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RHREEZGIIRE  A—RBKXLEH  FRIESH 2521 m RAH
51331 m TR E 360m » 454 B 7,059,000 m’ o KB BAME S B 245
m> FAKMIES 195 m o HAKFERKZEE 165 km » F & 41 km » @#f
8.15 km’> - BE 53 £R B2 BHEEME 309,120,000 m’ » HEHA
5,724,000 m’ » 4 # % #% % 251,880,000 m’ -
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EFABEARBANZELLIKZ GILE > %2 HLAZTRER W
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REBEZQOODTUEKE DR AR 424 20 EPIEXER

KE#ITEABKERS  EULE B BEKEEKEAHH ZUMELE &8
MR TR

#ONAKE  SY=02354""7 (2-4)

2 HKE SY=042414""" | (2-5)

R o ST BEFHME A0 MY yr) -
WA E(198) BB PT - k- Y XBMBERABFEIZED AR S

g, =0.013416P**C' 4P (2-6)

X ¥ g, AFREE E(tokm’-yr) i P& EF34@E (A 1000 mm % E4x) ;
CHAWBER) SHPHKE -
HEX(1BHHBEFIREZ TR EHREERERDEELX S

logg, =—7.57+1.54log P+5.54log § - 2910g C (2-7)

ERH(1992)8% 1963 FRzATIKEETEKEFRY EERKER
FaowiEs o KR
SE =0.00690°%! (2-8)

K F + SEAFENEmm) ; 04 F &R F(cms) -
PHEALFEHZTOBNREEFIRKEZEKRKEFFHEDEASL

qs = 10—7.75 Pl.5485.54 C—29 (2_9)

R ¥+ g %R EF(on/km’-yr) s PAFFHRHE(A 1000 mm & Ear) |
CHAMRAEE%) -

PHEAKIBRFLENBNHEFIRKBEEREE A OCBTEKE 4
BeYEEACEBNE FloRthl - BEEE) EREZEDHEH
KT 2B |
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ZRBFHNBRAHLS —RAXRTFEEREDBKREZEN  BEMRT
REE - GPIKEMST » AARTFCLSRENMNEBEE T EHE  AE
AH 0.05~3 mm o —RFFEAFERBHTF  HaAORND S BT
3 MR 0.003~0.05 mm 0 — A% 5 55 &k ¥ M 5T (cohesive sediment)
H A -
b b AR TR B R AT B RS LB T 4o+ B PIAE RS M E
Bt B
1. JE348 % a4 ¢ LR RBA LR R T HH e e RRTE -
2. BBAE C ERAMUATHRDIS
3. TR BRAFNEENGHARTAGTHFHNAEM LR
MR BPARR IR MEIAT A -

2.8 KEAFKA

Gk BEMERAEREH  REETHERD K E S 800,000m’ 42
ARG ZARABTLREFTRNR R B BERNE - BPIKERTE
EMTH—RAFAE > R 2-6 56 FIKEBRFNHFREG KK 2-6 ATHZ
EMNRE ERE 664 11 A2 4P E s 2,893,000m’ AR ER
HEz 3645 ZRE 88 £ 11 Bk » BN E i 58,810,000 m’ » B
KEREEREAL 19 % FRHNHES 1,610,000 m’ » BERBRAER
242 B K26 PHGFRZAMEIREME ETHARMERE
BEARNFREMK - BRUEAFZNHEURBR 52 £ 5 BZE 53 3
B2 19470000 M’ E&  WABNRES2FIAIBE 148 ELHRA
BIEFREROGLDERAEHEE 1,375 mm) » FAREHHPEE > LEX
Fhkzi -RESE 11 FE854 11 AR 8670000m’ZEnHENE
85 % 7A30BE8 A2 BEMBEABHZIY  BKE 24 IHRAERE
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A% 200 2300m EENMMN 100 2200m FEASE10m AHEwE
2-6 5T » BIREBZIRAS 12 HedB I S ARG LR BKE B
488 R IB I A AR o B KB S IURGE T R Z B FUERA L KE
BEH KR GIEANRBEE -

GPKBEADBEAEFANRE 453 AaFEAHEXEE AL
44387 300,000 £ 450,000 m® s 1 iRAE B LR 20 KA BN BH K
A 4 B B4R dh R AN AT 3 R K 2R IR RATER 20 %o 0 SRR K
Briike ZRESE L F  ANHEMEFN 3,722,000 m’ - HFEi#K
Oz R EESEERZ 17455 m B2 16235 m » EANIERE MR
12m> AT 15 kmRABRAZNKREFFHTHET2m -

