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ABSTRACT

Due to uneven distribution of rainfall, Taiwan needs to build many reservoirs to store
excessive water during wet seasons in order to supplement water deficit during dry seasons.
However, according to 1994° data, the annual amount of reservoir sedimentation in Taiwan is
about 14,600,000 m*® which is equal to the effective storage of Ming-Te Reservoir. Owing to
unfavorable topographical condition and severity of soil erosion, suitable dame site is
difficult to come by and concerns with environmental impact have made the construction of
new reservoirs almost impossible. So, now the main work should focus to prevent the
reservoir sedimentation to extend the reservoir life and to manage the water resource
effectively.

The key of this project is to develop a numerical model to simulate the transport of
sediment in the reservoir. The practical applicability of the model will be assessed by using
the measured data of Shih-Men Reservoir. The other work of the present project is that: to
assess the GSTARS3.0 model proposed by USBR, to edit the user’s manual of the
NETSTARS model in Enghish form and to assist the proceeding of AIT-TECRO Water

Resources Program Annual Review Meeting.
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EHEBEXRSZRDE MR EIRAETHARSKESZ GO AL
B BT HRAHEBREARK LA E 2 IREIRE -
MERESHRBRAVRILGFAREEMZRTGEEEHB AN
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i T o
ZERIDUE K BHEFELSENEKREEKELHD TS

BHERIZAN Q =14104" (2-1)
BB YT O, =30384" (2-2)
BB REIZTN O =72404 (2-3)

X ¥ 0 BRHEE(onyr) 4 BEKE Bk, -

MBI F(200)F A EKE BH AR - SHEE 20 BF AL
BEKEBTEABXRS  BR2% 33 BREEKE A R
B GESF TR

PONRIAE  SY=02354"" (2-4)
2EKE ST =042414"%% (2-5)

K# o Sy BETHRHE A0 myr) -
HEE8) S 24  EXBERABHELZEHNXE

qs — 0.013416P3'26C_1'43S3'23 (2_6)
K ¥ g, HFREEE(onkm’yr) ; P&FFHm (X 1000 mm 4 F
) CHARBEER): SHFHHE -

AEIL(ABHFALBFIKREZERERBEEKERDEE LA

logg, =-7.57+1.54log P +5.54log S - 291log C (2-7)

REFH1992)4F 1963 £/ 6FIRKESFEAKEERGE TR S
R ERITNEN  REF

SE = 0.00690°°" (2-8)

2-5



A ¥ SEAHFNEE(mm) 5 Q& FHERF(cms) -
FPHEALBHLE198DHELFIKREZEKEF TG EH K

qs — 10—7.75 Pl<54s5.54cv29 (2_9)

K& g BFRDE F(on/km’yr) s P AT R ECGA 1000mm % E
fir) ; CHARBRER(N) -

PEATFEFLE(198NBEEFIKEEKES A6 BFEKE -
PHEREPEEACATHR Fo b - BE£%) £KE2 4
HWREETETS

0, =10 4'** (2-10)

Q, =10%7g" (2-11)

0, =107 (40)"* (2-12)

0, =107 g2mgrem (2-13)

g, =107 2% (2-14)

g, =10"ECBHL A (2-15)

g, = 10821 posisC2uies p-iss (2-16)
g, =10°%7 prosIgens B prasu (2-17)

KXt 0 BRDAEF(NY) ) ABHTFERERKBHRGEDN): QBHET
¥R Em /) PAHEFH®E(mm); ¢ &R E F(tonvkm’-yr) ;
LEWBRHEM) CHARBER%) ) SHLHLE -
R E RAVOVBRRXREENE —&KA—FHTE > A2
EREEHGTEKRE  HRABMDERIHETAREARDERZ
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13777 _ (dES)X - 0.37773—0.0]9113' (2_1 8)

ES/8Y

AP o)y BEERZRIERYE ) (d), HBETHEY km £K
2 BEFREDFE -

REFH(19) W B FIKERSRFEEMNUREIRFTERT &
G HEFHETHES

C‘ — 10—4.685 Q0.7551 (2- 1 9)

AP CAHAREFRZEZTNRE S QAR E(cms) -

27 BERDHH

MEBAKBRDSEHBEIMNE  UAHNRNEERLER 24
MEPZ BB BEE  —BXRTPEELEIBAEZTH
BRMBAARAZE - REPIKERT RERTECLEENNEE P
LR AARH 0.05~3 mm - — REFFBA IR B ITE [ R AT e R
% BBk uFE o RAZNF 0.003~0.05 mm 0 — AT 8FFENER MR R
{cohesive sediment)&y F5EF -

B KBRS RRAT B RN NEHE LT 4 > B PIRERE
MEEHNS

A E AT EFR R IUE R T SRR ba TR TE o
2. BREBEMILF | ERBFHAT NI, -
3. FFHEHY  BRAFNREENNARITAHCHSEMAEM L

FHIE  BPATR e IR HTRENAT S -

2.8 KERBRA
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BERKBEAERALE > RELPHERDNEES 800,000
m’ o {23 E% 2 AR E L RETE BN R R AR IR - BT
KEBFEEHTHR—RNEAE & 2-5 ABFIKEE ST -
K&k 2-5 A ZEHNEE ZRE 66 £ 11 AZFFHRHKES
2,893,000 m’ > AMERIME2 364 ZRESSHE 11 Ak BH
O S58810000m’ » RABEEERAA 19%  FFHNHESL
1,610,000 m” > B EMNBRERTH 2L B K25 P HGEREZ
NETEREAE BTRZAMEREARTEAFTNENRR - EXRAE
iRz EURBS2E5BE5343 A2 19470000 m* B4 » 4t
BN ERES2HE9RIBE LB BLEREBIETREROGS R
AM@mEE 137 mm) EAXEHBAE LERERAZIHE - KH
84 4 11 A £ 854 11 AR 8,670,000 m* Z S E/HE 85 £ 7 A 30
BHZ 8 A2 BEMGBRBIEZY » £KE 24 R ABH Fif 5889
mm <

REAFHELIABRERRE > REMALZAHETRE LA
EFRB S 465> LhBRETRZ 35S mESAZE 1682 m: EHFTE
AT EEGRS 17023 mE 2 m o R ERBTERK D REGRF
163.76 m) * BE BB ERXIEFTER - GPIKRBEINEETRAKOAHE
AF R MMTEES A 17466 m- 2RE 73 4F 11 AERHBEHAE
B 1745me @ TEMAD 03 m EEEH T KO EREME 0.16m -

2.9 KEBFHRN

ENGPIABNERE ARERESH  KEBRHEO62 F4aH
BRPHBERGUIERSEN BB XHRE 4 FRATHREER
H Kk R FH AR E TR KORAZRNEE -
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2.9.1 KAERMFH

BPIABRREG2 EMLAETHEEERMREREEMAKRS
ERATHRFR  FRHFEARETH B E - EEHLRYHRS
BRANFARZERH  BLZBHERE FRED FRERFE -
RE 66 Fuitg EERMDGRBEDY BFREBR FNE LT YA -
WERERAFERD SRR EHERTH  £4 T £RFHLH
BAHBEE D EEHM 395000 m® ZHE) o dok 2-6 R 0 RH 66
£% 91 £ F X FH 6,451,513 m’ -

2.9.2 K Jy FhIRASFH

ERNAaaHAEETRAOEREE  5PFIRENRE 67 F
ARMBREBAREBEZFRN - FAWERINY NP NiR A E > R
A 0003 £ 005 mm BAENRE 74 FETFTHEEEREUKRY
WRASFRFN IS kmBEREEZHE - BIIKEZ AN HBRREE
HIAR KA WBRER - GREARER - TRRE - HRETHERR
e B 25 ATMAMBHREZTER -

HATHRAREN  AUBHEBEARBREERNRE BT AKR I
RRIBGRAK  @EBMRERWRERETHR » BEURE - BFIKEZI
BN EABETHERZTIN  £5 13 B BEE4 4,200,000
m’ > B A & E MM 200 £2300m > LEAM 100 £2200m- FEHS E
10m > B B4 B 2-6 /7 « $RERZIRAKS 12 3Hed B PTE AL
A Ll 2 KR BAEERCRY GRANLRA - BB TUBRAT
HRZBRIBEINEKE BRI KAREAKREE -

BPIKBAAIRASFRDRBRA T4 £ 3 A HFREHEXEE
8 & B 4 408 300,000 £ 450,000 m’ - AR E A IH 20 RE B
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HEMAE - SHRFATHRMAAISHRKZSHRERFMAN 20
Yoo MRV ERKEZB A - ZRE 84 £ 4 A KAhmRALERN
3,722,000 m* » H#EEAIHIABEEHEEARZ 17455 m B &
16235 m » EARMNIERAS Z ISTE 12 m » 3HAT 1.5 km $2 05 B 9 2044
@RFHTHET2m- ok 2-6 A7 » RE 74 £ £ 91 £/RE LT X
i 4,198,990 m® o

BFIKBAABRZARKROIZERERTIARE Y REREA 81
F2 FH R £ EH 300,000 m’ - db R AE ¥ R A S 60,265,000 7 -
TH AR EA AL 20,964,000 T o Kbk o FIRBITEAZ ERL R KRS
WEEIF PR 201 AR TOR 43271 e
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£ 2-1 BFIRBEREHIHMER
BB I %5 B4 i3
EXKE @K A 763.4 km’
£KER K P 156.96 km
R IEE 54 N 64
AREE Lo 94.01 km
REFER L 352.63 km
HEAREFHE w 8.12 km W=A/Lo
ARERFARTS | p 1 11577 R=Lo/W=Lo>/A
-
EAXEH KRG E F 0.086 F=A/Lo’
SEXEEFEEE C 0.623 =2V jp
FNE K Ds 0.084 Ds=N/A
HERE R Dd 0.462 Dd=L/A
HKAREPFHFHA E 1,417.12 m
LR s E H | 1,752.00 m

A22 BPAREEAKEFRFERMI L AERE

B4z :im’/s/km’

R
2 % 5% 10 & 25 $ 50 & 100 & | 200 #
b3
2 2.62 491 5.24 5.98 7.61 11.4 11.8
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%23 BRKBREKERENSBAL

e | k& | kg |#E | IR ay
(%/A)
AL | 1217 21'] 24° 31' | 2,000 71/1 EHRS
SEE | 121° 18] 24° 34 1,630 43/7 R
a% (121° 13'] 24° 33 1,620 43/7 E AR
£4 1210 17| 24° 37 840 43/5
% | 121° 16'] 24° 40" | 1,450 43/5
T 11210 18'| 24° 40 780 43/5 R
=k 1217 22'] 24° 40 630 43/5
SRE | 1217 24'| 24° 38 1,260 45/7 #ps
Er | 121° 23| 24° 41' | 1,220 43/6 FAR
HE 0 [121° 21" 24° 43 620 43/5 B
EE |121° 21| 24° 48 350 54/4 ER 5
HE 11217 21'| 24° 49 470 43/5
R& |121° 18| 24° 4% 350 52/6
AP | 121° 14| 247 49 255 15/1 EAR
+—4% |121° 14'| 24° 50' 235 46/11
g | 121° 28'| 24° 39 1,070 53/6 ER
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R24 BPIAKBEEKREBRESBMAL

%5 H
BE | AR ERE
(154 - ¥ L& #A 3
(m) (km*)
(#£/8)
F& | 1210 17" | 24° 37 827 115.93 45/8
E R
T | 1217 18 | 24° A0 701 335.29 45/8 N
#A | 121° 227 | 24° 4r 525 107.76 45/7
SH& | 1217 21" | 24° 43 438 542.03 46/1
ER
EBE | 1210 21' | 24° 48 249 622.8 51/1
b
E R
AP | 1217 14 | 24° 49 137 763.4 35/3

&
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& 2-5 BPIKER £

PR &3 (4 :1000m°)
KEBE NRE Bt g

52.05~53.03 289650 19470 19470
53.03~54.04 288880 770 20240
54.04~55.05 286890 1990 22230
55.05~56.05 284700 2190 24420
56.05~57.06 283520 1180 25600
57.06~58.05 282190 1330 26930
58.05~59.06 277160 5030 31960
59.06~60.06 275750 1410 33370
60.06~61.12 270520 5230 38600
61.12~63.08 270285 235 38835
63.08~64.11 269985 300 39135
64.11~65.11 267957 2028 41163
65.11~66.11 267170 787 41950
66.11~67.11 266664 506 42456
67.11~68.11 266480 184 42640
68.11~69.11 265653 827 43467
69.11~70.11 265530 123 43590
70.11~71.11 264638 892 44482
71.11~72.11 264540 98 44580
72.11~73.11 264471 69 44649
73.11~74.11 260776 3695 48344
74.11~75.11 260651 125 48469
75.11~76.11 260428 223 48692
76.11~77.11 260840 -412 48280
77.11~78.11 260667 173 48453
78.11~79.11 259974 693 49146
79.11~80.11 261376 -1402 47744
80.11~81.11 261378 -2 47742
81.11~82.11 262359 -98 1§ 46761
82.11~83.11 261826 533 47294
83.11~84.11 261927 -101 47193
84.11~85.11 253257 8670 55863
85.11~86.11 251780 1477 57340
86.11~87.11 250768 1012 58352
87.11~88.11 250310 458 58810
88.11~89.11 250036 274 59084
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%2-6 aFiRBENEHFRRELRITA

# & (m)
()| KB THELEEE| KEPHLLEFE s
66 151,795 ;’?;rziffﬁ‘i
67 123,203
68 194,929
69 165,063
70 224,376
71 197,732
72 70,649
73 219,901
74 321,863 556,844
75 534,530 426,475
76 410,860 300,315
77 323,301 385,452
78 315,420 264,730
79 302,000 281,700
80 300,322 835,000
81 300,144 385,000
82 328,531 915,845
83 351,845 308,404
84 233,128
85
86 43,970
87 52,550
88 210,000 kP 9l s
89 42,759 52,500 ABHE AEK
90 257,434 BEvyHR2H%
91 176,853 85,080 § 36205m & b
et 4,198,990 6,451,513 Rk
et 10,650,503 33,579m’
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F=% BPIARRA THIRERER

A AKEAREBERIFZIEHER

REFKBENFEBBARBRYE  EMEEAGUNAERAHT A
M —ABREREMEZIEH  —ABBRLEBIREAENE
e HpiideF
I BEMEREZEHR

(WETEH  UARBABEKZTEBELTER > LH T HR

HEAAE -

QDQAKBANREHR  UREAEKFEAZE EBARARMUANRER
Ptz A o

G)FHat RAKBE KM EH - ARBABEXEARETEKXT HE T4
G X

DAKBEAND TR ARBEABXZE EBAD IRARAD 2%
Rkt BRASADRETHARZARETH -
G A FH - ARBARXAR T LERGREH -
(6) EAMEE s - UREARXRERKRERRAT -
(MITREEH  AREABMABRERRTRETH -
2 BRAHKRTBREAEZEHN  ARBABKETRREIHZRE
BRIl SREENBAGATIHEREHR
(DAEEH -
() KAMEH -
Q)R ERHM -
HARBEH -
S)FTTHRE B -

341



32AKBREREQMRERZEH

B 3] FAad o RMIARASBMEEEMT  BHKEEEREMA
FREH2EE MERERFREE ;4T :
1. ERJA8

(KRARBE -

(2) K&K -

BG)a=RKE -

(4 TREFEH -

G B @R F -
2. FRME

(DA%~ KRREGHRAE -

THAELERERBREERARIPG  ERERBTRMER
BARETLHERGH RBENMTREAES/FABRE
RZREREZAH °

QYTHRE ST & EH -

BENmAKBRBRYEERN -

3. ¥RIRA]
Dk ~ KRBRERER

REHHMERNERRERIEIRBZIBAETHR - F
Al BRESEETHRR
. BHEYANMMESER R BE_RERMEFAKE LA

BE KK ETHAT
ii. ABEEREFERE  KFFQES =R FHIHED —

ZE o
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iii. &R ERED 81285 » ¥/ BFRE—R -
iv. 2 B RIE FEIFE A -

Q)Y THRE R e @A F -

BFEEVHRT—RER -

REEMBMEASHEEIREMAAEZEANE  BHEZ -
SFHENTEREETARALE  BERERXLTH - CREFAXIF TR
EWmE o ARRABH Iz A NRFER A/ Bt FL R4
HEL BRI HLHELARS -

REABEBRAEREH®ET  KEANRETHRTH GFaREURKE
HAFTRAREFEEMBSE S BRI KEHEREHT R
HERLT KBEAZSETH O T — &R ARSI E Mo g6
BEAREGBATHRATAE Bt 54 AREHRRTRER
HETHABEBRLEBRARENEH - Bt SUERARELFH
BE BN AEKRERMEHR - AEEHATRAEEREAE LPEY
ZEER T -

33 6FAKERE ERETHRT M

LFIRBERAE ERHEHEE

L EEHRES ARBE SLE 1 AR BARMURZNES
RAOFHBEREEN  ABEZREBMETLR AR EMHAR
FRGFEAT » R FTEHTARREHEZ LA S T -

2 BESRER  HAEEREINMEMRE  KRE 52 F4 - &k
ERBEMEAHSYEIRGHEEH WSS ZRMERTAREL
Bz b AT Rkt o

3. KEEHBR KEHHLERUR  KEFTHERMERAFTAKEE

33



BERE HeLP KEAM2RILBEL  L&EFHMES 1 )
55.9
4 BaAEETH  REHBERUR > EEHFETHONAHAE -
BEAMRE - KERSHERE  ERTAEEEH > assrIK
BEAABHMOERNEH HECGEAMERT TRTNAEAR 5
ROETE 27~29 ®R) ~ PHFIBEMERTHEEHL - L E—E/XE
HoAT > Bl & B2 A E Bl 4o B 3-1 BT o

3.4 GFIKBEMBER X TATHSH

AEHHBAEKXTHEAREXET  BREGBRE &5
AFIKBVEBRR EFZTiTH -

341 XA EEHE

S XEBFNMATHE RS H T

I BTEHM  BAAEHEMENIZARBERA T REERE -
HELGFIKERMOBEZATH  FTHERIME -

2. MR EM P BFIAKESEFFRITNFAE LR EEHAPT
BB XMGERBBZIEE -

3. RBAME " BEERESZRHBBAEH  TAURKEKEARE
B B BPIABEKERRE 16 BREL 5 HRES -
RTEEH  BEEREBERESFTHHAREA 7154 B 53 F383
Sh > RARFTASREXNIHARR 52 4 6 ARTEP AR - AATE W
REMNYMNERE S1E ] AATEP R - b BFIkEE RR 52
FS5SAMBERE  ERERKEHARAIAZAMEARBET AL &
EHTHEAMIAKELBARTRCZEE -
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4 KEANDE KBEANGEHRBRAG KE LB T BATEHRE
Yo 2.6 HiAfiE  ERAEEPIKE LR RBEREETHLIZS
BOFMBARDEE HFCAHSAARRTHER - 4 #E
EREHR  ARTESDREG I LEHRFTHEEKEA
BEREZEE -

5. HukRM L BFIKERE K EN  THAHE X Tk d Rig
3% X 2 AR -

HBRLEZ W BAIAMRENKEREMEN B TAERTRE

Bl RABEHETHEHAEXMENBATH - ERNERTHR

BoytaBl B RkAER TR MR EFLMESNERL -

342 2 2 mae R & EH ¥y

KEFFTRAERFERATHESF L ARE - AHBRELS
KERDOFTHET AN ERREAETARENEBRAG DY
Ay

HEeEAMABERAT B FIKENSHRMEE  TATL
FARLTHHHEEXEFELABRES T/ A KAANE
PIAKEG A MBRSE -  AHDBERITG > AUEEHRESL RN
ZILEW - BFIRKBEEFHARTRAEMNE  FPEELAFRBLEL
HER  BREERE 62 FREABATHEEEUITRAFEN £
BANRE 74 FRETHEEETR KD RAFNRIEHETE
KOMEZHE Bt AL EH4HLFREIHELE T0Es
BERAITIRE M -
I MBEFIKEWFRREN T AKX TNRE 62 FEMBE P

BRETHEFY  ELETRERERAKR  ARAZRE 66 &4
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BEELHBEAEBRAEAFHIE - Bt RE 66 FATRANEER
HETRAERAZKBRFNZHE -

2. GFIKEMRE 74 $RETHESRTEG TR A NIRRT
o IR ETEROMAEIRNHER - KEFERTRANRRY
ERHLE BREHNEBN BRIUEHES  NHBETHEN
A RAELRREAEEHEARSBOAERIZRATHERA
HOBE HPEAELIREPERLE LN AEFERRAAETE
ﬁ,}‘ o

3. BREK 26 KERFENH AR - £ F 73.11~74.11 & 84.11~85.11 &
R E N EHER R > 55 % 3,695,000 m® & 8,670,000 m’ - AR
Ha2-TZHEnEwRsk T4 5FNES 556844 m’ FNEHA
EEABENHEGH 3% ERE2TFRERRENE 915845 m’
BEH B 85 FHFNFTRATERENHEY 96 % - £FR
EPEMERAKRGFAT » bR FE MBI BT 5 A R TEE
ok I

Sz od o BATRA 14 BREGRDERTHEABA S

EEBEHES - 2B 12 BAXLEFRBEHFR(G2.05~65.11) »

2 B ENEEFRT3.11~74.11 & 84.11~85.11) - shis#k 524

ZRFHBEYREMET 4 BEEHEALHFIGEYLER -

gHEmy BAEFIAERSAMEHAETRIRER AR

2 - BRESTR AUABERANERERNBERLTITY
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FwE BANERSLER

ANELABPIABEBHNY BEHERT T OLBEEEF S
Z 3G o BiELAFRY  BAMAEFI AT EBLBRARGED K4
AP @B  ZHBALTHREIARBELMAERAL » BtEE
Vi BRAR  EERLMARERESL - Bk AEBLPIKELR K48
MR HAAEF QR ABMU BTk -

GSTARS 3.0 A A — e B » CAHRANLRLER S
FRANMABZER B AT 80854 £
GSTARS 3.0 X » AR tbB oA e At - Rt EWHE R THERZ
— BB R AT R X o ot A(RESED2D # X)Br T £ AL A th i 5 47
oA e o B 3% NETSARS # X 32 X8 B F W98 5] & K3t
EZIHEE > Bk AL T8 NETSTARSHAAAALE -

4.1 RESED2D## 5%,

— - BAERG
AMAABLIBRLLALAGHIHBRERSENAERE

MRARSBBEMGEEHY  EARXZIEREHETE -4
SHMAGSHNBRANEKRT s REAEBRYRATBRF OB KERHN
HEIRZPDHB L - BTEXBTRAOERENKERNHS
ARG PR EAR B & 92 R4 -

=~ #A A
BRABAEEZAHEAFHEMRELT -

. BARAEXSRAZAGGEERERAR)ZIZER LR HRRA
RERKARNSLZ SR TEETESREINERL  —F
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R T THASERESZAEAEEBBERMNSL - FTBETRS
B2 GHE -

2. AFm o  BRERXREABRVEREHALA TG L 2L
}f} o

3. BXAABNY BN A_KkETRA  E_FshaneT
B KEFEARAFE IR ORG-SR EXHEEEN S EH
BIEKXOSRER TARZEBRABAM BB - YT
RE Z & o (sorting) & F #(armoring) ¥ > T F VBB ITERAR SR
RS IRE S -

4. KX 2B MEFERRB SR 5 %) 34 M 31 7k (two-step  split-operator
approach) » & EHFE 5B REHAEFREE_BIRTEALE
PP HAERTBALBAR RIS EZH IR A I Y HEH
(provisional velocity) * % — S B(E#H T BB LR SR ABEREARY
EhzH g RA B8 e ARG EAZIAREARERA
{g_ o

=~ A TRA

. B EAEBBRIBERN  RGEFA5FNBERIAIN  MXLR
BEREBIRS -

2. BB ARTRIGIA -

3. A ERANEBRE-FTHES -

e ]
KERFESBEXAMERBRR L F oM AT o KER - BE
EREARED=HmEKH  L&E66Ek 41T -

4.2 GSTARS 3.04% &,

42



— BRI

GSTARS # X (Generalized Stream Tube model for Alluvial River
Simulation)# R &4+ F > CRHERDLBME NS TRTII A
Bt FRAREEE RSP RTNNRBEZ A - # A R E (stream
tube)FE B A ZEALEHBU_BKARBUZETREN 21
At o GSTARSH AR FHRAR DL BMTEANANBHAHALARZLAE
&% Molinas & Yang (1986)F7 % /& » ff sbhr 12 3 A # X & & A% (mainframe
computer) ° Yang (1998) % A it — # A GSTARSHE X iw sl gLt » & A
GSTARS 2.0k % » EHERABREREANBAETHZRSF - ARXHB
AR ohie B A A2 XBAER T L - FFRAGSTARS 218K » B AT E#AF
GSTARS 3.05 & 89 5 F A% -
=~ AR

2 GSTARS 2.0 ~ GSTARS 2.1 RGSTARS 3.0/ A 655 R E 283
WA REEE o £ 427 > BT -

GSTARS 2.0 # &

Lo AR A@A N EATHEZRE-

2. ¥ % M T % (cohesive sediment) ;3 3 45 o

3. BAFRAAMD X G 4@HEmE 118 &5 10EFERRMERL

7#(noncohesive sediment)&y5h - X, & 1 4858 P U FERD A -
4. £ 42 8 A (the angle of repose) &£ & 2 I & T HhiE
5. #| A Han (1980) &4 i & & $(the decay function of Han)#i & » #4& 9k
I #1 $7%Y (non-equilibrium sediment transport) & £2 -
6. ¥ % M AG DAL > A TNE B R AKMRZEE A -
7. BABEHTLGER RS X205 Eam -
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[a—y

M

wookw

7.

