, RE ST e Y AN W

50



RO AT B 8 Y A LT T 0 2 0 U 0 . LA
S SR, K R, SRR R T AE A R
T T KB IR B . 9 R L AP R SRR PR s
SR K S T R S T B S T L B BT B
SURDTR T, AR FEL 0 P TR I T R

P LR AT A R A KB, B2 - B B
BUHE(R . 75— 6 TTHI B, S TS s AT A, 5 TF—
A, TE R, KPR U BRI, AR
S R LR B K BT 4 FR B, 2ERE . BRVTL AR, R
VO, WA ST, AR B . S RIR A ROk R I IR
SRR

TN R B AL R K VI 7 SR L
e T, KRB T A, R AR, T VT, AR
OB IR . 1 B Y BT A 2 el S T A A O 4
FIR B T AR L0 3 0 JE M 5000 B e T £ TG A
CUUY 37 115 B 2 3 350 2

S 15 A 13 H 5 o BT o o 3 1 R S R 4 2 R
S, GEAEARE TR B, RN, TR . SRR,
T A, R A B A PR R B AE I o
ﬁ%;mwm$<35ﬁﬁ$%§,awwap5%%,ﬁﬁ~%%mmwwwi
K D S AT B P (DY: 55— SR bt T o (0 FR1 26 ¢ P30 10 7 160
KR I, L3095 6 R . ) T R A o YR AT YR, SRR
KA PAR T Al o 000, 0 VRS 5 S A RAL B P A S5 T UL

S A AR 6 T T AT T K, LT ORI K W
R WVFBEREE (Fisher W. L, 1969) 038, i =B Ie: — I8 /2 59 ] Fii AH
C, DU EUE AT o Kb RS A MR, R L %
R T L 115, SR AR T 11, B SR 02 S R T 37 1
W, RO, WEST . KO CRE T S, KT AR D
BV A B S A B R

*OgEVE: SR B, RSB L B MEN, EEMATP B, AT E L.
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T 7K AT A L ke Rk R e, R DR T O T SR A BE T3 T TR Y
KRR, 35 I ) 2 ik 2% 1 985 N0 S I B o T O DT T A T O, T I BRI
AR N N Bl AN ol W S (R il N ) e IR T & I I 7 R/ P G2
XS Ow, WL Wi AL KX OV 22k, KA. B
VIR g T S =B VA S oo = SR 1Tl 2 I T v B o LI N T B
TEEK AR AR DA . B Uk, R R R, AR5 R R = A, iR
F1J R — A s

T WA L ) A Aoy g = BEe Wil T — 10, 3 b BE s T1 — TIT 9] e ] 1 B,
AUIL — IV AR, i s . Wi 10 st 17T,

TKY BN WL RE R, KRR IR AT o (1) 35 PR K DK 1R 5 0 94 5 K 3
FRTE, A vb 23 AR PR b i S 00 B, 78 0 T D AR R R B ST #2110, 4Rk IR T 7K s
TFREM 2 o (2D 502 W JE I /K Vb 0 N R IR K, DS v R I B R R O 1)
BEAERE . (3D B WIKEE, M NBOR I SR A, I E T SRR RV, I 4 Ve A
DAL BRI Bk 2R T o S P 10 AR 9 25 RN 40 V6 T ek R [T 4 1 e R T B ke
(4[] B i 7K 1R S B 3 T 2K A T 9 Ak v T JEC ) b RN o 0 O ot B 1) 4 V) T
by 5 5% )M R .

T BOK YD AR W R AT 2 By, koK g B R, SRR A %K
AV VPR AR AE M b, TE KT ) B AR, T I 0 4k S8 i I A VR R
MR e, Bt — &b, WER KB — 0, T2, KPP FE
AR, Y ORIE R, A, ROP R Ol R R

H T 1 = A 9N ) I Sl 2 i 0 28 ke (D M R VRS2 A I R AE A b
KRG Z = A0 E (Frif Coriolis effect) ¥R E =AM LR . #i
WAYE DA ACAT R IE R AR AR . B PUSE M Tt (B =)0 (2) g i I KR 4T
=M, mERY, KR, RS RHEY C. (3) W% 3K
IRAE (breakers) Al £, g BN, AR ILAE H & AN WA 80 0 34T 5 18, 7 0
B DY B AR A AT AR Vb ek O, AR A A S e v o R AR A
RV, TR K VP A @ WP Cconstructive), T I K IR 2% o U A BR 1 (1)
(destructive)o W [V AE LIRS FER ) A bAoA A, Hoid R0 %
BARZAE . Buik, =M@ RN, ©—mbnG, — s,
I8 i 1) T b AT g VR U P J
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. KIS BRI R B A M E R R

KALH =0, MDY NITEAT T KB PR IF ok~ 7 I 50 A 20 R, A8
J 3 S b S ST = R B i AT £ A WS S T G R T AR R PR
T R WS 2 w0 Y 12 DAV A U o (= I = 117 L i o W S =l w2
AR 400 SE TR EAE S R A AL E, A LA 4 A0, P ARk 10 K
TG 1100 SF AT ALR I, A AE 25 i F—— R —— 3, PR AR
# 70 K DU AR ACEIRAR, R LA A BN WK, IR
AEdEAL, FLIRREAEK ML 30 K. AR IR ALIE BB . 70 FEORAE M I E BT L £
WA AL AR KFE MR, pA K B B b s R# S s wr Bk, Al
thEm T bl b SR AREE G RS T ITE, XA RN E K
TCDU NSRRI o AR =W KA e, X A SR K, EEa%
Wb, IR 2T RE IR 4

FER O LK K, EE . 8 WERH L R SE IR A A, Bl
ORIAHUILYE it 25 1A A, AN ERRE A IR S PR AL . IXAER
UG B AN 23 PR (R RE 1 R S 2 AR A ML A D )

YRR R TR RS Rl I E R S G S o TR S R RIS N P e <1
AT AWM ARG, @O T R il 3 Bl 25 e A0 A 25 30 B0 Bl 19 1 1D
XSRS AL DL 158 KUK B AR5, HN AT ILE 2Tk, W&
DF ek ANER, DS R A T

B2/ 1D I Rt S N/ T R AR TR SRR B N IEE S b1 0 Rl TR L/ T B U i N 1K i
RS TR i SR B A LA VDR B R, AR IR R, BN T e
BRI OR K, — RO E I — A A A — FACK B B, i = oK JE &
PR 02 Tk, Prag R mRAa W, BORA K SIS T 4a il A
R, BEAE R VDN 2 i A s DR PR SRR AN TR K, R I 28 T R I HE AR
P, E AT A

RIS F IR U, K TR, AT AUIE s W T A, AR
D, XA I I N 2R R B, AN T 40 M 5 e 3 A AT PR . B 0
) 3L e P AE TR K OR S AR AR b, SR AR S 38 08 ) T SCURIR S, 36 Y L
IR AL, AL B %, 28 51 B DU L, iy AN AN IR B ORI

KTy 2 DT Relsfr R0 T4 ikfim. HEARNER, 25 E
. TREAFAEREL, BAREWMBILU &, A GasEs, Lk Fiad
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W E AT AT PR H RIS VAR RUK B I B0 AT SR, R SR, ARy A A i
Vo

55—, AT H AT AU A LR IR B I O REAE AT 2 Dt =k i I
Gt X RO CHORRHERS ST VP ) AR R R A%, DL H R R B B B
IR AL S E K, XA R ISR . H O RO R AR I S A I
YAz R, BMEAALE. R 3= T OO B LA IR K SCu 1 2 4 F 3 1Y
Pk, AR R, SRR S a 2L, HE RGN
AR, R SR IE R AR N — Ry

VO S22 P K Rl ORI U AR B R, ol 2 &b AR A, (HR
HZBANEN . Fral st AE Ll Be, & 3 ol LU 23 A 90 A7 2 7] RY5 8%
HE B, REBEAL, 50 =KL EM BN ATAE N A2 . HUAE U U Al 3 4 A8 K
BV, MK RV R 2 . T I A R R S S ARy, WA
CHEAE I 2 R v R p, R NG, W LAl . X iR Al RV B A
oy, FERPEZ A, KB — RO IUHE Y, i TR AR 2K P R S

F—  RKYL/AKCuHT 1954~1981 FEMA M PR ER = Wb E (B

IR 3Lk P CEPO | B (YD | 'E | W | KE GEBD
ﬁﬁ? 86.65 (8.30) 100.55
iﬁiﬁ;ﬁ 11,100 (1,560) 13,800 | 22,260 28,000
ﬁ?ﬁ%’? 4.65 (0.313) 5.35 4.31 4.91
ng&fﬁ 1.32 (0.637) 1.229 | 0.614 0.557

B, X e PUARAE K R I 1R BN AT e vb, fE N BB AR ) B g AE, it b
filf VM, PR ST, BV KA A m, Rz I R U, R AT i
i 12 2

AR S R R B R DR VAT DR T AL (TR B . A HERR R R, BB 3 BTk
(aggraded reach), WA RUKE HEAT 21t 0 50 BES B s B2 35 TP#5 89 (in regime),
T FRCKs A 1) T 52 D ke TR 3 B s DT BB i R PR I, BRI BE ¥ (degraded
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reach), AR H AT — B 5 45 1

M EFRWLLEH, B E 2N H LB F b & A 5.35 w3 4.31 {2mi, 3]
B MER ) o PO BUR KV R G AR, T ik DUS 4 R 2 HERR 1R, Pl
SVLE A IRA R EIE S . PR CERD BIE S LB b i N 4.65 38 0 2
53544mi, N LEARBEZ T 0.70 AMifEAE, L A 4 d K SO S Tk VD &
A 0313 {4, FF 0387 AAMEREAE, FEEXNMMBMAYDE, LEEN. £
I H KT 0.387, Wl B HERAMERY s /T 0.387, W@ pnl L, St ZE UK D,
TRAEFIWT, BN IX — KB TP 0. & 1 8 PR LA b 1 S 0 8 M 45 Il g
WAl R, HUBE A TTIE M B K oK SC kKA R 2R Ok RSk . TS AE B,
MR B T REAS TR L, Ry AR BRI . 4 T IV H U 1 O A R B K
Wbt BERI T r 2 —, RAFEWNAMLLARTE, WHERBIEHM, JLHIFY, AR
W0k, RWAER, BES B SR e R B, T A BT S I8 ek A BT 1 2 A
.,

PR B B B AT TP A, AR R K R i 4 U FRCKS ) B e AR, R
PRWTRE S = 2 /0, VRPN . b B AR mX 4 2, TSR DY), A
FEul .,

A0 BN A RS o Ve v K IR A K B R o, BN AR, BHOD R ABCRCOR, IR FUE
5 1) T 4 L e B DA O A VD TR ) S BE, DRI G A B AR A T 2,
Jodt . SRAFIR B IR D, P o BT S A R T BE, AR AN P 4 i

X R T KL = e R ™ Y G —

A RNATHFE A T R ARLR L, WEWKE LR A Z, ERFhRESW
YU . X R R DB ERH, AR KRB A 78 ) 2% MBI 1 iR AR B e |
RN, HeHaeet, AfeE. RS, diannEy, wRE
o G H Y RIE M R IE A TS, R S TE R e AT R B, )T S AR 7K
HWLE, MY AZE TS, LR EBEAL, KRR S&WES L. H
N A WA — AT R R e O R L, ARG AT e, RIS, PR AN HUG & 2
HET.