B Pk N SR A B RMER RIS RERE 81 F2
Bk S 2R 300,000 m° 0 3R AR E AR A 60,265,000 T LR AR
X KB 20,964,000 7T o 4Rk 0 FRERBAZ BT RASH BEILF N
201 B 70 74+ A% 271 7T o

210 At EHARZFA

B LHEBPIARAATHARAMBZELESH » R ELBFIK
BRBHNY  BEHERTFTOLREEES FZIME - LHERRT
KR IIT
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2112 EHF € HRE

BATHHARERREHEPAERS AN RAE > aLTAHA

B EHHEaMEAR T REENTE RERERNEFIKEMNAE

AR 28 - AR AUREAKREARBELETR - HFIK

B EMERANENE  EENE AV RO TR 2KE 8 RE 62

HARPAEN P HERDE UERAFN AR XPHRE 74 FRATHEEE

FHANBREAFNAZEHNFEEKOREZNHE > Bk AL EHY

AN BHBA R TREGYERTFHFE M -

. EPIAEHENEHN T RARINREA QL FRHEATHERER
FHEN RLEEREXERAKR AURAZRA 6 £ 4 EALHBE
BAEHFNI/ Bt RE 66 £AEANHEMHBETRARLKE
HFHZHE -

2. BPUIKRENRE 74 F8R4A T HECHLEATE G TR A 3IRASFR BIE
HHTRATHEZNRED - REFURTRANRRD EHHHEE
BB B IR R % 0 AT AR KL Btk
LEMATEEHEASRYUNSEZIRCERANOBE  HWEXE
EHREVERLE LN RAFTESR -

3. ARAEE 26 REBENSEM AP 73.11~74.11 & 84.11~85.11 AR A
Beyneb B A 0 %148 3,605,000 m® & 8,670,000 m’ - RIE X 2-7 2
ENBA 0 TAEMAENRES 556844 m’  FREHHEEKENKE
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(21 LPABEXEH SRR
E H R HE B 3
e T AERE A 763.4 km’
EXERA & p 156.96 km
57 )1 4 %k N 64
RKAEAERE Lo 94.01 km
AEFBE L 352.63 km
H#AKEFHE W 8.12 km W=A/Lo
AREABAETH | R | 11577 R=Lo/W=Lo’/A
B Z
HKEH KA F 0.086 F=A/Lo’
EXREERA C 0.623 =V /p
ST E R Ds 0.084 Ds=N/A
HAFE Dd 0.462 Dd=L/A
H£AETFHBHE E 1,417.12
LERFHEE H 1,752.00
# 22 ABMAKEZABREESH
B4 D mm
Al - |l =] =z |w | &2 |x || A~|A|+ |+-|+=
&
#*
§§ 5633 | 51.16 | 62.46 | 73.72 | 90.03 | 103.4 | 137.8 | 127.2 | 1126 | 1122 85.47 | 69.23
g
B 1081.55
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£25 GFABREAKERESBMAEL

Be | ABmE | B eH
¥ 4 RE b & i
(m) (km®) | (F/A)
& | 121° 177 | 24° 37 827 115.93 45/8
1 O121° 18 | 24° 40 701 335.29 45/8 | &R
HAE | 121° 22 | 24° 41 525 107.76 45/7
& 121° 21' | 24° 43 438 542.03 46/1
EE | 121° 21' | 24° 48 249 622.8 51/1 E R
&M | 121° 14 | 24° 49 137 763.4 35/3 | &4k
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%27 EPAAKBR P HEREGIERABEFNE

£y #Fng (m) Ritang ()