GSTARS 2.1 # KX :

. 38 Ju F R K (tributary inflows)sd » KBRS Z HHE A4 -
L - EERRENERD LA -
R EE T & RSB R g
1% B & B 1> @(graphical user interface)sy Z (B AT H R &K °
GSTARS 3.0 # & :
B R B IRE R
¥h3BERREAFHD X RF2BATHARANKERS -
BT RE TR ZEL  BRTHAIRTRLFERBEZ @R -
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(3)Toffaleti ( 1969)

#; |(4)Engelund and Hansen (1972)

#r |(5)Ackers and White (1973 )
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(8)Yang (1979) +Yang (1984 )
(9)Parker (1990 )

(10)Yang etal. (1996)
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Yang’s formula(bed-material)

Ackers and White’s equation{bed-material)
Engelund-Hanson(bed-material)
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PRSI AR 69 AR B AR o
3. BRRMFE ALRRB KRR IUFENSE - B UFEHENE
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(consolidation) % # #1 -

5.2 A PIKBEA AL B £ B R R

Bh RRAHEMBFEOBEAEXLRE > ARG EMER
BARBELFEBRARLBANBIFBRHLHE R GSTARS 30 K - B
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#]F RESED2D # X #2 GSTARS 3.0 # X > #47HRM 76 IR E S48
M ES 2 EERRIE - S rBEERMERZ oS R4l T

5.2.1 KIE3 45
5.2.1.1 @KFEEEH

BE—EHEEK 8000 m:  EFE 100 m FHRIKE 0.0005 BFAHH
0.035 > FTHLRGYBEMLEHAM |Sme BAENEREHLHEMTAE
AHE 3987 mY/s FHABRAKFELIS me £AAT » TELEEKES
3m> BEERAKES 1.175 m - RESED2D # X 3% /8 81x11 w93y 4+t Hie4
MBS A A=100m> Ay=10m > Ar=100s - GSTARS 3.0 & X 3% B 41 18
$EHES & BESEAAM=200m Ar=]1day MBS

5-1+52 53] HARMEA KRR ASMRERLHE > B8+ TA ®
MEABBERRTARE LR ALEFLZRES > FEAZIEBRERER
— o MEFRRBEREEOEE - THAL T HE LK mE &N
BERAIBRIOEATHIESE DN o - BB RIRGH
AMAOEEAEINR 84> bE 52 T8 HARMK L3 1307 m/s #
AT #eh 0.886 m/s o Bpa gl — B @iigey £H ¥ - GSTARS
3.0 #£ RESED2D # g 5 B 6 L R -

5212 8 R EH

BE—EHEEE 100 km» EE 100 m > FTHREE 0.0001 + B HF4E
0.0187 » B EBEARE ¢ (m/s)TRFXAF

g=1.5+025[1—cos(2m/T)] 0<t<24(hr)

g=15 24 <t < 48(hr) (5-1)
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RESED2D # KX #k B 101x9 #4343 B @ » 84 4 H 8 ax=1000
m>’ Ay=12.5m > Ar=240 s - GSTARS 3.0 5 X3x B 10l AL EH G
HEEHAHM=1000m: Ar=240 s> REEL |- ARAAE - KEKZE
MARBMESILZEN  ASREEATOER20km R— 4548 - LR S
HMBERPE 53 KEEBRERDE 54 AT BYEKAHAHKER
FESE A HEER -

RESED2D # X2 BB ERTEAARAEALEH ENERBRIN S
RZEHR > GEAETHFG  BALKFESETREAGESFTR L8
RBELE  BRERESED2DH A B AEBE ERAES

GSTARS 3.0 X AR ME ERLK » BB S3RS4 FTHEE
BRERL > REMALHEOATA KRG TR LHERAR
PP GSTARS 3.0 B A B AR RAERBRLENEIRERLEN H B
- il 5-3 TH & BEXEMEEFL EH(X=0 km )5 AR B3R L4
G EM > B 54T HE S GSTARS 3.0 X, X=0km R K EHELF ¢
B RESED2D B X A HF R SHHRLK -

5.2.1.3 ¥ i £ 5]

THERREXAKESHRBRBEMOME  AREE T FRANE S
QA EAR R Bfo $E F 2k R IR 3 18 69 A (Rozovskii 1961 ; de Vriend
and Koch 1977 : Yeh and Kennedy 1993) - A# % 4% A de Vriend and Koch
(197N Keeddf > B AR E ey -

TG BB 55 piF 0 KET DA EE @B AHAKE  Bi@B A
Wz AL NERE-AIEEE A 0 2B A S EERLL KK
SEHRE - RERK38m FEROm FEFCHGBRLIEH S0m > EHg
RRELEGRGEH KT E%E NS 0.0003 » Chezy %A 70 m"s -
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EHRBREELEEEARE 061 m/s> THEREELTRALTH -
RESED2D # X #% F 103x39 g9 3k 43t 64 » Ar=2.5s - GSTARS 3.0 #
KA 103 BEEFHE & BEFHAA=I m> Ar=]1 min» FREHA
5-

56 AR X RRBELERATRAEZILLEE B P4z 8ElR
FHHBLBRBZ KRFHRABRUBUAZE G FHRRUM > K2 & HF
REBHLEFDEFERAEZRENFIBELRRAEBRUED
Bo@ 57 A KMERERATREZLERE @ B4 atbg s
KM BHEZ REZE B PFHARMEGRZ, RUKRIE  BRE—BEZHK
ARBEEBREY » 2z T R AR ILEE -

$8 56 & 5-7 A% » RESED2D B X 2 Ak ~ KL 2 aTR
BB EDE - w@ 56 AT FIFGRI _RABENTE » ZRIER
Wil g WEE T THESRBEATE IEARGREETHEAR
NAREHEEERE B 57 v LERRSBE  BHEaKEHEE
2 3 A7 38 K @ 48 & (superelevation water surface)dy 54 » BPSrE KB HE T
ARNAHKESHE LAKOGLGHRLEEIRSEANORET @B L
BAE EE @B % BB KBGO AP CERTHKE -

& 56 TAHH GSTARS 3.0 X B HEE Gy KM BHEHE B X
{4+ #k4o RESED2D B MA M SEBREERKOGLSTHREL - Bk
GSTARS 3.0 #X F R Z A X ERFATEH B ARENI»RAAL - &
B 5-7 T#& i GSTARS 3.0 X AR MBER > KT HB EHBRE > BT &
RROALPTRERE S MEBRYEHEIRLNNEGIERAEAK

5.2.1.4 B MIE EH
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KAEREHRE - Ba By AEEFTFTEHARAERN
(recirculating flow)# 3% » A7 24 A3t 5 #k A Babarutsi et al. (1989)&) 3B 5 7 3%
FER A B - B RS BB RAH AN - Babarutsi et al. (1989) #9335
KETEHEEwE 5-8 FiF» MAARMAR EFTRAARBEE » £RE

BERBRETFECELBEARG AT L RERAAGHERRA
(recirculating length) - E #3389 AR KR U, A 0145 m/s » THAKEFES
0.0819m > EHEMBHEEL A 0305m > BIRKEEEHEEBA 06l m>
BB EC, B 0.00527 -

BRAMGHBEETUARBALEEIRSEREAT P HARRARERK
B Lid, % & ® =k @& &(dimensionless reverse-flow rate) ¢ /U,d, * £ F ¢,
A FZE KB4 R AEERE o Babarutsi et al. (1989) & 7 £ 4738k s » FER—
KF B X(FE B CV £ ) (Babarutsi et al. 1996) > SR #ATEHE R ARG
EAE ARRAEREHEHRBERD LR 5-1 /77 - £F CV EXHD
RBEAMTRAHREERTEME - BP4RA Boussinesq Z ML
# o A EABRBUBRIFESNG KA CVEXHBRATREN(v)HZ
WAL 0 WA S v=0.0067U,d, °

RESED2D # X 4% F 2 CV A 4aFl &) 81x20 3593t HAH > Ar=04 s
EATHAEEH - GSTARS 3.0 A 4RA 8l MFENFid  HESHAH
Ax=006Im:> Ar=1min’ JAEHAES -

RESED2D # &, L/d, # q,/U,d, X BB|EFETFHN K 5-1- &k 51
HEEELLE  CYVMAARE L/d, 5.6 % &1k q,/Ud, 28.2 % 2 ¥ b »

i

RESED2D # X #i #8 42 REBMARME L/d, 24 % Fv q,/U,d, 3.5 % > B4
FEFTRHEHNBE - - B 59 & RESED2D #EABBLERAGFHE
WwRE 5-8 ZRAFG TEE FEAMEFZEHNHOANRNGERL  £R
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BEERBRT  ARETIENTELRARFHSERNR -

B 5-10 % GSTARS 3.0 ## & R 50 B > &8 ¥ T4 3 GSTARS
3.0 X Bk E BB ARASSHAN - GSTARS 3.0 BA B KL HAZ
Blig  BERCTHEU B ARA  BEREARLPR -—BFEE KHEE
EHEHRBERLEARBAGL TG > BEEBRKAERM T Qe TEBH - B
st > GSTARS 3.0 X 8k w K AL FEBE K > SEEHE B KRAF G}
Bt Ampl e Re ey R mg 6] -

522 JERFPEILEREI I 5
5.2.2.1 #H Al £

FENRAANRDEDRKRZBDEAASIRGERT EBEZHEZL
MR > A3t E4K A Suryanarayana (1969)63 T B &K ] > BRIEEEE X ¥ Al
BH c FTHREEA-ALENREBAM > & 183 m- K 06 m» R L3
REB—IarE > THRBMEE-LFIRER - AXFIAMHER > A

ZRFCLHEABETHARE B dan  HRESHEEwE 5-11
P RPRB_STRAMGILFE REBZRAEYYGRF - TRBE
foREBEER 0305 m LEARSZEEN BB 1525 m £4KE G
#ZEF - RESED2D # X 3% M 51x5 8939 3t k4 - Ar=15 - GSTARS 3.0
BMAKA S B ERE  BELHAA=03m" Ar=]1 min> REH
Bl

5221139 nFEH

%amﬁﬁmﬁmiﬁﬁﬁ% AN BREEANRES 0.0236
THERAMGFAESL 0251 m ERIEZRARR - AEBEEHT
EARHZ AR 045 mm AR ERE  FLEE S 03 - AR
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A2 B TAEEGRBE0) B 15 -4 O hr PR LEEELRZIER
SAREKEEGE  XAHTH IR EHBLE  UREEHNEEFRS
RETAREGESN -

B 5-12 & RESED2D & GSTARS 3.0 # X K&K S8 Sk HAEsEE
EHFEHREH 2B - % RESED2DE X ™ML > B T4 44 =1.5hr
B B EARTRIER L AR EHRGER THERATAEL  HH
PEAEBRRITR MmN BAie 0 B THEE TR At
KR o B F EF R 693 o o PRI Rk ey T asER 0 £ =9 hr B >
FERBERERRYERATRAOEN SR EFERRGETHR  kBHE
HEZTFTE AEREAHLEBROLRET RTARSEARELHRM
MABRABENERM O ERLEERORERTRAEIRENTRERZ P
FRETANREGH A RGBERINAR) BELERAETREBED

' By 38 RESED2D 4% 3 JE 58 B b UL b Rl ko) 2 IERE L o

ko[ 5-12 Fis% > GSTARS 3.0 S KB THBE R KR TR AIRE > 124
BFTHEHBEBZERTHEAAGIRHEASRORLELE  BEE
F 48835 RESED2D #8 X, 8t K 452 -

52212 ¥ HRFEEH

B GIEFREB LR ERBFEAAR  BERLREARES 0.0683
m’/s» FHERAMERES 0292 m H#E 0302 m» ERITEHRAREZ

B ES TR AREEBSAHZEY 0 55X 0409 Fu 1.6 mm
BRAKE  RSR BN FEUE - R IUEARRE UE 0 FLR R AR
B 02 -

SRR KEEM 225 T H B hr KEFEVEZRARZBAKRME
2 EATRERATHBLE - UREHEHENEHHRNFZBRAYE - B

5-7



5-13 % RESED2D # X 4% A 51x5 e439 43t 44 > Ar=1 s - GSTARS 3.0
AR S EHHHELS  BALHAHA=03 m > Ar=1 min» HEH
B 18 553 A ABEBRLERATHREIHZLEE  SEPTEHH
RESED2D # ML RAFTHRMEAEE — 3 > GSTARS 30 A€ #H 4 &
ERERYRIEHEMEL - % RESED2D Az gL Em T » RANT
R EARBIFRR  BETRRLEHMHO THERE  XEEESER
BT PR EFARETLE - EERAGFETRERTMENE ) K
RO THERELRILERE - B4 B YREEHAAL > FFHHYEEH
BHEABROARE » AT RRTRREASHEAR > BTPRAL
QTREZXEEFEAFTZHRMER MK -

5.2.2.2 Ak EH)

FENBRAANRDEARKANBDEAMIIRGBER LA BEEZS
WA > A3t £ AR A Suryanarayana (1969)# TR K] » REHar B X2
M WA ES ENEREMREARES 00236 m%s > Fasd R
RAAEGHEA 02565 m o EBALEERILEHHRA R (B E)
RAFMRES 045 mm » EFNFRTERAFRE A 409 ppm > FUIRE S 04 -
EFBBE A ERLEHATRLH4ER -

B 5-14 % RESED2D & GSTARS 3.0 # & 48526505 1.5 2.5+ 4.5~
710 hr 8% » KX ARAHEHEBERATHREIMNZLBE - dB FTH
R HLEFGGRABREE - £ 1.5 hr BF LM MAPPEHRABONF R
AT 0 BLES A RER Y ] 6938 Ao o SLIAHRR AT o FLB R ARG S TSR -
PREAH LN RASBERLELENH LA  EAABEREERAKFEE
X BRAREERE  RERABRDENHIvmBHAE  REZFHHOHT
B MBERZEFHE - F—F @ ARNFEATHREFHTHE
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@5 BA Z FARE » HBUNMHRES > MRAERTAALEER
&£ o

BB AZEELEERH T > BB 5-14TF# RESED2D B4 28T
BEHAMEDS > i RESED2D A A BB EENHMBRAES -
GSTARS 3.0 A BRLERGHLE - B FHBBME 0 RETHE
EABERBHRE LR HUBEARRSHHHEL -

5.2.2.3 WA & £

BT LEEEAN e RERNEREZI REATEFHFALER A B
FPRRBRER c AN EHRA SRR REAEF(8B) TR D
WE o REAMAHNEHYUEET A I L ABERES -

REBAMEK 72 m> T 1m> EBmREREE S 00035 G RA
MESHFELMRE 012 cms - RFAWEMN » %A S EREAREREAFL
BN RERTFZ AR > 7350422426240 11 mm» &K F 4
BAENT RERFTARE B bR 53wk 5-2 FRT o sbif R Kt
S BETEAR R > RRA 0~1175 min 85 > E3% 1% 3.3 kg/min & & 24
JE LAEAT T #7308 5 1176~2570 min 6% » R SUFEML R & £ 9.9 kg/min & 4T
A2 $,308% 5 2571~4795 min 8% ¢ WAL SUEM K £ 3.3 kg/min #ATHR KRR
4796~5100 min 8% - 1%k 3500 RM B F BT F KT R RER -

B 5-15 2 i XARSREE R R ) PSR 2 K R LKA 6 A2 48 6 8] & 3K
REMEZLBE - % RESED2D XA f% > dEFTHAHEERERER
BRERMEDE  c AT EHERRMBEE > TEABHEETRA FEEDGE
Mo FRBAERIR T BB AR K - A ERBREE > BARSE AN KA
IR Mg RS > TARBH S o LM SETRBARET  sLaFey i
PR A B ERES 99 kg/min > A7 I E RS BIRAE 3.3
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kg/min 6% - Qb NGB EPEEP G/ NAKIRZIREEE S 0 RMEmRERTR - 5T
RETE - B AFKERRBRER  LaFmE4 EaEaEiR - &
BERVRIBLSIHHEE - 3 GSTARS 3.0 XM ¥ » A FHRBEE &
REBFELTRAHEL  KOSLNEH SEOEL - AR AL T
ITHERTELARCEARENFRAL -

#adm T > RESED2D # X T ERE R B IEEE R - JFH H niFmik
RO BERPNEIER » GSTARS 3.0 BALRRSREMBEEHBE TR
RNEHER > KDSETCAESEHEL  ERERERRRLHE -

5.23 BEMIUEREIR S

BEMAFGDN Ao NERRFREB RS - ARAAES ~ PR
RIRR IR EREE RO BAEBRARA I 45 -

5231 RAEREL RH)

EREMRFZTRETURLGHEAT » X PHAHABFREX
SR 4 H R B bk T E ¢ 1€ 8 P A(Teisson 1991 ; Ziegler and Nisbet 1995) » ##
URFEBEABAEIANBFREBRIALEN - ZL2ERFHEZS
TRERTRE2HLBEEFBIBIRBSENE) ABEREET
EFEA[(A3INKR]FHEENFTEEARETEFEFREK - Bk K EH
F Almquist and Holley (1985)2 75 @& TR EF R AXE KB FERES
Z 48 M ) -

GSTARS 3.0 Bt X sAsT R G B X7 8a0 M E > & &% RESED2D #
AEEGEABRIRATARIBFEE T ) AREFRFROESRSH -
Bt £ FREBLEH T > E4KA RESED2D #i X #4784 547 BRI
o LA o
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ol 5-16 AT > RHRABA — stz T REMEHE > £ 1.652 m>
REP KRG FEFE 4953 m TRKAE 0001 - F4H 0015 FEE
BN E S 0.0991 cms » F#HAES 01219 m > 75 3R A B h P EERCE
REREAARE) REA 60,000 mg/l - sbi5 RAHBBRASHNAE 2 3% (0
B 5-16 AiR)ZARREREKFT LR ABMEARLARKT LARGE
WA ETERGHARE  EABRKFTLEREMIIE AR RB K
# -

51T AHKEZEBELRATRAEZILHE > AP REZ0S5KRAE
BER0S REAFHELEE U ALHFARETHRE UM A:F el E
FHRE - BETTAHAF - BELEARRE | B)XARSHZRN
REshRBRAMY  WERTHFG  FEFERIN A ik - WAERRY
REEFMYEANTR(F 103%5) Y ERG&E XBEEER
REFPHAHANERANIFOREK - REBRAAALE > FFERERRTA
FRERMFAABRABRESN A XRERBLER2ZEB8HB E
(lo.-0, /0, » L+ 0 BHELR > 0, HBERE)Y €N 10 % > B\
EHRBERZ S EMN -

5-18 BERRMSEREVNEERRESHZEETLR B 519
BERBRBTREREVEERARETHZIRELER ¥ CAHRETHAR
B Cu BB BRRAREMR - B 5-18 RE 5-19 PIF RS L RAELE
BA ek BAGOBRKZAE SETeNRELERARLEEZGSHZ S
WHFR - B 5-19 2 BBRERABKAE S-18 rrETeyEagthi dEFT
EHBRTARE 6-12-13 - U N2 XTHERAATRAAFABRARLESA
o A ENEERERZEHR I 14 % B RESED2D L&
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5.2.3.2 FH R

B3k — 4 TiE &8000 m » & 100 m * TR FZ0.0005 ° ¥ EhE
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B ETR] A6 R o
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o RS3IFT - WBEBREHT oA B BB E61-4 B4
HBEBREFAIBOARE  F_0B8564-7 HEHEERTARER
YR EH4-8 -9 10B8F =4 HEHHEBRAFALIHBAMLE
oo

RESED2D$1GSTARS 3.0 X & K6 2 BB & R o K545 7 > L4EH
BEAZRANBIBEARLERNZME - 6148 F I o LHFNR
o NRER AL EEKRATREAKK  AEERBEEANHSE)
A REENMMEARHATHSE - RESED2D#GSTARS 3.04 &,
BELERBERABBETAMEZRGRARROER LX) EERABHIGE
HATimitieyR g » HGSTARS 30 A A EFR2ZMANE S E €8
PN

EHA~-TRFHRERLETRES > BB RAETEA  €HKR
HHIRBERABHRAGBESGR  BRENENR > REZHLEHM
it b 35458 - RESED2DSEGSTARS 3.0 XM A AL EZ HBELR -

K489 108 EHANRBFRE I KEERSFRTEERN
EREEDARERFAYE  matsEnaEALw@REMLeRBEE
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AENE G A TALEBEBERERAANREEAMEENESRAGL
HRGE  c BUERI-4 HEABBERYENS LM EaR S HB
GSTARS3 OB KX L EH 10X FAREIECHFBLEARSCERHEL -

5.2.3.3 W RIR

AR RBR P 0 FRA BB RAE BT E A EATHEX PR G
BT - RBEARAKAAEZBERS > S ABEBRHOARE - HEE
RERTRIFRACLEH T LSRRG T R A ZHE)RBHTEES
BE R R5-5T bR EFTrA—MEN > BB Es1-4)
AEAOBRBEFTHEBRHONRE > §ARAARRT I REHARTEZH
B EZ-_@BhEHF 567 HROBBERTFAHERRRFTMTRS >
BARHBRERRTRTBRAHERTRZEE -

B 5-20 ~ 5-214 % ARESED2D# GSTARS 3.0# X, » £#/1~42 FiE K
RIERERBERLEE  BBERGLGERET RAELAKAT %
EaR%  BAPARERLRGBEBLR - B5-22 - 5-234 % BARESED2D
$LGSTARS 3.0# K > £H1 56 7TZEERERLEFERLE FiLY
B BYBETHAERREIRTRAPZRBERRLERERELR
BRIFRRER N EEHBER -

EHmE o 54 RBETRESED2D#GSTARS 3.0 X 3T @ty
BREBMILFZRRBEITR T A > HGSTARS 308 X 4 3 g 2 38 20
S AEEEARSENRE -

5.2.3.4 B AERR E AR
BEMAEREERREAFRANRRN AN BERTELARENY
Mo ETRERESES L —REBHBRAEH A L ¥R - RESED2D4#E X, 7T
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BTRESARETR  B—RITREREHEFIFRITES - A58
BEMREEABRENR L - GSTARS 30X EXBEKRY R » 7 3%
EARBRWES  BEAAMRRBRERBREZIRSE - Bk £ARFEHTERER
RFEHRRP > 4§42 A RESED2DH A 3£ 4T ©
ABRARABARRRERFAGEGES SR BKAXAEARETREERRES
B R RATRBILBR SN RECAIBBEEARIAHAMRAZEHIAE -
EARFRERAREAEST  TTRESBGBEREABFRTRNMRES
0.06 N/m’; # EARBEEEGIHBBES T TRELRU S HRETRA
HEREABTRTRA  ZEBEMoRSSHATHETRIARRRLE)-
BEFIHBERLBES- 247 BYTABRSEL ERARBERMEEL
BERGTRERCREASGERE  PHATESERBRERRTREEE

WA -

S3IMANGFIKBR ARSI

WMLz 4R > RESED2D M A £ KE - JFREBAFRER
MR EHR SO EBESIERASEHBEBELER R KREERAS @
THRAAHE o £ GSTARS 3.0 K34 - R T RENRSHEREELRER
BHAEZITRIENBZESS  EHEHAHA LRI ERELAZIR
BER R B KEEHME > GSTARS 3.0 A LBERB A K

R £
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A5l BRAREREKE L/d RBERRGRE,/Ud, BREEH

HER-F &
HgEER
TR =
KB GRS A CV #i =,
Lid, a/Ud, Lid, /Uy, L/d, q/Uyd,

7.87 0.085 7.68 0.082 7.43 0.109

R 52 R RN AR R RAE AR

Qe £ ANDBHRE A RE RS AR
(mm) (ppm) (%)
0.42 19.92 36.00
2.00 22.01 37.00
4.20 3.67 10.00
6.20 3.14 8.00
11.00 3.67 9.00
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E53 BB HRNENFINRAEREN—F A

gp  FREEANAE r N
(cmsm)  (Nm)  (ppm)
1 0.02 0.06 2000
2 0.08 0.06 2000
3 0.16 0.06 2000
4 0.24 0.06 2000
3 0.24 0.10 2000
6 0.24 0.40 2000
7 0.24 1.10 2000
8 0.24 0.06 4000
9 0.24 0.06 6000
> 024 0.06 10000

R S5-4 BRI ERHMSBBRER LB X

2 451 BRI % B (m) Aeds o B(m)(E L a5 )
RESED2D | GSTARS3.0 | RESED2D | GSTARS 3.0
1 0.00087 0.00174 0 0
2 0.00081 0.00266 0 0
3 0.00077 0.00162 800 1400
4 0.00074 0.00144 1600 3800
5 0.00078 0.00158 1000 2600
6 0.00085 0.00187 0 400
7 0.00088 0.00263 0 0
8 0.00147 0.00287 1600 3800
9 0.00220 0.00364 1600 3800
10 0.00368 0.01559 1600 3800
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RSSBREBMILFETHBRABBRESN-EX

% ) T ey BEMEAEANMRE
(N/m?) (cms/m)
1 0.06 1.0
2 0.06 2.0
3 0.06 4.0
4 0.06 8.0
5 0.40 1.0
6 1.10 1.0
7 3.00 1.0

F5-6 BB MIUFEFRE BT VR RS — B R(RESED2D# R)

B v R R A J& B (m)

(N/m’)
1 0.06 0.01
2 0.20 0.01
3 1.00 0.01
4 3.00 0.01
5 3.00 0.01
6 3.40 0.01
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10. B R FELECBRER R RRK S5 5 A Teisson(1991)
HERGMBE AR EM 9B L S 11089 N/m?; BE R I E
713 R Krone(1962)#y 32 44 > 3% 5 0.06 N/m®

6.4 B 5 HAE 5

A3t E#H RESED2D # X @ £ R4 K e SRk T E# K I 41
BFERLT  @BREFAEHFAEN HLEBRSMOBERE &
AROEBHBRERETRAAGL  RBEHEBERSEL THE &
AR BRI ERRKAERMAERLT  BBERRBELER
BARBRNREDGTE SN Bl i ES R R0 R oA A3
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10/10-10/11| 1571.00 379.00 2 975.00 69302
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UEHKF V' = FRXBRAATZIRE  p = ARFE F = #
£ 71 (body force) ; P = BEH 5 ¢ = B FRBELIKE A M A (shear stress) ¢



RO

i

CD: = ﬂ'k FI‘V‘

e (C-6)
i .___1_ it agff agu_agjk
P2 G e o (C-7)
ox' ox
=5 & o
e (C-8)

EEZHREREAKTY  F iz B g,=g" =0 Bg g Tk

2
gr‘i = hr'z (C"g)
g’ =_}__
g (C-10)
£
o' oxt ., &
hz = _ 2+ ‘4 - 2
=G G T o) i
#(C-1)RA(C-T) T4
r=—2%
h 05 (C-12)
‘ :1*}"_ -lﬂ
h 0 (C-13)
b
b (C-14)
T =0 (C-15)

FTAERASMIREEVREIUKRERLIAREEVO 28

V0= e (C-16)



BHEeLEEX  EXUREBAGAKBRESIEHFTREATERT
A%
(ki & 742 X

th hhV thk 0
5[ (z)1+a§,[ (J)]+§[ )= 1

QAREBEH®H I HER

G, YOG VR VE  Vkava)
o h 8  h, 08  n oF

i 7

1

vy ag hh 84-‘ 49211 40)
1 1 ok,
[Wa_g* ()—ﬁa—f'V(k)]V(k)
g LOP 1ot 1 ot ar(if)
P ph, 88" ph, 8¢ ﬁ*j 8¢’ ﬁﬁk o5
. (1 Bh,- 1 6h,c)r(ii) 1 Oh; z(jj) 1 0Ok, t(kk)

Wk OF  Wh 0F p hi 08 p hh BE p

2 Oh 1 O tG) 2 Oh 1 z(ik) i
YGn o T 08 o Ty 68! "k, ag*) (C-18)
O FERzfEsrIEX
oy 2 2 Th OV @]+ =S [y CV ()} =2 [ CV ()]
T e af o&’ f
5 hh a hh, hh,
=——- i k[—'LQ'(k)]
o5 o5 p (C-19)
ERBRZEETFEIEA
S BE
puti- P, Lad L S lh g O+ 22 L ha,(N+5-5,=0  (C-20)



CYEBTRED 2 K EFHEFIER,

P, (1= pihh, —”+Z{ [h,qb(l)]+ [q,()D]+5}=0 (C-21)

4 EYZ

C2 #EHRA

HBERCEBOERHTER  FHHEEAAZTRE 25
% (1) =T /B 4 448 7 88 (incompressible Netwonian fluid) ; (2)#% K& 5
A B)EBERT N (DERFHRA - FlEF o BiBEE A GBRBFITH
F A2 4 B T R dh 4% & 42 (orthogonal curvilinear coordiante) % 45 #2
A EHAAdGAKRE - BERZEHERGFRBHM A REH T2
% B ) F 3 (time-average) & K F 3 (depth-average) » B TH#HF 4 F
X EREs TR -

C.2.1 KB4y
C.2.1.1 #Z4F £ R

(DAmBEF A

hkzis 6(h“d)+ (hvd)=0 (C-22)

(2)7}'\ e E T AEX

SHig

a“? VOH 1 0711= 1 él__l_;}'::!

haE mom hhon'  hh &

g o 1
=—"—2\Z +d)+ 241) h:‘r;z
D h.hzdaf( o Phhzdén( )