6 VY 1 725 b 1) 300 %5 45 S Wk 1 B 2 B0 50 45 48 1 DX m) DUAS g K v R K H s
0 A PR S VU F O o I L B A 2 R A T A I R G, {HL TR S IR I B AR B
WUR N WA 1 &, WA SR B E . HIRs A DL, %k
BN o TN AR AN, R DR 20 S .
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=, REHETSREKIRIE

wmE

AR SCARE A3 VU R BT B SR LAVA B R, Al TS o BT DL R 2
—ANBERB =MW, AR BCA AN RIS A LA TURAR ST
AR — N B 2eig i . AR R, AIRZ — NS B AN, 721X
T 3 RV R DB R B T S AR AR AR R AE TR L, TR A e S AR
LGIEW], AR W7, BRAMINAERAZ VA, AT RE SRt . A SCHE 325K 4T T
RBEZAIUAH T, BRI, W5 U7 LRI W T K SR i~ Jat

XA J7 W AE DY 5 T AN ILAT M AL s — REEK B OREFEL ¢ R8T YRR
TRREAE N P BRI = BT A LRI, AR FE R,
RV s DU AR = TR B W ARAE QR S5 Al B N R R I .

WA B, SRS I, T E R, HIMARRI . IR, SRk
MO, 38 K e MRBUR N SE, RRAE, (H R B 4E P 23 T K
RN, 3R WG, A SO e G E BME P R SR IR, AR liE . &
ESEorig. BAHER, DIRIEHME—mArdk. HA —&AGH, MafEk.
BEREW, AT AT

PR B R B AR T OR R REK, RSN B TE s . AIERUTR . BRI
] A0 P BAT KL BE BT o R S A B R R A = A, W B ECA o R U
I VR IBUR IVF 2 WK, O IR AN P T KR R

P 75 3 Tl AR A5 I R 1) =y W 4k S8 1 R AROK VP i, AR N e —
JE BEARSE E IF AR AR o B — BUVR AR JE O R KR 1 R L T RE Bl R, 3R] A
M S B S E AR . EAE - KRBOR BRI Z RS R N, W R
PAE ) AN 0 P e NS S DYV W R (TR S S NS S 5 W R TR VT D
PO R ILTIRAT R AR AR o BEAE I REATRE, SRR WY, KR #e>
I8 7 S AR, T A 90 Al TR PR v 32D, 3K DY A it DR AR BT 9 SRR

XL Y B Y Vb A8 S E 2 R TR A 2E L HARBE P 1L BT AR B U A A
U AUATAE =M b =S DIBRAE R D 0T R, M RS 5% 10 5 HE AR, 1T b B AT K
OF AR K E, WARE = T s o~ B PN w3 AT, AT
FENFGE SR Z )G, FeH O, HRMEE T WS UN, @R EE O, it
AR T o AT DB, TR RAESNEE, A AT R A A B = A
P T R
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FEIXHE IR S0 48 AL A A AME TR %, I AROR B . a7 B I e A
R ARG VD A, BRAR DY LB RE S KRG PR, AR TR B 3h dE AN, 2
ANTTHE ) 03X 48R I 27 B AN B PHUR T 2000 0 R R A R K B e ok o) M
(K1, s T BLS AN R A S o e iUe A Y, S AE P IR AR A
Jevb R HE” MIBLAR, NN A R K N IR 45 F A e VbR R AR S5, A ik
PR o X R AR B T H AT SR T R K L SRS AR dbKE A AT ELSE . D
oK 2R b A BN R R TFRZ SRR, KA HTIE !

A BB =M, BAARDRRPN, 2, HMEFR. 7R =K
MIBRVE . B EIFE P JE D, B Je WL HAG R I 2 M0 o B o I 6 45
L30T I IR 2R R I BN ERT, AN 208 7p i e . FRATTALSE O TR s e, A
PV, A E, (HIXFE U TR A o B 2 IS B, AR Y
I S B AN B B Sk, B RUSE R RN RR 4 AR R o SRR T LR A
WK T 24K, A I TR et 1 AV AROBE SR ], RE A SE PR L K Vb o U, B Bk
ZEAOD N N 5 R ) g P > 17 o P 7/ DB B B R LB S B DA
MRk, BEEEI i — R

I AALE K 7k, AR R . TR R SRR TR . TR I T
72 5 KL b, BES IRV L il B S vb A, VR O, A K e K .
BEPEZRRE S, K I K& Pilt EE RO e, A g el vk, SR R A
BB EL, IFA A R S, AR R, . i,
MAERICARZIEIE, BB WA K. AWK, HLE W

I3 UL e U U RN IR I, W AR R, A Y R
WERG T3 o B OBOK BN TR AR — @ AR YD WA, 55 1 8 e 1 T2 i 3y — + oK
Jedi o IXREALETE I ME, T U R0 DURIRS o 2 KN AN ABEME, PR i £
XFE A AKYIIE, TP AT . DUAE S R AR VK, BB 2 I ROK, Bk
W e, 2 TAs R, HLEE . 2ZAEEEET- I 300 1275 K Be WA HE BB K
BB R AT, A8 K W B A AEHK . T4 BMPOKAML eI EF, 12
KM 1254277, BRiB oy Higsh, & o T N5 a BB, I K IR —
P K, I JC T M B L B

FE =Sl Bt in @ K VI, VAT IR K, KRR T AR, AT S
BOM M M, se4ab B, XTI, TR, RV MM, JFATE. el
ARV, BT ERI LI UIE R R R S AR R, AR A 2
(1o 1933 4 LR R A K B OR R 2 B, G 2 1R W] Hd 48 5 1 5 2 B 1k
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TS 6 by T R R R B ) Nk B AR k7, A BARAR . d%
B R ELRE RS C VAR L, R N s KRV, L e TR e U
Wit = TERKBRAR IR, LA “ B8 WAL .

N T WAREE, S T REERE, STHUE U LU K, R . NRIK
ST IE K PR B, E K RS 52 g G DA BT 3 iR (0 = K EE R
60 (WY vy, H o BWivhee. Mot =1, AR B 15K, AT 16
Ky ZEHEYD, B RN A 1 DAk FERIVEZE AR G, A s g /N R,
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ON THE RELATIONS AMONG PRECIPITATION,
RIVER FLOW AND WATER RESOURCES
Huang Wanli
(Tsinghua University)

Abstract

This paper points out the relations among precipitation, river flow in hydrologic
phenomena and the water resources utilized by mankind; presents a formula for
determining the quantity of water resources and argues that China is endowed with
the most abundance of water resources in the world which meets the comprehensive
requirements because of the appropriate distribution of time and space. This is
against the state published data of 2.7 X 10"*m® for the average yearly quantity of
water resources considered to be in short and unappropriately distributed in time and
space. The problem is worth while for public discussions, as it affects so much the

tactics of planning in hydraulic engineering.
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The Velocity Profile Formula along Section
of Open Channel Flow Determined by the Law of
Maximum Rate of Energy Dissipation

William W.L. Huang, M.C.E, Ph.D.

Professor Emeritus, Tsinghua University

Synopsis

This paper presents a formula of velocity profile along section of open channel
flow determined by the law of maximum rate of energy dissipation proposed by the
author in 1975.

The analysis partly follows the mixing length theory for turbulent flow in that
the length 1 is a dimensionless multiple of the depth y of the level of flow line, but
replaces the Karman constant k=0.4 by a variable n=n(y) which varies from 1 at
the bottom to 0 at the surface of flow. The total rate of energy reserved in the section
shall invariable be a minimum.

The calculated velocity profile by the proposed formula has been checked
precisely by the experimental data measured by the U.S. Geological Survey in
Denver, Colorado. The discrepancy of results in using the Prandtl-Karman formula

with the measured data is manifested in comparison.

Recapturation of Historical Development
Early in the 17th century numerous Italian and German engineers curiously
believed that the velocity in a vertical counting downward from the surface increased
with the depth even comfirmed by fallacious experiments. In 1848, Dupuit developed

from theoretical consideration the equation

82



“u —(u —u VY
u= umax (umax umm{ h)

Until 1858, Bazin, an assistant to D’ Arcy, developed the parabolic curve of velocity
profile from results of experiments in the middle of a natural river. The equation

proposed was

2
ol
Jhd h
in which u is the velocity of flow at the depth y, h- the maximum depth, J — the slope.

Later, Pressey, in America, Jasmund and Bolte, in Germany, improved the
Bazin’s result of the constancy of the value 20 by introducing the effect of the
roughness of channel on the increase of curvature of the profile. R.Jasmund (1893 —
97) examined 445 velocity profiles based on his observations on the Elbe. He
proposed four types of curves, i.e., parabolas with horizontal and vertical axes,
hyperbola and logarithmic curves for trials in fitting the data, and concluded that the
latter was the best fit:

u=a+blg(y+c)
where a, b, and c are constants for a particular stream.

Not until 1883, when the essence of turbulent vs.laminar flows was fully
understood through the works of O. Reynolds, different formulas were developed for
the two regimes. The Prandtl-Karman semi-rational approach to the logarithmic
formula for turbulent flow has been popularly accepted.

Nevertheless, the distribution of velocity along a vertical of flow still remains
void of reason. The subject, however, is of wide interest to hydraulics in practice, so
as to answer the requirement of verifying the Prandtl-Karman formula; as well as to
the mechanics of sediment transport which is closely related to the shape of the

vertical velocity curve.

On the Inconsistencies in the Prandtl-Karman Analysis
L. Prandtl and Th. von Karman have successively developed the mixing length
theory and velocity deficiency Law of turbulent pipe flow by coordinating theoretical

analysis partially with experimental research. Nevertheless, these fruitful results
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remain with inconsistencies in both theory and practice.

Firstly, for a definite shear stress 7,= yhlJ, the effect of wall roughness is
assumed to be only limited to a shallow region of viscous sublayer adjacent to the
wall, while the velocity distribution in the turbulent core is assumed to be identical
for all conditions of flow.

Secondly, assumption has been made that the turbulent core velocity curve u~y
joins abruptly the viscous film straight line at the point of depth y = 6 =11.6V /us,
where u« is the shear velocity and v, the kinematic viscosity. This is far from truth

as shown by many recent velocity measurements close to the boundary . The slopes

du
of velocity gradients d— for the two regimes are radically different.

Thirdly, in computing the average velocity by summation, the effect of flow
within the range y< 6 is entirely neglected, which is reasonable only for the part of
thin laminar film, but is not valid for the part of turbulent flow actually existing in
the hypothetical layer y<§6 .

Fourthly, the expression of mixing length 1 = ky = 0.4 y is not true even near the

u. .
flow boundary. From the Nikuradze diagram of uy/us~lg — D, (u, — velocity near
14

dlg™ D
V

du, /u,

bed, D — effective diameter of bed particals) it can be seen that K =

varies with different D. Other Nikuradze curves of 1/r,~y/r, also show that the slope

dl
d =K wvaries right from the outset and throughout the depth of flow y = o ~ h.
y

There is no such universal constant k = 0.38 =~ 0.4, exists in nature. k=0.4 exists

Y po092,
\' \'

=7.8 where the

U.
only when lg—D =0.4
Vv

straight line tangent to the curve. As pointed out by M.S.Yalin'”, at present state of
knowledge, the exact form of the variation of 1 with y throughout the thickness of

the flow is not known. Hence it is not reasonable to leave k outside of the integration

L L,y
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The Law of Maximum Rate of Energy Dissipation
The law of maximum rate of energy dissipation (3) (4) was proposed by the
author in 1975 as the second law of contimuous dynamics as an addition to the St.
Venant conservation laws of matter and energy as the first category of laws. Only by
simultaneous application of both laws, may a dynamic problem be solved. The
corollary of the law in applied hydraulics is the Belanger-Boss theorem of minimum

specific energy. The law has been proved by means of variational principle.
The law provides that the mean velocity u, and depth h of given constant flow
shall be so distributed along the flow in x-direction that the total loss of head

detween the two control section x=0 and x=x. is a maximum, i.€.,

2
x U
j "_dx =max. (R-hydraulic radius~h) (1)
°o C°R
2
Then, among different combinations of h and 2—m at the control section x=x,, there
g

is only one such that the total head representing the sum of kinetic and potential

energy per unit weight of the fluid above the channel bottom must be a minimum,

i.e.,
2 2
u—m+h=u—m-|r£+y=min (2)
29 29 7

For any section x other than the control, with given values of u, and h
determined by backwater or drop-down curve the values of u and p, shall also be so
distributed along a vertical that the rate of energy conserved is a minimum.