66 152,795 152,795

67 123,203 275,998

68 194,929 470,927

69 165,063 635,990

70 224,376 860,366

71 197,732 1,058,098
72 70,649 1,128,747
13 219,901 1,348,648
74 556,844 1,905,492
75 426,475 2,331967
76 300,315 2,632,282
77 385,452 3,017,734
78 264,730 3,282,464
79 281,700 3,564,164
80 835,000 4,399,164
81 385,645 4,784,809
32 915,845 5,700,654
83 308,404 6,009,058
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At EALFIKERRABNY BREFERTHIOBLEELET £
Z 3 o BiEA2e o BXOFEF G ARKFAEERAKRERD R
PGB EEL 4B X EETHRIARBLAARR L EN
WBERA ATALALRESLE - Bt AEBEEFIRENHLERBHN
WA MAFEF G BARL BB ERE BB
GSTARS #AABM_HRHHX > CEAHBANARABERST
BT Bl ARz Bt A EABM SN 0 EA GSTARS
BA ARy A ENEREI/AEFEBZ-ARRK
Fogi X R X CKRERBEBEX)PTHEABR X B T 4R
Kegfht - 54> 4k NETSARS A XXEAFATAAritEz L
#IE 8 > Bt EHX TG TFiF NETSTARSBAAAFE -
3.1 KBEUFEESEA
(—yE X R
ABAABEAAIRBRELIRAGHIBZLEMS FOHRAEAR
AR BEMMBEHY  BABRXZEFRAEHEIE - £45
B K G2 HEARZAT ~ REAEBRYRELRRFT AT AR R
REIRBZHHMBIE -  BABRAERGEDT LN KRERDHEE
AR B PK B A8 M R B 8 -
(=) 5
A A EEAREF LT -
. BAHAEXHGERAKEREZAR)ZIERTEN > HNHRA
EERGAANBPILZ BABRTEFTESRRFERE - —F
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3.2 GSTARS # &,

(KRG

GSTARS # =& (Generalized Stream Tube model for Alluvial River
Simulation)3$ & &4 +4F 0 TARHEANLBEN TR FARZ
g o MM X R EE — A — G nT MEEZ a0 A A RLE (stream
tube)EE 282 SMALEHEBEUN G KARBUZHITRENZ Y
it o GSTARSE AR FIRAR B LARBAB AT BHAHAIERZLT
#2 & Molinas & Yang (1986)FF % B > LR AEF AN ARV T
(mainframe computer) © Yang (1998) % A it — % 1§ GSTARS# X Ao 8L 2L
i R AHGSTARS 20/ & EHEABMREEEANBATHRZE
¥ o ER XIR Ao AR XBEREL > AR AHGSTARS 2.1R
4 » B AT E#4TGSTARS 3.0/ A 055 L4 -

(=)

25 # GSTARS 2.0 ~ GSTARS 2.1 A GSTARS 3.0 A& th 8 & EE MM

WA REL I o K320 0 B 5T -
GSTARS 2.0 % X,

I #EA LR RBANBATEZHRE -

2. % % M w7 (cohesive sediment)#f 3E o 48 o

3. A FEART ANd 4 EHHE 11/ ad 10 AFERRME

5. 3% (noncohesive sediment) & #r A X & 1 @ R R A K -
4. 1A% B f4(the angle of repose) & 4 & 2 :§ 4 48 & 7 #E
5. #] 8 Han (1980)#& & & & $¢(the decay function of Han)#i & » #i#

Ik - %5 $5 %) (non-equilibrium sediment transport) & 42 ©
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(subcritical flow){R 77 Z & & i AL KRR -

5. HIRRERE AL TRAE -

(1) A ##85K ) & (sorting) & F 3 (armoring) Z 3 4
(2) RBHIEGWFZINRE © |

() FTRERTRXERFLFRIEZ g °

(4) BHEEIETHRMEZ A °

(5) EHBmMBRETHEANE -

(6) BEESREMBDILFRBRGILE -

6. f£EBREE - # A& 3 %% (minimum total stream power){F &
Fllreh 8 > THEZEESMBELREMERERE S - Bk
1A B B & By Bl (bank erosion)&y ohfE 0 A AR L ARS
I TTITILLE "

7. BB XANAN  KRERWHZFEESE -

8. BAKBEFEAZAKE -

(=) R
I A AR @R BXTHRERETROES -
2. A £ FBBRIGDRARAE -
3. KR EEAEHRE IIRHE -
(m9)4 43045

GSTARS 3.0 # X 48 i 2% A Al £ B o 8 — A7 » BABMARN
84w M4k =P T ° GSTARS 3.0 X Z 456346 » THRER - HERRER
B = 3dE 0 K 33T e

3.3 NETSTARS#E &,
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AREBHFERDEARAR BRERIHHEL AL ARRYE
METE ARABREFRWY NN RF PEHDRZAROERI Tk
RBEERFEAFTAEFLOEEHERL -

AEFEFH@AAFEETARFERBRRR RBERAXRFRS
i (wAK3E) - ZREHBEFE | QAT EARRBERRMAR
¥ HEC-6 B R, « 4 £ AR B MIMIRZ TN % 40U BABH BB R
WAL TH A NETSTARS #idf - HERRE R T LR OEZ > b
Zk(nodes)i& £ ¥ % & (links) THATNRAB# 4 FIFLEEH
138 B TR KRB R B -