L Gy, 1 Ao T

“ohid on " phid Z o

a
a




1
ByT11)s b !
+ph,hzd[ (), §+( )y G ), G+ ), n] (C-23)
nH
FEF VA Ve 1 Mo
a& h & hop hh X hh, on
__ 89 1
= hzo..ﬂ(zz,'*' )+ hlhdé’é(z T )+ phlhdé’fl(h[ Ty)
__1 éh‘T”+ 1 5‘2712_7&
phhd 6 Y phhd G pd
1 oz
+ph.h2d{_(hznz) 2zt ‘2)" ~ ”) Hhrn)"’ n] (C-24)
KXPo
T, = [1r - pu" - p(@ 7))z (C-25)
T = [rn- pv'? - p(v -5 1dz (C-26)
Ty =Ty = [on = pu'v' = p@ -7 ~ 7))z (C-27)

UNEHXF sy = FTRLAELGKERT® ) p = ¢ TOHER
HB = FTORBRBGEE y = FARE vy = 5 TERES
d = KR g=EFhmBRE: t =8, = ERERE: ; =K
BaBr,r, = BREBRIE ¢ & 5 TAX5E; () BREFH;
(C)=KRFg ()= FREFHFFHEHE S TR s b FHRREH
ERBRBRRGME T, T,, T, = AEIRIFE CLRATEA(,,,
Tys T) ~ BRI BRI (- pu®, —pv?, —pu'v ) BRIEHF B J1 (dispersion

Stresses) ©

C.2.1.2 #80 M% X



(DEKRT RS
J& 537 & 77 4% A Rastogi and Rodi (1978) 2 42 54 =,

2 =25102

7, =C,pu(u’ +v?) (C-28)
sz =Cfp.i)__(§2 +$2)”2 (C‘29)

AT C,=gfc* = BRGY . ¢ =Chezy th¥ -

Q)& HRAL A S
#* A BoussinesqZ BB M ER  BRAALAYNEATOHATS

7, ;5:_20{1 Y am}

Y h aé: hh, On (C-30)
T [_1__51 12@_}
2 h, 0n  hh, 0F (C-31)
 — hza[v) k, a(aﬂ
=2 22| = |+ | =
L l:hl O5\h ) hyon\h (C-32)

AP v=p+y, v = BREBEHIE , = LABBTEE = nad/6
(Falcon 1979) 5 4, =(r,/p)"? = W Hi& & 5 r =vonKarman’s 4 #(&4 %
#0.4) -
GEHITEA

B uKRTH P E & Z BT R S A (C4)-(C-6)K > ARk s
B —BEMR - ABRALLEHTRIGORE L EHEFRE_R R
(secondary flow)ey % 4 > #£3% B de Vriend (1977) H4#:¥ — R AR 3
w2 fR%

-

(C-33)



v=5f, (C)+ [2F(C)+£—F(§) 2(1- ‘/_)f,,,({)}

(C-34)
2%
Ing
R©O)=[F2d
©= 724 39
1n2
FZ
(f)= = § (C-36)

REFKXP o r = BEFE S o(poz)/0 = BRERIBHERKE
Z B -

C.2.2 BBV eRey
C.221 E#HFER

WOTHRAMBDBEIHRAEL YT IR FRETAER
XREZRBRIREETES2KX - £ — LM B (active layer)2
FETHEIBEARERTRGDZEETEIRLL > ¥ HEFTLTF ¢
(DHE - REBRFRIEETEFLER

ﬁC ué’C vé’C 1
a ho”é’ ho"’q ph]hdaf

o a0 (C-37)

(h,Qd)

QL —REAMEREZE B FEFER

0"(/3

1-p)h

2 (hq h)+5”(hlqh)+s §,=0  (C-38)

BB TRHD2ZEETE LR



p.0 —-p)fahz%+Z[§E(hzqh>+%(m,)+s*] -0 (C-39)

UEHXF  C=BEERE  p = RETE: = REFLHL
p = HLER 0 =1 i —R4E R F K2 H B (diffusion) & 2
(dispersion)i@ € ; E, = £ & B A (active-layer thickness): ¢,, = i #
% % — R 48 2 5T A #i8 # (bedload flux) ; § = %% # B (suspended-load

source) ; S, = 4 A A& R (active-layer floor source) °

C.2.2.2 #3814
(DATARBIEE
HREMAZFZARBTBRELE - ERZTMHAEHTRRE S

# Hi Spasojevic & Holly(1990)= &5 =, *

T2.l
g, =q,(D), =0.053p,4/(s -1)gD, D, # (C-40)

(]
k

EXP

¢ v

I
D, =D,r[-(f-‘—})ﬁ}3 P T

2 2
=% Wk gk ay

(u‘c)i
w, SEERHARE -
124

c=1810g(-3F~)=%ﬁ*ﬂ§5]{%ﬁ ;
50

S=&=E’/I'bt§ o
P,



BHETARESBFALAMGARA  EA R I REBLEKBTE

HAREEA BN TREEBALSAFERZHEE HHAKRTS
ZHRH O MFE-REXTRRBETE-FHLE

g, = (1~ Bq,(D), (C'41)

X¥ o, = BFRAETAE KX tLME(Van Rijn 1984) 5 ¢ = B@m AT
(hiding factor) (Kanm el al. 1987) °

QR FRHB (5)

(1) & B oL

BRERAAGRFEATIREARALATAERAL N
REQLEZBEREHAZER -#ERFATHEHTRR® £ &
AEHNEINPE -HE R E Kk 2BFEmt EATXRE
Tk

s =—PW fkcd, (C’42)

X¥ o, =p25+055mLyc, (Lin1984): G & ik k LREF
KU,

MERE W, = B k LNERE -
A @ RBAERABRFET  XEXEEAZMLAERPAT
R oHE-RE Kk MET AAREGQLZBETES -

q‘at = pwlkﬂkcet (C_43)

—

5
-ﬂ¢’%=mw&%%(Wmmmwwya:wﬁ%gz_$o
a

-
k

HHCADER(C-43)R 4o HE —nfE kK 2B FBRTERE *



S = P B,C., —w,C,) (C-44)
(i) 48 2 ko 2
HE—BH k- AT LRNZBE(s,)#% A Teisson (1991)2 438
Ead

S, = Pw,C, (C-45)

AF o P=l-v,/r, = THERE; Tw=BERITHE Y & 7 (critical shear
stresses for deposition) ©

HE-Bm KTRES L2@EF s 4% A Partheniades (1965)2
i R 48 B X

s, =ﬁ,M'(f-"—~—1J for 7,57 (C-46)

re

Kb o M=ipRIted ;=B 5P B3 & 7 (critical shear stresses for

erosion) °
G RARR (s,)
VE B B Bth 7B R (active stram) B &AM mEL  THE TR
B?j— b
Sy === PV ZUB). (2~ B, (C-47)
AF¥ (), = BRETE—Ff kK TRAB L.
wERZEEHM RARE LAE (CANR T2 (g), NS g -
GOEREEREE (E,)

MRV £ 8 4 8% > 4&4% Bennet and Nordin (1977)2 5% » E, T &L
3



E, =-C(z;"'~z}) (C-48)

AP CHEEASHGHRAYRE 20) -

TR & @R ¥ F 454 55 (armored condition) © 4 B B B i
T ABMEEAT > TH Borah et al. (1982) FiIRHEFRZEE
(armored-layer thickness) » F LA iE :

Dy (C-49)

1
E, =-C(zl" - z]) + =
’ ’ Zf:mﬂk ]'_p

AP D,  REABGHGR PRS-
A ERRAENBHMTERS !

By = EL+ (" - 2)) (C-50)

CIRFRIHEBRALEEE (0 0)
ERFEIHUALEHBEIREL ) —HHBEZETUHEL
¥ (gradient theorem)4b f§ 4 -

g = PY: (C-51)
0,=5% (C-52)
on
AF
£ =593u.d (Elder 1959) (C-53)
0.23u.d Sfor [EZZE  (Elder 1959)
£, = (C-54)

25(%)2%0’ for BNE (Fischer et al. 1979)
Kb o =i F IR R -

C3 ®fa ik



C.3.1 KB4y

C3.1.1 R sk

A5 5 27 4 €] ¥ 4F (split-operator approach)Zz #.4: ' ¥ #E F 4

APE R BT BRE  PHNBHEBSHERERTH -

BB RRATBREBE BT BLABRAB - EAYENBAREF &

N ook KR FRTHE &

IEH YR

(£J=—(V-V)V+lV-T
ot fo,

oV ov T,
(FHE )2

(C-55)~(C-57) 8y — & X T & 7 B,

R B

T IZIE [ty ths
&  mOE h on hh

_ 2
L AmTL), 1 WL, 1 Ok ]

Y ohind 08 phnd On  pind on " phjrd B2

1
+ph1h2d|i (m Ty ) f +(h Tll)b %, ~(h, tz) +(h1 T12)p :I
T IE TE 1 (oo i
ot h 8¢ h, On 34" on

(C-55)

(C-56)

(C-57)

(C-58)



\ 1 0T, | ML) L Sk L ok
phind  0F  phind On  pind 0n " pihad O
1 Oz, )
"'phlhzd{ (hy72), §+(h 2T12)s oo PY: —-(hr 22) +(ITy ), :l (C-59)
BiE T8
@:=_£[6(zb +d)J_ Cauvu®+v*
o h, o0& d (C-60)
ﬁfz_i[a(zb +ar)j_ CFVE 47t
o
od B(hzua') a(h,vd) ~0 (C-62)

h”t 8¢ an

S n+1 852 ARB (T YMBBILRE BERYE —RE (C-62)

KT B &
od 9 0ad) A(Ad) ]
il az ag[ PE: +ﬂfM+?’1J aq[al on +/32Ad+h] 0 (C-63)
B+
_ _hgte e hght 2 AT c6a
a, Crh] da, ﬁ] Cru { ég + ﬁg], 7 ﬁld ( )

REA o B hgh AT Ao
d’, J C v C,hz[o"n +5f]], ¥, =Pd (C 65)

2 —""_22
C. =1+ CHE ;"““( ) (C-66)

__trH-l —'f” °

KPP Ad=d™-d", At=
C3.12 BHEEH

C-13



EBBESTEERGEEL  MRBEBMEF ELBE &
HEh R RRE & SRR RO MRS - RS X KA KR AR
RN EESHARANHERHES ARF LA L REBGL -
BHBAEEARNE AT ERABABRMET EKE -

F45 X R B 12 5 2 M (control volume)i 98 S REEHITH F A=
R EHERLENEARBSLRC- 1T A FQBATBRES  (b)
BAHHHAEH E-W N S REH#EH e w n s REHG -
AXREERFEAT R THREKRE —BH E LR & @upwind
scheme) £ 79 A EZREZ 0 HEA _BEEATREN L 5
s BHBARKBBENANELS -

P £ 2R AT R
é-q-i n+] _ IP:H _ \P".H (C_67)
ot ), A£
(9_‘*_’_]”’ I A (C-68)
an ), An
AP
P = 0.5- (P A PEY) = 0.5 (B ) (C-69)
ot =0.5-(F + ") =0.5-(F + ) (C-70)
W =05 (T + W) =05 (P, + ) (C-71)
P = 0.5- (78 + ) = 0.5 (8 +P) (C-72)

i’tq’ ’ ‘P—ﬂ-%% ?? 33 h]’ hz’ d’ zs *U zb °
LRERANHFAGRET &K



=n n+l =n o peH n+l w4 Y]
“ [a(p ]:0_5&[(1_%)[%;%}.(14.“ )[m (C-73)

ko 0¢ h,, Ag AS ]
=n n+l =.n. {Dn+l _(Dl.'H:] (Dn+l (Dn+1 ]
yio® = (.50 (- )~ "5 | (g ) 2l 0 (C-74)
h,\ én h,, v AR 7 An
A+
0 R |<2 0 IR,|<2
a, =4 1 R >2 a,=q 1 R,>2 (C-75)
-1 R <=2 -1 R, <-2
a’h, A "R
R, = Ll S Yo (C-76)
Hlp Ml

AF @ Tk ¥ or ¥V, 4 = REE H 4% 14 # (dynamic

viscosity.) e
C.3.1.3% ekt

AEABWNLEZREREGRE SNAHEENR - BHEBR
RERER - M T > REARSRBAREBLERLEARE
FERASRAHAKRAALERELE - LERSERE EAREE
@w(law of the wall) » RE FUEHMEF v d Tkt A

ty 1y ps _
0 khl(Ey ) (C-77)

EF w0 ERERGKRPIGRE E=ERF=9.0;y" =y U./v "
v ERERARTEN SRR HIELE -

C.3.2 85347



C3.2.1 &4%Ex:

BEERES k ey MaEGHFMIENFIRes
k BREFHEFRIEFEFTESFEZ A [(C3INK] - k
RBEEZTHEIAZA [(C3)OKX] R — B ERBTRARDHIHAETF
BHEKX [((C-3INA] - Rk H s kK BRETHEFIRER
C -k BREL/BEN L FRTREGRE 2, °

BN EHETRESEIANME WA R IR FEREIRER
BS BECTASE 2z, RERARRZIHBLE AR f XBRER
HS MBHE > REBESCFEFAUKBIL=ZHFFIEN - (C3DA
CNK A BRBEHS IR EC3NX AL HE-HBALLESZ R/
oA BeBIBRZFEAHK  AAHCINAHF-RBER
B (CANKABEHIER BT RLOBBRKAESHFTENX T 5
TH — BB
(1)#% 77 B R _F&(advection-reaction) % &

& &L & S
L EL YL _S C-78
2w hoam o (78)
s’w%:— ABARMERRE S Pﬁ%’lﬁ%iﬁﬁ%*ft’?ﬂl(%)"ﬁﬁrzo
(2)4% 3 (diffusion) 5 5%
Ly Ky 1 040p 1 8000 (9
G G = G 0 Ttk (CT9)

BYEFErBHEZBRIBTEA  LABRRARESHELE S 4K
WMy FE aRABERFBAA-BAMNBRHRSFTE -

Bt 0 B 3L KAR(C-38) ~ (C3DNR(C-TR)A + ARt KFEY
HzFEEFRCTNAREERERASL -



C322 a4

DB Cl P2 242 P &6 (C-38)A(CINK Z ST 2T
SRR

£ p)[(ﬂE = (BE 4 — it (@)~ Py (g

(1 - 9) n+1 n+l
+ hgphzﬂ [h, (qb, h2 (qb,) J+—— 1pth (A, (qbz _hl (qbz) ]
(1 6) n n+l n
h T — [k (g,,)n —h (q,)51+ 85" +(1-60)S, - (S,), =0 (C-80)

TR R AR CVAR L T Lk, )7 )]

+(1- 9)[h2 (qb, Je —hy ,(qb, 31+ 9[h1 (‘i'r;2 ) - hl (g5, )7

+(1=-O)h, ()7~ b (g, )] 11+ D65, +(1-6)S71=0 (C-81)

% ﬁ'ﬂgﬁ ? ﬁfﬁi-ﬁ.ﬁnu&ﬁﬁﬁ%qﬁifﬁ ﬁ'&;ﬁ*ﬁg ’
C-IORN=2EXAEEIE > TULMHSERT

£ 7Z 7 & _IC c8)
a& h & h én Dt
BECSHX%E A -
nC_s (C-83)
Dt pd
AER G AL KA G#s -
Mz omd RO1.5 (C-84)
dt dt

BC2ARREHUMI TEB ABA M =(n+ DA BFZ B35
DEA " BZEERE - 2RC-B)XZ2M5R  LAXRC)K



BPRE AR HAE - M EKARABDERE BB RERERT
BAME L mLBAUBPEABHRRELERZ

BRFARBTRABRBR IRV EALFHREEMERK » B
AEBHERINRBREFEBHE - ALABIRBATRT » BAAKR
REBRZRBFRTEX [(CT8)K] A% R B AT #§ #(Courant
number)  EATHBME ZHTRLETARE T EAR@FT LEL
Fal BRERRZIBGHHN  BEALEKIBEFARE &8 C3
P o
(DEE sz 3t 4

HYE—RE > ol D, HE 4 ZHIHAHHF - B

('H)

gn+l) = 54 (uA ';;;:'1;) (f t‘(DMH)) (C‘SS)
{m+1} (V +vtm) (m+1)
o =M~ hQM) — -ty ) (C-86)
b (Gn" =84) b Gip” =11,)
(m+1) __ .
) =t, —min[ YL ; L 2o ] (C-87)

XY FTRAD ARAEHEMBELHERT MAABRD 2 L4 ;
TEmABRRAH - BERBEALRFEEI D, 2B -

QDB RERRESEZ Y TLERX
EEGH I C stk THMC-8DX > B C3 Zssrhe » Lak
bz AKX S

DJ L tD.u
Ca= %“D m%) 1

h) —tp
LI C-88
+(m’n, pdA) 5 ( )




AN O BEREETEZIHRNEZIEHAT L RTARIEES
o TR AEEN T ER -

C.3.2.3 B iE

AEREP L2 BHTRALE k BC-R0)K - 1 B(CHA A
kfEC-88)X - AP LZ K4 g TR THEREAZ -

5™ = (2",Cy, Byvees Cpo Broes C Bi) (C-89)
%2 mes ek

5™ = (8,500 50m) k=LK (C-90)

AP k BEL k 243K - B(C-80) ~ (CBDAR(CBYAT 5 HF

R
FE™)=0 (C-91)
F,G™)=0 k=LK (C-92)
F,G™)=0 k=1K (C-93)

COINECNR A —FEERHKX > Thoagpid A
Newton-Raphson 3 &4 K A2

[ZHAF =-F 5™ (C-94)
[%]AE —_F,("5™) k=LK (C-95)
[f%@_m =—F, . ("§") k=LK (C-96)

K+ o (L)% Jacobian LM T2 —FIME T BN —RERE
bt B SBBREAERE > TESA =(AsAn,.45,,) © BEEE
MRS TG g

m+13‘-n+l = S;n+] +A§ (C'97)



(a)

N
[ ]
ij+1
n
W E
- W P £ d
-1 " i+1,
5
n
$ 5
*T—P 13 1-1

(b)

BA-1 Z#WBHETER @) FRER ) EEX



B C-2 REERINTER

atTY
V4
Ve
L n o )
o= Ih
] _.ﬂf "D,
lLl/"
' ) r!
Tv d D 4"

Cl EndssmastE+FrazriR



e

KR = Qs

GSTARS 3.0 2 X 1% A



M4 GSTARS 3.0 4 X ko

D1 A @an®E

RERFAEBMAYER A GSTARS3.0 X BB 22— ik
(streamline) 435 F G PO —db K A F B HiE—Sdkd g
FANEBARERE B BRAEEL AL o @R E (stream tube)tk
HBUAARASRAEARYAEBL BABETEATRTERFER
(Bpish) AR B—RT ERAERASY LA AR AREOH
BAE o B D-1 A7 5 GSTARS3OBAMERZ AT ARESE -

H-RERATREABM T  SE AT LEREEH AT

2
£+—v—+h=H, = constant (D-1)

7y 2g

RF o P ARRETBZES | y=KZ EME ; v=R& 5 g=Eh o
BE R AN BE -

D.2 @MAEE

H-BULERMNT  RERLTUS—RETFATRILESL
BRRRT  wE D2 AT ABE-BREFTHRERE FREERITE
K#EAT@AKEE o GSTARS 3.0 A& & 44 2042 & % # % (standard-step
method) RAFEE TR X - HMRARE R 2L > 4B RME
EDEBRARR FABHFLEZERL AILGEFRLAREREES
2R -

D.2.1 R EFEA



GSTARS 3.0 XA 2 EFERX ¢

2 2
z,+}’,+a,;¢=z2+1’2+a2%+f{e (D-2)

i'(“P ’ Z=}E)§Rr—§3ﬂ ; Y=7,K/J|i V—ml.i &= mLi \'ﬁﬁ{%‘ﬁ I‘Ie—ﬁﬁ'@ J
2R ZBREERX - B D3IMTAKAEETER -

D22 HHEFEKX

ERBBEZAEARAF S SRETEETFER  AAESF
AR AU EFTLEARSREETEZAEIER - HEFEX w0
TFAw

& L (Bv,~fin) = R=B, +W sinb - F, (D-3)
AF F=HEHE W=lidm | 2 M2 ABREE: 0=E %A, &
Fit B 2 AR BIR A -

D3 AEEE

GSTARS 3.0 B XA AR TR RERBM 4T KE R
By > EFLEAEHRRL B EARELTE B og AR
e KE - PR BB oM EELSERETHR > TKRTF
HMHERERAZ  (DRRFPERET AN GAE-RELT  OR
THBTHREEARREREASENE  QUEFE—ARATHARESL
Bl & R o

HAHEEATREREABAKEELR  FUB—HE GOy KEL
HFBREBKTE S BATROGQUENALT BB BRI KENGITE
RIEH  FHAETHNERGAETIRE-AECBREEH KL RE



o mFHEhE -~z EmE LABENMARE R THD
RERFEE BN E—AEFRLRE UBDHRELRMER
Rz iEnEm@ie 8- REFHTRE @ s—3t Fozl
B4 B % AT E MR E 0 AT AR ) B (sorting) & 3 F (armoring)4f A
MELLAFREE AT TRLET A SE-HEFUHARRE
FPHEHFEELER ETEFFARZE e Ludtana
it GSTARS3.0 X B H 3t JE E F — 4  K » & ¥ 7B Ji(eddies)
% 7% (recirculating flow) ~ ==& ik (secondary flow) Rl ¥y Kk @&k B ILE 3R,

D4 b ER R BT RAE
D.4.1 REVE & F £ =,

H-42ERPHYRETREABORDBETREATLRA ¢

oQ 04, 04
£+ +—~—-gq, =0 -
el —toq, (D-4)

KF o n=FuiTRA P ROBMN  A-EMKE T R BH 5 A=k
MEBMEEBRBRSEHE  QREBHERE ' R qu=RIGRIH AR
¥ - /£ GSTARS 3.0 X ¥ A & EE% > MLBD-HX - 541 BK
BT & RS R R N RES AL IR B

o4, o4, iy
EYRR P (D-5)
EX BBRRVEHLAHPHELEABAE—FESEN » &K

Bl AL R

D-.3



00, 80, dQ
—=f =0 2 = =5 -
ot 2 ox  dx (D-6)

B EAEAS R AR BB B AT ERL > T
BPAE—FABEFTRSPTNRERERTRA 8 —BERHK 24
BEMERMRIE  MRDERFEXBERTILEHR

o, do, _

el (D-7)

D42 K HERETFHA

GSTARS 3.0 B A Y e B E U AR E RELAHREAHE - #n
ABRKRBHBEEEFFAEAREHART L - RBERAABH KA L
B NRRE 0 KAV R E R F AR 0 F Sk S TR IS Y R S
B AUENRXBESFSENRELEINK TR - GSTARS3.0 X ¢ 55
BRRGURRAREREGERHEL  ERREHBENUBDEE &
ARAE - Bt RTRBESBARMHRDEG RS - FoARBL
BRPRARBRKAGHENR > CEBFH ERBEBRBEKRAESB A RS H
BT FTHE - EBARAARANGHERT  FOBRRES BERHE
8 ARG R EP AW F B (armored layer) - EF BB A BB R
THRRXEYENEE > TLFELNHRDEBSTERNEALE
BShRIRED  AERFARFUE > KARERS  BEF—HFH
R UE EHNHET —BARARDRSEEZ - AP RTRBET
F 7 # #3842 - GSTARS 3.0 #£ X ¥ 774 A Bennett and Nordin(1977)#
RGN RBBSEF LBITEERE -

D43 REISS & ¥

R TN R RIRE RIR G TR B T 45 480 F 8.4 A TR K #k(bed

D-4



material load) & i 7 i (wash load) ; RRESHHE 097 F 49 & TR R
(bed load) R #: #% #(suspended load)®m 4 - MEmey T ey st K H k% 4%
HREATRETHIFEAFT > A RF ST EHRBDEE
GSTARS 3.0 R X PP IR 2 Bk H SR W R 1L -

GSTARS 3.0 # &, P ¥ 922 3515 DA K TR 12 3531 B AR 4557 1 e KA
REACIEE BRAKREBL RKTN PR LRESERAHERF
BREAGEUNE S S BAYE  ARBAT TN ERELHRE
BE BRANBRDEEILAFRKEEBRERN-FHERPREN -
GSTARS 3.0 SR ¥ 324 14 @BERREAFN LB ELXX > B—F
BREMALFZGHARX - 4 EEBRRUERERS X THE -

1.  Meyer-Peter and Muller’s Formula(1948): =] A 7 ST 3 R 48 A7
10mm &9 R > 2R F !

r

%
,{i) RS =0.047(y, - y)d +025p" g (D-8)

RF 7~y REKPLFHREREE S
R &K F42
SHAEEWR
d % JUi% F 3 ig o
2. Laursen’s Formula (1958) and Modification by Madden
(1993) © il A P ST R AR AHF 0.0625 mm 65 » AKX &0 F °

% .
C = aow&{%} [f—ljf{ﬁ} (D-9)

<t i

AP CEMBEZ TRV BEEEE

D-5



PR RAE M AASEL & S

d=RESRLAE |

ORI R Z IR E

D=7k °
Toffaleti’s Method (1969) © i i 7 7L £ 4 /& AR 0.0625 mm
5N - AL P S

Qtr' = B(qbi + qsui + qs'm:' + qsli) (D'l 0)

AP B=f£%:
Gbi ® Gsui * Qsmi * Qsi=D B B ERE ~ EH LR -~ P&
TRZEMEERTVERBE -

Engelund and Hansen’s Method(1972) © i# B #> iU E R & AP
00625 mm 8% » £ 0K 4o F -

f$=0.16" (D-11)
. 2gSD
/= iz (D-12)
B -1/2

e e
o= (v —T}')d (D-14)

RV g=FARE

S=Re R &S
V=K FHRE |

D-6



GFEMRBAREEETHHE
=ERTES -

Ackers and White’s Method(1973) : i Fl i ZE R 42 A7 0.04
mm LB KRB HEEN A 088 HAKT !

G_= Fg’—l)m D-15
grhc[j (D-15)

A¥ oA Com-n o ERERHED D EHH LS -

Ackers and Whites’ Method(1990) : ét¥taT i £ S B LXK E ¢
PARAZH 02 mm $FEZERREFBERAGHRE
Ackers Fv White (1990) 2 b E K - EEE SE LS 2
R B 4w & D-1 AR o

Yang’s Sand (1973) and Gravel (1984) Transport Formulas : £ #
REME o RERELHENRR2mm B aX 4T ¢

logC, =5.435—0.28610g 2% —0.457 log * +
1% (2]

ELE&) (D-16)

[1.799— 0.40910g 2%~ 0.31410g£'—] log[
v i) w @

KPP C=4 L% EE E(ppm) ;

O=IRE LR E

v=K Z EE 5 H AR
u=¥ HiRE

VS=BRERHE;
V=B B 8 F34 %%k -
e omE BANFHREL S 10mm & HAK4TF -

D-7



logC, =6.681—0.63310g%—4.816logu—a;+

(D-17)
[2.784—0.305 log 22 -0.282 log-u—') 1og(E-Kw_S]
% o w @

R > Co=tst Tk K §(ppm) ©

8. Yang’s Sand (1979) and Gravel (1984) Transport Formulas : 4% K,
1979 SR EBAPRYZ LK

logC, = 5.165—0.15310g % 0297 log ™ +
v (1]

j . (D-18)

(1 780 — 036010g-“-""i-0 480log— Jlog—

9. Paker’s Method (1990) : =] B # iU FR48 A# 10 mm #5453, »
EBLRRTARESLIH W, RERLXTAEHELHD
i BAK4TF

(}/ )Qb;

p, gDS ]/2 DS

=T!L- (D-20)
( % —l)d,rn.