This is the law proposed by the author to underlie the means of determination of

the shape of the velocity profile along a vertical.

The Tangential Conjunction of the Turbulent Core and Laminar Film
According to the contemporary mechanics of turbulent flow the shear stress T
at a level y is composed of the laminar part T, is due to molecular viscosity Uu

and the part due to turbulent fluctuations 7,:

du ,( du ’
T=T|+Tt=,ud—y+,0l d_y 3)
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the laminar part T, is significant only in the laminar film and the flow in the
turbulent core can be considered to be independent of viscosity although the
macroturbulent eddies do dissipate its energy into heat through overcoming of
viscosity.

Introducing the expression

T z'0 y y 2 y
—=2o1-2L|=ghd|1-L|=u?|1-2 4
p p( hj : [ hj u( hj @

We may solve Eq. (3) and (4) simultaneously:

2 4
il ) ()
2 — J—
ld_u: uf(l—lj+(ij —lzu* -1+ 2l _1 A2l +A A
dy h 21 21 h 2( yj 8 y
1-= ul

)

after expansion into series, which is convergent. It can be shown through numerical

examples, that even at the conjunction of the two flow regimes, V /21 is not

significant when compared with u«, so that we may write

du y
—=U,,|1-= 6
dy w/ h (6)

Let 77=77(y) be an unknown function of y to replace k as a constant in

Karman’s hypothesis, such that

=y, 17 %)

Combining (6) with (7), we have in turbulent core

du u.

- = (&)

dy 7y

On the other hand, the velocity profile in the viscous film is a straight line with
a gradient

du 7, u’

==t ©)

dy u v

Naturally, the curve must tangent to the straight line with a common gradient in

order to be continuous. Thus,
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n=— (10)
At the depth yo=V/U,,n =1;

u,/y,=uz/v, u,=u, (11)

0

This point of conjuction of the two flow regimes may be taken as the initial of

the velocity profile at the bed. It should be at a distance Yy, =V/U, above the sand

bed, or approximately at the top of sand bed, since y, is too small to be measurable.

Derivation of the Formula of Velocity Profile
The velocity u at a level y from the sand bed along a vertical may be integrated
from Eq. (8):
y dy
u=u,| —2+u, (12)
Yo~0 77y
in which n is an unknown function of y to be found.
The problem confronting us is that besides all physical and boundary conditions,

the constant discharge Q and the surface curve including total depth of flow h and

slope J at the given section of flow are all given, it is required to find the velocity

profile u~y along the vertical of the section. Since U, =,/ghJ and u, =Q/Bh

are known, from U, :u*C/\/E, the Chezy constant reflecting roughness of the

boundary of flow is also given.
Evidently, the u~y relation must satisfy the requirement of total discharge Q

after integration, i.e.,

Iohudy:umh:Q/B (13)

Among an infinite number of such u~y relations, there exists only one relation true
that obeys the law of minimum rate of energy reserved |§f in the section, which is

equivalent to the law of maximum rate of energy dissipation:

&= [ (ﬁudy)(;—g+§+ y]
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:ﬁjhmdy—th:min. (14)
29

. p h
since —+Y=h, and j Budy =Q.
}/ 0

Thus the problem reduces to one of finding the function of velocity distribution

along the vertical such that
ho g .
I u“dy = min. (15)
(0]

whith u=u(y)=u(y,n), where 7=7(y).
Substituting Eq. (12) into (15), we have

J.Ohu3dyZJ-Ohuf[J.Oy%+1Tdy:min. (16)

The equation shows that the required condition of minimum holds for any
multiple of u, i.e., u=ku,, as U, =+/ghJ is given, This offers a method to determine

the absolute values of u so as satisfy Eq. (13). Let us change u to u, in Eq. (12) and
(16) for the time being:

Iohu3dy:kjohujdy=min. (17)

According to the variational principle, the Euler’s Formula provides, the

extremum occurs at

ou
u; —2=0
on
since U, # 0, the minimum condition is
0 pvd
o pdy
on o 1y
The integral equation is solved through the following processes:
din 1 d
LIRS A
° 7 nydnp

(18)
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diny d(diny) diny d(dy*/2)
n’ _d(n2/2) d(n2/2) d(772/2)
1d(*/2) d(diny) d(dn*/2)

2 n*/2 diny d(772/2)

2

%mnz /2 =1In(d In y)—ln[d %j+ InC,

1
2\3 2
[’77} d(”?] ~C,dlny

3

2(n)2 c
—|=| =lny" +C
(2] -mye vc,

3
T —ny% +C, (20)

342

The 7 ~Y curve is fixed at the two ends by the following relations: At the

water surface,

y=h, 7n=0, u=u__ (21)
. . . 1y :
This is seen from the Nikuratze experiments of — ~-— curves, although 7 is a
r‘0 r‘0

little over zero when the Reynold’s number is high. M.S.Yalin (page 31, (2)) explains

that when approaching the free surface, the turbulent fluctuations will be dampened

. u .
so that 1 tends to zero while — is not necessary to be zero.

y
At the top of sand bed, we already have

y=y,=Vv/u.~0, np=1, u=u, (11)

Thus, by substituting Eq. (21) into (20,
Inh® —C, =0 (22)
Also Eq. (11) into (22),
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where R, = u.h
\'
1 y
- din®
3
Ya_ y9x+1:(m¥ijy h +1
u. ©ny R.)

W

—(1+1.5InR.)~1.5(nR. );(ln%j

To find the mean of u,,

0

1
.IIT.: hJ‘0 U.

To transform u, back to u in order to satisfy Eq. (13), we can let

a
-1
u—u. U.
T e i TS
m * am _1
u.

2
3

InR. —(InR, )é (ln yj
u= (2 - u*j h
B ) IR, —(nR.)iT(5/3)

. h3/2 J
in which U, =/gnd . R, =N _N7VO) FG] ~0.9028
Vv Y

+ U.
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“"Yady=(1+1.5IR.)-1.5(n R*)ijy(—
(ln

=(1+1.5InR,)-1.5(InR, )%r(5/3)

(23)

(24)

(25)

(26)

(27)

(28)



2 2
u=u, +(g—u*j(ln R*)Z(ln y/h) (29)
Bh (nR.)s —1(5/3)
When y=h, u=u_, = C\/m 5 ?hJ (30)

1-1(673) fn g3 (i gha } /r(s73)-1
When y=yn, U=U_, (In y/h)? =T(5/3)=0.9028, 1n(%jil =0.8578,

y,/h=0.424 3D
which is the exact location of the mean velocity u, along the vertical of profile,
while the conventional stipulation of measuring u, is 1-Yy, /h=0.6=0.576
downward from the water surface.
It is seen that Formulae (23) and (29) without any empirical coefficient are

derived from purely theoretical analys

Example
Data from “Summary of Alluvial Channel Data From Flume Experiments”, 1956-61.
U.S.Geological Survey Professional Paper 462-1, 1966.
By H.P.Guy, D.B.Simmons, and E.V.Richardson.
Run 1. P. 162, 163.

Slope  J=0.00034
Depth  0.58 ft. = 0.177m. from bottom of flume.

h=0.535 ft. = 0.163m. from sand bed.
Width B =8.00 ft. = 2.439m.
Discharge Q=3.42 c.£.5.=.0969m%/s. ~.984m’/s (from pitot tube measurement)

q=Q/B=0.428ft/s,=0.0394m"/s.~.04036m"/s

Temprature T=13.6°C
Suspended load = 0, Bedload=0.000032 Ib./s.ft.=0.0476 t/s.m.
Bed particle size = 0.643 X 10'3ft., D50=0.000196m.
an =3.42/0.58x8=0.737ft/s=0.225m/s
Mean Velocity, actual, U, =Q/Bh=3.42/0.535x8=0.799ft./s..

=0.0394/.163 = 0.242m/s
91
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Mean Velocity from pitot measurement=U_ = guAy/h

Shear Velocity=0.080 ft./s=0.0244m/s. for h=0.177m.

04036

1
Shear Velocity actual, U, =(9.81x.163x.00034)2 = 0.0233m/s

Kinematic Viscocity V=1.28x107 ft*/s=1.19x10°m?/s.
Shear stress at flume bed=0.012 1b./sq.ft.=58.6 X 10 °t/m>.

Reynolds Number R=328, Shear Reynolds No.=

Froude Number F=0.17.

1 1
Chezy C./g =9.3ft>/s=5.14m?/s.

Manning n=0.026

Bed configulation, ripple.
The curve fitted u=0.47 1g y+1.15 ft./s.

=0.143 1g y+0.425 m./s
=0.3124+0.0621 In y/h m./s.

Original Data from the U.S.G.S Experiments

SEDIMENT TRANSPORT IN ALLUVIAL CHANNELS
TABLE 12 — Vclocity-profle data for 0.19-mm sand in 8-foot-wile flume

=0.248m/s
u.h _R, - .0233x.1i3 _ 3192
v 1.19x10

(The lateral section used for measuring was 95-115 ft. from the headbox.

w.s.-water surface)

2.0 ft from left wall of 4.0 ft from left wall of 6.0 ft from left wall of
flume flume flume
Run Distance Velocity Distance Velocity Distance Velocity
above sand (fps) above sand (fps) above sand (ps)
bed (ft) p bed (ft) P bed (ft) p
1 564 w.8. .535 w.3. 523 w.3.
2 .547 .88 .506 1.15 492 1.09
3 447 .76 406 1.07 .392 1.09
4 .347 .76 .306 91 292 91
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The Fundamental Formula

Computation Sheet

2

(InR.): - (m :]’T

2

(InR.)s

~1(5/3)

93

5 247 .68 206 91 192 .84

6 .197 .68 156 77 .142 .76

7 .147 .58 .106 77 .092 .80

8 .097 .52 .056 .52 .042 .76

9 .017 .52 .006 38 | |

The averaged velocity profile of the above data
Run 1. G.S.Prof. Paper 462-1, 1966
By Guy, Simmons and Richardson
y h y/h Velocity,(ft/s) Ay u e s
(ft) (m) lzeff“tt Middle 16eff‘:[t Average Interval | (m/s) y
.535 163 | 1.000 | w.s. W.S. | W.s. 1.03 .004 | .314 | .00126
.506 154 | .9450 .82 1.15 ] 1.10 1.02 .020 | .312 | .00624
406 124 | .7610 76 1.07 | 1.09 .97 .030 | .296 | .00888
306 | .0933 | .5720 72 91 .92 .85 .031 | .259|.00803
206 | .0628 | .3850 .68 91 .85 .81 .031 | .247 | .00568
156 | 0476 | .2920 .60 7 .78 72 .023 | .219 | .00328
106 | .0323 | .1980 .53 7 77 .69 .015 | .210 | .00315
.056 | .0717 | .1050 .52 .52 77 .60 .015 | .183 ].00275
.006 | .00183 | .0112 .52 .38 .40 .009 | .121 | .00109
% =.0394 = ZuAy = 0.04036
= 09 sy ~u, = 2UAY 08036 e )
Bh .163 h .163




Computations
up-ux=0.248-0.0233=0.225

2

InR, =8.068, (InR.)s =4.023, T(5/3)=0.9028

2
U=0.0233+0225% 1023~ (Iny/h)s

4.023-0.9028
2

u=0.313- O.O720(ln%j3 ---- The proposed Formula (1)

u u, y
The Karman Formula: — =2.5In—Yy+55=55+2.5InR, + 2.51nF

U, \'
u=0.598+.0583Iny/h ---- The Karman formula. (2)
u=0.312+.0621lny/h ---- The fitted formula. (3)

Results of Computation and Measurement

y Y mL | anLys | ud u@) 322 u
(m) h h h proposed | Karman’s fitted measured
0.163 1.000 0 0 0.313 0.598 0.312 0.314

154 .945 -.0566 147 302 .594 .308 312

124 761 -.2731 421 283 582 295 296
.0933 572 -.5586 .678 264 .565 277 259
.0628 .385 -.9545 .969 243 .542 253 247
.0476 292 -1.231 1.149 230 .526 236 219
.0323 198 -1.619 1.379 214 .503 211 210
0171 .105 -2.254 1.719 .189 476 172 183

.00183 0112 -4.492 2.722 117 336 .033 121
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Conclusions

The example cited from the U.S.G.S. experiments shows that the results of
calculations by use of the proposed formula of velocity profile derived from the law
of maximum rate of energy dissipation are very close to the measured data, even
closer than the empirical formula fitted from the data by correlation analysis derived
by the experimenters. This is because of the presence of the theoretical exponent 2/3
of In y/h is rational and perfect, while the fitted formula is just empirical.