NETSTARS £ # GSTARS S A EHTMPREAE - REHB S
BRAFLEBAGEEE AHFRRPAETHERARE - RARTNRE
EE PR E T T 4 A4 R(bed load) ~ B ¥ H(suspended load) & ¥
##k (wash load) > A ¥#BHRARARFRASBTARE &K (bed material
load) - AFMARERFFErEHDE)T @ 0 RANA OB LTHES:
(1) Yang's (2) Ackers & White (3) Engelund-Hansen (4) Van Rijn
H2d (2) 2 (3) #RRALEERA 00625 mm-2 mm: (1) BT A7
% (Gravel) » ZmA#ETS 10mm; (4) 2 @EAKBLEASE 00625
mm-10 mm - s+ E &2 H HEREH - (1) i@ 150 mm & /7 0.06 mm
W ERARE A  WEMZHELRRERZK > mA 10 mm-150
mm Z R FBE SRS RFTERDE 5 (QRRE /P 0.0005 ft
B 2B ERECRA 0 BB 2mmEF FHABRT AT EH
g R@B EREALE 150 mm B2 0 0.06 mm #hES F3T
dARSEAIES IS RBRELBR - #BEHE B BANF=
BmoaXTH A » Bp (1) Meyer-Peter and Muller (2 ) Van Rijn (3)
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(1)Meyer-Peter and Muller (1948 )
J(Z)Laursen (1958)

(3)Toffaleti (1969)

(4)Engelund and Hansen ( 1972)

|(5)Ackers and White (1973 )

(6)Ackers and White (1990)

(7)Yang (1973) +Yang (1984 )

(8)Yang (1979) +Yang (1984)

(9)Parker (1990)

(10)Yang et al. (1996)

l(11)Dubuois ( 1879)

(12)Tsinghsua University Equation for Reservoir Flushing (1 985)
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NE:- L et - 3
TR R B E MR B E
. FTR BT R

W T — 4R A L 2 BV b 4R ET AR

I

[

TR FREGH
LRE A

A%

3-15




% 3-4 NETSTARS # & 4% 43045 &(1/2)

2R

1. :é_‘m BHETREA

g REFAERX
fl%ﬁﬁiﬁﬁﬁﬁi
52 BEH LA
R,
L#% 2 A aa% + a;" + aan =0
2.5 A
7] R g #,(total load)
B

Yang’s formula(bed-material)

Ackers and White’s equation(bed-material)
Engelund-Hanson(bed-material)

Van Rijn(bed-material)

Meyer-Peter and Muller(bed-load)

Van Rijn(bed-load)

Schoklitsch(bed-load)

1.4§i4bl;z-ngﬁii'#?JNL
2.{7,’\“@—-— J\IJIL,E x.mL,bT"R/ '%/ A
3.55]‘1'5? /%&H’\Z: T/‘i’ﬁ']

A M@ T — A LX) B RELH AR

lLiTiE 2 ERE AR
2.RE S8

3-17




&3-S AL LBE

KEBTHE | GSTARS3.0 | NETSTARS
E X # X 2
ER4E Biu— ® ®
4 ®
7K I 4 TSR ® ® ()
ABES R ® o
'R ® ® ®
il ® ®
Wi ®
] AL °
AN ® o )
HiEh i AR ° (3
REREFKE B ® ®
FIRE BN TH ° ° °
2RI e o ®
BRE R ®
Wi ®
KRN ® ® ®

3-19




#mE GSTARS 3.0 £ R 33457

4t# GSTARS 3.0 # X2 £ Boht > AR MM B AHRM 6 EAME
Bl BERARAES - BREWUFHRDES - REMTFRLARES
BB RRAES  AANRRORKEFEEH - At EH AL 6 #
% 45 47 GSTARS 3.0 M X Z R Ttk U EEHZARARR LT -

4.1 BAFNEH

SR AR K I R 3R 4% B MacDonald et al. (1997)32 &£ B & A47 A% 09 K3
A ATHEREE LR BB EYR BE KA 1000m REXK 10m>
MM EESMEES D BE4ARS 002 EEAKRSEEIL0E 4-1 A1
B LA ES20mYs 0 THEOAMA 163 me RAAERS 1(lBE
Pt E) BTSSR 21 BEEEE BE S A HETEE
¥E As=50m > Ar=1day > #aig3Ee5rl % 4 days e