AP Q=R B GRDERNELEESRBSE
pi=HLiE d REVATIGEEE L -

(D-19)

i

10. Yang’s Modified Formula for Sand Transport with High
Concentration of Wash Load (1996) : s B S BHE AT
RBWBHF o RARDT

D-§



logC, =5.165-0.1530g 2% —0.20710g % +
Vm a)m
(D-21)
. Vs
(1.780—0.36010{5 %d 0 48010~ )log(y—’"-—J
v"" wm ys - }/m a)m

AP op=NERREILERE |
V=L ERE SR F A -

11. DuBoys’Method(1879) ; A 5 eastEoX » £2oXA

Q,=Kz(r-1,) (D-22)
K= gﬁ (D-23)

A Q=FTRBHBDE  J=UERE -

12. Tsinghua University Equation for Reservoir Flushing(1985) * it
ARBRANAKERDZHER 0 TRFR

QLGS;.Z

% (D-24)

g, =Q

AP 0 =rE(NH/S); 0=RE(ms): S,=EKEE 5 Q=

BETH -
13. Ashida and Michiue Method (1972) ; T il Fl 7K B850 s% 5
EAXTERTRK
9 =177;(1—’—s)(1-,f’—:) (D-25)
pu,d T 4
2
U
= D-26
TS Gad (D-26)
2
. 174
= D-27
e Ged (D-27)



*2
u

=g (D-28)
X =5.7500 g(R ’dS°)+so (D-29)

e

AF > p=ZMEAHEBLSL ) G=LE ; R=KHEE -
GSTARS 3.0 R ARH —F3 ERFMLTF(THRE 7 0.0625
mm)AEHE AR c ERATEN 1o M ERERAKTEA T4 5
GSTARS 3.0 #t X £ A 24 F 2 &,(Krone 1962) :

C_
oA (D-30)
k=215 )
- TCJ (D-31)

B C=REHERRDRE
CrRERBRYRE
A=RBEH B
WEREPLIERE -
ERRTBARANBERERBRTEBTRD 1 IHERERR
P E N T om B 0 GSTARS 3.0 # X & B oL F 2 X (Partheniades
1965 ; Ariathurai and Krone 1976) :

1 d
E=—— =M,(——T” - ] (D-32)
EF E-REQ @R FaE

m=F &

t=4 7 s

D-10



A=FERBEARATRK
M= ¥ -
FEATRARNBERBRARFTETRA Ton ¥ HE T
s<Tem<Tp * GSTARS3.0 XA LT 2K ¢

1 dm T
Ey=——m=M, = D-33
o Adr Z(AJ (D-33)

He o =R @it g
T=iv e R R S

My=14 2 -
D.4.4 JE T+HGRE WA

HRRSETNRDPBEBEFR T SBRENTHERDRET #4T
BERE > TR ITAERGEBEAKRAHRDEBEARLBE
FEL AFEBERAT > REFM(ime delay)sk % R 2£ 75 M (spatial
delay) s AL A X R T 98 « Flio KB R & 5T ORIV NA
£ B FTREFEYTRAMNAKBEARFREY BITHE —RIBEERE
TR ERE A FREMTRERE - BB LIER L GSTARS 3.0
BARRHRA—BUSEXBRLEH Ut EFTHRDRSE
(Han 1980) :

C.=C*+C_ -C_ *)exp{_ M} +(C_ * —C,.*)( q J 1— exp{— stAX}:l
q ww Ax q

(D-34)

R ¥ CoRBME | C=ROBBES  -RUTLAERE | Ax-HE
RE o RSRHRE mREBBES AV=-80R5% #n
A U=0.25 » #75% B8R U=1.0(Han and He (1990)) -



DAS R ERENE

GSTARS 20 X ¥ # $ RV MBREH EF % THRAESH
AKX BAEHERE - £ Toffaleti #2525 > 14 Rubey 2% R 3t
ERE MERE

o, = Fyjdg(y,~1) (D-35)
HF

2 Ih R
2 36y 361
F=|2g—27 | 22 _

[3 +gd3(n—1)} [gdB(rs -1)} (D-36)

ERERBREAN 00625~ mm PR L ZREBAMN | mm 8
F=0.79 - X ¥ » @=REITR ; y=RALLE » vk 2 BBk B4 -
ErH A Toffaleti ~XMSb 2P AX > MR RATHE D4 24
M 1% 8 & R 5= & (U.S. Interagency Committee on Water Resources

Subcommittee on Sedimentation ,1957) -
D.4.6 FTi Kk h iR A

GSTARS 3.0 AP REZAHFEEBMAZ —BARETREATE
RERESE - — BB KRERDFER B TERBRER G2
1o M k% BRI RSB - GSTARS 3.0 8 & ¥ ;7 B8 TR 5 £2 1]
AEHRENRERMBMESEEZRE NE AR TE(Song and Yang
1979a 1979b> 1982a> 1982b).A& i 7 % +|» o % £ 32 (Yang and Song 1979 »
1986) £ MMB R AR - ZITERBLFTHELS  NEESMTE &
HRERTERBERMEXRTEL AR T OFER  R2 » LTl
PHREXMGRAH > REEETE DA REEATERQREERNS T
BEEREFTOFR - WERBTEREASEE DAY Y oI 4



B Mlbdk—RRGRIDARRKE -

DS AT MmEZ I A

W@ D-5 v QAT REI ML ESASN LI EL HE  —
BERENBBAEINZBARERNFREME R THRE  —HEEE
SRR B 2R USRI LR - R P ZRRBEA
i LB A8 7 0 80 2 S 4R Kikkawa et al. (1976)88 2 3+ 5.

vh
AR

S

ﬂ:

(—4.167 +2.64 ) (D-37)
kv

E A BB Tkeda et al.(1987)89 AR 3T E » AR B BRI G 1E8F
1) 69 B8 T & R,

1+ au

tan0'=tanﬁ+————\[£tan5 (D-38)
Au Nt

AF B PHAEERRBRATEANABRRT R 5 5=R& &K RK
B a=085: 1=0.59 ; 4=0.43
Bt e BERE H @ (q )R FARE T R(q,)7 5T &K

g, =q,cos0 (D-39)
g, =q,sinc (D-40)
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# D-1 Ackers and White (1973)$2(1990)#5 55 2 &, b 8% &

1973 1990
A4=023d," +0.14 A=023d_" +0.14
logC =-3.53+2.86l0gd,, ~(logd,, | | logC=-3.46+2.7910gd,, -0.98(l0gd,, }
1<dg<60
m=9.66d, +1.34 m=6.83d; +1.67
n=1.00-0.56logd n=1.00-0.56logd
A=0.17 A=0.17
C=0.025 C=0.025
dgr>60
& m=1.50 m=1.78
n=(0 n=0
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2
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- 1A 1
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i af 3
9 B -
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2
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BE
am e
R
P § 5§ 311LE 11 s 4dLl R o E trapd 1 s 11ty { tlnntm
-5 1 SF.a> " nn
af i .02 1] ]
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fi4k B GSTARS 3.0 &£ X &y fF 1

E.1 TFH#BEARR

GSTARS 3.0 £ X & T HHAth &5 — & 5] &9 F(record) 42 & M 5k » 8
ANBHEFOE—THRE-—RTHRET > Wl E-1 A5 48
RREANEEH 80 {85 su(characters) » BT & 44 11 K E &4
(field) - #4442 0 &5 2 AF L » AREATF84 0 H4 1 24841 10
BARMALFTAZHEN  AFHe ]l &4 6 BF T 42 2841
10 2.4 8B F 7T

2 .

557 B 90122 (SN

Y Fsg ® Few SRERT
1 2 3

Field 0
BE1l BHMARXTER

E2 X2 EF#H

E.2.1 WrdmEH

FEATHAA S B 0% 0 B E B o9 7T & (reach) 1 &) &, 2 F B & (cross
section) » H—ABf @A E ER Ly B H Ntk F
I BERTHET@eIEM  AUS LR QAR TROEELE &b
BEDREERRTGQHELEE -
2. SlpWiamFEE  REGGLETHK THHGESAE T FB -
Pl QG LZERSBEHEAE G FTESAIBTFER  FE
B AHAZRSHN TER2BEFRAE FEHI A4 A Dl -

E-1



3. Br@ik @ E-2 A7 R REBT M RERBEELRHHREAL
B b & 85 2100 7 &) 6942 & (lateral position)fE &R HEFH# -
Bp ¥T 3 by b il R B @ oy AT AL -

B E2 BTEUKERRETEER

4. %% JE 1% ¥ (roughness coefficient) * 7 ] g9 B & 81 R F] 69 B 3K 24 7T 203k
ERR R E A -GSTARSIORB =M A E G E LB ERH
#IE > 453 A Mannig + Chezy # Darch-Weisach 2> &, -

GSTARS 3.0 sT# A ST *ND ~ XS - RH w3k-F it Lk ey T4 >

ol E-3 ZRBMT - S FHBATH S H4lL T !

B ST TAITOE 44E2.D 13B4.0
0 4e61.9 1203.0

‘EB4¢EL .6 118B.D 4463 9 11970 .8’
o C.080 Q.02 O.000

B E-3 Wi &k A1)

STk EZEHAMHEHAWL I 203 3 @EHINABERT
BT EROEE HORAADHREEISEH LT AIrHE® -

ND + : A EHAS G TERGKE  UREBFERNLESR -
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Wl BB EHFEHEHEE S M2 £2441 10 45E8FE &
WEERBMEREBEBELEEHFTOHEAN) -

XS+ GERBLEROY @ REBRAREAR LR Y 64 & (lateral
position} 2 j& /K 5 #2 B #+ - GSTARS 3.0 & % L3 196 XK &
BoBRFMERGEERLATUAEAHE -

RH+:@ ERBEERGT A KREGAESHBTERGEEAE -

RH A& 94t & 2> X % Manning 2

AEREELR -

E2.2 A EHAMEH

R AR RE £ R4

GSTARS 3.0 £ & ATHEHBT » TWA L - TaERFE4 - L3
HREGANREEH > THERE4 A K EH - GSTARS 3.0 7 #]
AQQ-SS MAEAFTHRALMATAKLETHBANHA - & E-1 ik
EHREBRKRMERBAGHK > LH LSRNV XTEAER

DMSCRET2ED
DISCHARGES

NC, AC, DD
N —

+ o
#ZE1l RERAMLEHBEAHA—F X
0
TAHLE OF
. DISCHARGES
RATING HD. RC.TQ
CURVE B
STAGE DISCHARGE TL, 50
E2.21 ¥ X —

st AT X R B B AR A AR B sk (hydrograph) » K4 Bk B £
& dh# (rating curve) - B RM > B E-4 A—BEOANLES £ 458

E-3



R BRAGLR 4% (actual hydrograph)# % 1t (discretized) % & # 4k &4 &8 #1t
N 8k (discretized hydrograph) » sLEE#IAEAAB LT HE 1 Bar e
Qi 1BA& Q1A Q- 1 BA 8 Q- 2BArey Qs ~ 2 BAr#
Qs & 1 BA#) Q:UBHMEMAMAEE > B 1 R) BETFTHER
AHEDE @ LRHEZ DKo T AT

7 Ar = 0.410%% +1000 (E-1)

Digcherge [cubio feot par sacond]

01 2 3456 7 B8 9
Tirne (Gayz) 1 ——

B E-4 NAESKEMILTE

A b % 15 GSTARS 3.0 &9 A F H 4o B E-5 pRoR -

L]
o,
TR,
400,
304,

EEEEELE o
(R - VN

]

0.4l 0.25 1000

BES A —-—ZWAEH

E-4



A B E-5S PAIERE S FRAT

IT- : B RFLEHE(Ume step) B 4FE R FE - i 1 AL FEESIE
A3 ABEXR) M4 RS EHEMFRREX) -

QU ARBREREMNHANK - 5 BEH X TEHE » — 4 TABLE
OF DISCHARGE * — % DISCRETIZED DISCHARGES -

SS ¥ BREBEZAKMABAHK - FEBEHMATUER — 5
RATING CURVE » — % STAGE DISCHARGE TABLE -

DDk : ARBABEBANTBE W1 AHERSHSFES M
2HAREE KT AERLESMNEE  BiA DD FoFEH
A EWERENIT F P e EoisE -

NC + : RATING CURVE #j# B -

RC+: ARHGARATINGCURVE 4 2R, - it | At E T hE B R
HIETE M2 EMM 4 AR T GG AEE -

E2.2.2 A=

BA—TRAEVA -~ —HHARER  PEREAABR Y H—
BAEMHERAEFEHY ARG > Bhldn &k E-2 A% -

RE2 BAAKEETH

E-5



200

450
700
1020

700
525
400

[ BN W BT -

BRELORERAEGRAEANE E2.2]1 486 > B EH e
NEMTT & T4 B E-6 FTR °

RZ 23 0. 41 G.Z3 10a0.

BE-6 R - HATH

EFTQ FARMAGFMBEITLMGNRE
E2.23 #X=

FZCBREFRAREAAREHN > ATREALTE A RZETH
ANEH  -BEemE &k E3 AEEHFMNAGZERAMETH » B
GSTARS 3.0 8 AN BB T R T4 B E-7 AR -

(B3 B ARFREAMEHR
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o 200 300268
3 450 1003.1
2 700 10033
3 1,020 10036
4 1,000 10036
[} 700 10033
6 10032
7 400 1003.0
8 325 1002.69

HAEEET FAERBSHFTHALT -
TL ¥ : ARERADETHERE® -

SQ+: ARABAANREAAMHER B 1 LHEEHE M2 A48
e KA -

25 S535. 1I00%.2
50 400, 1pO3.0
50 35. 1p02.w

BE7 HAZZHEAFTH

E.3 &= F#
E3.1 A#EEH

LEETHDFELS  ALBERLALINDEFHEMER -
GSTARS 3.0 R BB F E R R ENDERTH  —AFHA QS FREA

E-7



BERAANDERYL  —BHHA QR FREANGDE T B4 - QS Fayy
AKEAXBE22.1 &6y DD F 84 - LR % Fal 0 b4 % QR
YRR - BRChosel £ 2 &G4 F X AR

A# & =040 (E-2)

Rl L85 GSTARS 3.0 98 A B M T £ 74 B E-8 A% o

2

JESET 1850123 L]

I
B

-9 | 1.2

2

B E-8 QR F#A#

HPr 1 S 2 A% T dhsh e thdofs -

ERABIMERE  NDETERAREHB,ARSAFHHRE
R b 0% 5 Ol R RS9 RAS F 5 42 A48 B - GSTARS 3.0 R TH#) A 1Q
TR FTRBREADEPEREREHE S AR LEAFRALT -
FE4B-—BEANTETH Bl GSTARS 3.0 Y8 AT H T & T 4o
E-9 Ao o

RE4 ADEFH

S Tractson no. Q-1onptog =5.000% - =12.000 1%

2 {madisn sared) BQ 30 25
3 {coarss samd) 1) 10 15
b L e |

E-8



ATE E-9 PAIER 269 FRBA T ¢

IQ -k Ml AEHEHE M2 244 9 B K E T4 -GSTARS 3.0
%7 f('_,"—"f— 9 'fE]mL‘.% %FH',%}_; °

ISF 4l AHE  BE2ERMIARBErARTH -

FHERLREHEHNEE > ¥ me T HERENIESHE
FRAEMENHE -FEREEAENLENEE NF > R @
BReasBMPRARES AN E  FREETRENSL THEE S
o RS E AR B EKALTRENERME - o8 E9
BEp 0 FRES 13,000 f¥s BB ETIARFEBAESL
12,000 ft'/s 2 5%, «

E32 4 FH

GSTARS3.0# A SFFRHSCGFREERARBHA LR RNERH
RGBT ER - BHMmT > B E-10 ARBERGORIETE 58k
A4 E 0 BB GSTARS3.0 9y A EH T £ T8 B-11 & -

;g I
B ©0 ‘ [
.i un
£ o i
§
E 2 4
: ﬂ
o)
0.001 ool 4% § 1 10
Grain size {mm)

B E-10 #RERONEE sERSTTH E
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B E-11 BEEHZREETARTHTREITER

hd

2B E-11 FATER B TR AL T
SF+: #4r1 AREARCHAHE WML 2 AR T E(dry
specific weight) » 0 X & 1% A T4 - GSTARS 3.0 & % A.3F 10
R AR AR R -
SG+ ¢ M4 1 AREZREHAOR DR M2 AREAREHORKX
AAE S A 3 BItb AR E O KA A FERE -
GSTARS 3.0 #/f SD FRAXEH HAAREE @R EH - B
FimE BELRAYXEGEAARBE AT EGER S BRARE
%) » A 8% GSTARS 3.0 8 A B H T & T4 B E-13 FF %

160 H _ ~ -
80 | HE
I 2§
% I ' jifl M
E ©0 -
g i
40 | —a0m
§ il T _] £
= ! i Be
£ 20 ) " ; 5%
0.001 0.01 | 01 | 1 10
Grain size (mm)
| |
ona Lo 3 § 06 20
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BE-12 RBEERREE 5 a8

BE-13 RXEREAREESERTHRT

SD £ » 4 | Z284 10 3 AL REARBHGRIBE a5k
Bl EHBMATRIRMEBEARMBIAGA > LEMASG DL TE
B SDFHREKEFMEE pEM °
E33BRHnEAss

BEMEAFERBARAEGOSN  EARLERBERETS S
Bk & T ATl GSTARS 3.0 £ b3 ey AN A A R AR R E
TN ARMAER - ZBLFHEETEH NG ETH4ELT
& 5B e TERRMwE E-14 fr7 -

Erasdon rate (i1 sn/hr)

Bad shesr strass {In/ft eq)



B E-14 BRERALFLHISE

"
H

STDEP : E& iR A -

STPERO : AR & B P4 K H

STMERO : & R K45 & 77 -

ERMASS : ikt ekib e % dh R o3k & -

ERSTME : §RAT R ENBRARTRTE S Feh PR £ -

E.4 %/ 3h #£(stream power minimization)

GSTARS 3.0 #1F MR F#ZH# &R N HEMOSHRE - B3 AR
Reishie  ME—EEDHTAHE Kk MR £ 8SAMEAR A LEa
THFE  c Bplms o XKL SEEE - REMA 100 ft (jlk
£ B A7 0~100) » EA S 1000 ft - 37 3 @8 &£ KK SR 920 ft 5
TAHRTHRRR Z3EERAEMOME 12t RA —&#4 PR
ERATRH TR FSAERAMNAGREORRE —&H#HH
SR 3 R 68 B b Ak F o B sL o} GSTARS 3.0 898y A BT H T & 7 4o
B E-15 %

E-13 E/JHEZEFER

MR F #f | BRIELEAZRADZH @ EGLEREBLRIG T
£ -9999 RARBESH B M2 AR ELATE LTS &

E-12



FdbR G AR EH ARG baR > 9999 RAFRZITH @ 0 MR 3
B ERARTEORIRE 9999 RAFRREZEH @ B4 Bix
ERARTIRGFERAE > 9999 KA RRIEH & -

ES ®RINE

B E-16 ARAGRSTER  ACHAFRETRALEBRAE
B fu bl o

E-16 ®RINGTEHE

GSTARS 3.0 £ 328l M ey PR » £ EHMASTHEI R~
RIANREARE » A LI FREL I HARARAFEANE - AR
WAHTEEDDF MX £ QS+ -1QF2 IS+ - B E-17 & —l

AR o
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B E-17 48] A A HE 561451

MX F ' BULBRERARD ESERELSRT A LMA -

E6 XBE¥ K EH

GSTARS 3.0 /7 KB FE R > B4 FH#H QQ 3% &£ & TABLE OF
DISCHARGE - SS -k & % DISCHARGE AT DAM » &#|H HR # DR
FHREAMER BEISA-BEEFKELBEARERKEERE
FEB R T BRI & ES AT ar=1 day BB A 9 day -
B E-19 Bt EHHBATH -

£ES5 ABAREREREEH

L)

Days Inflow Discharge Qutflow Discharge

1 200 25

2 400 200
3 625 250
4 625 325
5 300 325
[ 200 325
7 200 250
8 25 200
9 25 25
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Inflow hydrograph

)
'E Reservoir
e
@ outflow
2
1]
=
[%]
.
0
Ciuin §
N
sa
L ! \
:i‘F;;;&L_
]

B E-18 KEAFALAETER

IT 3 1. 1.
Qe TABLE OF DISCHARGES
S DISCHARGE AT DAM
HR 5 1350,

DR 1 200, 25,
DR 1 400. 200.
DR 1 825. 250,
DR 1 625. 325.
DR 1 200. 325.
DR 1 200. 325,
DR 1 209, 250,
DK 1 25. 200.
DR 1 25, 25,

B E-19 KEFEEHMATH

HR+ i 1 &S EA G EFTEAEEET WU 2 A%RELED
KA A -

DR+ 4 1 B i SR 2 AKBANARE B3I LEAKELAE -

E.7 & x4l

GSTARS 3.0 T#H/ A PR £ PX £ PW F Rix 4R E T e84 -

TR



PR+ BARSCHMEROME - M | BRETHGEH -1 &
AEEER 0 ABEADRRABDRILE | BT 0
HEFIEREFRBRARGEE 2 AR T | 9 FH R
HAEOETRABER 3ART20AMNEA BT R
R o ML 2 B HH R S I

PW + 5107 & ST 8 R85 o3 & -

PW + : £k @S R% HORE
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F4E 7 GSTARS 3.038 X, 3 K 3h sE B3

&t# GSTARS 3.0 MR Z £ B34 > £ B B3R5 8R4 618
HHMES > CHERSGANES - REEAFHDEH - RETHLE
RMEBBER  RAIHEERAES - LAANREHAKBHEE
] o At EA B 6 B E 24T GSTARS 3.0 X Z A A ART
¥ B EHZARARS HLT -

F.1 B4 HEAEH

SRR JLAKER R 3R B MacDonald et al. (1997)32 i B & #4724
KBEFEARMEEE  LEHAABHVELE ) FERE 1000 m» £
EEE 10m> BREESRLAESR 1> EF4AHAD 002 REER
TR ftw® F-1 Frm - EFEBAAES 20 m’/s > Fagh ok
B163me REREHA IBEN—%FEE) B TES oA 21
YEHES G BAESFHAHTEEHMIE As=50m > Ar=1day > &4
$EEE P A 4 days -

KA GREBBERwE F-1 fi7 > REABATERAARL £
EETHEOH 7T00m RAABELLERR - ZETHE T 400 m
MR HEAKE  FARABERSAHDBERARNL - B F-2 A AEHRE
REBHAHBHBRE(EEBHI100%(z,-2,)/z, ' BF 2, HEWKR
ZXMMBHEE 2, AREABBIAMER)TER BT HELAET
BEOHIMETFELBAHBREBD20%) RX2HRE L
WREARFLEKE DAEAZRUA-—GEUELAKDIE - AU
HEBARKAOBRERTUERY - XMt SHARBERER
WG EEARK  BiE GSTARS 3.0 X A 0 ey M

F-1



F2 BB HERZHD EH

b3 ey B TR A £ R 8 %5 M (New Mexico) & Elephant
Butte KE#HZE4] » B F-3 AEBECLTTER  BEERIN
San Marcial £ Elephant Butte 3xk > R » g4 £ E 49 45.11 km - #
APLBAREATHALEN B F4 /57 > EBAHEHREHD
ERXBKH/ITHQ =080 (A PO =& E(on/day)» 0 = K E
(cfs)) > FEnEAXREARME 0024 £58E 0.08 - Hhariissix
RIEBGEFE  AERBERM 1~9 4% A& 0.00025~ 0.004 mm
0.004~0.008 mm - 0.008~0.016 mm -~ 0.016~0.031 mm -~ 0.031~0.062
mm ~ 0.062~0.125 mm ~ 0.125~0.25 mm - 0.25~0.5 mm & 0.5~2 mm >
EFA SEARBHRE(E 1 B LClay) £ 2~5 E4H+
(silt)) * 1% 4 EAFERE T MH Y @Ei(fine sand)Li® - LA AT H S 3
EAFTEE oA 33 EEE & FRBHEAEREFEHRA Yang's
sand (1973)$1 gravel (1984)#h20 &8 A R, » Ar=1 day > 48484 E5R 5
2460 days (& 6.74 &) -

B F-5S ARASHEERER B PTELE LBHEHADE AN
KMBREES » SR EBANRE GHEGNE S EETHERLY 38
km MEGHEE & O)RE —FLRRDI TG RBAN LY & EF
KB BLAETN Bl b HEFHALERABNELE TS
FoOSRRRMBIAMR TEBBAETHFELY 362 km Mt (s
Atdm DERMEFBAL SR DEKBHEMH - ARERE A
LR R HRAGHA  EETFELA0kn & - JTEHH CET
BERE SR T TALELR ST TERARSE FHBERYE - £8H
% > Elephant Butte K EX R EFR K - KBELDLY 7 £6hE8
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% ERERTREHSH0015m-

ERAERALBNANETUESEFUR LS HEF A
B100%*(Q, -0, )0, * #¥ 0, = EMB/AE > 0 = MM T
o2 8e% BObREET oW AFHESFE > 2 THY
RREABHASTE - R F-1ANBLERER LR - dRPTEH
HimBb LB RE R A 100 % MERMIUEREREE N R
EEBEHMEYE LR ARELIEZELFELOHELKR
MERLEMARVESHAELTER  AEOKRETER - EXRBMHT > A
BRFHRHREGERBEE > ARNEORERHTEIRRL &
MAFHERERR 5 9824 % -

F.3 B R LA A8 A58 5

ik GSTARS 3.0 i X2 W EH  AlGOREHLEXMEEEH
BEEZZAHMEE A5 AR — AR EAHZBEMAET B AL
TLENERE M T RS —ARYE —RAMET] I8 DML IF
ARl M b e 4R o $ROE =8 ) SR AR X T R AR
# R - owRFERGRBREIERZHRE 0 R R T AFR 48
DRSS ENMBEZLE  EHRETAHRNERGMIGHE G
SEHNR_RFABEZBE -

BEEEEE 3387m: RERE 22m REAGKES
14°Cim ) F-6 Fiow) » R b E ¥ /8% 176.8 m> B FEAHAE 002 F
HEBAARES 991 mfs » LA ERE A PHHLEAARE AL
RZBHEAFEANTE) THHOAMBZEAE T KR - RER
EBAES(RPATHBORY  EWHBEAERSELMR)  EHFTES
SR 7B EEE R BEKAEYNIERE 3 EALRRERZ
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B R4 %% 002~0.5 mm -~ 0.5~2 mm & 2~12.5 mm - 855 LA
Yang (1973)z &#b A X » S 4 H Ar=20 min > &S 1000
hr o
F7ARBERMA&THZEALARTAHDELEELE &
F@~EOFNAEREHRR -5 2BEER - FH LB AT HBEH
BB EPERUGEALT SR FITA NS AT 2 B9 E
FERLERETHRE - EH_FBEHNHRALE  AULAEMR
FHURLERAEAGSERSIATOERAASERRZ R EHiE
RENRER AT SAHDAERSERBZAET  GB F-775 Y
ME 1~ S 2RBRDERIVGEAL AT SHEREHD vy
CHEEN  FHZBEFH ST FT_RAMKEZELE FRIGES
T FEME T LS EE  §E F7 THEH - RARBEERS
IMOEERAR AT 42 LSRR L BENPE > LB LH
HipwiE R Ak RE SR ERLRDERLHAER - FEESH
BoRABBAERMOGERZEBLERTHRELTE > REEXE
BREMLERELTHRZ TN -