Results also show that those from the Karman formula have not been verified in
the example, inspite of its popular acknowledgment. The reason probable lies in the
existing inconsistencies previously mentioned. The present analysis also shows that
the mixing length-depth ratio n varies from 1 at bottom to o at the surface of flow.

There exists no Karman’s universal constant k=0.4 even near the viscous sublayer.
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TARAE A AL AR, AA&AZ VIR ), tis g A AR ), WA AR ),
TRMAKAGEIE. (3) B3P MREIEE G #3) (translation), BE G e ¥
(rotation) B 1253 (turbulence), WL L J5 AT (deformation), G
3 (vibration) WIS . ik, B0 A% Ui (Bernoulli Theorem) #f: H iz 3))
J7 R A AR A RERE— T, 1M SEBr BREAE A SRR LR K — 8. P LA,
28 WK B g 27 BR AR BOK AR A W] Hs 4 i AR T, e i 20 3 ) — A A 5
Fox Kelvin BB /DEAFRE R Ul . S B @ gh e Ui, & e Ly &
BB N J7 BB OT o X R EE 7 BB M %) B K R Y AR e, R R IR /D B e A
Refifi /7 3 E A, WA ANAAENR . P LLE M) 2% L) 82 77 142 FE 3)) J7 R 6 A AR
AAN & T 5 B i R 43 A

TEZRF)EH, BIRFIE T 0 e 4 FREFE I A7, H i T A [\ Iz H 35k
AE B O B A T IR, DR A7 % 8 B R U RV E FE REAE AR T, T LA AR
T A B2 IE A 1) 827 RERZ ) 7 R, D5 AS e W i 5T s R PR A R GG B
(1 73 BT o

RN Ky B, M dE i . ARSI W, T T U0 2% i 4 o ) 3 R A
FURIVE RE AR Bk R 8 n B0 C AR & 4% M 1 1858 VR i 208, AN w] B4 BLAS 1B 1 1)
REFE, MR ABAMRY . EShr B E, 4 R =417 & NiF
P e e S AU, ] 2E 4 g 7 R 23 B IR T8 5T R K g R, R AN S S BRI

2. AR EATIRE, AU B, EISERKR I E T E, ARTRE A b
We AR IK Q~t, & B In) T U 4% 2 4 w9 7 R 4 55 & W i i K g PR o BRIVARE o)
EBIA, Q=W WA N EEHIEN H~Q X RE A In Rlifik & . MEE
W HAE AR T C81 LHERKE Q~1t BERE, AN Joi A5 % [A) I 72 T Ui 42 1 &b
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(K1 Q. X HLFF 5 18 2 2 A% 3 (K A T o i 42 4 SR A R I R R I, DA

o e T . ok, 1O M i P Ry,
ot OX ot OX
oH oH
—o| g 2L
Q Q( o axj

AT R S X A A X LR T HNE R B ) B ae, 2208 H
A AE I & AN [F) RS 26 R FE B RE o5 Wi 7 L CGRIGIF R SRR B B S
wE). 1991 4E 4 H.

3. FE VRS AR R R 0 L, TE R PR S Be AR, 7R A R R R 50 R L
RNREIT 4, AR R T B — i Rk, e IKBEA & 2,
AR ZE R K. A S e N B AL LR, K B RSO — 38, )R ¢ Al 4 S
JS ) R . R 2 AR T RE o BE el Wy ik, AU R — BURRE AR 3 Ak,
Beor i BOR 5, BRAEE A R T E A
) 0 B W TV 7K U BRAT 43 BT 3 v A A 1R 8 o 5

B R 7K A T 1T b % R AR I R T AN AR R IR, — RO R K B L KR
KARZ, o K G dee P, Rl RO S 0 o5 1% . B e BN & A b, A
(1 38 £ v 2 THD U0 3 2 PR 0 O A [ S, LU R g s A R AR ), T
THUER 1 11 5T AN TRT R B 1 A A 7 A A i ) R PR R SR T o X B bR R AR (R e R Y
FE— AT E B BT BE T 12 10, 555 B AE KT B 7K 355 7 T b A 2k
AT O B, LK B A 1 100 AT, DGR AR LR, B HT HE
TN 7] ) AR LR RS

R R B WIS KL AR I A, TS B R £ AR R TR . A T
KT BB —AN s, — T N YTRE, — A AT 5Ea o 000 Rl S 5 32 9 5 e ) — T
W B, —mmm SR s BN AR, EEAR AR KT A A A ek
Lt JRRIBETE T K i F R IAE BNk AR

KT IXA W, IAT KR A AT AE A N 21l s R 1%

1. DUAT B R K TR 25 10 20 B — R L3 1) 9l 2 B0 ) R 25 K IR AR Ol A
1M 5 A4l LA R Ze A5 B IR B AR A IR . A BB T R 3 B R A A e KR . 1
R A S — R, FRARKMG G R, B iri) B2 H bR 8w e
JEVERY, KISk R v 52 B o M e . 1988 4F 4 ) AE b 5t A T B m UK )24l
b MR =K I E R E LT, X RIRAERI A i . Xt — KD,
B2 @R AN GeICSL i L3, & TREM 2 FEREGE S M =40, EFH%E
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EARTE R TS N &K R IR 5. B RER V2 N& 5T
20 X TOKGI DI o b, B A BER IS, fE/K VBN b . sy, 85 )
O 7 I (= 15 o 1 I N 2 <13 AN U175 [ DN ol ol S PSR R e
TR 30 = e s S AR s AEE VR T HES B ARE S . 2 B o) oE N SER R T
WA T — RV, LR 2 s ) DUSEAE L& Stk i B 20 #r, L%
J& B BEFE IR IE , BE S 7 DA S50 BOHE K o e 2 ST AR 1E L 25 K 0 PR IR E
XL AR AR AR X B o 3 INE AT O VA T A DR T A5 rR W A, R KR o e
B 5] ) S
3. fEJKL AP Wi b e L &S W b, FF BT U A
AT, RIUK R ) BY DA A Ze o B I B D b ) B IR ) A 4R
(Vy~y) i | Prantdle-Karman J5 £
Yo Y B (e =04)
u. & ki
A Karman B5E & & — /W 3l P 19 % 20 (universal constant) 0.4, £8 3% )7 g iF
X RS T A IEAA o U AT I u~y WA — &SI £ &, 1 B2 R
WK RRTTHEBNH)Z, ALY LR, fEZ30J7% . BUas i ARl B A
JIERTT 2 ORHGRAT AN BE o A8 26 B TR ) 2 d s 7 N M E 22 Bie Caltec
WA RIIHEGUT . 1987 4F 2 J 3w )7 B L ML 487K N Brooks #0424, i I8 AN

WHE, T Vanoni HE I . FUHMIX V,~y zazm%%”, i 4 25 5

JE R 1) E B, AEBR B RIS B J)AE. AE ST R BT TR A A
I ARG o A A A 20 A A BN ) A 1 e R B AT HE N — 2% IE A 1K) 3E T
15 B ANHIT

1985 £E30 J7 HLAR P At 42 1976 4F A& BLIK) fic K AE 58 V8 TIOR8 T 9T i 8 1) ik
e A~ 3 e HAR L

L=y i=L o p=nly)

XAFFER R By (B Bta, AN SESCFR H) PR T RITECE MR H «=0.4, J)
AT RN AL, B KR y KR R
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R*:”_*h
v

B i K AR BB T A T ORI K, REDE A R R e e . TR g
T w LA AR uy—y, BRSNS R, 36 R TIN5 SR Bk e S
462—1, 1966 E.V Richardson Jrill#3 1), JL-F58®W) & . XL A EAMK )27 4
W ER%E.

4. FEREUR ST b, PR E b AR PR i e 2 R A 1/ 100
et i A, TR IA K, AHIX — IS 0 R AR SE ] b 308 K T — S 2
TRERT T . B i) b AUAR T AT DL A A 2 1) e D AT R A P R 3 Bl A R
B NI RRAE S, #E Z. Engels 78354 B9 VA B AR b, &
WO T8 N B AW T, [ T P KA R S, R Sy A R T R, 3L
T S 2 R A o 3K IR A B T ) VR B DR 2RO N R AR 2 i VR Y
T 38 )7 5L 32 5K BT = Ay YT B MR N RS B T 4y K T L A A K e b R,
N e A R RUR (distributary ), A HIIX — R BE, gl W) BE B AR OK Y, AR
ZRH, KINERSRIRMAE, BRI T RMEEE- R, XIkE TP EEX
rgdbiz i, MR UEF KA .

(=D WIAT ¥ KU 20 B Hh A7 A R R i 5

VD K U TP A, R IR T KSR BT R A L T TR 6 AR B A AE K
VW R, T RIS TS 2 A AR . B, R IRAT AN 58 3 10 WA K
T ER Al bR BT e R R AR K ) A HT B . FEREAGREG K D) AR
6 T 38 52 R ARG 59 VR TR LG AR ) s T ) DR T K B A B R, LR
K, HETAALE T FI 8 SRS B8 .

L. WK AT 45 BRI 2B AR, WIESL TR, B3,
WAREACKII R . MR AKX AL R LA 545 . 18] Qe a7 P (R 3 4 U7 FR

. n \ p) . o
17 IR 52 25 V0 VR BE o 6 % W TR b AR B N AR 4L aua—’t):o, R R S B I
VEILHOT I (VB S R A SRR, 1972 4. AAJREE ST — B I A K T
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ER R AR, WS KT & R E A 2 & RO RO R A R R B,
W2 DR T B LB e, BL R b i Sy R IE B 5 AR AR

2. IR A B R AT ITE G RE R AT R E B ST, AR e AEE T AL AR R
LI Fof R S 28 SORT AR B, o 200 3 % bl il 8 S ) 3 B o AR S B B 5%
A, AE BRI, NV Y KR R, B R ORI I e, R R R 2N

AR, R AR TE IR Z—? A IR I R BT A e 3K L E it i A

PV 2 K. PR, AR P ARVERE, Bl MEmE, HREaiEg) R
J b A g R E T

3. AEBAT AT 90 B R BE A b, 06 200k — AP WIS AR A IR T b K R 0 R e v kS
WK HR, AR R 22 a0 (R R “Hesgi ). Htir2 A
AEAE A PR 55, NI DA SR IE Bl H R v . B v KO 2 R A A 1 A AT
ZHETM AR, REEHph RITHH K=04 5%, XA, S A EFL.