A GRS R E 41 R BREANARBRAAN £ETH
Ho# 700 m RAESARERA EETHE O 400 m MEFEK
B AABERSATERAANL B 42 AR EBRERARTANEY
BE(EARBI00%*(2,, —2,) 2, * BT 2z, BENBZKMEGER 2, AR
AMBzARSE)FER  BFTAHRAETHE A 400m 2 eH AL
BAMBEW 20 %) LEEQRAHENEEAREEKE  MAER
FR—EMEAMADS LR AULRBEBRANBRERTURERY - ¥
B AR R EARN A E R R K B GSTARS 3.0 8 XA H#R
AR DL EREE o

4.2 BRMINEHEE B
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Rebffth &k 4-1 BABRTNEREE B bR TTEH B @ UENRE
I8 100%  MBEFRUEEERES ) REREBEAOEE LR
ARERIHBRAENZFALEREA  WEBRRMARRLESCHAR
% LEHBERK - AT ABAFORDRLERERE AR
EYAEELHTEIRMUL  FURHBREFEP Hik 824% -

4.3 RE MR s £

1535 GSTARS 3.0 B X 2 B #H 24 i d R & MF 2 A s s £
2£ RBGGE A5 R — B R E A RBATE ] 8 AR TUFIRR R
FTHES > —&HRYERAA S 2 RAE USRI L e g
BEZBESARNRE TR RHZIAN 0 R - L8R E/MEL
ﬁﬁzﬁﬂ’%m;ﬁﬁmﬁmmﬁﬁﬁﬁﬁﬁéﬁﬁ@z%&’%wi
BREARERNARMIERNEBLENR_RRBLBZHE -

MEEEEENSTM EEEE R2m EERGHRAES 14 (o 4-6
Frow) Bl R EE A 1768 m BESEA 002 FHEEBARESR 991
m’/s » EMAE A A FEWEE LR AR LRI 3 EADE)
THEokMBRETAESKE - RERFRASEFRELRRAL K
M ERSREAR) B THEEISR T B BTG 0 REKRA LS
MRE 3 EREEREEM A% A 0.02~0.5 mm ~ 0.5~2 mm & 2~12.5
mm - $# % E3%A Yang (1973)2 &80 A X B 5 # Ar=20 min > BHE
B A4 1000 hr o

B 47 ABBEMATHZBARAATERDELSR2SLE £ T
(@~ DB AR EHK 1~5 ZHMBER - E6]— LR AT HAERRZIH
%) ARG EAT B 47 THEHSAE RGP ERNEHFLERE
BIKEE - BH—EEFAREAYE  AUUATHRNES B LERARR
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mm ~ 5~10 mm & 10~20 mm * %A EHA 3> BHTHEE A3 BHE
Bi & > 8BB4 Yang’s sand (1973)82 gravel (1984)57) @8 =, -
At =20 min > 4488 85 ] & 2000 min -

%ifi%fbiﬁﬁifzmﬁ%  RARA B BE BRI DD RN EE
AR - B 410 ARE X HMRERARE RV ETOET QX LEE » &
B T A ERRTE ZRA I 0 BB R R R R
REGLBANF ER DD EZZIMNARE - RKERX I ZRRANANLS
BN REZ B 0 TP RMERE KB R RS 0 TR AE RO L) AR
HE o MUAEMREGLRANE ERDAHREIBMBER - I £
EHABREH 04 183 m R(H 49 P 0+60 R)ARTREREH > B 4-11 B
BEAEFR AN DR EZBEBRERATAEHZILHEE  dBAFTTELL
SR EEZHEETELRNERBEMEARSEER 0 AL ERH
TEEREAARE - M F i/ h B2 EE R R R R 5T B & AR
S THELBBRERETRTHILE 2R AE MY BE GSTARS 3.0
MR PAREZFTAMK -

4.5 T RNRED

BRIXANNEFALERFELRES 1500 m £FETHEH O 914 m
RE—XABAZR - WERFEA—HHRE RELEAH Ol m» RiE
WG B A L2 (FEH AP A% AR 00001 - FEARB 003 TRE
BERANAERANDEH B 85 m'/s & 8628 /X > ¥ T#d ok
WE A E ¥ KIEMmormal depth) « SRR ERBLANRES BITHE £
Bl — BNHER > AHEBEHOZES r B AARERAANTNEHAHE
AR 500 £ 1500 hr B3 X ANAERADES 35 5.7 m/s & 1089
NEIR L BB AR R AR 0 2 500 hr BF X ANRERAL
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Yol 4-14 fr~ > ST F4AE A 0.035- HZARATHA 1 TR TRE
S 17T B ElrE > KR K SEs 67.06 m> ELE A 44 800
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B 4-15 AARR SR KU S EERER - #HHBEH 414> &{Fﬁéﬁ@fﬂa‘]% 1
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10 REF» KEAAEXZRANEREAHER - B 4-15 TH iz
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22 F KB EEREAZER BBIK