F4 s/ hRiERAEH

GSTARS 3.0 X P » &) oh & %42 8 A 7 8 30 & 2 (bank) &5 7%
FTHE EEZEZBNN AN AT RESTEILR AR BTN RER
Moo swE F-8 sk BG4 A 6h R & 5 4 ¥ Bl(erosion) B » BT
REELERRTAMMEERSERER > XAELESVH ML EE Y
R ¢ E BRI AR ¢y B B £ R (deposition) B - B8 TS B A KRR
MaMREERSESTS  RRXALFERGHEREEE - BA ¢
BASBACEESTRLLAMNBETHRERT Y AAB G
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BRELALTRGEH R BHER L FAREEHZITH -
Jogt » Bed R B A2#A » GSTARS 3.0 X B A AR EBF TR
WA T Z IR -

sLER e B TR A B K R B 49 Lake Mescalero K B i 3
TR TEGFRIES > IFERN 1974 5 EENLEANBETH
M ER % 2 U458 @ Ciewegita ;782 Carrige [T#94RA - B F-9 A%
BRATESMAER BB EEYL 300 m- BAF LBHEANRET
BAMBHFER 1984 £ 128208231 A9 FEREH > EEnER%
A 006 - B2 EBEBRARMOERE S BARRALFREBER % 5
% 0.06~0.8 mm ~ 0.8~2 mm ~ 2~5 mm ~ 5~10 mm & 10~20 mm - 3% &
REHE 3 ERTHESI SR 23 @3Bl ® 0 HEEIRA Yang's
sand (1973)42 gravel (1984)##b &8 A &, * Ar=20 min > S8R EEFRT A
2000 min

HEERABR N HERZAE FHERALGHAZER N ARENE
BT - B F-10 ARSI HBEERARERB LG TCET G
EHE dEPTAELEEEEBETES IR TAMOERL > LEA%ER
A EFZERRMFETLRBANLER DN EZZRRE - b8
R2EBRRBAANLER I EELZBHEE  FTEFREERE
AEREL  MARERELEMEFG > FAERRESLBANS
ERAHER2HELR S EBEERBRENOY 183 m R
(B F9F 0+60 R)FWimEREH B F-11 2B EFR I A%
X BERERATHEHILEE BT TEEERR IS E®
ZHEBECELDPERBERFAFTLERRL  BLXRHTAE
RERE WML ERIDHELZZHEBERERFR EITER AR
HERHFER HBEERATAHEHLHEIRSGEIMEY > BE
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GSTARS3O0B AR/ shB X2 THM -

F.5 RN E B

BEIRANREGIREEIRFEARES 1500 m AFETFTHE o
M mEF—XREANEFR - LEFEEL-HHEE - EREESL
6l m> REFERFIEE A 1:2 (FEAF) #&3%kE 5 00001 » 8 E1%
$£5003 - TREFEIHBAFRERADESH S 85 m'/s & 8628 2>
IR RETHE O KMRE B EF KR (mormal depth) - 3] 2% &
RMBELRAREHETHE  EH—ARHEN > AREBHEH 0 2
500 br Bf X MARERADEH AT - AHBEER 500 £ 1500 br 6
ERARERATELS B A ST m's & 108.9 N8/ © £4] = B % Al
£ ARBHHOZ SO0 FXAARERANEMAT » A1E
ﬁﬁS%iﬁ%Mﬂﬁiﬁ%%*Aﬁ’EA%%%SJE&VQEM

ERTHY 3 LB ES SR 2] BEENEE® 0 HEEBRERA
BMORRE  REFEMES 0447 mm > 2 AKX A& Ackers and
White (1990) » RBRERZADEFAELIANAB @I YA
FFHADEETFHIREZFEAREF - A BB LEHHUE As=T5
m > Ar=30 min > $EH R % 1500 hr -

EBRBHRATE S -ZAFHERD EHELE0E F-12
Fim  BBETTEHELILBADELFEN LR ARKRZRD R
AN HUEZRANANERECEBEL T HF R BpordiTid
BHRNTFHAE c SR XA KAMAER UGB T T
FEHERENEBD EAIANARLETAREA BB FTE L&
Bf TSR EHNENBEAFT AL BB RNTELEELEER
BAEE AT RGDESEBR EETHEOH500m A% o TiE
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SR HOTRER 0 AAUAETHE O 500m 4% > TEERFE
BOEMGHARESORE EH S RTLEHYERRERWE
F-13 Aisw > MR ES — EXRANATTERN FHBD AN
Mo SREBRDFLETLHEAE - AN L RANREHFARKR
HERPTAEBEBTELATRNBRBRGOFEN > A TEKRGE
WRIER AR TE &R T RWE N i o 3R N 308 o R B
FHEFER SBRATETHR G TEERETERTENENER
Bk e - 4 Ll RB RS 69 0 GSTARS 3.0 A HH L RAR
#o EEAERAREAEAONBRITRMERSETSE  BRE
S ABMB LAY SES -

F.6 XEFEHEE4

BRABAKEALBEAKEFEZRRES BETEHEKE
WA e LA 12,7 km o RE]BFRIAKE LBARERT B35
Az B A EWE F-14 i TESEGESE 0035 - REATHS
1 s &dlon 17 BtEED  KEMBKALSES 67.06
mo BMAELE A A5 800m: Ar=1day > 424E8ER A 10 days -

B F-15 ARE Sz i sEst HRBE F-14 £5HEF
MBILRKBAARAEANEARE  B2RABEARTENHRE » A7
RERBHEME 2 RETH  KEEXKESH KEKMEERL
FeaEA o & F-15 TH B ASEBEFME 2 X& T &(=2 days) » &
BAAMGS 692 m» ARNBEMBAKEGE  ZRSGEHE KK
WR e AEBHMEIEZ4IRG KELEKREHFEHN BEXES
ARANRE LWHABEEKEERY  ABEARBEEZRTEHG
Foo B F-15THHARBFHE 4 R&E T H(=4 days) > KBAKAL
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24 663m: ZRAGFHEKKRIER - EHBHME SE2 TR
B REHAKEHZRY BLFEXKERARARE  MUAE
EXERKBEQVRFHRSREFHR - BB F-15 TH E 8RS
£ TRETE(=T days) » FoLEAKMEE L 5822 m- AEBELEE
92 I0RB KEAREXEZRANEREAE R &8 F-15 74
HEBBREHE 10 X&TE(E10 days) » KEEKEHM o Kz L
FFEH 659 m o 74 L2 B HH - GSTARS 3.0 8 X Ao A A
KEBKRBILMERHABKABILER  BREZEIABRRTEZ
s i A
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EF1ANERLERAER-EX

KA & B & — e B = At
1 90.96% 92.46% 87.27% 90.23%
2 99.90% 99.79% 99.63% 99.77%
3 99.98% 99.97% 99.93% 99.96%
4 100.00% 100.00% 100.00% 100.00%
5 100.00% 100.00% 100.00% 100.00%
6 100.00% 100.00% 100.00% 100.00%
7 100.00% 100.00% 100.00% 100.00%
8 100.00% 100.00% 100.00% 100.00%
9 100.00% 100.00% 100.00% 100.00%
i 98.38% 98.64% 97.71% 08.24%
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M4kt GSTARS 3.0B A7 AH ~ FAEREPFIKE

Z &R
Gl RBAE
G.1.1 K EEik

AWAKBPREAASFETAEXSHT 494 6 A% T » 7
FHEEERK BRAEANE B GRAQTRITREZIAE - &
BRI RRRE M ETHZ PHRERRZXRKBETTH  EARE
LHHNNER  HBENTIAEKE  BRABREER  TEAK
g o

ABARBEREE 8 km o %AE&EAE 135,000,000 m* » B 453%3
BEE A 9258000 m’ > HHEES 7,960,000 m* > FBZHKESL
RBRELEHNWTE > RFlERE - HAPIRKE 11 km 2 LK%
R HEMAKZEL FLRAEERZAS - HHEERESH 1,100
MBEZRAK FIRHETHEN MOHHEEREZERAK - @
TE LA MBS AN SRR EBERIGLZAKUARBAGHARE T
WwEZRERK - B ERfLKEARE 76 $H%EE » AKE
U HERAAK  ERARKREZEKERHE  KERTHEAY
Mo AR ESHHRELFRATRIEEZRB LTI A K* BATT
REBEHRBERERK

RHEKEPRE 49 FRIE  KEHAFRLEHENRE 50 £2
60 ERIRERY > Bt EHA MM ERE 0 LN TE - B
B7amEERAER -8/ 50 £2 60 £RBERZHR » FRK
BRDRKERANAKE - BFBZEGFHER 82 FZMBAN -

G-1



MBEXBERBEIEAOBRER  ERAFTX - KE®RY - & F
K - RXRBEANGER  RESEBRBET oM REKENHK
R fE4o T
1 g AR

RBREGEGNHEDE AR TEAKEKRLEL
A AKEEERBAABRZENRAKAEAREARDES K
Bl 50 £ % 60 £ AP ROERN XA ERE  BEPFHK
2. e AR
BBAHE TKBKEE —RE2HERE, (19DR T F
DR KEBEARE AT E ) AL REAKEMEAZHREN999)
BERISE DR AL TESSOTE AL ETE - WER
MR R EEBAMALIUERKERAHE > ALAEAR
B ERAER -

Gl2 #HEE

BAME2HOEMENOEE B SE - LB E R IERE - &
@K - B @ik 5 38R ST~ XS~ RH -F - B @mfartth
$HFFMn=0.035-

BAPFERMAZKEHEEBRER KM > AT ATEE
REHRE—MEARM (SQ F) » ARGAREARKMIERL G K
(NC~RC +) - Bi#EdmArdmund (IT +) k2 HEH -
AMRERATE L B—OANRAERLRMETR -  HAHBRGH A
RE86F 1HZ8HE48 4 850M@EME &M 1X - &£ 850

G-2



RARBRAREEN  FAERRDZRESHF (SF~SG
+) BEGHASREIHAEZE 2 (SDF & NB - BGF)
MR ERRBEEN KARRDZRESHEZRTRE KDk
4% % 0.001 mm - A ZHR4E % 10mm o

EHRRDFREFOEANDERREZIMMAE (QR £) ~ NRE
BRARRETEMEARABN L (IQ IS ¥) » ZRBamRda
Aol 00625 mm 2 LB M E3R 0 BILARIMACS TR EERNK
TEEEHELH -

BT PEKBERABRBHIBESERR S ERARRBRARYE
(2001)4% 40 » GSTARS 2.0 S X BB A H KB ZWEHZEBREM
B KERHOBBRERCTEEZARENR > A pATHE
TREHmBRZ EENE > BEARAETREK=ZMBAEEHD 4
i o KREFE4MES T GSTARS 3.0 4R 4 » B 85 X4+% GSTARS
2.0 ~ GSTARS 2.1 » i#47 7 B kR A K3 KBk i 5 2 LR 547 o

Gl3 BBER T H AL

GSTARS 3.0 ## 4 R B G.1 > Sy 2XIKAHRK 6 KA
(Yang’s 1973 sand with 1984 gravel methods) > & B G.1 T 4o £ Hi 42 85
MATHERER 88 F 4 A) EASEERERAMERT(RE 86
1 A)EFHE - RAKRFEA RS Ein LEBREFHET ZER
SREEARE S EEMME - FERNE LE -

oA B Gl £E L¥HEE— 3 wEET#H 10000m~7000m)
R BRERANBOREELE  KEZHGEETH 7200m 2)F
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F+ZE®GEET 2 1200m R)BEBEREABNEATHAL - B
EFRBERATAIRE AP B Lt @MLRER ARE 88 #
FaME 387Sm- B G2 AZFEawER » TodbiaxwEy
# o B G3~C8 ALK OEBERHMTDE @ THEFLLHA -

B 2021830 FEJRAMEZR B GI ZERALLEHE
Tho» BEZERANEBRERMEEERALRBRY > REF S AW
#E o f GSTARS 3.0 ¥ ®H@ARANKEFEE & > X ME
£ 5 3 A %% 13 3% (Ashida and Michiue’s method) » 14 % (Tsinghua
University method) » HiE 4 R B G10- THRE 3 RAXELE
BOFMANNGMEME MR LM EAE LB @ 4RLAXER
£ R AE&@(IET 3 T000m)Z & A M e R EHE A > RiBAH FHHY
HARBAREBD AXNBERAR 88 FRAMEE —KRLZE - ERFANK
HBARE

G2 FI2EKRE

G.2.1 A BiE

FTJE KRBT HEMERE > RESZNERERGKE
BESR - KEEABTEEROUIELZLLHL LA - RLH ~ & #%
- BERA - BRBFHMNEH  tEHR LA E— 3y
EREHGE 3187 km’ - FIABAKEGASELE » REBBAN
£ERAKZ S BRAKRE  KEHRE 42 FAH > £42F 26 m LT
BN RN AMAEERSZ A0 m FEESAS 42 m o HBER
HARER 250 FHEEMK  HAKGE 3 m e BABRTHE B
HETEREE 345 m> AR S 0 oms » EBANLEAAKINEES

G4



20 megEBERE EBMERZL1IS5m ZFAI|AKE Sems -
BEAKXERNTRKERERET RS BHBEHRFRK  KERY
MIEAR  BRE 42 £ 0 BEAF 500,000 m® 2 S ERE
WRE - ERE S6 EHRMAOHES  ERE 60 £EBBELEKE
FERMNHREL 8,000,000 m® - #AAAENRE 62 FHNs#
ERMX2mE M  BRAETRESE MSmRHE355m: F4
PIEAE LR E A iE 365 mo LAY EKER - 2 &ERAME
RABRRBHBRDZEAE - ZRE 80 Fuf» KEMHTE 71 %
HUABRLEAMTAEKERS - CEEAT S0 FUEEF 2 3K
T ESEREBLRTHAL  BREFHERBIRTEERLY

e

G.2.2 B A A 3Tt

o e K BRAER ARG L RAGRA R BHKA
FAELRFXEEL  KFeH /60 FHILA /155 MmbniEl 54F
BARE A S A M R AT A JE KRR B e iR
A BbRGLFEARMEDETREESR - BT EZ WAL 3
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26 0.00416 27.44641 61 0 27.01726
27 0.00126 27.43579 62 0 27.01658
28 0.000488 27.42320 63 0 27.01531
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30 0 27.39629 65 0 27.01337
31 0 27.38449 66 0 27.01271
32 0 27.36769 67 0 27.01206
33 0 27.35216 68 0 27.01141
34 0 27.33677 69 0 27.01077
35 0 27.32124




 G2ERRB W ER

ﬁ%ﬁg S%Eﬁigﬁ &%imsﬁﬁfﬁgﬁﬂm
(Tonne/day) (Tonne/day)
1 1.152 16 83.376
2 3.168 17 69.552
3 13.824 18 57.312
4 18.432 19 44.064
5 22.896 20 34416
6 28.224 21 29.088
7 35.856 22 26.064
8 46.080 23 22.896
9 67.248 24 21.744
10 93.600 25 19.152
11 122.400 26 14.688
12 182.592 27 4.464
13 221.616 28 1.728
14 137.952 29 0.288
15 104.832 30 0.000
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1. INTRODUCTION

1.1 MODEL DESCRIPTION

NESTARS (Network of Stream Tube Model for Alluvial River Simulation) is a
quasi-two-dimensional scour and deposition model which may be used to simulate
braided river systems (stream networks) and reservoir sedimentation. This model
employs uncoupled computational approach to solve scour and deposition problems in
the river networks. The uncoupled approach performs separate computations for
hydraulic routing and sediment routing and sediment routing. The NETSTARS model is
basically an extended GSTARS model (1986) which incorporates the GSTARS with
BRALLUVIAL (1985) and CHARIMA (1990) models for hydraulic computations as an
added feature, and employs principles of conservation of sediments and continuity of
sediment transport for sediment computations at the nodes to estimate scour and
deposition of the river bed. The GSTARS applies the stream tube concept to river scour
and deposition modeling in which one-dimensional computations are made in each
stream tube, and may be considered as a quasi-two-dimensional model. The
BRALLUVIAL and CHARIMA models are hydraulic and sediment routing models for
steady flows and for unsteady flows, respectively, and may be used to model scour and
deposition phenomena in one-dimensional rive networks. The NETSTARS possesses
merits of the three above-mentioned models and is capable of modeling transport
characteristics of suspended sediments, and hence, may be employed to simulate
reservoir sedimentation phenomena.

On hydraulic routing methods, backwater computation (I), BRALLUVIAL’s
steady-flow computation and CHARIMAs unsteady-flow computation, in addition to
GSTARS’s backwater computation (backwater computation (I) as here-in referred to),
are available as options. Backwater computation (I) calculates starting water stage and
discharge in the network to facilitate BRALLVIAL's steady-flow computation and
CHARIMA'’s unsteady-flow computation as well. On sediment routing methods, total
sediment load may be computed as a whole or by separate estimates of bed load and
suspended load. In the former approach, four transport equations for total load are
available to select. In the latter approach, advection-diffusion equations are employed to

simulate the transport phenomena of suspended sediments, which may be applied to
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reservoir sedimentation problems, and three different equations for bed load are
available to choose from.

The NETSTARS may be used to model both short-term and long-term flood
routing and associated river bed variations by separate computations of hydraulic
routing and sediment routing. Known stage hydrograph and discharge hydrograph are
used to define boundary conditions and calibrate hydraulic parameters in flow
computations. For a giver discharge, the water surface profile may be obtained by the
relationship among energy grade line, flow velocity and flow depth at each cross section.
With known discharge and stage, the cross section is subdivided into several stream
tubes with equal-conveyance in each tube applying the concept of stream tube.
Sediment computations are performed for each stream tube to obtain sediment load and
suspended sediment concentration with the aid of boundary conditions of sediment
inflow and suspended concentration. Appropriate sediment transport equation may be
selected for the flow conditions and sediment characteristics in question. Comnputational
results of each time step are used to redefine the water surface elevation and bed form.
The NETSTARS is, as is GSTARS, capable of modeling sorting and armoring

phenomena, and may be used for beds of non-uniform sands.

1.2 MODEL APPLICATIONS

Broad applications of NETSTARS model include flow simulations of compiex
river systems of main stream and tributaries, with steep slope or mild slope, of hydraulic
jumps, subcritical and supercritical flows in steady-state conditions, of subcritical flows
in unsteady-state conditions, and corresponding scour and deposition simulations of
river beds. Bed variations in the transverse direction are reflected as a result of
subdividing of stream tubes in the cross section to redefine stream tube boundaries in
the simulation. Backwater computation (lI} in the model is able to simulate flow
conditions in subcritical flows, supercritical flows and mixed flows of supercritical and
supercritical types. Simulated results of longitudinal bed profile with one single stream
tube are equivalent to one-dimensional HEC-6 (1993) simulations.

Sediment movements in natural streams are generally in equilibrium conditions.
The equilibrium conditions no longer exist when a reservoir or hydraulic structure is
erected on the river. Consequently, characteristics of flow and sediment transport in the

stream change continuously as time progresses. Sediment transport formulas for total
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load, suitable for rivers in equilibrium state, are used to estimate total sediment load in
most models. The NETSTARS separates suspended load and bed load in simulation
computations and may be used to forecast changing trends in flow behavior, sediment
transport and bed form of the river. Simulated results may prove helpful to designs of

check dam, reservoir and diversion channel on the river.

1.3 MODEL ASSUMPTIONS AND LIMITATIONS

1. The model is not applicable to lateral movement of sediments due to secondary
currents in river bends.

2. The model is not able to simulate secondary currents.

3. The model should not be used to forecast variations of bed form.

4. The cross section of the stream submerged under water is considered as a movable
bed. In each time step of flow computations, the bed of each stream tube is assumed
to be uniformly raised or lowered according to computational results of scour and
deposition, and subdividing of stream tubes is then performed to redefine stream
tube boundaries based on the new bed. By this approach, the variation of bed in the
transverse direction is accounted for.

5. Sediment transport formulas for total load are, in general, suitable for estimating
total sediment load under equilibrium conditions. This model is able to make
separate estimates of suspended load and bed load, individually. The
advection-diffusion equation is employed to govern the mechanism of suspended
sediment movement. The NETSTARS is capable of simulating variations in
concentration of suspended sediments under in equilibrium conditions of sediment
motion.

6. The roughness coefficient for stream channel may be inputted as a given value, or
estimated by the model using semi-empirical formula or discharge relationship. For
lack of information on roughness coefficient, one may make a quick and easy
estimate and calibrate it to obtain a reasonable value.

7. Iftimes step, At, is reduced for better accuracy of simulation results, data points in
time series of boundary information will automatically be requested to create

required data through linear interpolation by the model.
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2. FLOW ROUTING

2.1 INTRODUCTION

Computational methods for hydraulic simulations include steady-flow computation,
unsteady-flow computation, backwater computation (I) and backwater computation (II).
Steady-flow computation employs 1-D energy equation along with continuity equation
at the node to solve for stage and discharge by finite difference techniques.
Unsteady-flow computation employs de Saint Venant’s 1-D momentum and continuity
equations for gradually-varied flows along with continuity principle at the node using
finite differences to solve for stage and discharge. Both backwater computations (I) and
(II) employ 1-D energy equation on each single stream tube to solve for stages, and
revise link discharges at the node until the stages from all links at the node are
consistent with one another. The backwater computation (1I) is capable of computing

mixed flows of subcritical and supercritical types.

2.2 UNSTEADY FLOW COMPUTATION

2.2.1 Governing Equations

For unsteady flow computation, the de St Venant (1871} hypotheses are essentialty
taken into account in the above equations:
(1) the flow is one-dimensional, i.e., the velocity is uniform over the cross section and
the water level across the section is horizontal,;
(2) hydrostatic pressure distribution prevails at any point in the channel;
(3) the resistance laws for steady-state flow are applicable to unsteady flow;
(4) the channel bed slope is small
The basic one-dimensional governing equations for unsteady water flow are:
Water-Continuity Equation
i—‘f+% =q @1

Momentum Equation
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where O = water discharge; ¢+ = time; x = the longitudinal coordinate; a =

momentum correction factor; 4 = cross-section area; g = gravitational acceleration;

0io|

¥ = water surface elevation; S, = _E’Tz energy slope; K = conveyance; u = lateral

inflow velocity in the longitudinal direction; ¢ = lateral unit discharge inflow.

In NETSTARS, any of the following formulae can be used to compute X :

Manning’s formula:
2 1 2
Q=KS}* = (-n—ARm )S)? (2.3)
Chezy’s formula:
Q = KS}"IZ =(CA.R”2)S}12 (24)

or Darcy-Weisbach’s formula:
8gR
/1 12
Q=KS;* = [(_f yir2 A}Sf (2.5)
where n, C, f =roughness coefficients in Manning, Chezy, and Darcy-Weisbach’s
formulae, respectively; and R = hydraulic radius.

2.2.2 Discretization of Equations

Since no analytical solution is possible, a numerical method whose central feature
is Preissmann’s (1977) finite-difference approximation to Eqgs. (2.1) and (2.2) is used.

The scheme replaces a continuous function, e.g., f, its time derivative and its space

derivative by the following formulae (Fig. 2.1):

=0l +A-p - a-olgn + -8 1] 2.6)
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in which the superscript » denotes the time level, the subscript i denotes the

computational section; At is the computational time step; Ax is the distance between

points i and i+1 (not necessarily constant); and ¢ and ¢ are weighting factors

between 0 and 1.
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Fig. 2.1 Preissmann four point finite-difference approximation

Therefore, Eqs. (2.1) and (2.2) take the following algebraic forms, after use of the

Pressmann’s discretizations:

(1) Continuity equation

L -+ B -+ L
At
+ =2 0r, - 0r) =g, =0
(2) Momentum equation
¢ A+l ¢) n+]
Al — (O -0 +——(@

Qn+1
ArH—l

Qn+]
i+1
An+l

i+l

[059[(1 @)t
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{ (O -7 )+ v (@
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In NETSTARS, ¢=0.5, #=1.0,and £ =0.9 are adopted throughout.

Since all needed values are known at time level n (from the initial condition or
from the results of the previous time step) and 4 and K are function of y, the
problem becomes one of the nonlinear algebraic system in which the four unknowns,

m+l a+]

v, or, y,and O, would be understood to be at time level n+1.

Use the Taylor series expansion

n+ n 6 n+ a n+ a n+ n4
f 1 = f 6.}’{;1 A 1 an:H AQ ] ayj:ﬂ A !+1l aQ{+l AQ l T (2”)
i s i+]

Eqgs. (2.9) and (2.10) can be expressed as:

a Ay, +bAQ,, —c Ay, —dAQ, — g, =0 (2.12)

@AY, +b,AQ,, — Ay, —d,AQ, — g, =0 (2.13)

in which a,,b,,c,,d,,g,.a,,b,,c,.,d,,and g, are coefficients.



2.2.3 Solution Strategies

Fig. 2.2 shows a schematic diagram of a portion of a multiply-connected network.
As indicated on the diagram, a node is any junction of two or more links, or a boundary
point; a link is any flow path beginning at one node and ending at another; a
computational point is any location along a link at which the cross-section is known and
with which hydraulic parameters are associated; a reach is any stretch of channel
between two points. Any link always has at ieast two points, one associated with the

node at each end.

Uink)

{poiutl

Fig 2.2 Schematic diagram of a portion of 2 multiply-connected network

The multiply-connected flow paths of a braided river necessitate the use of
non-traditional procedures for solving the governing equations. Whereas in a traditional
backwater computation the discharge is known a priori, in a multiply-connected system

the discharge distribution, i.e., the flow in each channel, must be determined as an
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integral part of the backwater computation. This determination is based on the

application of continuity principles at any junction of two or more channels.

1. Nodal Continuity:

Under the quasi-steady-flow assumption, at any moment the discharge along a link
must be constant, i.e., all points must have the same flow. Thus a unique discharge O,
is associated with each link / at any time. On this basis, the continuity equation

(inflow= outflow) for any node m at time level n+1 can be written

Lim)

oM+ 0m =0 m=12,.M (2.14)
i=l

where L(m) denotes the total number of links connected to node m; M is the total
number of nodes in the network; and Q7" is any external inflow to node m at time
n+l,

If the discharge is expressed as the sum of the latest estimate ( and a correction

to that estimate AQ, Eq. (2.14) can be rewritten as

Lim) Lim)

Q:;” + ZQ:'J + ZAQmJ =0 m= 1,2,...,M (2.15)
I=1

=]

Now Or"' and O, are known quantities, but the AQ,,, values are unknown.
The solution strategy consists in expressing the AQ,,, values in terms of corrections to

water surface elevations at the nodes through use of the energy equation.

2. Formulation of Nodal Matrix Equation
From Eqgs. (2.12) and (2.13), one can obtain

Ay, =L Ay, + M AQ + N, {(2.16)
where
L, =(¢eb,—c,b)/(ab, —a,b) (2.17)
M, =(db,-d.b)/(ab, —ab) (2.18)
N, =(gb,—g.b)ab, —ab) (2.19)

Again, suppose that it is possible to express the discharge increment at any
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intermediate point i of the link / as a function of two water level increments:

AQ. =EAy, + F, + H Ay, (2.20)

where
E =[c,-L,(a+bE,)|IM. (a+bE.)-d] @.21)
F,=[g,~ Nou(a, +BE, ) ~bF, M, (a, +BE,)-d|] @.22)
H,=-bH, /M, (a +bE,)-d,] (2.23)

and Ay, isthe water-level correction at point i = I, the last point on the link.