A3 VB RTER A I RO RN AR O, A L HTBURL T 42— S Bl ok
B, RIS EOGE TGRS PR vb R KK Vb, g R R AT EER) o A0 B K b IR &
ANRVRLAR AR TT 2, S HOR T & MR R 7 I e A 2 A

5.0 7 LR BCE H 2] A ARG HOE H 0 3 B A8 W A S B,
HWRTFFH =5 (1) s TFE Cinfrastructure), @117 3l J, 0] 4 15
RGN TS (20 6t 00 Bl oMtk A AL B e ol e IR R K S5 s (3D 3T R UK A
FE I B A R S KR 5 R DL b R R A S o 6 T B B IR B R ] R
AR ARG A A HRe e MEANRE & . (H 2 B4 55 AN 0 56 Hb 5 0 N T e
Wl T o X HEAFAE M) A A a . (1D AN [FBER ¥ TF 50 5 1% FH R L8 88 LE o 4t
Fnoude %%, Renold %(, ------ ? HATEEME AT ? (2D EATTRE T B b RO B L
RARI AR TR &R E 2 (3) AR — 7K R AN [R] [ A4 4 B8 15 T2 T
LN AT A28 7 4546 XS @A nSE FHSE kR E A, BERMIHA A ER.

=, KRG EHRRE

BT 318 T BLAT WA A ARV RE N 1) . BB A . BB v KU o B ik R A
FE ), hy T e aX 28 ) 5, 22 BRI, N TP ST R X LR
TG RE P e Ja BB I S F AU T — 4L 2 SR, L rp e g g BLH R
T UL VR, i ) — 2 A A% AU AT ] B ST R AT . X TAE TR 2 A TAE
HEAT X — AN ST A A N R I A B
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1 ALY U

I1.

12.

13.

4.
I5.

I6.
17.
I8.
9.

B K A B AR E e G Wil

(HER . FAB) ) % d K 3 D)
AGEM T BT S R SO . KB IR O i I B E e

WL N
AR dz B 7E Bl IR AN W7 D538 0 1 R 28 T e R e R R E D
“The Law of Maximum Rate of Continuous Energy Dissipation from

the Ever— Changing State of Instantaneous Equilibrium in Body Motion.”
Collorary: “The Law of Maximum Rate of Increase of Entropy in the

Motion of Body.” — The reformed Second Law of Thermodynamics.

WA 7K 3 ) o T AR PR U5 R NG WD)
MEIE Euler #l Navier-Stokes & P 5 F2 &k . 5 18 2F EFE A K i 5

ARG B s, LB T R4 (B, 2 )

A 1E e 35 S Y9 26 DI Lagrange J5FE (2)

Wl I T e U A A (B

KA EE R A N——RTUE R K 5T (37, Zee e )

HAR % KL Ogee (?)

T K ARE v AR R ) A ORI F 5T (7 )

WA 7 K 1E E 3 A g A SRR T 5T (7 )

BRI (twisted models) a5 A5 LU A 1 & BR R SR A 90 (2 )

e b RiAR AT A, R IRAT SR BT IR BE RN (2 )

o5 11 2 A 5T 2R

1.
2.
I13.
114.
I15.
116.
In7.
I18.

— Y E 1H U B AT 2 W 7T LA MRl ECORE 2 1 2 B R (2 )
TH 5 5 V7K T Ze 7K Vb i o A f ke ) o AWEIT (B, 7 )
fit] Y P9 AP SE BB A B A FEARTT R (2 )

JE4E E W KRR TR R AL (2 )

AEHE S VP K Ogee Ha /KIE W A (2 )

A8 5 W KT KR HI AL 2 )

W R S S8 ) U A A T P i R B BE T (2 )

W R SE 5 VK GRS AR e B R IR AT (2 )
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5 TN 2 WF 9% i 5
TIDL. [ PR A R E R ) 27 3 AR T 72
2. 18 R RS 2 5 fe FE 50 BT
1113, Al =R 3t 55 B v e 07 6 0T 50
114, B A ETE 55 V0 7K 3t 3 DR 1 50 A5 L A 18 56 T 9
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KEWM o WK "

= & Y mTR
JH A R R TR &R, BSCE, 1932.
F IH R Kk K% LR TR R L, MCE, 1935.
F W A K2 TR 1, Ph. D., Engg, 1937.
- F 8 NALd e SRR “1997 AR F 44 N7
(“Wan Li Huang, Man of the Year 1997”, proclaimed
by the Biographical Institute, U.S.A.)

H 3%:
k. Bit
B O TR BT R A
WAL R A I o
SEPURS. B oK R S AW A
WA, B R A
SONRS. WHEIT 1963 4 Gt R
HLR. KIT 1998 E kK

)R BRBTLHER) R B

BIUR. R TR =R A LR AT A7k [ e
Bt IR B

By % BUKFIRI—HME

* PJERE, 1998 4E 3 H.
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% - % IE\ 'Ife

—. NEMLH., KiK. FEHELR

N ZRAE MR b 2R S T A I ) TR R S R A OROK I, BT AR R I %
Fhaedsik HOKFH . “ BB K7, BTN KENWBREFBPIT. FiHFPREEN
K. R EH A AR BAEALE, HOUEGMEAG LKA, AIKEUK, JER TS
H, AoANKEL.

PR TR A TR 2 Bk, BT TR AR, RV R BRYL T A TR B S K

N BTGB Bl R K &, 29 80%H T- &k, 12%H T Tk, 8%H
T HE AT 13X 0% A&k K i 2 B B K 4 e 10, B KR4 R AE W
TR KRS, UM IHE R MR B WA S0 RV KN A LR
HNR o BB NN T AN HEBE . TV ARSI K, K58 B 3515 sbL bl
KA T, KRN R KRR . AETE N R B oK FYs K. S bk
B K v iR K I T AR AR AR TR 1) SR KU A o e DX K B U

NAE R BB ER ] B3 AR KT . SRy s . &
EACORXRZ, 5 1240, RSBGPS IHEAND A 4, 000 )7, HREREA,
ANAFER . MR EEREE NK) FMDER (KK, KEREELLN, R
BHERR . SAXINRE AR “FA TERH. TEEH, TUZEFRER,
T2 B ] R 2R A BN R AR SR SR R 4D NP R Y B ZR CROKD R AR, TR
EA LR DK O TR, BN () AKRE, T2AHKRH.

Krath, REE TR, BT ARZ, VA 2.t NFRE b E AL L
B 7% P . FRIEE AR 22% A0, RAFL. AREANDE 1212, #®L
B NAEFE 1500 37 J5 oK K &k, i ot & B 2 g o FRATT A AT - A Tk
KRR TS 08 TR0 12 A N I BE L, T 7K S v 0 L IR o 3K R PR TR 7K 7 I (1 O B
IF) 7

BT ML KBV LA, REmAk 2 N ARV IR AR A IR B ) 8. AR AT A —
WK T OGE NIRRT, AT ICA N DR KRR IR, X R VR KA
KM FEA I
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2L HAKIRERRA. Tk, SBRETATHES
(1) 73 RKF TR

NERLIY River Regulation Cill % G350 uk, A W e & A iE)
Byt T Flood Control

fiE TR Navigation Engineering (f3% fiii& b T 72D

HiK T Drainage Engineering

K T Water Supply Engineering

FEWBE T % Irrigation Engineering

KIJTKHE T Water Power Engineering

WS TR Harbour Engineering

K\ K TREAE 450 BN R R ERGERA LK 8 85 K242

AEAT KA AR HE W S 36 ], n] DLt v ] TR Bl vh 7K TR A2 e BE AR /K A TR .

(2) VYRIG W J5 ¥

P #—#&  Storage

WIRPTHE—%E  Levee

WRIRIIE—IZ  Dredge

i YL BiR — i Diversion

(3) NI AR BR

#rill  Reconnaissance— H i 44 1) 1 7 I & T 326 A0 B 1) [A) A Al oF R () K

N S LR

FAI Planning—iR /K J7 & . XL P 2K, AN HLX R &I .

MW Survey—43 HF1f0 4 W7 T A 2 Ik 1 1)

wil Design— WL b 43 IS AN B A vk Rl BEAT B

Ji T Construction—4% B v i & I i T F% 75 14T .

1217 Maintenance— AT« 4EHE, D7 A TR -

AR REAT, WIE AR, BEE&DEIR

TP 20 B B 20 e 2 L AR I AH AT

(4) WEAAT Y5 B

6 K BT 4 T % R A FE AR A PR B 20V (Ecological environmental impact)
(43 73 A1 B DU Foft TR AS 6 B A 4423 BT (Infrastructural analysis) -

a: BHE AT 4T 7% Scientific technological feasibility study;

b: £ W4T Economical impact feasibility study;
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c: L&A 1T 1 Social impact feasibility study;

d: [E 5] 4T P Defense impact feasibility study.

WA T AT AT I B A AL, TR A W] AT

JE DX R4 0 R R 2 . AR T M i R, sRR B RIS (8%,
BURR ML . AR “ R4 T FE” (System engineering) .

NGB BN, B ER TR K% AKICEEES, 80 )%
METHE, Gitiks

U4 T8 5 K ) 30 1 2 /K SCH S 22 B A e oh vk . XL LR Rk, AN O 2y
B, BSOS DRV ) & A Bvk 3 B R 4 T 23 o

=. #ARIE4 Nomenclature

“CUHMEIESAT, AAE, WEAM”. fLFXFEU. X TAEfZAR, 3L
Attt FERFEEAR A HARMIERESRH L1430, AnY4, A
WG IFAGE. PHEHFER WKL, A, v
] B R T A .

(1) WZ5EE, %50 & Discharge, Rate of flow IX7EH L 4h LYY
PR b — IR Ak A RS A IR S N IE ) — B e 1 v R A, i A
AR AR RMEA . ®X—&HMEN Te=0. £ —EnmEthE, Hn
PR T=t T o P&t 2 t = T- Too X H N FE I A 2 4R I Z)
=To=0, LT E t G228 To=to XELUL B I RE L W20 . R[] 1 AS [5] 48

A~

AR A A iz s, HAP RS L &8 To o L o=0. £l mE t 5,
M Z) T BB S L=l BIAEIXESTE] t Nizsh T 1 BE & . Rz a3 % 2 Bl i
AFAE B, BT PR X )t BRSOV =1/t . R 0 ) B )
AR 2V HJE RN 2 A 3G 10 . AT R B 2 1 HE ST VR 18

V, = Lim A—I: a
At=0 At dt
X B AR R B %I ¢ AR IV, Y SEE 5o I TR At R LR RS Bl 1
dl

IFEEE A )?T?%E‘Ji?ﬂléj\ttao
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R0, B ASE AT A T F 50 AR A 988, 8RR 30 e 4 W7 T 0 K 3 B W2 B i 2
T AR IR Q, FRATT IR AR 25U A o i 4 5

0 = Lin AW _ dW
At—>0 At dt

AL A Q ALK LA WO I T ¢ (g b, M S R B S0k ms,
(AR A B K . W A RN AR, HT m.
FT LA 9 WA T AU R A T . HV R AR B a2
BEUR, XA RS AR A X

(2) IE. B Wi, )i

P K BEUE . VK HOR IS TRk, Horp iy Rt e T ORED, TRk
B K W) HL K Transpiration.