5.1 BB R

HAEXAEIN  SHBPIRELAR G 2B HXREHEE
AT ZlR A8 8
1. R AAEBBEEKBEHZREBKBRE -
2. i AEEMENMAEA ARG R Bt HARAFYE
BERAESN -
3. ERRG  ARBRKE B K BOEE BAT R AR 21 -
4. MY ARKBEIEFHEEDORE > BABRFHBRERSA
IR B RE T A -
5RBMITE  ARMAMAERDHEN  HASOSBERERT
RHITNEE AT R ~ AT R AR B % (consolidation) & 24 €
AEGERSG ZREBRLAABRBKENITRABBRALTSHRE
# (orthogonal curvilinear coordiante) 2 st F 2 X, > E#| A B K& ~ KKZ
B E R RS B B 4 X8 4% 4 4248 6F R T 39 (time-average) B K R
34 (depth-average) * RITHRF K F G ERBKRBRITH TR - £ F K
BEHIBOSKERGRGESTLZA S MDI TRV A EIHAIN
HEZRFBRATAR  AIREEHIRESE - REXIBFRTEITE
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SR EEZ KESHRRERYEAE  ARERTFRANRE S
B R A R et $E 7 ik R AR 3 18 o) R R (Rozovskii 1961 : de Vriend
and Koch 1977 © Yeh and Kennedy 1993) - X%t % 4% M de Vriend and Koch
(19772 K s $dd > A A nuPEnEn -

FEHRAMKG BB 557 K@ AZH DB AAKRE B@B A
My e NEEE-HIWEE LR VO ZERBREFE/Z IR
EHES - BER B m  ERO6m REFP KGR FEL SOm Rl
W EEE SR EE AT £%ENA 00003 Chezy ¥ A 70
m%s o b3 Rk BB AT 0.6] m'/s o T abd R4 AT RIKAL
HH o 3k 103x39 g ey st B 448 Ar=255¢
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e 25 2 AR T R U B S @ A TR UM R BB RS
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A S] o A R A EHERE ML EAAE A 00236 m'/s - T g R
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551 8BRARBAEE Lid REARGMREq, /Ud EHREMESE

CE Sl

BiEEgR
KB LA N CV # &
Lid, gq/Ud, Lid, q/Uqd., Lid, q/Ud.
7.87 0.085 7.68 0.082 7.43 0.109

BERAE

& 52 AR A RGN Ak R E R AR A g

R &I N HAEIRE Ak RE RS f 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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HE—WE o D BME 4 B A A

- u, +ul™ o
b =&, ‘(—A“T;f—)(h-ff; Dy (A.85)
2hy
- v, +v -
R ) (¢, =ty (A.86)
2

WO(Es” =60 by (15 =114)

]
2
g(u,+ up?) v, + vy

(A87)

"™ = ¢ —min[

Kb FRADAFAPENEBELISHAUN MAARD Z PEME D L%
mEBXLE - BRRBHEAAERFH LS D ZAERHE -
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ﬁ + - " =n+
[T%H‘]AS=— L G :

) k=LK (A.96)

R P o [%]% Jacobian 4 BER T2 — 5@ & ; " AN —REK KL A

% . ﬁ%%ﬁ{%@i@% ! qﬁ%‘ﬁgz(mpmszgzm) ° ﬁg‘ﬁ'f}%iﬁ’j %AE?& ?
T 6
m+l:s,-n+1 —m §n+l +A.-S" (A97)
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Mi4% — GSTARS 3.0 #2 X 32 3%

Bl HGEHAE

REBATEAYMEA S GSTARS 3.0 A BHRZHEZ— - MK
(streamline)f4 35 435 ¥ &9 — s dh R A B — R M () Az — By @ E-147
MHREHRERE » P4 o SRR AS B AR o LA (stream tube)fh 5 MRSk
HEBRAARGAEELS BARTBATRFERETZREMRK) AU

($E5-RE BAEARSY ) AARRERT MR - B B-1 A
7% GSTARS 3.0 B XA & Al LM B B AME
H—EERATREMRBA T BE-AFZTEOREALH-TI:
£+i+ h=H, = constant (B-1)
y 2g

X4 PR RE @2 RS y=kZ B E vk | g=E A ik K
B Oh=KABE -

B 2 7]( /ﬁ

H-BUEEATT ABBRLTU G- 23TV ARIHLEKER
BE&F o wB B2 AT AB-BRIERAEE FUETAFTEARTE
7K iE B o GSTARS 3.0 #2 .44 LU% £ 4 # sk (standard-step method) KA 4E & F
£ ARRRRRAMZBE > pBERABBRESBIRRRL K
BHAEZER  ARGHEFTRARFREEIREKL -