Coefficients E, F, and H at point i = I for each link cannot be obtained
directly, since the hydraulic conditions are not known a priori (except at a boundary
point). However, the recursion relation can always proceed downstream without
knowing the conditions at point I, because coefficients £, F, and H at the second

point can be obtained directly from Egs. (2.12), (2.13), and (2.17):

EI(I}—] = (czbl _Clb2)/(d1b2 —dyb,) (2.24)
F}u)-l =(g,b,—gb,)/(d\b, - d.b,) (2.25)
H,yy = (ab, —a,b) (db, —d,b,) (2.26)

Thus, once E, F, H have been initialized by Egs. (2.24)~(2.26), the

remaining E,, F;, H, coefficients can be calculated by recurrence using Egs.

H 1

(2.21)+2.23) fori = I(/)-1, ..., 2. In particular, once E,, F,, H, fori=2 are known,

Eq. (2.20) can be written for i =1 as:
AQ =EAy, +F + HIAyl([) (2.27)

Now the same procedures are needed to find the nodal relation for point I. Again,

suppose

AQI(!) = E;+1Ayi+1 + Eu +H ;+1AJ’1(1) (2.28)

From Egs. (2.12), (2.13), (2.20), and (2.28), the following recursion relations can
be obtained:

E =E, (M., - dtLi+1)/[M'+| (@, +bE,)- dl] (2.29)

I



F = E;+1 [M,. (8 —blF:‘u)_lem]/[Mm (q, +thi+l)_d]] (2.30)

=~bH E MM, (a+bE,)-d] 2.31)
Now fori=1(/)-1,
Ejpy, =(cd, —c,b) /(bd, - b,d,) (2.32)
F, =(g,d, - g,d,)((bd, —b,d,) (2.33)
Hyy,, = (ad, - a,d,)) (bd, —b,d,) (2.34)
Therefore,
AQyy, = EAy, + F) + H Ay, (2.35)

A relation among the water-level changes at adjacent nodes is established by
substituting Egs. (2.28) and (2.35) into the node continuity equation, Eq. (2.15). This

leads to the matrix equation

[4){Ay} = {B} (2.36)

where [ 4 ] is the coefficient matrix comprising appropriate summationsof £, H, E',
and H' coefficients; and { B } is a known vector whose elements are imposed inflows,

and sum of latest discharge estimates, F and F' coefficients.

3. Solution in One Iteration
The general solution algorithm comprises four phases for each iteration: link
forward sweep, node matrix loading, node solution, link backward sweep. These
are described as follows:
(1) Link Forward Sweep
— Foreach link /, / =1,LINKS
— For each point i, i = 1,1(/)-1:
® Compute a,,b,c,.4,,8,.4,,b,,¢,,d,,and g,.
® Compute £, FF, H, E', F',and H'.
(2) Node Matrix Loading

— For downstream boundary nodes acquire the imposed water level y*", and

replace the downstream boundary nodes’ “continuity” equation by

Ay, =yt —yn (2.37)



— For each non-boundary node m:

® Acquire the external inflow Q7" , if any, and load in appropriate term

of {B}.
— For each link attached to node m, / =1, L(m):
® Retrieve E,, F,, H,, E,, F,, H,,
® Accumulate Q, (or Q,), F, (or F))in appropriate term of { B }

® Accumulate E,, H,, E,,and H, inappropriate elements of [ 4]
(3) Node Solution

This procedure can be expressed as
{Ay} =[4]"{B} (2.38)

The block tri-diagonal matrix solution technique is adopted here. The method as
described below closely parallels that described in Mahmood and Yevijevich (1975).
The basic goal of this technique is to replace the inversion of a NODEXNODE matrix
by the inversion of NG matrices, each of size MAXGxMAXG, where NG is the total
number of node groups, and MAXG is the maximum number of nodes in a node
group.

By definition, a node group is a group of nodes which contains nodes which are
linked only to each other, or to nodes of the previous group, or to nodes of the
following group. In the following derivations the subscript ng denotes the node group
number, 1<ng<NG.

The node continuity equation for a node group which is neither the first, nor the

last, can be written:

(R} {8} pgs +[S 1o AV g + [T AV e = Ve (2.39)

where {Ay}, denotes the vector of nodal water level corrections in node group ng,
etc., matrices [R}, [S], [T] can be thought of as sub-matrices of [4] in Eq. (2.36),
and the vector {V} can be thought of as a sub-vector of {B} in Eq. (2.36).

In order to develop an algorithm which requires inversion of matrices having
square dimensions no larger than the number of nodes in the largest node group, one

first proposes a relation of the form:
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{Ay}ng—] = [E]ng-]{Ay}ng + {F}ng-l (240)

where [E], , is an (unknown) matrix having NGS,, columns and NGS,,.; rows, and
{F},e- is an (unknown) vector having NGSp,.; rows. If Eq. (2.40) is substituted into
Eq. (2.39), the resulting expression becomes a relationship between {Av},, and

{Ay},e. Which can be written:

{0} =EL AV} +{F} g (241)

Therefore, if [E],,., and {F}, , are known, they can be used with the always

known matrices of Eq. (2.39) to compute [E],, and {F}, forng=2,3, ..., NG

ng?

Consequently it is possible to compute and store [E],, and {F}, ,forng=12, ..,

NG. This process can be thought of a “matrix forward sweep”. For ng = NG one can
obtain {Ay},; ={F}ys. Once {Ay},, has such been obtained, Eq. (2.40) can be
applied recursively for ng = NG ...,2 yielding the desired {Ay},, vectors.
(4) Link Backward Sweep

— Foreachlink I, I =1,LINKS

® Set Ay, =Ay,,,ml =node to which the i =1 end of link / is attached
® Set Ay,, =Ay,,,ml node to which the i=1(/) end of link [ is attached

® Compute AQ,, AQ, from Egs. (2.20)and (2.27)
— For each point i, i =2, I{/)-1:
® Compute AQ, and Ay, from Eqs. (2.20) and (2.16)

n+l

® Compute y/;' =y, +Ay,,

® Compute Q' =0, +AQ,,

T

4. Flow Stabilization Procedure for Quasi-Steady Flow

Steady flow calculations are required as part of an unsteady flow simulation study
to provide a reasonable initial condition from which an unsteady simulation can be
performed. For a complex river system, it is impossible to furnish an initial condition
for every computational point which is close to the desired steady state. A common

procedure is to start with constant depths and an arbitrary chosen discharge, which can



be zero. Obviously, a stabilization procedure is required to smooth out the
discontinuities caused by the inconsistency between the initial condition, boundary
conditions and the governing equations. The procedure expressed in this section
basically follows the algorithm developed by Cunge et al. (1980).

The basic idea of this procedure is to allow disturbances (waves) generated by the
initial discharge and water-level discontinuities to propagate out of the system as rapidly
as possible. A certain systematic structure of time-step variations is used to stabilize the
hydraulic conditions into a steady flow. The series of time steps must start with several
small ones, so the computation will not be destroyed due to the rapid variation of water
level in the early stages of flow adjustment. After the initial local disturbances are thus
smoothed, the model must be rum for a long equivalent time, with boundary conditions
fixed, to allow for volume adjustment by following a systematic series of time steps
which are progressively increased.

The time step could be increased by a certain factor whenever the maximum
change in water levels becomes smaller than a specified value £. As the time steps
increase, the specified criterion ¢ itself becomes smaller and smalier. In addition, if
there is danger of the flow passing locally and temporarily into supercritical regime
during the stabilization phase, the convective acceleration terms in the de St. Venant
equations can be suppressed for a preliminary volume stabilization; then the process can
be repeated retaining the convective term to let the water-surface slope adjust to
differences in velocity from one section to another.

Through test experience, the systematic time-step variations and the corresponding
specified criterion & used to control the simulation (i.e., when the maximum
water-level change is less than ¢ the simulation proceeds to the next iteration with the

larger time step), have been established as shown in Table 2.1.

Table 2.1 Relationship between Ar and ¢

Ar |02, | 0.5, t, 2t, 5tz, | 10¢, | 20z, | 301, | 407, | 50¢,
£ 50¢, | 50&, | 505, | 15, | 7g, | 5¢, | 45, | 3¢, | 2¢, &,

In Table 2.1, tp is a specified fundamental time step which is determined on the
basts of the given initial condition (input variable FDELTB). If the initial condition is

close to the true steady state condition, t, can be relatively large, otherwise it must be
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relatively small. ¢y is the specified fundamental value for the water level change,
usually 0.01 feet. As shown in Table 2.1, the time step At is maintained until the
maximum water-level change between two successive cycles is less than &, then the
next larger time step is adopted, and so on. At the end of this procedure the flow is fully
stabilized.

2.3 STEADY FLOW COMPUTATION

2.3.1 Governing Equations

Energy Equation for Steady Water Fiow :

d 2
E(z +d+ 25,42 )=-5, (2.42)

2.3.2 Discretization of Equations

The multiply-connected flow paths of a braided river necessitate the use of
non-traditional procedures for solving Eq. (2.42). Whereas in a traditional backwater
computation the discharge is known a priori, in a multiply-connected system the
discharge distribution, i.e., the flow in each channel, must be determined as an integral
part of the “backwater” computation. This determination is based on the application of
continuity principles at any junction of two or more channels.

Under the quasi-steady-flow assumption, at any moment the discharge along a link

must be constant, i.e., all points must have the same flow. Thus a unique discharge Q,
is associated with each link ¢ at any time. On this basis, the continuity equations
(inflow=outflow) for any node m at time level n+l are the same as Egs. (2.14) and
(2.15). The solution strategy consists in expressing the AQ values in terms of
corrections to water surface elevations at the nodes through use of the energy equation.

The energy Eq. (2.42) written in implicit discrete form across the computational
reach between points { and i+1 of somelink ¢ is:

n+] a+l
gﬂﬂ ) = y::! H-] ( 'r:i]-l ) (xl*l 'xf )(’B'S:;l + (] - ﬁl)S;!i:ll

(2.43)



in which # = energy-slope weighting coefficient.

The energy slope S, is expressed in general as

S, =Qlg|/K* (2.44)

K=A\J8gR/f or Lars or acr™ (2.45)
n

Eq. (2.43) is now linearized by expressing each unknown at time level n+1 as the

sum of the latest estimate and a correction, e.g.,
y*H =y + Ay, 0™ =0 +A0, 4™ = A+ A4, K™ =K+AK . Thus Eq. (2.43)

becomes :

0480 Qi +A0, 1,

y: + ,(A-!-AA +Ay,, + +(A,+]+AA )
1-5,
+ (% = X NG, + A0 IO, + AQ [ T AK) T AKm)zl (2.46)

This relation is then linearized by neglecting products of correction (delta)

quantities and leads to the following relation :
PAY; + g8y, +1AQ, +5,=0 (2.47)

In the multiply-connected networks, Eq. (2.47) contains three unknowns Ay,,

Ay, and AQ,.If alink ¢ has I(£) total points and 1(£)-1 computational reaches

2

then there are available I1(£)-1 Eqgs. (2.47) and 1(£) + 1 unknown. Thus it is clear that
additional equations, arising from imposition of the node continuity Eq. (I1.11), must be
combined with Eq. (2.47) to obtain a solution for the discharge and level corrections.

One proceeds by seeking to relate the discharge correction in one link, AQ,, to

the water-level changes at the nodes situated each end of the link. A procedure
analogous to the iooped-network double-sweep algorithm described by Cunge et al

(1980) involves first hypothesizing the relation :
AQ, =E_ Ay +F_ + H_ Ay, (2.48)

Eg. (2.48) can be written fori=1(£)as :
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AQ, = E;n 1A, + Fygyy + Hy 94 (2.49)

In the node-continuity Eq. (2.15), each link-discharge correction AQ,, { can

now be replaced by Eq. (2.49) for the appropriate link, transforming it to -

Lim) Lim)
Qm (tn+]) + ZQms £+ Z (El(t}—l.fAylt + Ff(z)-l.f + Hl(t}—l.(Ay!(!]..!)
£=| £=|

=0,m=1.2,...M (2.50)

At this point an important additional constraint is introduced, namely that all

points associated with a node m share the same common water level correction, Ay,,.

[A] {4y} ={B} (2.51)

where { Ay } is the vector of water-level corrections at the nodes, Ay, ,m=1.2,....M,
[A] is the coefficient matrix comprising appropriate summations of E,,., and H,,,

coefficients, and B is a known vector whose elements are imposed inflows, and sums of

latest discharge estimatesand F |, , coefficients.

2.3.3 Solution Strategy

(1) Link Forward Sweep
— Foreachlink £, £=1, LINKS
— For each point I i, i=1, I(£)-1 :
® Compute p,,q,.T,,s;
® Compute and store E | ,,F,,,H,,.
(2) Node Matrix Loading

— For m = 1 (always the node situated at the downstream boundary) acquire the

imposed water level vy, (t,,,) and set the first node “continuity” equation of the

n+l

system (Eq. (2.51)) to be *
AV ey = Vi = Vonut (2.52)
— For each node m, m = 2, NODES :

® acquire the external inflow @, . ., if any, and load in appropriate term of

{B}.
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— For each link attached tonodem, #=1,L(m):
4 ren.ieve E )1t F f(£)-1.e ’HI(Z}—I.I
® accumulate Q,,F,,,,, inappropriate term of B
® accumulate £, ,, andH,,, inappropriate elements of [A]

(3) Node Solution
— Apply the procedures
{Ay}=[A]"{B} (2.53)
(4) Link Backward Sweep
— Foreach link ¢, ¢=1,LINKS :

® set Ay,, = AY,,,ml =node to which thei=1 end of link £ is attached.

ml 2

® set Ay, = AT,

' Ml= node to which the i = 1 (£) end of link / is
attached.

® compute AQ, from Eq. (2.49)
—Foreachpoint i, i=2, I(£):
® Compute Ay,, from Eq. (2.48)

A+l

® Compute y;; Yie T Ay,

® Compute Q7' = Q,, + AQ,

2.4 BACK WATER COMPUTATION (I)

Energy equation for non-prismatic channels takes the form in the trial-and-error

step method:

2 2

21+J’|+a1?;12322+y2 +02%+hf+he... e (2.54)
2

1
where subscript 1 represents upstream section and subscript 2 represents downstream
section,; z= bed elevation at cross section; @, = upstream velocity correction
coefficient (momentum coefficient).

S+ 85)Ax
h, = frictional losses= S Ax = -(—-’lzf;) .................. (2.55)
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2
h,= energy losses due to eddies= kA(a 9 Y e (2-56)

¢ 2g4?
in which k is the energy loss coefficient due to eddies
Eq. (2-54) may be rewritten as
2 2 S, +8,)Ax 2
z+y, +a1Q—'2=zz +y, +a, g - 8n*50) +kA(@ g =) ...(2.57)
2g4; 2g4, 2 2g4
and define
H z + _.Q.I.z_._
=+t T eererrer et aaereres (2.58)
2g4,
Hy=z,+y,+aq, % LTI T UROOR (2.59)
2g4,
then
Hi=Hyth ¥ h i, ..(2.60)

For subcritical flow, we may assume downstream (subscript 2} is given and
perform computation towards upstream. Trial-and-errors method assumes upstream
stage equals downstream stage initially and revises upstream value each step till H,
vaiues computed by (2.58) and (2.60), respectively, coincide. This method uses

trial-and-error to revise H, value until the deviation previous H, value approaches to

zero. Let e be the deviationin H,, then

de d 2 1
e vy LAy (2.61)

dy, dy 2g47 2

3AxS
e y_paR2n (2.62)

dy, 2R,

Ae

Ay, _1 g (2.63)

' 2R

The value of y, is revised in each step until e value approaches zero and the

upstream stage is thus obtained. Similar approach applies to the next upstream cross
section as the downstream is known, and is repeated upwards to the farthest upstream

cross section. For supercritical flows, the upstream (subscript 1) stage is given,

computations are performed towards downstream direction. Similar deviation in H,

value is differentiated with respect to y, to obtain an expression for corrected value
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Ay, . Similar procedures are followed in the computations towards the lowest

downstream cross section. Backwater computation (I) is applicable to subcritical flows
or supercritical flows straight ward, not for transition flows (i.e., mixed flows of
subcritical and supercritical).

This method applies to water surface computations for a single channel. Simple
techniques are developed to extend this method to river network applications. In a
network , discharges are one of several variables in question, stages at a node, where
more than two links join together, by backwater computation (I) may be inconsistent
from each link and must be adjusted to have a common valve by applying continuity of
discharges at the node and revising discharges of joining links step by step. This
technique allows lateral flows at computational points on the link.

Assume a fixed discharge of ), at all computational points on a link, and the

continuity equation for node m at the time step n+1 takes the form as Eq. (2.15). Take
average valve of all link stages, obtained from backwater computation, at the node and
determine discharge corrections corresponding to stage corrections in each link. For a
given downstream stage of a link (as in subcritical flows) or a given upstream stage of a
link (as in supercritical flows), water stages at all computational points on the link may
be for steady flow. For a node connecting several links on downstream side, stages of
each link at the node may not be consistent, and must be adjusted to have a common
value by re-distributing discharges in each link. Techniques for the solution are
described as follows.
(1) For a node having move than one link on downstream side, stages at computational
points on each link may be obtained by backwater computation with an initial

discharge of Q. Let y, be the stage at the first computational point, the ith link
downstream of the node, and ¥ be the average stage of all links on downstream
side of the node. Assume Ay, to be stage correction and AQ, to be discharge

correction for the ith link, the following relations may be established :
|

O=AV=A—-R*SY* . ol (2.64)
n

_0,, LR, R0
AQ = % By, (3 R oy O+ Y A)Ay, ......... (2.65)

H

where Ay, =v-y, and ¥
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(2) The sum of all discharge corrections AQ, must be zero. If AQ, +AQ, +...+AQ,

=R, 20, then AQ, =AQ, - 9 .Rn are taken as new discharge corrections for

2.9,

=l
next computation . This procedure is repeated until stages of all links are
approximately equal (error of 0.01 m as default value) or the number of iterations
reaches 50. In the latter case, the solution for stage and discharge with least error
will be selected. The approach may also be used for computing initial stage and
discharge. .

(3) Generally, allocation of link discharges at a node is considered in proportion to the
discharges resulted from previous time step. If upstream flows and/or lateral flows
charge at any time step, data-tree search technique is employed to re-calculate
discharge allocation and corrections for stage and discharge until the sum of
discharges and deviations of stages at the node approach zerc. This technique of
approach extends present backwater computation to river network solutions for
stage and discharge, and may be time-consuming as compared to total solution

approach.

2.5 BACK WATER COMPUTATION (1I)

For most of the water profile computations, NETSTARS uses the energy equations

2 2
% T T Lt Ta, QZ—Z +h, (2.66)

1 2

z,+ ¥+

where z = bed elevation; y = water depth; @ = velocity distribution coefficient;
h, =total energy loss between section 1 and 2; and subscripts 1 and 2 denotes sections

I and 2, respectively.
The energy equation is applied if there is no change of flow regime throughout the

study reach. If there are changes in flow regime, the momentum equation is used:
Q7 By, —Bv)=P —P,+Wsin6,—F 2
?()82"2 Byv,)=FR—-F+Wsmé, r (2.67)

where y = unit weight of water; P = pressure acting on a given cross section; W =
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weight of water enclosed between sections 1 and 2; 8 = angle of inclination of

channel; and F, = total external friction force acting along the channel boundary. If

the value of &, issmall (sinf, =0)and if B,=f,=1, equation (2.67) becomes

2 _ 2 _
g-—+ Ay =Q—+A2y2 (2.68)
Ag 4,8
where y = depth measured from water surface to the centroid of the cross section

containing flow.

Before starting the backwater computation (II), it is necessary to determine the
flow regime, i.e., whether the flow conditions are supercritical, subcritical, or critical.
For that purpose, the normal and critical depths are computed along the study reach. The

normal depth is calculated by satisfying these equations
g(d)=0-K(d)S, =0 (2.69)

where K(d) = conveyance, which is a function of the depth 4; and S, = bottom

siope.

The critical depth is calculated by satisfying the equation

1 QZW(a’)=
fd)=1 a(d)—gA3(d) 0 (2.70)

where W(d) = channel’s top width at the depth 4 ; and A(d) = channel

cross-sectional area at depth d .
Sequent depths for a given discharge are the depths with equal specific forces. The

specific force of a natural channel can be expressed by
o’ -
SF(dy==—+4_y (2.71)
4g

where SF(d) = specific force corresponding to a water depth 4; A4, = total flow
area; and A4, = flow area in which motion exists.

The sequent depth is computed where hydraulic jumps occur. An iterative trial-and

error procedure is used to find the sequent water surface elevation. The process starts
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with two guesses; the critical water surface elevation with the theoretical minimum
specific force, and the maximum bottom elevation for the cross section. The subcritical
sequent water surface elevation is located within these two values. The bisection

method is used to solve equation
SF(d,)=SF(d,) (2.72)

where 4, = computed supercritical water surface elevation, and 4, = desired

subcritical sequent water surface elevation.

Detailed procedures for normal, critical, and sequent depth computations can be
found in open channel hydraulics books (e.g., Chow, 1959; Henderson, 1966) and in the
paper by Molinas and Yang (1985).

2.6 GEOMETRIC COMPUTATIONS

The river reach to be modeled must be described by a finite number of discretized
cross sections. Cross section geometry is described by X-Y coordinate pairs, i.c., by
coordinate pairs with lateral location and bed elevation.

For natural channels of irregular cross section, the channel can be divided into
subchannels. The variables related to the cross-sectional geometry (area, wetted
perimeter, hydraulic radius, channel’s top width) are computed for each subchannel.
These values are summed to obtain the total values for the cross section. The

relationships used are well known in the literature and are the following:

4,= 050y, + y,.)dx, 2.73)
B =[dy] +(y, - y.)'1" (2.74)
4

R = 2.75
=3 (2.75)
;I. =0.25(y, + y,,,} if not adjacent to channel wall (2.76)
;,.- = % ¥; if adjacent to channel wall (2.77)
4=34 (2.78)
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P=%F (2.79)
i=l
A

R=1 2.80
P (2.80)
N

T=XT (2.81)
i=l

- L4 2.82

J’—T (2.82)

where 4, F R y,= area, wetted perimeter, hydraulic radius, and centroid of a

P R, T, ;=area,

subsection, respectively; ;= top width of a subchannel; 4, P,

1,
wetted perimeter, hydraulic radius, top width, and centroid of the whole cross section,
respectively; m =number of subsections; and N = number of computed subchannels.
The beginning of a subchannel is identified when the bottom elevation of the channel
drops below the water surface. The end of a subchannel is identified when the bottom
elevation emerges above the water surface elevation.

Each on of these channel divisions would have its own value of the roughness
cocfficient. Manning, Chezy, or Darcy-Weisbach equations can be selected, with
corresponding roughness coefficients are entered from left to right across the section.

The total conveyance for each cross section, X,, is computed as the sum of the

conveyance for each subsection of constant roughness. For example, using the
Manning’s roughness n we have
¥ 1494 R*7° ¥
K, =Y —217 =%k, (2.83)
=l n;

i=l
where the subscript j refers to each individual subsection of the wetted perimeter with
a given Manning’s n,.

The effective water depth (EFD) is used to determine average bed elevation in
NETSTARS model.
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Z Dwga,Djj;
EFD= . o, (2.84)

za:Diﬁ
i=l
where D, is the average depth of trapezoidal area below water surface, a, is the

water area of subdivided cross section, i, is the total number of trapezoids in

subdivided cross section. Bed elevations are expressed in four different ways in the
NETSTARS, i.e., (1) minimum bed elevation, (2) average bed elevation = water surface

elevation — EFD, (3) average bed elevation = water surface elevation — hydraulic depth

14, Nstube Nstube . .
R,, where R, =—, 4= ZAj , I, = ZTJ , T, is top width, (4) average bed

TI j=1 j=l
elevation = average elevation of the cross section in which distance between two
neighboring cross sectional points is used a weighting factor. The former three
expressions indicate that bed elevation is always below the water stage. Expression (1)
shows only minimum bed elevation to emphasize local charge, and does not reflect
scour and deposition characteristics of the entire cross section. For irregular channels
where main channel and its overbanks are clearly distinguishable or thalweg is well
defined, expression (1) is deemed adequate to reflect scour and deposition
characteristics of the bed. When overbanks are not distinguishable from main channel
and cross sections of the channel are extremely irregular, expression (4) seems to better
reflect average scour and deposition behavior of channel bed. The fact that bed
elevation is higher than water stage would generally with main channel is
distinguishable from its overbanks or thalweg in well defined in channel. In this case, it
is better to use the first three expressions for bed elevation. Expressions (2) and (3) refer
to water surface elevation, hence the water surface elevation must be maintained at

same level for comparison of average scour and deposition characteristics.

2.7 HYDRAULIC PARAMETERS FOR SEDIMENT
COMPUTATION

Hydraulic parameters required for sediment load computation are flow velocity,
flow depth, hydraulic radius, top width, friction slope and flow discharge at the cross

section.



2.8 ROUGHNESS COEFFICIENTS

Roughness coefficients are generally a complex function of flow discharge, flow
depth, grain sizes of bed materials, bed form and bed surface covering. For
simplification, roughness coefficients are assumed constant values in NETSTARS
model and need to be calibrated in advance. Energy losses due to grain roughness, bed
form, channel bend, contraction, expansion, confluence, vegetation cover on overbarks
are lumped and reflected in roughness coefficients. NETSTARS model aliows the user
to determine roughness coefficient with three options, i.e., (1) Manning’s formula, (2)
Chezy’s formula and (3) Darcy-Weisbach formula. In addition, the model provides two
other formulae which automatically compute Manning’s n value.

One is to revise energy slope by weighting method and them solve for n value by

Manning’s formula.

3.22

5 ={[g(7,- -y oge (2] -10‘“5} ...... @5)

The other is Limerinos’ (1970) formula

1/6
pe— QOOBOR (2.87)

R
1.16 +2.0log, (——
ogm(D )

84

where R is hydraulic radius in feet, D,, is the grain size 84% of bed materials are

smaller than that size in feet.
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3. SEDIMENT ROUTING

3.1 INTRODUCTION

Transport of sediments in natural streams may be divided into bed load, suspended
load and wash load-according to sediment moving behaviors. The combination of bed
load and suspended load is called bed material ioad of which the stream bed is
composed. The wash load is composed of sediment particles of sizes finer than those
represented in the bed and stays in suspended state all the time. For scour and
deposition study of river bed, the bed material load is considered as the total load.

Sediment routing is performed with given stages and discharges, obtained by flow
routing, for each stream tube in the cross section per stream tube concept. Sediment
loads are computed for each steamn tubs of equal conveyance in the cross section (per
stream tube concept) and continuity equation of sediments is applied to determine
average bed change in each stream tube. Since the discharge and bed form may change
from time step to time step, boundaries of subdivided stream tubes may vary
accordingly, as a result, transverse bed form change is simulated.

Sediment load computation, bed sorting and armoring, sediment load conditions at
boundaries and nodes, and sediment size demarcation for bed load and suspended load

are described in the following sections.

3.2 STREAM TUBE CONCEPT

By definition, a streamline is a conceptuat line to which the velocity vector of the
fluid is tangent at each and every point, at each instant in time. Stream tubes are
conceptual tubes whose walls are defined by streamlines. The discharge of water is
constant along a stream tube because no fluid can cross the stream tube boundaries.
Therefore, the variation of the velocity along a stream tube s inversely proportional to
the stream tube area. Fig. 3.1 illustrates the basic concept of stream tubes used in
NETSTARS.

NETSTARS uses the stream tube concept to accomplish a semi-two-dimensional
approximation of the region being modeled. This allows the program to consider not
only longitudinal, but also lateral variations of the hydraulics and sediment activity at

each cross section of the study. The use of stream tubes by NETSTARS is described in
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this section.