B 7K 358 3 R AROR BRI 3 A EOR B, sk HiL T 25 % Evaporation.

HARH o s, BPIZ % Runoff, &5 & HEM .

ANAB 7K A B FH R K A7 BLR I3 3 . ¥ it Underground flow £ % 8 4
HWNIZW . B3 BRI AR S o .

(3) “RETH” Bix A “BAKIZE”

CTRE XA (Lid) b, KREUNYE S Engineering £ 4. H
X ARG S A PR R X e B A 2 3K to engineer H R, fR] BE L
- J& to be strategic, to contrive, 5{ to plan out. ‘& AH N K44 1A B NP ¢ TRE
FAF s AL EAH N 1) 3) 4 1] (verbal noun) HI& “ I3 Wb i) e HE sz 1E 7, B “%& %7,
CIeETL YR, JREARE TR CIXANAES) & T IR AT RE TR R

XA R R RS R R I e 44 “ AL TR CE M “stfesait ™, “4EY)
THRE” CHBEN “AWim”) FrrmAm. X—HiFmIEEE (EE MR E
F]AATE ¥ industrial engineering JEE R “ Tk T ” A8 N tE g ok, HA5 K
PRAR iR engineering i H 3l 16 A 52 ¥4 to engineer 1M1 WK F LK .

“RG B “Rg” REZEEHCRRLE AT B . H RSN system
engineering — 1 1M H AN “REE TIE” K. X2V HERALLY, #IAHh
LR AR TR HU TR RO A TR . “ R system X HLH BEIEN “HA
g ” B “RART . TR N CREARISE L CRR G B R AR
W, AR A “RE T,
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AH X T “ #EAKZE K7 system engineering [ 73 BT 5l /& “ MK 20 M1 7 infrastructural
analysis. J& & & & X ARG b EAS TRE 1 B4 B, A8 o 0 g ek Hb R B e 1 —
ASFE IR 5 A

FZR MNTHEIREAFEZMUBNER
V1949 fELLK, B BIAIIT K, ST NIRRT ER, BAT
R A s b b T BRI S, U 160 AXREUKE, T BRI, BEE
KRR T T AR B . TR R i T8 %, KIE R AR TS 410 12 m?,
Hrh g2 5 300 12 m’s KA E IR 374 J7 KW, THERBE 176 12 Kwh.
YHT i B A B 7 4y (KK SRR . R R A
TN THAE A B O T IRAT BRI R AN TR R
A, DUARI VA AT, (A A s DLSRRT S AR K R 5K DA R O 0 3 T R ER
M2 —FE, KRF WAL, B0 “KADy 27 JI s 57 LG SR
WME T 90, EEEE K “HEN”, ANRARELLUBIHE RN E, £ “F. £, &R,
B POvEh L RE & e W, BDHK AR RE . EEEKE W, K 5 B LA
M E AT e R AE BB K SR M o EAN SN e G R R At S A R . 2%
DLk [ 28 DA 0 AR ] K VT AN A — B R
AEFRAT A 4 B AR I AL 1 (7 km®), HZAEPHERE I (2 m?),
DL K BT 26 1 ep R O e BUDP SR B T (7 km®) A — 4 E A F

I 11 111 I : 1 I . 11
WM WS PR S A/4A km® i H/10"
(J7 km®)  WEUAZm) JHOT km?)  GIERE M m® AE

KT 180 9,750~1 Jj 12.6 7.00/100 12.9
B3] 77 580 25 32.46/100 450.0
VL] . o

W 2.3 1% 16.8 fi 0.50 1:4.6 1:34.9

HI AT L, VL e BT At Sk i ALK 2.3 %, ARV K 16.8 %, 1 AE R Ul

M R N2 d5 5 5 K o B R T U — o KTE Y 12,6 J7 km®, K FE A

2 KSR T A AE P 25 km® ML, AT EERR O, BOHAKRIEOR 2,

FeRE o b R AT 40 AE T LB RE IS HY G K R e, Rt T HOK AV
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LA Vb W B s (T K R K 25 U7 km® i, FeATTER A LORE S, i B
AR ELIRHE 2R B, ENREANDZARZ . A5 KILEFE H R H—
Twg L, AATTBH R D KA, W AT S ] BN By DA P ] Ay B A B
ZIMK MRk, MARGREAE EhEA Tk AL LRERRH 2 R4 I8 IR
ML, RMAZN, SR, HE OV EREE RS LS Nk, Bl R g,
P IEAT JE .

T PRI, B A UK SR b e K, AN E BT R A4
B 7% M, HIFRIEAE 22%M N, o R AT 8 A b 5 R B M S 2 R T K B
PCLFRIEA RN H o JUE KK S E 22 AR | b, 2905 80~85%. JkIH E
R IR DR B Bl 70% B0 K R, 2 B ARIED R H B, 5 2 R R
ST ARG, SRV L], R R R, R R . )R T AR R AR
IR BEYR, 50 vl LA SR T REME . T AT AR SE K o N3 R 56 4 2 HE KR A
&L S HE R K o B R BEAS N3 R K B U5 e ST 2R R AR K
HEAUTEYAREX - KREKE, TEFHREKZEETZ, £ 71T
N R IRE 1L .

T NE LEVEWT LA R S AR K EAAR, PR)TEM =AEY, LRI, BT
BRI 2B, AR EK . BRI S, RKIERF—F, FIHAL SRR
M. SEMEAVRILRIES K, MR 2, (R “HRMEEH 7. S ruik,
T dz e 1) 2 T AR, SO L 2 AR P AR K R M AR TR RN H o W] IX R
W KDV 27, BHIEWHIEH, AR,

= BATENE, MUK R FR L U A 2 A ) R I A T A R
(Infrastructure analysis). M it 38 H Kl A8 A7 B0 FF X LA 00 TF2, Z02& X4k iz
% (System Engineering {4 R ¢ 4 R4 L) X HEAWIE , ] 4 % di ] b K i
A THT AR 1) BRI

P O B P75 2001 Rl w125 P | 4 o AR S S Y=/ N NI i 2 P (S PN == e = S
V0 HE R I R o il 2 A R B T VF 2 2 B AL, T BAmak LK. iR
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ARG IRE 2 &, BR T Insgdepy 2 4h, 0 N AT B 3 AR W SR . B H KT
WA —FE, YRV RO A ORI m A VR, Bt BRI N, R RE A
AU .

(1) 78 RS TR AL & T W R KTE I, RE N2 A7 Gt 7 it
SE 5D HEM K YD A Ik W R KT, M DAY A R L TR AR, ik R S,
KIAA W . X FHESAEIR A IR R, WP R K, e atn, WEkR
o R o W TN M U 1 2 5 AP o W3 SO TS 7 oA )l BN R R o R 4
Ye b bR A HE b o PR M BN NI R 22, A R o Sk 2 O TR
XM ERMBIR 2 o R EF/N S, H e L2 HE e b, BRI AR,
1T A FH B A R o 7 0 B 2 A FH A2 008 A it U U A R FH M . 3XORE T AR
JE M AE RV Rl K 2 R WAl . K R B vb i, ASWrdb AT, DLV 4 Uk O 4
WHEK o IXFE PR EHUE W, YL R AR, KILd KA IR, 18R
TR, TR .

(2) fFENFEHMITIF— i HE IR, XAREKY 200 A5, "4
L SR R ILE DA b, I BERT 3 A%, DU VL R A VL B B
W, PRARITAE . P4 DLIZ VR MR AZ R 0 W 52, 0 05 e e R T 46 o, VL B BRI,
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T HEAKNL, 5wy .

(3) KAILAESM LT LS T I IUROK Bevd, DRV IFHER G, 2
DUEE 3 47 M H R BT o b VDT B R U, PRI U

(4) A7 BB DA R SR VR I8 I K FE S0 59 AT, AR T8 Jon 3t N O 980 U K
RILE UL, AN SR s e 5 DLBZ o 425 0 e T 2 BERL . T B BTk Bk,
)2 H Ll A K, B S it Y S 5 0T, AN B M T N A T B G 2 U B L
IR FE R AR A I T3 A X

(5) KILARSHIMLL T ZAIELR, WE2VKER, SHEhm 8%, 75
GEMLHE R K H i, A RE TSR E RONILE, R Z Sk

B, WMILZ TE B SO R AR IS, A E il 2R EIE 5.
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RTKILZIRAR A B R

B

A S B 322 38 0 3 BT KT R B DL BT PR VAR (1 ) AU, DAV F e gy 1 L Y
TR AR SEIE WA TS o X R PE U AT PR o E . TR B, Ak YA
AR HRL AEAMEF, K5 R . #7530 BT AT A — & R AR KT,
T 4 SC 458 AN AT

1. KVTHE &8 DL B S0 & HE R UL E T2 & T 9k 3 1% Bt (degraded reach),
JL T I it 4k K ) 1) 2 Ak 1 422 el g e R

2. KT P 3K B S IR 3 PR T A R R B A SR . TR I R BT, H
HAZ iR, 0] 8RRk Ve v A il i vb, iR 8 R B0 A [ 8 A gy, i
FEM B IR BB S, RAIRAA & AR, W58 & o= L.

3. IX BT S BE AL TRk AR il B e, DR AR KR S T (¥ 2 A SF 3 B0 A Bl VD
(1) 4 8 % 2 ) S W O B8 1 o L K Sk Rl VL M R YT 2 AR S S U A A A
200 J3WE/4FE, T A S K U AT 27.7 T4, BB WA 75.8 JTII/4E . /i
FWK A R AT 3 & 4m ¥R, WA AR B BE T D250 A A & i LU K IR 40m
DA ETGVEIN B, 5 B 28 2 B AN Tl S

4. B B VLI PR BN A % B% BE JG VR S, AR AT LA B9t 0 G ek ) S 0 B R 4
ol T AR B 90 25 ok, mORE T /0N R s 10 S ) B v RN IR B B A A e RS R 14 Bl 1
KETHELNB & EMEa, DS B E B RO AT .