B.2.1 &g 7&K

GSTARS 3.0 # X FifE Al 2 fE B A A2 K ©
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Fit SA 7K 71§ i& (sorting) & 3% F (armoring)#F 1 69 3R F T & & — B 75
IHAT HBE-RAFANRRARETRDURILER  BETHEFRE
R E—Ea e ARGt m GSTARSIO A BAEFAEE-
#e 44 X B B M (eddies) ~ 3 7 (recirculating flow)~ ==k i (secondary flow)
RElGKEmgBIbERE EEHHR -

B4 #zbiE B o E i ST R AR
B.4.1 ;REViEF H 2K

H-4QERTRDRETREBORDE[/T BT RS

80, 04, o4
=+ +—=-gq,.,=0 -
ax T a Tt (B-4)

XF o n=FmTRR PREDBEM A-EQKEFARYREH  A-RErd L
EMEERBRYBM  QROBMME S X uRARDIANRE - £
GSTARS 3.0 # X, ¥ & £ BB R sLBMB-HX - & & » BRkixlid LRES
AR E RN RY H#4AL  REp

S aAd
<< n
ot ot

(B-5)

HR o BRROHEBIBPHLEBEAS—FEHER BE—RETEL
kA NE TR

% _p 30, _dg,
ot ox dx

AT B EAS —HEEDEAFAMMKEEBRMIFEALT F R TEHE
B FEBEYROTRESLARATAR B—BEHK -HosEEm
TRARMY  HRSEETRAREBETRER

& (B-6)

B-3



HRERE > SEMAT  AHERAETTINHERELHBRRDF  BAA
BB TR T RABEAT R ERENER - GSTARS 3.0 # A ¢
R 4 AERERRBHAHDELR R—EREMRFZGY LK -
14 18 Sk B WD 2 X2 3 A

1. Meyer-Peter and Muller’s Formula(1948) : = A # it #4142 X7 10
mm &L AR T

%
y[i ] RS = 0.047(y, - y)d +0.25p¢)5 (B-8)

r

Ky 7~ T RERAPALFOEMES
R BAKA 42
SHEEWHRRE
d B ouAF3gmag -
2. Laursen’s Formula (1958) and Modification by Madden (1993) * i& A
P LB RAR AF 0.0625 mm 8 H A4 F ¢

%( ¢ u
c. =00 Y (%) (}—1]1’[;;} (B-9)

AP CFERBMITFHRDREEE
p=RESRAZ S RS LR E 5
d=iRE ML |
o=H 18 d R Z R A
D=7KiR

3. Toffaleti’s Method (1969) : i /i 7 9L A48 A% 0.0625 mm ¥ » 3
ARXPT
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Ackers and Whites’ Method(1990) : 4t#t ATt % 5 AKX L #7ts
& p 0.2 mm &R ZES R R BETRAMHRE » Ackers Fo
White (1990)2 st EAK - AR E 5 AKX AR BF L
B-1 A 7%

Yang’s Sand (1973) and Gravel (1984) Transport Formulas * % R.%)
T SRR LENN2mm o B AR T

logC, = 5.435—0.28610g@—— 0.457log 2 +
w
Vs v, S] (B-16)

(1 799 -0 409log—m—d—0 314log Jlo
a w

X ¥ Ce8iLERE E(ppm)
=R ERE
vk Z BB R
w=% AR
VS=84EHhE |
=& JrEL B T3 LR
HABE @E o AN TR 10mm & BAX&o T ¢

logC, =6.681—0.633log-“’fj——4.81610g“—'+
| 4
(B-17)
(2 784-0. 30510g~a£——0 28210g )mg(V—S-.V_S)
w

Kb > C=tas B & &(ppm) -
Yang’s Sand (1979) and Gravel (1984) Transport Formulas @ # K7
1979 £ H B BNREZ K

fogC, = 5.165-0.15310gﬂ—0.29710g1€+

(B-18)
(1 780—-0. 36010g-a£—0 48010g—] logV—S
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12. Tsinghua University Equation for Reservoir Flushing(1985) : s
BARKERDZHER > TRRK

QLGS;l
BO.G

0,=0Q (B-24)