The water surface profiles are computed first, as descried in the previous sections
of this chapter. The channel is then divided in a selected number of stream tubes with
the following characteristics: (1) the total discharge carried by the channel is distributed
equally among the stream tubes; (2) stream tubes are bounded by channel boundaries
and by imaginary vertical walls; (3) the discharge along a stream tube is constant; and

(4) there is no exchange of water or sediments through stream tube boundaries.

Fig. 3.1 Basic concept of stream tubes used in NETSTARS

Due to the nature of the backwater computations, the water surface elevation is
assumed to be horizontal across each cross section. The lateral locations of the stream
tubes are computed at each time step from the channel conveyance, i.e., stream tube
boundaries are set to provide equal conveyance. As described earlier, each cross section
is divided into 10 subsections of equal width, form which the channel’s total
conveyance is computed incrementally, as a sum of these individual conveyances. The
total conveyance is divided by the number of stream tubes to yield stream tube
conveyance, and the locations of the stream tube boundaries are determined
accordingly.

Stream tube locations are computed for each time step, therefore they are allowed
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to vary with time. Sediment routing is carried out independently for each time step,
therefore they are allowed to vary with time. Sediment routing is carried out
independently for each stream tube and for each time step. Bed material composition is
computed for each tube at the beginning of the time step, and bed sorting and armoring
computations are also carried out separately for each stream tube. In NETSTARS,
lateral variations of bed material composition are accounted for, and this variation is
included in the computations of the bed material composition and sorting for each
stream tube. Therefore, although no material is aliowed to cross stream tube boundaries
during a time step, lateral movement of sediment is accomplished by the lateral
variation of the stream tube boundaries from time step to time step.

NETSTARS is not a truly two-dimensional program, therefore it cannot simulate
areas with recirculating flows or eddies. Other limitations include the inability of
simulate secondary flows, reverse flows or eddies. Other limitations include the
inability of simulate secondary flows, reverse flows, water surface variations in the
transverse direction, hydrograph attenuation, and others that result from the use of the

simplified governing equations described in this chapter.

3.3 TOTAL LOAD COMPUTATION

NETSTARS model provides two options to estimate total load of sediments. One
is the direct estimate of bed-material load, and the other takes summation of separate
estimates of bed load and suspended load. For suspended-load-controlled river reaches,

the later approach is performed.
3.3.1 Sediment Transport Functions

NETSTARS model provides four different formulas to compute total load : (1)

Yang's (1973,1984), (2) Ackers-White (1973), (3) Engelund and Hansen (1967), and (4)
Van Rijn (1984,1985). The competed result from either formula is expressed in

sediment concentration by weight of the mixture, C,. If the sediments are non-uniform,

i

C, = ZFPC}; in which P is % by weight of the ith size fraction. The total load @, 1s
i=t

determined by
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0 =yE" ['Cud.d, G.1)

where u =average flow velocity (L/T); C, =sediment concentration by weight (M/M);

0, =total load (%); ¥ = pg . unit weight of sediment (zf%z—); B =coordinate

system for cross sediment (L); B, = left boundary of stream tube (L); B, = right
boundary of stream tube (L); D= flow depth (L); a= bed layer thickness (L).
After . is obtained and expressed in volume rate L*/T, sediment continuity

equation is employed to solve for bed form change.
3.3.2 Sediment Continuity Equation

3.3.2.1 Governing Equation

The basis for sediment routing computations in NETSTARS is the conservation of
sediment mass. In one-dimensional unsteady flow, the sediment continuity equation can

be written as

80, a4
=5 1- —_d _ = 0 3.2
o +(1-p) P 4 (3.2)

where p = porosity; 4,= volume of bed sediment per unit length; Q,= volumetric
sediment discharge; and g, = lateral sediment inflow.
3.3.2.2 Discretization of Equations

In order to accomplish the discretization process, the change in the volume of bed

sediment due to deposition or scour, A4,, is written as
Ad, = (aT_ +bT +cT,,))AZ, (3.3)

where 7= top width; AZ = change in bed elevation (positive for deposition, negative
for scour); = cross section index;

Using Eq. (3-3), the partial derivative terms are approximated as foliows:

0A, (T, +2T +1T,)AZ,
ot 4Ar

(3.4)
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dQs - Qs.] "Q.u—l
dx  Y2Ax, +Ax, )

(3.5)

where Ax, = distance between cross sections i and i+l; Ar= time step interval; and
@, ;= sediment transport rate at cross section i. The sediment continuity equation, Eq.

{3.2), can be used to compute the change in bed elevation, AZ,, which is done for each

individual sediment size fraction within each stream tube. Inserting expressions Eqs.
(3.4) and (3.5) into Eq. (3.2) we obtain

. A Grar (&%, + 8%, )+ 200, ;04 —Cs 1)
(-p) . (aT,, +bT, +cT,)Ax, +Ax,,)

(3.6)

ik

where « = size fraction index; p,= porosity at cross section i; and @, = computed

volumetric sediment discharge for size class x at cross section /. The total bed

elevation change for a stream tube at cross section i, AZ,, is computed from

AZ = YAZ, 3.7

1

where N = total number of size fractions present in cross section i. The new channel
cross section at station i, to be used at the next time iteration, is determined by adding

the bed elevation change to the old bed elevation.

3.4 BED LOAD AND SUSPENDED LOAD COMPUTATION

In a model bed load and suspended load are not treated separately, hence it can not
reflect the non-equilibrium deposition of the suspended sediment. To remedy the
shortcomings of this type of models, an alternate approach is developed herein. This
approach uses the stream tube concept and includes the capability of simulating the
movement of suspended load and bed load, and their interactions. Hence, it is able to

simulate deposition patterns of the suspended sediment in a non-equilibrium process.
3.4.1 Sediment Continuity Equation

3.4.1.1 Governing Equation

The sediment continuity equation is given as
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Nsize a Qb

)—+ Zs +=t =g, (3.8)
Eq. (3.8) can be rewritten as
(1-p) %+ f[q,c 1+ 2oy, (3.9)

where O, = bed load transport rate in stream tube; g; = flow discharge in stream tube;
and C; = depth-averaged concentration of suspended sediment of size fraction k in

streamn tube.
3.4.1.2 Discretization of Equation
The difference equation of the sediment continuity equation for every size fraction,

i.e., Eg. (3.9), is shown as

—4Af %(QC Y= Zl(qck dia * Qo = Oy — Ao,

AZ, = (3.10)
(I-p)2E+F,+F,) (Ax, + Ax, )/ 2

3.4.2 Bed Load Transport Functions

The bed load transport rate , can be calculated using the follow equation
Oy = fI%dB (3.11)

where g, = bed load discharge/unit width, which can be calculated using Meyer-Peter

and Muller (1948), Schoklitsch (1935), and Van Rijn (1984) formulas, and » and / =
right and left boundary of stream tube.

3.4.3 Convection-Diffusion Equation

3.4.3.1 Governing Equation

The concentration Cy 1s calculated using the convection-diffusion equation shown

as
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AC4)
ot

d d ac ac., \,
+a(C,,q,) = E[A’K’ Ek) +8, + [hk, ?zk_] ! (3.12)

where k. and k, = longitudinal and transverse dispersion coefficients; A, = area across

stream tube; h = flow depth; and S; = source term of suspended sediment of size fraction
k.

According to Van Rijn (1984) and Holly and Rahuel (1990), the source term S,

is the combination of deposition and resuspension, and can be expressed as
§,=5,+S,=a-bC, (3.13)

where S, and S, = quantities of sediment resuspension and deposition, respectively.

The amount of sediment resuspension can be calculated by
Sa = PBWBCy (3.14)

where B, = width of stream tube; p= sediment-water mixture density; W, = fall
velocity of sediment of size fraction k; f,= weight percentage of sediment of size
fraction k; and C,, = sediment concentration close to channel bed, which can be

calculated by the equation proposed by Van Rijn (1984)

D TI.S
Cek=0.0157" o (3.15)
where D, = particle diameter of size fraction £k ; D, = particle parameter

=D, {[(s -1)g)/v*}""*; T.= transport stage parameter =[(«", )* —(u...)* 1/(u..)"; v=
water kinematic viscosity; s= specific weight of sediment particle; «',= grain shear
velocity = g®u/c’; ¢’ = Chezy coefficient related to grains = 18 log(12 R, /3D);
R, = hydraulic radius in stream tube; and u,, = critical shear velocity.

The amount of sediment deposition can be calculated by using the following
equation (Holly and Rahuel 1990):

Sy ==pBW.Cy (3.16)

where C, = deposition concentration, which can be estimated by
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C, =[3.25+0.55(In(W, /ku,))] C, (3.17)
with k=04.

3.4.3.2 Discretization of Equation

The concentration C, is obtained by solving the convection diffusion equation,
i.e., Eq. (3.12). The split operator approach is used in solving this equation. The
governing equation is separated into four portions, i.e., advection, longitudinal diffusion,
transverse diffusion, and reaction. They are solved subsequently in one time step. The

C, and CX,, CX,=38C,/ox, values obtained in the previous portion are served as
the known values for the next portion. The computational techniques are described as
the following: (To simplify the expression C is used to replace C, from here on.)

(1) Advection Step.
The advection portion of Eq. (3.12) can be written as

LLu¥_y (3.18)
ot ox
where U = average velocity.
Using the Holly-Preissmann two-point four-order scheme, the difference equation

of Eq. (3.18) can be obtained, when the Courant Number is less than 1

+a,CX +a,CX], (3.19)

i+

Crl =Cl=a,Cl +a,C]

where a =r"(3-2r") ; a,=l-a; a,=r"(1-rAx; a, =-r'(l-r")?Ax; and

r'=(UAn/ Ax.
Differentiating Eq. (3.19) with respect to x, the difference equation can be
obtained
_mau
n+l _ L4 2 ac ad
CX =CX; INEi (3.20)
T4 ——1 ..
2 al i+1r

where CX; =b,C] +b,C],

i+l

+b,CX] +b,CX1y; b =[67(F =D)/Ax; b, =-b, :

i+t

b, =r'(3r'-2);, and b, =(r'-1)3r'-1.
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when Courant Number is greater than 1, the difference equation of Eq. (3.20) can
be obtained

Clt' =C7 = 4C7 + 4,C + 4,CX] + 4,CX™ (3.21)

i+l

where A =s2(3-25")4, =1—-A;4, =-U's*(1—s)A 4, =U's'(1-s")’ Ar, and
s'=(Ax/UMY/ At .
Differentiating Eq. (3.18) with respect to ¢, and then transforming CTto CX,

the difference equation is obtained

Ur.,_&.a_gl
Y oy 2 o 322
C i+ C i Un-ﬂ S'AI 8U ( )
Y L

where
CX =BC + BZC,"“ +B,CX] + B4CX;'+‘ 3B, =[-6s'(s"-1)/ AU : B, = -B,

B,=(U"/U)s'3s'~2); and B, =U™ /U )s -H3s' -1).

(2) Longitudinal Diffusion Step

The longitudinal diffusion portion of Eq. (3.11) can be written as
ocC
= (AK Z=Y=0 323
(4K, 5 ) (3.23)

Using the Crank-Nicholson central difference method, Eq. (3.22) can be

discretized as

C:Ml -G =/ (C,:l - Ci”+1) -5 (Cirm - Cir:l) (3.24)
where
1
f - Al [5 (141Kxi + ‘4i+1Kxi+l )]
b (%, — %)
E (% =) 4, i '

150 xi

1
At [5 (Afo: +4,K i1 )]

I =
2 %(xm - X )4, (¥ =)
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Differentiating Eq. (3.23) with respect to x, and then using the numerical scheme,
the difference equation becomes
CX™ -CX| = g,CX\' — (g, +g,)CX™ + g,CX™! (3.25)
Where
At A4.,K

i+] T xi+l

%(An] +4) %‘(xm —x,) (x,, —x;)

& =

At AK
g2 = I 1
5 (A + 4) E x —x) - (X — ;)
At AK
g 3 = 1 ]
5 (Ai—i +4,) E (X — X)) (x, ~ X;.y)
At Ak
g4 =

1 1
E (4, +A4) '5 (¥ = X ) (%, —x, )

The values of C and CX can be obtained by using Gaussian Elimination Method
to solve the tri-diagonal matrix formed by Eqs. (3.23) and (3.24).
(3) Transverse-Diffusion Step

The transverse-diffusion portion of Eq. (3.11) can be written as

Lo, %
ot 4 oz

! (3.26)

Using the same method as the longitudinal diffusion step, Eq. (3.26) can be

discretized as

C:; - Gy = "J(Ci’:;ll - C',-'f;]) —F 2C.:; - C:;ll) (3.27)
where
1
At 5 (k,',jk;i,j + hi,j+lsz,j+l)
K=
%(Ai,j-rl + Ai,j (Zi'ﬁ] - Zi'j)
1 h. .k h
At E( iz f + i.j-lka‘.j-l)
K=
-;_(Af. T A,-,j ) (zi‘j - zi'j_l)
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Differentiating Eq. (3.26) with respect to x, and then using the Tee scheme, the

difference equation is shown as

-1 CX[ o+ +1 +DCX) —nCXL =CX] 4+ g, + 4, (3.28)
where
g =- ) —i—j—[n (€= CIy - (€l =)
gy ==t T g, -y (- G
i,j "z, j

The values of C and CX can be obtained by using Gaussian Elimination
Method to solve the tri-diagonal matrix formed by Egs. (3.27) and (3.28).
(4) Reaction Step

The reaction portion of Eq. (3.12) is shown as

%(Tj =a,~b,C (3.29)

where a,=a/A and b,=b/A4. There exists an anaiytical solution for Eq. (3.29),

and shown as

o n —bpdr
Cr =(a,/b,)+(C! ~a,lb)e (3.30)

Differentiating Eq. (3.29) with respect to x and the difference expression form

for CX™' can be obtained as

_a b b,
Cxr = —_(exr + (G2 Gyp (20 omiyag) (3.31)
(+b,Af) Ax Ax
3.4.3.3 Solution Strategy

The advection diffusion equation is solved in form separate parts using split
operation method. Concentrations terms in advection and in jongitudinal diffusion are
solved as in a single stream tube within the network. The transverse diffusion is the
concentration exchange between stream tubes in a cross section and may be solved
Gauss theorem. The concentration terms in reaction are solved as in a singie stream tube

in a cross section.
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Longitudinal and transverse dispersion coefficients are estimated by using Elder’s

(1959) empirical equations: &, =5.93u.d and %, =0.23u.d . These coefficients should

be properly adjusted for reaches of tidal effects.

With given conditions, the advection diffusion equation is solved in form separates

parts to revise values of C, and CX, in stream tubes. Details of solution method are

described as follows.

l.

Advection
(1)Boundary conditions and initial conditions
B.C. and I.C. at both upstream and downstream must be given to solve the
advection diffusion equation for C, values.
(A)C" known.
(B)CX ;" =CX;" indicating long downstream reach with open boundary; a

national control section on the stream; advection of suspended sediments

exists.

(C)CX;" =0 indicating closed boundary, no advection occurs. Initial value of
CX, may be obtained from the variation of C, with respectto x.However,

boundary condition of CX, is difficult to attain. Fortunately, the accuracy of
initial and boundary values does not affect significantly the models accuracy
as evidenced by Holly and Preissmann (1977). One may assume CX, =0 for
starting boundary condition and uses CX, value in previous time for

subsequent computation.
(2)Node continuity
Assuming that suspended sediments at the node where links join are fully
mixed and sediment contents in downstream links are directly proportional to link

discharges, then the values of C, as and CX, as well are same in all links just

downstream of the node. Continuity at the node requires

C

C Z km in 332
kour— Z Qou ¢ ZQ{JHJ ZQ'" ( )
where C,, = entering concentration at the node (L*/L%); 0, = entering

discharge at the node (L*/T); Cy.u = €xit concentration at the node (L¥/L*); O

Ol
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= exit discharge at the node (L*/T).
Suspended sediment fluxes my be represented by CX,, and continuity of

fluxes requires

CXk Jdn zin
Ckaur - ZZQ Q ZQaur ZQm (3-33)

where CX,, = entering concentration gradient at the node (1/L); CX, . =

exist concentration gradient at the node (1/L).
(3)Computation procedures
The following computations are executed in each time step.

(A)Determination of flow direction
The direction of flow velocity determines the direction of characteristic line
and distributions of link concentration and concentration gradient at the node.
The flow direction should be checked in each time step since unsteady flow can
be modeled by the NETSTARS.

(B)Obtain all values of C/*' and CX[*' (k=1~NF, NF being the total maybe of

size fractions) of suspended sediments at upstream boundary.

(C)Proceed computations in downstream direction till a node exists. Values of C,
and CX, of suspended sediments at computational points are obtained with
an aid of Egs. (3-19), (3-20) or (3-22) depended courant number at that point.

(D)YAfter computations of all links upstream of the node are completed in step (C),
C, and CX, values at the first computational point of downstream links
from the node may be determined using Eqs. (3-32) and (3-33).

(E) Steps (C) and (D) are repeated until finished.

2. Longitudinal Diffusion
(1)Boundary conditions and initial conditions
Three types of boundary conditions are:

(A)C" known.

(B) CX"' =CX}" indicating long downstream each with open boundary, a
natural control section on the stream, diffusion of suspended sediments exists.

(O)CX " =0 indicating closed boundary, no diffusion of suspended sediments

exist,
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Boundary conditions applied depend upon the coefficients of finite difference
equations transformed from longitudinal diffusion equation by Tee Scheme. Initial
conditions for longitudinal diffusion equation are taken from the resulted C, and

CX, of advection solution.
(2)Node continuity
The assumptions that no suspended sediments are accumulated at the node
and concentration changes though the node due to diffusion remain intact call for
2K ACX =0 (3.34)
AC, =AC, (3.35)
where p and g are computational point connected to the node. IF the values of
concentration gradient of all links at a node CX are computed using node input
data or assumed boundary conditions and resulted such that ¥ K, 4CX =R, #0.
A correction of —(R, /I}/(k A) for CX must be added to each link so that node
continuity, 2 K,A4CX =0, is satisfied.
(3)Computation Procedures

(A)Obtain upstream boundary values of C;" and CX;".If only C* values
are given, assume CX;” =0. If only CX;* values are given, C™' values
are computed using C} of next computational point in previous time step.

(B) Values of C;* or CX]" are taken as downstream boundary conditions.

Compute as in step (A).

(C)Proceed computations in downstream direction. When interior node is
encountered, computed concentrate gradients at the farthest downstream
computational point are treated as boundary conditions at the node to solve for
revised CX,;*' using Eq. (3.25). The revised CX*' values are than used as
node boundary conditions to solve for concentrations at computational points
using Eq. (3.24).

(D) After computations as in step (C) for upstream link of the node are completed,
the values of C;¥ and CX;" at the first computational point on the

downstream link may be obtain with the aid of Egs. (3.32) and (3.34).
(E) Steps (C) and (D) are repeated unti}l all finished.
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3. Transverse Diffusion

Initial conditions for transverse diffusion are the values of C, and CX,

from ilongitudinal diffusion computation. Boundary conditions are CX, =0 for

stream tubes No.l and N. No conditions are specified at nodes. Since central

difference concept is used to transform transverse diffusion equation into finite
difference equation, the solutions for C, and CX, are for each stream tube in the
cross section. Values of a;, &, by and b, many be computed with given conditions
and substituted into equations of C, and CX, to obtain coefficient matrix. The
coefficient matrix is then solved for C;"' and CX}" using Gauss method.
Reaction

Initial conditions for the reaction part are the values of C, and CX, from
transverse diffusion computation; no conditions are specified at boundaries and
nodes. The expressions for C, and CX, in the reaction computations are
obtained from analytical solution and direct difference technique. Values of C;* or

CX*' at computational points are determined by computation coefficients of a

and b and then substituting a', b and given values into the expressions for C,

and CX,.

3.4.4 Computations of Scour and Deposition of the Bed

1.

Use numerical method to obtain suspended sediment concentration C, and
sediment transport formulas to obtain bed load @, as previously described. The
bed load Q, in each stream tube should be converted to volume rate in L'/T
unit.

Vaiues of C, and O, from step | are substituted into Eq. (3.10) to solve for AZ, .

Bed elevations are revised accordingly.
Hydraulic computations for stage, discharge and swream tube subdivision are
performed in each time step. And then execute steps 1 and 2. The three steps are

repeated unti! the end of simulation time.
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3.5 BED SORTING AND ARMORING

Consequently, several different processes may take place. For example, all the
finer particles may be eroded, leaving a layer of coarser particles for which there is no
carrying capacity. No more erosion may occur for those hydraulic conditions, and the
bed is said to be armored. This armor layer prevents the scour of the underlying
materials and the sediment available for transport becomes limited to the amount of
sediment entering the reach. However, future hydraulic events, such as an increase of
flow velocity, may increase the flow carrying capacity, causing the armor layer to break
and restart the erosion processes in the reach.

Many different processes may occur simultaneously within the same channel
reach. These depend not only on the composition of the supplied sediment, i.e., the
sediment entering the reach, but also on bed composition within that reach. The bed
composition may vary within the reach both in space and time. In order to model these
type of events, GSTARS 3.0 uses the bed composition accounting procedure proposed
by Bennett and Nordin (1977).

in Bennett and Nordin’s method, bed accounting is accomplished by the use of
two or three conceptual layers (three layers for deposition and two layers for scour). The
process is schematically illustrated in Fig. 3.2. The top layer, which contains the bed
material available for transport, is called the active layer. Beneath the active layer is the
inactive layer, which is the layer used for storage. Below these two layers there is the
undisturbed bed, with the initial bed material composition.

The active layer is the most important concept in this procedure. It contains all the
sediment that is available for transport at each time step. The thickness of the active
layer is defined by the user as proportional to the geometric mean of the largest size
class containing at least 1 percent of the bed material at that location. Active layer
thickness is, therefore, closely related to the time step duration. Erosion of a particular
size class of bed material is limited by the amount of sediments of that size class present
in the active layer. If the flow carrying capacity for a particular size class is greater than
what is available for transport in the active layer, the term availability limited is used
{Bennett and Nordin, 1977). On the other hand, if more material is available than that
necessary to fulfill the carrying capacity computed by a particular sediment transport

equation, the term capacity limited is used.
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Fig. 3.2 Conceptual layers for bed accounting

The inactive layer is used when net deposition occurs. The deposition thickness of
each size fraction is added to the inactive layer, which in turn is added to the thickness
of the active layer. The size composition and thickness of the inactive layer is computed
first, after which a new active layer is recomputed and the channel bed elevation

updated.

3.6 SEDIMENT LOADS AT NODES AND BOUNDARIES

1. Sediment loads at nodes
Sediment load (total load or bed load) out of a node may be allocated to
downstream links in proportion to either link discharges on link sediment transport
capacities.
(A)In a proportion to link discharge
Assume that no sediments are allowed to accumulate at the node and sediment
ioad of each link downstream of the node is directly proportional to link discharge

(at first cross section of the link), continuity of sediment loads at the node requires
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that

Lim) Lim)

Osp' + 2 0, = D 05t (3.36)
i=1 =1
n+l Qout,j n+l ) n+l
Soutm,j = Tim) Os, + ZQSin.m,j (3.37)
p=

Z Qou:,lc

k=]

where L{m) = total number of links connected to node m; m = total number of

nodes; 0" = external sediment load added to node m at time step n+1

n+l
L4

LY Q,

(B) In proportion to sediment transport capacity

m,; = sediment load of the ith link at nose m (L.

it

The following continuity relationship of sediments at a node may be

established using the rating curve of sediment transport capacity versus discharge

(0, = A‘:Q"jr ) at the first cross section of each link downstream from the node.

Lim) Lim)

Osn' + > 0575, = > Qs (3.38)
i=l

j=l

A 'Q‘BC-{' Lim)
Oy = T — Q57+ D 0sin | m=12ps M (3.39)
o) "

LY}

out K
k=1

where 4, = coefficient in the relationship between sediment transport capacity

and flow discharge; B,, = exponent in the relationship between sediment

transport capacity and flow discharge.

The sediment load allocated to each link downstream from the node m is
directly proportional to the link sediment transport capacity as computed from the
relationship of sediment transport capacity versus flow discharge at the first cross
section of the link downstream from the node.

2. Boundary conditions for sediment loads
(A)Sediment load time series
As obtained from field measurements of sediment loads.

(B) Sediment rating curves
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As obtained from statistical analysis of long-term records of flow discharge
and sediment load at the study boundary point. The regression result of sediment

transport capacity versus flow discharge is generally expressed in the form
Q. =A 0% . The sediment transport capacity may be computed for a flow

discharge and regression constants of 4. and B..

3.7 DISTINGUISH BETWEEN BED LOAD AND SUSPENDED
LOAD

The Rouse number W/, ,,, where W = fall velocity; x = karman’s constant; and
u, = shear velocity, is used to distinguish between bed load and suspended load.
Particle with W/, > 5 is treated as bed load and particle with W/, <5 is treated as

suspended load.
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4. DATA REQUIREMENTS

This chapter describes the hydraulic and sediment data requirements for
NETSTARS. Moreover, this chapter also describes the overall data needs and some of
the formats used to input data.

4.1 INPUT CONTROL

4.1.1 Channel Geometry Data

Channel geometry data include cross section geometry, location, and channel
roughness. Data are entered in records. Record BR contains the location, elevation of
lowest point in the initial cross section, and channel roughness. Record NS is used to
specify number of data points in the cross section, increment in bed elevation,
enlargement coefficient for the width, scorn limits at river banks and bed elevation.
Record GR is used to define the cross section geometry at the given station using X-Y

coordinate pairs, i.e., by coordinate pairs with lateral location (X) and bed elevation (Y).
4.1.2 Hydraulic and Hydrologic Data

Hydraulic and Hydrologic data include water discharge, stage, and rainfall. Record
AB selects the hydraulic model to execute the fiow routing. Record BR contains the
initial estimate of water surface elevation and water discharge. Record RE is used to
select the calculation method for friction loss calculations and the roughness equation.
Record CQ contains water discharge and stage hydrograph at the given node. Record
TT is used to define a title.

4.1.3 Sediment Data

Sediment data includes bed material size distributions for the reach of study, the
sediment inflow hydrograph entering the reach, stream tube, and sediment transport
function. Record AB selects the sediment inflow type at the upstream boundary. Record
BC contains the sediment discharge entering the study reach at the cross section farthest
upstream as a function of the water discharge. Record BS contains the number of size
fractions associated with this cross section. Record CQ contains sediment discharge at

the given node. Record IT contains the desired number of time steps for the

H-50



sediment-routing procedures. Record NT contains the number of stream tube used in
sediment-routing computations. Record SE contains the selection of the sediment
transport equation and the control of the active layer thickness. Record SF contains the
number of sediment size fractions used in the study. Record SG contains the sediment
size groups for the study. Record ST is used to define a title in the sediment simulation.
Records SN and Record SP are used to specify sediment size fractions at the cross

section and on the upstream boundary.
4.1.4 Tributary Inflow Data

The information necessary to model the effects of a tributary flow are the number
of the tributary flows, inflow location, tributary’s water discharge, the inflow sediment,
and its composition. Records LA and LI contain the number of the tributary flows and
the tributary inflow location, respectively. Record LT contains the title for tributary
inflow simulation. Record RI contains the lateral inflow water and sediment discharges

at the tributary inflow location.
4.1.5 Suspension Data

Suspended sediment data include initial concentration at the cross section,
concentration time series on the upstream boundary and dispersion coefficients. Record
Al is used to specify the method for suspended sediment computation. Record CC is use
to specify suspended sediment concentration time series on the upstream boundary
Record CF is used to specify the threshold value for suspended sediment concentration
and dispersion coefficients at the cross section, Record CT is used to define the title for
suspended sediment competitions. The test way includes sources, characteristics and

time period of the suspended sediment data.
4.1.6 Node Data and Boundary Conditions

Node data include total number of links at the node and grouping of nodes. At the
nodal point is a fictitious cross section in which neither scow nor deposition occurs. At
the node, both sum of flow discharges and sum of sediment loads and all zero, and no
latera] water flows and lateral sediment inflow and allowed suspended sediment
concentration immediate upstream of the node are distributed to downstream links in

proportion to link discharges. Sediment loads upstream of the node may be distributed
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to downstream links in proportion to either link discharges or link sediment transport
capacittes. Boundary conditions include discharge, sediment load and suspend sediment
concentration time series at upstream boundary, and suspended sediment concentrations
at downstream boundary.