N, mp | MBI | s |
(J7 km™) Je b 99 A (I /4 km®)
UYL ARV HE DL | 2.3 1,068 200 87 5.3:1
KiILE &L L 100.0 64,100 ? -- --

(KT RHEAEIRD) 1993 3 W, BE 42 W], 107~115.
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R FELG, e B KT A M = 6.41/5.3 = 1.21 {4 Mi/4F

A K R B A T AR A A% B, 0 OF 1 A% = 0.87 ACMi/AE, P T, RIVN
G AT A D T SER Y, MUE B AR VLAE O A R i 2 AR IE AT LU E D 112
/4

5. XA EBEMZFEEYKILWARBEE 1| AQHIFEFEY SR
fr, boe K HILHLE R 50%. & TaE—l . BE— B N7 BB,
H AT AR SR ARV — P & N L, DIRRAE R R, W E K. T LY X 4
1 AZWE D2 1/10 881 T 5 Wh/4F, B2 X T B 3 B i o

6. UF AT DURUAS AN I ZEUE 1, 3K 38 4 ) b Ui GE A, b K I S B VT 1 A I
Mo Hm KK, Tk i, AR R Py 4F RO A7 L RE T M is o 5 7 0
b, HBEAER, MREA LRSSV EAR .. #ait, wLIW S, 7EIXA R 8K T
ZHT, AT e i WU R A

i
RN SIS SN EIRIURTIR 1 3o M Il RS o P @1/ 1 I TTRC 97 NI W ol b/ S 3 e <
SCU N M BE L 2, A P A 2 v ) 1 1 ek B VT 9 B (degraded reach). HE— Btk
AL LU IR R A IR R s 2 2 I BN [A) B AT DU UA I A, Bk R AR (H
WK, RE B B, %2 EN IR, W SR 32 b I R
WR UL, EEE DL EAE R K AR R TS, B AR N K, T I
WL oA [ AR R B S, A I R AR il i ek R
T AT AT T SR TR IR A A 5T B I DR BT R R B A SR 2R L VD . S1 AN
WIS WE KA e v, & R Ik, My e, AR A &0, A%
WK, HILKIL. WdRE, AZ5ERER. M R SORAAKEL TS
I T, XA UGS WAFEKINARIKINAE SR 2 EME s . IXEin],
B MIRY A MEs) B EA RPN . AR FibeE, B KPRy
A T TR 2 U T 2k B R R S VDR B A — A e it £
AT E 7 Ll X G A PRV IX A iz 2, IE W1 1879 4 i [# 4 A4ii kL ( Dubois, P.F.D)
Pt ik ) HE, RIZEP, L TEZE . X2 R W ORBE,  wmdE oL BLay
IRV N . b nl W, LRk K (Velikanov, M.A.) FIHB#K (Yalin, M.S.) I
WAE, WA HAZERGR XY, & RKBIAaASFEZS), JFAEE
R . B R RESE T s R Vs B LG . B R AT i SR A
T 0T 5 e R R el B S JT gak ) 3d R
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= KA g i UL B R S A AT B R S,
PRk 0.2 A 0.5m AN, UL I8 Bk PR BE, A LA B O T VR ST AR . X B
W AR VR AGR V& I B0 A HER o D HOR ARV, BN R R A B, R
B KGR A b R T M o ) — el R M A T SR e R A AR A ST
o fEBEAK K 2, BRA AN, HS N A Al B K I S R R O A v,
TE B WE B 7K o Ak 7K R I I 3 o A R D, il LAV I DL B B A T, — 280
IR R YD AE SR M 2 ol PG . BT R B I 10 O A, A5 S P IS AT
BN KG I R, BT i R B A DT AE KBRS B E, B R DTV M
P WP BT R B R T, MBI, AR . X 2 I R 1K) 59 AR
B e v AR E P W i AN [F s B IS .

11V %Y s S N £ N D N oS | S T 7 L R v QIO e AP S R SN NSRS
P 1) 1) 22 47 34908 V0 500 A 1 AR SRS R 6 AR ) N UE BRI 1N, il e B Bl R
s KPR . 94, KEIRZEPIEMB R, AR 2 F— i Z1 0
B2 o A AR K St S I B R SE v, VLR U S Y 2 4T 3 50
O 70 J7 /AR, JF HURR B K AR SE M L 200 J7 . i AR 32 KT YR Y 0 R
KRR =Wk K AR o O A HE RS T ME R bl 7 C NI KYT) 1989 4E 2 H— 3+
B CRKILI A REL 16—18 J7 m®, (HdR 24X ) K EE 2 I AR AE K FE 1)
FIKASZ K B, AR, WTRAZS SIS . WX R UL & Be (i d S £ 1 R
AUF RN TFE, weeees KA AE R A A A ARSI R B & 1/500 i
TR B AR EI AT 10,5 J 0, SRR 45 B 0k TR AR A 1992 4F 7 A
6 H =9 7p5[1992]17 S LLEE 42 SR QR EME L “KILEE . MK S
v N 1950 SE TR UG A B VP B R, M 1973 G T T HER Bl 56 T 1E . R ¥
ST FERE, SRS 2T I AR RO 27.7 JiNE, H BN 75.8 JiM. Y EE
BB RS, ~F M NJESN A TR, (HEEA R, o RURHUO SR, e 7

P HS YL DL B RV (A A R A 23,037km?, 2P BER Y RB R (3
KAT By i X G B, Bt vk 2 48 8 2 (0 50 41 IR VD Je 5 D VML) 5235 70
2200 JM/FEZ 2. BB E K, AUHHRA 3 2 4m ¥R, wWAELE H R F],
{ELZ JIT 00 9 A7 1 TSI B RS S R A TS BR Y, O 200 J5 /AR, BT R OR R 22,
WA A IS B BRI R . VL AR E R FE B KR IE 30 2 40m LA F, VST
AR SEhs EICEMR], FTiE 16—18 J7 m® 8L 27.7 f 75.8 J3WHS A N K IR BT
MR R JZ W80 A BT ok, e A, 5B KT %A £ Ty
KFW, EAKMBIE 1,000,000km® 2 4, HLURIT 78 #RITHE 924K 50 i, 4 Higs
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G IR 50 A B A B B B A, ABL AR HE A

i WE AR TGV S 30 K VT ok PR ECE B RV IR O A R R, 7 W R S
R BEA W] B ) KRB AR5, A BE A ZERIR . 4i /N IIRTE . BLYe v B AR
YA AE R iR U (bed forming material), fEAZIUN A A2 KNS A4 KR, H
WREE RS B VR () 22400, e AR B BEORL R 7 KR 7R T DR O 1 Ji 2R e 2 o
B H. 29 A B RS Y G50 B AR A B A . il Al e RE B AR B, ] M
NER A TS, HEEAWR”, SRAREN.

MW AT CREDE G R )% 40 dr e, A ml LUS HT ) A4
AL (Physical model) X583 th IK/K VP CRE A B0 A 4% 1) A
52 DA 7 £ 28 HIS AR 05 0 T 1) A D 4 HE 2 10 DR B 20 KON 34 A T K B A (1) R 5 &5
R FE T TP AR 22 SR I RBP4, oV N T T VL B X A K VOK B
VR

BN A N B 0T O A RS AR ] ) A A O B T ) B R T A
RENTELY /N WD WA &) )7 N R R 7 N A d e 708 (i B ol 7 NI ARV A ST o 1 & 7 i i 1
ANTERB . S35, AL SR Y A is A, Wk A A B ] SE 1
807, g NSRRI IRAE . AT E KRR Q (AR ) WK

NIRRT LR, W HE2IEAR A, %Eﬂﬁ?{%ﬁkéﬂijﬁﬂ%%%, Ji

ECpi TR S RN U AR R 2 S Cp %E%%%T@EE‘WE%, A i) 5 O 2%

FEAE TE ) 2 W by Mo P& (VR T iR ZE X R Q a2 10%, KEUZ M AN H. )
TRYHEB A GV R EB G 25%. X TRy R Mg R, S/t
i T o IX U T I A ) 8 PR AfE BT AE

FEIX PR SERE N, BATE AU “ A mAR A, WL B, LA LR, AT
TN AR AME A Sk BE B SfAE TRATTIF A EORMER I BERE, TR R VFIR 28 5] 200%,
FLA 500% . 3 A ¥ 1 5 DR R B A K URT AR AE = ek v LA ZE UK CHA R A ]
KD PER. REMIEERMA ZDEFHILa MY 17, €l EAZH M,
Wi R ORI, ATRER SRR, Ik BN, — TR dE itk
AT R 3L B Ak L R I 4 42, TR dE R filis s AL 2045 4508, shilk AT &,
WA FAETATVE S 2

N~ BRGn bR, AR E R ICVE S B 5 BT R A R A R, W HEA A
FH G b /0 S 38 S 000 380 1 0 ek R HE B o A A DR SR AT B BA B KV R A
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ST AR R M T B, AR B B B, K I ) PN AT IR R A . BT L,
A5 A 18] PR 1 VL B9 A BR e VD 2 4 P B AR B A5 T A G R T BRI T A %
NI P A ) A AR T 2 AR A AR B R 1 R R . TR B DA B R DL T
ZAE A IR, H IR % SO A R, ORI KT 2 R A
o o A1 s A5 T 20 BCE 1) % /DN D B A A A B 2 R R . K P (R B, T
Ik A B ) G R InE . ZEVERE WK

WY R A M2 YR a'sal ik, H#Erk (deterministic) XRUIF:

n
A=a +a,+a,+AA +a,=) a
1

) F: B AL (stochastic, probabilistic) K%L & & (population) V34 {H Al

T VOB ORI B, A LA AR A7 A 2 B AR 2, (LI B R 1 VT 4 2 A
BE kL ST — MORE AR 2, T LA b1 B ML 10 2 K T DA A o B 1 A
VI A A R B B BLRE 25 AR, LA AT B R

TAT AT LU A B s (B BLE TR A, 4 IR A & i L
m,, b5l b

A=m -3 +m,-a,+AA +m -a =m-a

)

AP m=m+m+m+AA+m, .

XA R E B KT I S 7 A 1,000,000km? 35 HE Sk (1) 22 45 ST 1 4F B
B, #1a, a, - GERARNE MG/ N AR . EAF LT E
4 LA DU R =A% R A T AL P M P L B e A AR B AL A e a3k
7 MCHRYT 48 DA IR 3X — 23,000km® 3 3 B H ok (1 EL AT A8 2k 1 S0 57 249 5 47 45
Wt R . S/ a’s MIE L IE ¥ a2 Ak . M SR K SCRE LR BE T B, A
A AR R ) B AL IR AR ) R B . TRl my, my, e 73 AR & /N I 0]
VL S O VL R AR B, TR m R S R R 1,000,000 AR VL R VLR
B 23,000 FECB] m=43.5, #HCHSITIE B RS B @ =200 J7 /AR, W E B
A=0.87 ALW/4F o 3K T R PR 2L 4 6 v #5510 o B &5

G B R AT A I N /N S KA L SV HE R T
P RS RON A A E CRIAE A Je b R 5D 5 A5 8w & Rk
KT R B a2 ) (1 D% 28 R0 b o 42 T AR LU ) 38 K e v o0 A R RS SR, Tl o b
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R H BE B SR SR Ik T R R A E I A R R AN S B . 47— IR RTE
MIo0 A HERS &, ) — OB B R, ER R AR TP AR N RN O D,
LA W B oK, Mg B W2 AR R, SELAREEL, HZBAm
RV T B W Bl AN 1 o T RAAS 15422 /) U0 5k 10 5 B B0 A TR g - #0638 R I e X
Y P4 1T B, X PR BT A B e ME SR BT (Infrastructure analysis)o W1 3
AR B I R E N R R AR IR RR B IR D, TR R b R 2 B L DY
J R0 F A0 A T 28 ) ORAR 22 o IX AR A0 B T R 2 0 s o ik e P B R A
VE 22 /NG 1 B A i #0208 1 4 3t SORH R 1R sl B R R, 0 T Tt K
a0 TR AERWE E, SUWERE W SR, R0 KT I E AR,
51 2 SV UV Y, AE R IR A AR B A B R OR AT N, R R . k2D
W /N RN R A A, ) S AN A5 T R B A R R I A R T . Xt
S, NUIE A TE AN AR 3 BTV R0 g 2 2y BT ik AN AT ok LN DR L DAl A 4 1
M R GE vk IR PR A 70 B ) 25 & Bl A ¢ 22 Ja 2 T LABR T, BRI %
2 RS 1A AR [R) Ak — A ] B ABA P A R s 30 1) 4% £, L SR A R TR AR G ok 2 — FE T .

AT — MR, BT ARV A S OV OF A 2 AR AR A B 200 J7
MR T HAK R E S 18 Jm, MBS E 5 & B3R, 56 IA 4 IX L2 4 1) g
A S AT R SRR T A 3 P L B 2 A o X AR R R T KIS U A 1 i T R
IR R SRR TR A a1 B SN ) P [P o (1 D7 I o 7 K S UK (27 N el v B g ]|
9% 2RI & XA )

EWE = FEKE + FRE + TR
BAR BT A0, AR & AR PR K SO 3R TR) 22 AR S I Gk SR RO i R T
EWE = FAKE + FiRE

A S NP BE T T B BT O A S AN T RE R B 1 ACME AR, EATHE
UL L T2 FAE A i A VBT R WA, 7R N SR R AE T R B
DART,  OF A7 005 56 A0V A e 56 0T JEs R K I 21 e AR ke, T e 0 U 9 A ¥ S L
T FH R I o B8 S K BN A I AE A R 4 T 56 B AE L T YR AR A Y v i 4k S T AR AE B
AR E s e AR WU, & T RKILR TR . AR LT
KRR 2 5, O TR R A A BOE, B MR RV, DU E fE R
T2 U AT R Y8 V0 U B PR R A S A AR . VLR B s, SR E B . R
R A 2 I BES %, TR E EHER T 40 KIEM R W52 X0 A = Bk 4L 4,
FEF PO I T AR GO B IS o 1 K 0 O A 30 JU A7 4K 1) o T i O o A B U A
Bla, WA 27 AR T, 1981 4F W i 47 & & K, BUS TR T80 A
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1.09 {20, UG E SRy 8.37 2mi, L RAFEE A . 1 1983 B4
BUSUIRE 0.248 20, LWL 6.46 A2, A5 KEINA M AEME] . B
600km, HZYIA 0.1m A 1 AZWEO0 A7 o w] UL R F 9 B B R4 1 A2 WX LG Y v
L 6.41 A2, FEAFRZ . Bl HIRATIEA B ILHES M, WA A 1/10 501 T
JIWE /AR DR N A K A R AR L K R, O B, LB O, W)
7 A 1

NS A A B A R B RORE, — AN R VLP VL R BT LT 1938 AR AT
V0T I8 A A B A SR, RS 11 AR K, KRS KB, T L, 458
BV, MR 22, PO, TR AR K P AT, e e () SR
FEAG K I B A0 35t fE 0 IR B, U W KVT 2 SR L X P B A R AR AT
F, I LR S K BRAR I K 150km, $E/K RN 5510km®, 4F 0 4
& 50 J7 W, PR IR AR OE A S R B R 90.7 /4« km®,

Oy — SR A g R T AT IR DR R w7, B 631 UM, H
BRI 1, K 140km, /KA 1,911km?, 4E 5047 % & 54.9 Mi/km®. X4
WEEEE WA, LR R O N VIR KPR N I O A, (HIRK
PERY T B, L B AR B SRR T, BT LU AN 54.9 I /km® 4F 2
DTSRRI O E AT R TE, FK/ANIAFRD S5, BRI,
WK ZAH .

59 4 AT\ 2 B K2 AR R A o ) K I T JE M K P R 3.5 42 m?,
HK AL 76,000km?, 16 4F TH 34 128 P9 A0 K T 400 I 2 B A, 25 R 0 L
VW, LAV RIS I o BUEMS T ESE 0.7 42 m’ R e R, %
2.5 Wi/m’ PHILA T, 16 NP, A 76,000km® P77 A o £ AR TR
=0.7X2.5/16=0.1094 Wi /4E=1094 J7 /4, ¥ 1094/76,000=0.0144 JjIfi/km*=144
i /km?

Zih BIR DY O A R RS B R R

DU 1T DY /N 3 35 B0 R VD AR RS i

N, /. 3 | A = > S /1:{ AL =N
/J\‘J}ﬁiﬂﬁuﬂj Dﬁljj /Er’r{l? %?:niﬁg*/\ ﬂziﬁ;ji% ﬁ{iﬁ;é/jﬂfﬁu%%
WG T #4081 3 341 23,037 200 87.0
CERYT 48 T FE b it 25
worytah k| 150 | 5510 50 | 90.7

(R g B4 S 03 3] 3 I A 530
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sefme | 10 | ro1r | 105 | 54.9

RV 5 P e 0 0 50 B RV 2 631 1)

KBIERLs | 1000 | 76000 | 1,004 ] 144

CRCHR B M Bk Be, 5 23 B 30

i~ S04 IR IS B R e V0 BV IS B iR WA ML, (H2 e A4
YRS W — B WIR I =9, WHE 2 G PR N AR — P L
B s KA = e DL F 20 AN /NI IR G S W S v ) S A A R
SE O AT AR RS BV VD S M 2 15, T T R R A R R R R 1/5 MRk
BEHCT 1 138 Wi/km?®, MOk T ik 100 mi/km® 1R 2 . 5% 100 Wi/km? 4y v, U
BELEB) 1/5 M ORISR 1/7 M 2 A7 o SX AT, & N 10 7 0 A T Yg v 1 L g1
AR TR o 2, B B LA L 00 A 4E RS T R AT 100 Whi/km” skt 2 . 3%
YL S MR YL BR A B A B 200 7 6 LY VD B RS BT 1,068 T, P LE I 2
H1/5.3,

BB AE R M 5 1980—85 4FiX 6 fE [ VI ER Y RSl 6.41 f2ml, #5
% ER BN 177, WBH AT AR RS A 0.92 AW 2 22 o T 4% VT HE R A7 Vb L
5.3, Nk 121 iz %,

BT LA B A R T L LAk £, IS E IS E R BB Y
MR AL, FHERHF 8. FEBRRAKRY, WK, Tk
LN RETE o

T IR KEEKG, ENKERSE, WA TINARD . 4
30 A 0 B0 A R 40 Y8 VD R DUBUAE JE R ZE K R i (0 FE PG M, BEAS MLIE . BEM YA
VORI B8 48, HB @ L. &) SE bk A, (8 Bz i A%, Higakakig
HE o DL A3k 28T U AR 1 i B B g

HBESEFE T POHE,  1F 0 3 ) RS AE 1 18 5 I B T oIS A, MEA 25K
WU, WAL . AFZ = SR 37 L RE Sk Tk, KHUA RS R Lo RL 1 B9 A7 SURE YIS
e, PyRAEW Iy . X X RORSE, ERUEAE.

BT LA, 25 58 B K 3001 3 AN R 2R I 7 T, O A ) A o I X L TS AT g
M. B ReRAEATE LR HEZN, IEERAEEILTER, HmEz ™E,
UG U, 2 AN TS Y .
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Mk Ik B 20 MEib R F Es

A I I I Ll Kl - e ﬁffﬁicy s v
1| SFBEIL | BB | 45 390 18.8 481 96
2 | WBIL | B |BKM | 437 47.5 1087 217
R IR L O B B 4 741 92.8 1253 237
4 | GEBZIL| oE =l 303 10.3 340 68
5 L WA M AE| 736 79.3 1070 214
6 | VEIL | P | H¥E | 1067 178.6 1674 335
7| EBRIL | BRSO (XK S| 249 3.76 151 30
8 |FmBRVL| [z |REFKW| 277 23.7 857 171
9 | KiL AL £ K 898 42.8 477 95
10 |[FARIL | {6 | R 698 50.6 581 116
11| WRVC | A [HnE | 363 31.6 870 174
12| KPR | Ry | ybi | 1075 161.8 1510 302
13 | URYT iy BT | 396 56.0 1410 282
14 | &L | S0 | Jed 240 4.6 190 38
15 | E9bin | /i M 373 4.2 112 22
16 |@VbIL | fREW | fil R 120 1.97 165 130
17 | &I SEVL |[fa4eIl] 590 0.28 4.7 1
18 | &vbil | ZEdtvr | PUE | 1024 2.59 25 5
19 | &L | JEZEw | i 696 88.8 1280 256
20 | GVDUL | BRI | TR 802 19.1 238 48
T 138

FERE: [1KF 243, 1992 55—,
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RTKIL=Z IR ARMB RIS (82

B =

KT 1 Vi S T 95 ol 7 D A (R T B, LT PR A RSB A B O A RREL YD o K T B
M R AE SRR AR TV, AT R B A AR, KA TR AR VD 2 )
VEAZ B 1 o £l kLl Y (002 2R BT 21 R O A 8 R A AN TR, e 2k BT B,
P2 08 A K /AN LR AT AR AR AN B A0 o A PR, TR b O E ke N
JZIEIE 35m AT LU JLZ R IE 8 . Dok, B 3 ARORE R A0 A 28t AR AT A &
R A o Al W K VTAE S M — 7 VR 2 & T 4 oh 2 O ok e R L SR R
/I B K THT R b 0 00 3 ity S50 ) FF) AR B MDA OGO &, el e A i 4 SR A
WA LTt DURE TP UK R B A, X S 4R % ™ T 5 m AT Rk 4 b
Ui 1R L KA

KB 1] KyT =k  oia

—. %H

VEZAEA Z 4R 1993 4E 45 3 ) (s 42 W) LBk — 30 (6 T KT = Wk ik oy
AR m e ). A0 1994 4E5 2 W CRUER 45 W) KIT/KRIZE i &K R K
R T O3 T BAL ARV = e 0 A A i — SR ) s R TE R B R O A2 A6 2R
FIWIRET KV R KR K L TR &6 LS A D) .

HERZIKCHHAE FHPUTHEDE: (1) JR S <RI = 0 0 99 A7 #E A% 5 %% Rk
ANFFSBR 7 AR SCH IR BT, HOZ UL (107 TU): “HBYTHEURTT 2 4 7 34 00 A i
B 200 J7 v, CHRBFEH D BRI HE) T E R A WK R 27.7 U7
t4F, BB A 75.8 J1 tAE o (REEB KIS AL 1,000,000km?, i #5711
IRYT £ /K T AL AT 23,000km?, 05 BT 19 1/43.5) BT E VK R 3 & 4m %,
W AT AE H BRI O A RS s YLV KR 40m LA B, EVEINE], 5 T AS
ZHECEANTIEE S (20 g el i AR B A O R HE SO A HE RS B Oy IR R R IR N

* (KR EEARDY 1995 4EEE 1, B EE 48 W, 86~97.
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(3) “ ] ot dan vb i 5 U0 A0 AR AL B B 4 H e B HE RS B D VR AR R A 2
SETs (4D U A R 1ALt s A R S Be e il e A E RSN 27.7 Tt/
B, H A 75.8 T VR HERN, RPN

Wi 7 A2 506 28 1 S0 rp e AN TR RO A HE AR SR 42 e AR B B R B R v L
BIHESC K 7%, IF B2 T R B b B R AR 5 5% 28 oK HE 5558 WH 3L 10 B9 A e 7% o

=L XRTRIIEHEGNAMBEBPAERINREAE
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On the Quantity of Transported Gravel Materials at the
Yangtze Three Gorges Dam Site
(Continued)
Huang Wanli
(Tsinghua University Beijin 100084)

Abstract

The Upstream Yangtze River belongs to erosive, degraded reach, with cobble,
gravel and coarse sand as its bed forming materials. The river with its watershed in
geological prehistory was high in the east than the west, such that water carrying the
gravel load flowed westward during the Jurassic Period 0.1 billion years ago. The
gravel formed from igneous intrusion material covered all over the Yangtze
catchment area, which has been raised and lowered several times, such that the
distribution of size of gravel among the area is not even at all. During flood times the
bed forming gravel transports with several layers simultaneously above the rock bed
of 35 meters deep at the Three Gorges, so that it is impossible to measure its rate of
transportation even by the current delicate apparatus. Thus, the only way to estimate
the gravel bed load of the Yangtze at the Three Gorges is to employ statistical
methods correlated to the measured data from the sections below small drainage area
within its tributaries. The result has been evaluated at tens of million tons per year,
that will all deposite in the river bed at Chongching on the upstream end of the stored
reservoir, which will certainly cause serious effect to navigation and will raise
flooding level of the land upstream.

Key Words: Yangtze Three Gorges Transported
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