Record AC is used to specify method to determine water stage and suspended
sediment concentration gradient on the downstream boundary. Record AJ is used to
specify grouping of nodes. Record BC is used to specify the rating curve of sediment
load versus flow discharge for sediment inflow computation at upstream boundary.
Record BK is used to specify links at a node. Record BL is used to specify link
including nodes and computation point on the link. Record CC is use to specify
suspended sediment concentration time series at a node. Record CQ is used to specify
time series of hydraulic and sediment load at a node. Record SN is used to specify size

fraction of sediment at a node.
4.1.7 Other Special Data

Record AB is used to specify time step for each step in concentration. Record Al is
used to specify number of changes in time step, units (metric or English system) in
computation, dispersion coefficients determination, inclusion of lateral flows, and
output of longitudinal bed profile. Record AM is used to specify maximum number of
iterations in hydraulic computation, roughness coefficient determination, include of
sediment computation. Record AT is used to specify beginning and end times of
simulation, and time step Ar. Record BE is used to specify error tolerance of water
stage and discharge in iteration of hydraulic computations. Record BP is used to specify
specific gravity and porosity of sediment, time and space weighty factors, & and®, in
de Saint Venant equation, and initial slope of riverbed for steady-flow computation.
Record DT is used to specify the time when time step change is required, and the value

for new time step.

4.2 OUPUT CONTROL

4.2.1 Initial Data

Record AP allows the user to select link and node data, starting cross section at

computation point and sediment load in each stream tube to be printed out. Most of the
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input data will be echoed in NETS03.0UT file for data verification.

4.2.2 Flow Data

Record PR provides four options for printouts of hydraulic computations, i.e., (1)
no printout required, (2) printout for water surface profile only, (3) add normal and

critical depth table to printout, and (4) print all.
4.2.3 Suspension Data

Record AP allows the user to control printouts for computed size fractions of

suspended sediment concentration in each stream tube.
4.2.4 Sediment Data

Record AP allows the user to control printouts for computed size fractions of

sediment load in each stream tube.
4.2.5 Bed Variation Data

Record AP allows the user to control printouts for bed form change in the cross

section.
4.2.6 Others

Record AN and record AO allow the user to control printouts for specific cross
section at the specified time. Qutput data include sediment load and bed form change at
that particular time, and time series data of discharge, stage, bed form change, sediment
load and concentration change up to this time. Time series data are stored in output files
NETF01.0UT through NETFOn.QUT. The number of output files equals the total
number of specific cross sections. Record TO allows the user to specify the time to print
out sediment load and bed form change at the specific cross section, and suspended
sediment concentration of each size fraction, longitudinal profiles of discharge, stage,
lowest bed elevation, velocity, Froude number, energy slope in the river system.
Sediment loads at specific cross section at specified time are stored in NETS02.0UT
file. Bed form changes at specific cross section at specific time are stored in
NETS08.0UT file. Suspended sediment concentrations of each size fraction in each

stream tube in the river system and stored in NETS11.0UT file. Longitudinal profiles of
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5 INPUT DATA RECORDS

5.1 INPUT DATA FORMAT

In NETSTARS the data is tabulated in ASCII files. The file is organized in
sequential records. A record is a line of up to 80 characters in length that is divided into
fields of fixed width (see Fig. 5.1). Fields are numbered from left to right, starting in the
left-most character. Field 0 is 2 characters long and is used to specify the record name
(all record names are 2 characters long). Fields 1 to 10 are used to input data to

NETSTARS. Field | is 6 characters long; fields 2 to 10 are 8 characters long.

Fig. 5.1 Organization of a data record into different fields.

Each record name is unique and 1s used to input specific data to the program. A
comprehensive list of all the records used by NETSTARS is given in C.2. Not all
records are used (for example, some are mutualiy exclusive) but they have to be in an
appropriate sequence. The data requirements presented in this chapter follow the order

that should be used when preparing data input for NETSTARS.

5.2 LIST OF INPUT DATA RECORDS

List of input data records used by NETSTARS as follow:

1.Record AB Used to specify time unit and methods to compute incoming sediment

load and hydraulic parameters.

2.Record AC  Used to specify methods to determine water surface elevation

suspended load concentration at downstream boundary.

3.Record Al Used to specify output options and methods to compute sediment

transport parameters.
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4 Record

5.Record

6.Record

7.Record

8.Record

9.Record

10.Record

11.Record

12.Record

13.Record

14.Record

15.Record

16.Record

17.Record
18.Record

19.Record

20.Record

21.Record

22 Record
23.Record

Al

AM

AN

AO

AT
BC
BE
BK
BL
BN

BP
BR

BS
CC

CF

CcQ

Ct

DT
GR

Used to specify total numbers of nodes, links (reaches), computational
points and node groups.

Used to specify maximum number of iterations for hydraulic
computation, methods to compute sediment load and friction
coefficient.

Used to specify number of cross sections to be on output data for
results of hydraulic and sediment computations.

Used to specify the cross section number for output of hydraulic and
sediment computational results.

Used to specify printout of morphologic data and sediment transport
data for special events.

Used to specify start and end times of the event and time step for
simulation.

Used to specify the rating curve of sediment load versus flow
discharge at a node.

Used to specify tolerance of error for iterations on hydraulic
computations.

Used to specify links at a node.

Used to specify nodes and computational points on a link.

Used to specify nodes and boundary conditions in a node group.

Used to specify physical parameters and threshold values.

Used to specify threshold values for hydraulic parameters at the cross
section for hydraulic computations.

Used to specify grain size fractions of sediments at a cross section.
Used to specify time series for concentrations of suspended sediment
at a node.

Used to specify threshold value for the concentration of suspended
sediment and dispersion coefficients at a cross section.

Used to specify time series for hydraulic parameters and incoming
sediments at a node.

Used to specify the title for suspended sediment data file.

Used to specify changes in time step.

Used to specify coordinates of cross section points.
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24 Record

25.Record
26.Record
27.Record
28.Record
29.Record
30.Record

31.Record
32.Record

33.Record

34 Record
35.Record

36.Record

37.Record
38.Record

39 Record
40.Record

IT

LA
LI

LT
NS
NT
PR

SP

ST
TO

X3

Used to specify the execution number of computations in each time
step for sediment routing.

Used to specify number of cross sections with lateral inflows.

Used to specify locations of cross sections with lateral inflows.

Used to specify the title for lateral inflows data file.

Used to specify cross section data for scour and deposition.

Used to specify number of stream tubes in a link.

Used to specify printout for computational results of water surface
elevations and other hydraulic parameters,

Used to specify time series for lateral inflow.

Used to specify methods for sediment load calculations and maximum
scour depth.

Used to specify number of grain size fraction for the sediments.

Used to specify end values of each fraction of grain sizes.

Used to specify percent of sediment smaller than the indicated size
fraction per sieve analysis, i.e., cumulated grain size distribution data
at a node.

Used to specify percent of sediment smalier than the indicated size
fraction per sieve analysis, i.e., cumulated grain size distribution data
at a cross section.

Used to specify the title for sediment transport data file.

Used to specify the time when computational resuits at that specified
time are to be stored in output data file.

Used to specify the title for hydraulic data file.

Used to specify floodplain area in relation to main channel.
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Record AB

Required
File Variable
0 D
1 ITRIB
2 INDTI
3 TUNST

Record identification.

Read in suspended sediment concentrations from
time series data file.

Compute suspended sediment concentrations
from sediment load data (default).

Obtain sediment load from the rating curve of
sediment load versus flow discharge, and

compute suspended sediment concentration (1 is

Time unit in minutes.

Time unit in seconds.

Value Description
AB
<0
=0
>0
the default value).
=0 Time unit in days.
=1 Time unit in hours.
=2
=3
=()

Use momentum equations for unsteady flows to
compute starting water surface elevation in
steady flows (i.e., run a time step to adjust
starting water surface elevation in input file for
unsteady flow computations.

Use momentum equations for unsteady flows to
compute water surface profiles with initial
estimates or caiculated values for starting water

surface elevation and discharge as the results of
previous time step. (Double sweep method)
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File Variable
4 ICARD
5 ICONT

#1,2

Description

Use energy equation for steady flows to compute
water surface profiles. (Double sweep method)
Backwater computation (I) (Non-prismatic
channel)

Backwater computation (II) (Capable of
hydraulic jump computation)

Read in data from record X3.

No data read from record X3.

Use hydraulic computation (II) to obtain starting
water surface elevation.

Use hydraulic computation (T) to obtain starting
water surface elevation.

No backwater computation required.
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Record AC

Required
File Variable
0 ID
1 IDSBC
2 IPDSBC

Value

AC

Description

Record identification.

Downstream boundary condition for water
surface elevation.

Stage hydrograph (Default).

Rating curve for uniform flows. Only valid for
the nodes where there exist only one link on the
upstream side. (Water surface elevation may be
determined by bed slope, discharge and bed
friction for uniform flow calculation.)
Stage-discharge relationship

O=a,*y"

(Not valid when tidal effects exist.)

Downstream boundary condition for suspended
sediment concentration.

Value of concentration ( C ) from input
concentration time series.

& =0 (Default)
ox

-gxfxo value of the gradient from input

concentration gradient time series.
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File Variable
3 INODES
4 IEQSED
5 IRESV

Value

Description
For long river reach (link), C and —Z& assume
the resulted values of previous time step.

Starting value for % is assumed to be 0.

Allocation of sediment loads at nodes.

In proportion to discharge values.

Use rating curves of sediment load versus flow
discharge.

Selection of continuity equation for sediment
transport.

Use Eq. (3.8)

Use Eq. (3.7) with §, replacing suspended load
term.

Suspended sediment computations.

High flow discharges in natural streams.
Reservoir computation or moderate/low flow

discharges.
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Record Al

Required
Field  Variable Value Description
0 ID Al Record identification.
1 JNITOUT + Total number of specific times when computed
results are required to be on output file. INITOUT=
10.
2 JNDBT + Total number of specific times when Ar is required
to change in subsequent computations. INDBT = 5.
3 IDEX =0 Units in English system.
#0 Units in metric system.
1 is the default value
4 ISO =] Compute suspended sediment concentrations.
#1 No concentration computations required.
- 0 is the default value.
5 IDO + Computations of suspended sediment concentrations

consist of the following:

(1) Due to advection

(2) Longitudinal diffusion

(3) Transverse diffusion

(4) Response to bed variations (Reaction)

Execution of computations required for different

value of IDO. (15 is the default value.)
I ey

2 2
3 3
4 4
5 (X2
6 1H3)
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Field

8

Variable

IFXZ

JLAT

JAVGB

Value

10
11
12
13
14
15

Description
(1)4)
2)3)
(2)(4)
(3)@)
(Q)(3)
(H(2)4)
(D))
2)X3)4)
(23X
Use empirical equations:

Longitudinal dispersion coefficient (k,) = 5.93 du, .
Transverse dispersion coefficient (&, )= 0.23 du..

k, and k, from assigned values in Record CF. (0 is
the default value.)

Add lateral flows. Data read in from NETS 88.LAT.
No lateral flows .

Output longitudinal profile of lowest bed elevations.
Output longitudinal profile of average bed elevations
as obtained from HEC-6 effective depth
computations

Quiput longitudinal profile of average bed elevations
as obtained from hydraulic depth computations
Output longitudinal profile of average bed elevations
as obtained from computations of distances between
adjacent cross sections.

Use Manning formula

Use Chezy formula

Use Darcy-Weisbach formuia

The roughness coefficients, n, ¢, f, in above-
mentioned formulas are the FFFACT values in
Record BR of NETSOS.HYD file. Only Manning’s n

value can be automatically calculated.
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Record AJ

Field

o VS B S

Required

Variable
D
JNODES

JKMAX
JLINKS
JIMAX

JIMAXG

JNGROUP
JNSECS

Value

Description

Al

Record identification.

Number of nodes, INODES =15.

Maximum number, JKMAX <15,

Number of finks, JLINKS £ 15.

Maximum number of computation points on the
link,

JIMAX £100.

Maximum number of nodes in a node group,

IMAXG=15.
Number of node groups, INGROUP = 3.
Number of section types, JINSECS < 300.
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Record AM

Field

Required

Variable
D
MITHYD

IFFACT

ISEDI

ITERMX

ITGLMX

IDTMX

IDTTMX

ITADVL

Value

o

n = =

+

Description

Record identification.

Maximum number of iterations for steady-flow
computation.

Friction coefficient

Read from input data.

Use Manning Equation.

Use Limerinos’ (1970) formula.

Without sediment computation.

Deal with sediment computation.

Maximum number of Newton-Raphson
iterations, default value is 2.

Maximum number of unsteady-flow stabilization
computations in each of several progressively
increasing time steps, default value is 10.
Maximum number of iterations for ALPH=0 for
the flow stabilization procedure, default value is
20.

Maximum number of iterations for ALPH+#0 for
the flow stabilization procedure, default value is
i0.

Number of iterations for characteristic line,

default value is 1.
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Record AN

Required
Field  Variable
0 ID
1 NU1

Value

AN

Description
Record identification

Total number of cross sections to be outputted for
flow velocity, water surface elevation, discharge, bed
elevation, sediment concentration of each stream
tube, and average sediment concentration of the cross
section. (Location of cross section specified in
variables THEXL and TEX! of Record AO.)
I=NUI=10.
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Record AO

Fleld
0
|

Required
Variable Value
ID AO
TEXL -+
TEXL +

Description

Record identification.

Link number (name) on which the cross section to be
on output is located. (To be used with Record AN.)
Cross section member (name) for which data output

is required. (To be used which Record AN.)
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Record AP

Required

Field Variable Value Description

0 ID AP Record identification.

1 IPLINK + Option for printing link topology (0: no print).

2 IPNODE + Option for printing node topology (0: no print).

3 IPOINT + Option for printing point topology (0: no print).

4 IPSECT + Option for printing section data (0: no print).

5 IPSEDI + Option for printing sediment discharge (0: no
print).

6 IPSUSI + Option for print suspended concentration (0: no
print)

7 IPTALW + Option for print elevation of lowest point in

cross section (0: no print).
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Record AT

Required

Field  Variable Value Description

0 ID AT Record identification.

1 TTBEG + Time of beginning of simulation, consistent with
INDTI in record AB

2 TTEND + Time of end of simulation, consistent with
INDTTI in record AB

3 TDELT + Time step, consistent with INDTI in record AB.
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Record BC

Optional
Field  Variable Value Description
0 ID BC Record identification.
1 AC + Value of the coefficient AC (no default).
2 BC + Value of the exponent BC (no default).

Sediment discharge (tons/day)=ACx(Water discharge (ft*/s))*“
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Record BE

Required
Field Variable
0 1D
I EPSHYD
2 EPSQ
3 DRYQ
4 EPSDYM
5 EPSYB
6 FDELTB
7 A0
8 BO

Value

BE

Description

Record identification.

Threshold value of water surface changes for
terminating global iterations in steady-flow
computation, default value is 0.005 m

Threshold value of discharge changes for
terminating global iterations in steady-flow
compuation, default value is 0.1 cms.

No use -

Threshold value of node water surface changes
for terminating global iterations in unsteady-flow
computation, default value is 0.001 m.

Threshold value of water surface level change
corresponding to the specified time interval
during the flow stabilization, default value is
0.01 m.

Base time interval for flow stabilization
procedure.

Value of the coefficient A0 for IDSBC=2.

Value of the exponent B0 for IDSBC=2.
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Record BK

Required
Field Variable Value Description
0 ID BK Record identification.
1 KKK + Number of links attached to node.
2 LL Integer “name” of links attached to node, total

number of values for noe node is KKK.
+ LL=-LNKNAM, downstream (MD).
—_ LL=+LNKNAM, upstream (MU).
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Record BL

Required
Field  Variable Vaiue Description
0 ID BL Record identification.
i LNKNAM + Integer “name” of link.
2 11 + Number of computation points on link.
3 MU + Integer “name” of node at upstream end of link.
4 MD + Integer "name" of node at downstream end of
link.
5 RATEP +
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Record BN

Required
Field  Variable Value Description
0 ID BN Record identification.
| NODNAM + Integre “name” of node.
2 NUSDS 0 The most upper stream boundary nodes.
1 Internal nodes.
2 The most down stream boundary nodes.
3 NINQ Sequence number of water inflow in list of time
dependent data
=0 No external inflow.
<0 Imposed water level boundary.
>0 External water inflow.
4 NINC +
5 NINQS Sequence number of sediment inflow in list of
time dependent data
=0 No external inflow.
<0 Sediment discharge compute by the method of
power law.
>0 The input data represents the sediment discharge.
6 MGROUP + Node group to which NODNAM belongs.
7 MPOS + Relative position of node in its group.
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Record BP

Required

Field Variable Value
0 ID BP

1 SGRAV +

2 POROS +

3 THETA +

4 PHI +

5 S01 +

6 DYINIT +

Description

Record identification.

Specific density of sediment, default value is
2.65.

Porosity, default value is 0.4.

Time weighting factor in de St. Venant equation.
Space weighting factor in de St. Venant
equation.

Initial value of bed slope.

Threshold value of node water surface changes

for initial computation.
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Record BR

Field

[=-}

~F N L W N

Required

Variable
ID

RRM
TTALWE
YY

QQ
FFFACT
AALPHA
BBETA

Value

+ o+ o+ o+ o+ o+

Description

Record identification.

River station of this point.

Elevation of lowest point in cross section.
Initial estimate of water surface elevation.
Initia] estimate of water discharge.

Initial estimate of roughness for river.
Kinetic energy coefficient « .

Energy slope weighing factor £ .
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Record BS

Required
Field Variable Value Description
0 ID BS Record identification.
1 LNAME + Integer “name™ of link.
2 I + Number of computation point.
3 NNSEC + Number of section type associated with this
point.
4 NNSED + Number of size fractions associated with this
point.
5 ISWIT2 0 The current station is not a control section;
therefore, no boundary condition is imposed
1 there.
The current station is a control section; therefore,
the water surface elevation is a known function
of the discharge (boundary condition) at this
station.
6 ITYP2 Oor] If ISWIT2=0.
1 If ISWIT2=1.
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Record CC

Required for suspended sediment concentration computations

Field Variable
0 ID

1 TIDAT
2-10 QTRIN

Value

CC
+

Description

Record identification.

Given time data in the time series of concentration
data at nodes. (Time data same as TDAT in Record
CQ, and time unit same as INDTI in Record AB.)
Corresponding concentrations or concentration
gradients (10 m*/m?) in the time series for the node.
(Total number of concentration or gradient vaiues
same as JNODES in Record AJ.) The sequence
numbers of data points correspond to the absolute
values of NINC in Record BN. Field 2 generally
specifies the concentration at the farthest downstream
boundary, when the NINC value takes 1, and all
nodes upstream are specified in subsequent fields in
the order from downstream towards upstream. The
NINC value takes 0 for interior nodes. If the
concentration at the farthest upstream boundary can
not be obtained by the rating curve of sediment load
versus discharge, the concentration time series
should be given by field measurement data.
Whenever rating curve is used, it supersedes time

series data.
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Record CF

Regquired for suspended sediment concentration computations

Field Variable Value Description

0 ID CF Record identification.

1 CLNAME +(-) Link number (name), same as LNAME in Record
BS. (Last one of Record CF should add a minus
sign.)

2 Cl + Cross section number, same as I value in Record BS.

(In the order form downstream towards upstream.)

3 CONTA + Starting concentration value of suspended sediment.
(10 m*/m?)
4 FFX + Longitudinal  dispersion  coefficient (mzlsec),

superseded when [FXZ=1 in Record Al
5 FFZ + Transverse  dispersion  coefficient (m%/sec),

superseded when IFXZ=1 in Record Al.
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Record CQ

Required
Field Variable
0 ID
1 TDAT
2 TFREAD
3 QTRIB

Value

CQ

0+

Description

Record identification.

Time-dependent data, consistent with INDTI in
record AB

Water temperature of the study reach.

List of dat, e.g. w/s level or water inflows in a
consistent with the NINQ and NINQS sequence

numbers assigned to nodes.
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Record CT

Required for suspended sediment concentration computations

Field Varigble Value Description
0 ID CT Record identification
1-7 ITITLE Define title of suspended sediment concentration

computations. The text may include suspended
sediment concentrations, corresponding boundary
conditions, dispersion coefficients and starting
concentration values, and will be echoed in the

output file of NETS11.0QUT.
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Record GR

Required

Field Variabie

0 ID
1,3,5,79 BO
2,4,6,8,10 CR

Value

Description

GR

+/-

+/-

Record identification.

Vertical coordinate (bottom elevation) of the
data points that define the cross-sectional
geometry at the current station.

Lateral coordinate, measured from a reference
point, of the data points that define the

cross-sectional geometry at the current station.
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Record IT

Required
Field  Variable Value Description
0 ID IT Record identification.
1 QSITRS + The number of sediment-routing time steps to be

carried out during each hydruaulic time step.
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Record LA

Field
0
1

Required for lateral flows

Variable Value
ID LA
INLAT 0,+

Description

Record identification

Total number of entering points of lateral flows.
Locations of lateral flows are defined in Record
Ll. The maximum value of INLAT can not

exceed total number of cross sections.
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Record LI

Field

[ane)

[ S

Variable

ID
LATL
LATI
ACl

BCl

Value
LI

+

+

-+

Required for lateral flows

Description

Record identification.

Link number where lateral flow enters.

Cross section number at which lateral flow enters.

The coefficient ACI1 in the equation of sediment

inflow, @, , of Ilateral flow, O

Q, = ACl* QIBC]

The exponent BC1 in sediment inflow equation

for lateral flow.
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Record LT

Required for lateral flow

Field  Variable Value Description

0 ID LT Record identification.

1-7 ITITLE ASCII text to be echoed in the NETSTARS
output fiies.
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Record NS

Field

Required

Variable

ID

NUMSEC

PNTS

BEDC

WIDC

CCLF

CCRT

CCBT

CCTP

CLOSS

Value

NS
+)

Description

Record identification.

Value same as in NNSEC of Record BS. A minus
sign should be added to this value for the last
record.

Total stations (data points) for the cross
sections(170 is the default value)

Increment in bed elevation. (0 is the default

value)

Enlargement coefficient for the width. (1.0 is the
default vaiue)

Left bank station for scour limit. (-9999 is the
default value)

Right bank station for scour limit. (+9999 is the
default value)

Bed elevation for scour limit. (-9999 is the default
value)

Bed elevation for scour limit. (+9999 is the
default value)

Energy loss coefficient at the cross section due to
expansion, contraction or bend when IUNST=4 in
Record AB.
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Record PR

Required
Field Variable
0 ID
1 PRL

Value

Description

Record identification.

No output is required

Level 0 output; print only water surface profile.
Level 1 output; in addition to level 0 output,
normal and critical depth tables are generated.
Level 2 output; in addition to level 1 output,
stream tube geometry and conveyances are

generated.
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Record RI

Required for later flows

Field Variable Value
0 ID Rl

1 TDATI -0, +
2-10 RIL!I +

Description

Record identification

Time data in the time series, same as TDAT in
Record CQ. (Time unit same as INDTI in Record
AB.)

Lateral flows at the points as described in Record
LI Field 2 value (the first data) corresponds to the
first Record LI and the INLAT-th Record LI
When the number of data points exceeds 9, the
subsequent Record Rl should start the data point
in Field 2. Units for lateral flows CMS (metric) or
CFS (English). The corresponding sediment
inflow(tons/day) is specified in the 2*INLAT-th
data field. If the value of AC1 in Record LI is
non-zero, the sediment inflow is computed using
the relationship of sediment inflow values lateral

inflow.
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Record SE

Required for sediment computation

Field  Variable Value
0 D SE
1 SE +

1

2

3

4

5

6

7
2 ALT 0

+

Description

Record identification.

Variable to choose the sediment t5ransport
equation used to compute sediment carring
capacity. The options are:

Yang’s method

Ackers and White method

Engelund and Hansen method

Meyer-Peter and Muller method

Van Rijn total load method

Van Rijn bed load method

Schoklitsch bed load method

Use the default active layer thicknessof
50*D(LSF), where D(LSF) is the geomerric
mean sediment size of the largest size fraction
available.

Use the active layer thickness of ALT*D(LSF).
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Record SF

Required for sediment computation

Field Variable
0 ID
1 F

Value

SF
+

Description
Record identification.
Number of size fractions defined for the current

study, 1 EF<10.
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Record SG

Required for sediment computation

Field Variable FValue Description

0 ID SG Record identification.

] DRL + Lower bound of the particle size for this group
{mm).

2 DRU + Upper bound of the particle size for this group
(mm).
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Record SN

Field

Required for sediment routing

Variable Value Description

ID SN Record identification

NODNUM  +(-) Node number. (A minus sign should be added to
this value for the last record)

NODSTT + Sediment size fraction number, value same as
NSEDTT in Record SP.

PTYP O0=PTYP=1 Percent of sediment smaller than the

corresponding size fraction per sieve analysis. If
total number of size fractions exceeds 8, the
subsequent Record SN should start the data in
Field 3.
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Record SP

Required for sediment routing

Field Variable Value Description
0 iD SP Record identification
1 NSEDTT +(-) Sediment size fraction number. (A minus sign

should be added to the value in the last record.)
Value same as NNSED in Record BS.

2 PTYP 0=PTYPZI Percent of sediment smeller than the
corresponding size fraction per sieve analysis.
Total number of data fields equals the value of F
in Record SF plus 1.Field 2 usually takes a value
of 0.00, and the 10” size fraction takes Field 2 of
the next Record SP.
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Record ST

Required
Field Variable Value
0 ID ST
1-7 ITITLE

Description

Record identification

Define title of sediment routing computation. The
text may include data, sources, sieve analysis, and
sampling time of sediment data, limit for scour,
total number of stream tables, etc, and will be

echoed in the output file of NETS02.0UT.
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Record TO

Optional
Field Variable Value
O ID TO
1-10 TOUT +

Description

Record identification

The specific time when computed results at that
moment are required to be on output file. Total
number of data fields equals INITOUT in Record
Al. Time unit same as specified in INDTI of
Record AB. NETS02.0UT file will not be on
output file if IPSEDI=0 in Record AP.
NETS11.0UT file will not be on output file if
ISO=0 in Record Al
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Record TT

Required
Field Variable Value
0 ID TT
1-7 ITITLE

Description

Record identification.

ASCII text to be echoed in the NETSTARS
output files.
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Record X3

Optional
Field Variable Value
0 ID X3
1 NDIV?2 +
2 DL2 +

Description

Record identification.

Number of channel divisions at the present
station.

Location of the channel division boundaries.
These locations are defined as a distance from a
reference point in the cross section. They must
be given in order, starting at the point farthest

left in the cross section (looking downstream).
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