KF o 0 =#Er G(AH/s): 0= B(ems) : S,=EARKE L Q=E%R

T o
13.  Ashida and Michiue Method (1972) ; T A7 KE&#HZEE » £
KT T AR,
——‘i'-*:—=17r;(1—’—2)(1—J§) (B-25)
pu,d T T
. u2
= B-26
" = Gad (B-26)
2
-_ B-27
Fe Ggd ( )
2
o M B-28
= Ged (B-28)
X =575lo g( 5°)+60 (B-29)

[

X p=HMAISFAIEB L GoLE S R=KANFEZ -
GSTARS 3.0 # X 324t — £ 3 BB R F (394214 0.0625 mm)
BB AR - ERATEN o IV ERERTHEITES 7% GSTARS 3.0
1 XA BT 2 K (Krone 1962)

=e (B-30)

w T
k= -—”] B-31
D[ Ted ( )
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A2 R F AUF 0 B R 38 M (time delay) 2 2 R 2 % b4 (spatial delay) s & £ 1%
RART LG o o KERPRERTORDFPNAR - A FTREFLE
FTHRRMEKBENRFREBERITE—RBBESERERETEIPRLES
FoR KA o ARBRBULER R - GSTARS 3.0 A B A #ifl—i iy 2 X
Fan g B e Bt 3R R4TIR B 848 & (Han 1980) -

Cf‘ = Ci * +(Cr'—l - Ci—l *) exp{— W@,Ax} + (Ci—l ¥ _C;*)(L][l - exp{- _WE’SAX}:I
q W Ax q

5

(B-34)
Kb C=RaVRE  C=REESLEN  CEMERERE Ax=HHERE
WERWIMERE  EREWGET  AV=8RX423% > HARHEEALY
=0.25 » ## % B{15 R ¥=1.0(Han and He (1990)) -

B4S REGEREHE

GSTARS 20 # X A SR REREFNEF & » TRARGZD 2K
BOMLIEHGEIE o ¥ 3B Toffaleti 55 X 85 » £4 Rubey 2~ X Rt HiRE T
f&ik & -

w, = F./dg(y,—1) (B-35)

P

2 4 A
2 36v 36v
F=|- - B-36

[3+gd3(7,-1)} {ga”(n—l)} (B-36)

b XA R RAE A 0.0625~1 mm B g 3L 5 48 A 1 mm 8] F=0.79 -
R ¥ @s=REIE YR & v =Kk ZE Bk A S 2703k A Toffaleti
ARz AX 0 MRHRRTHE B4 ZE&HAdRRAELTUS
Interagency Committee on  Water  Resources  Subcommittee  on

Sedimentation ,1957) -
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qr = qr Slno—
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Q Smatter parﬂt_:les:
Larger particies: lit force dominates

weight dominates

B B-5 EgAadn-tcEE

B-17



g sk =

GSTARS 3.0 £ X & A AN
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C.1 FTHEmARLRK

GSTARS 3.0 # X #9 B M A & — & 7] 65 F (record) i & M ik WA K
HETHE—THRE—BRFHRE > wl C1 AT » B—ITHRAEA
& % 80 18 7 jt(characters) * B[ & 44 11 18R R e9484c(field) - 44z O
942 BFER RARKTEGHLMH A | 2 10 B RE AT E
AR ARl 6BF L M2 ERME 10564 8EFT

B C-1 EHMARXTEE

C.2 k2B &HH
C.2.1 ¥ {HaEH

L ETHAES 0 B AE R E o B (reach) b7 F % 35 T Bi & (cross
section) » B — B B E ER T W EHLLL T
1. SER TSl mehiask | A AR M R ARBRTROMEME > sLIESR
BRSERRIOFTELRE -

.

2. 3o EFES  RENBRAVK THHGET AL TTESR - 4
WS ELERGRLHEAY G FTESAIBFEER  TERR1A
ERSH FREB2AEIFRAM  TERI AL E SR -

3. B @Ak P B C2 v MEBEBEVKEREZTERNHRERSE B
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XS+ : BEAREROFT O REBAREIAEMNF 62 E (lateral
position) i /& &k % #2 & # - GSTARS 3.0 & % % 196 MR &%
BRHERSREHRTS &4 -

RHE: AARERNFG  RAGALHETFERNREAY - RH+
TR A E A K A Manning 2 X » #1 B RE £ T3 248 A £ 40kt &
AR

C22 HAERAMETH

GSTARS 3.0 /e AT A B4R 0 » BRE L ~ T R - LR
HHAENREER - THERESBKMEH - GSTARS 3.0 TH A QQ
SS MR FHRAELEATAKTEMBANHA - RC-1 BE=ZMHARIAK
RERBAGHK > EFEEEHNGXREFA TS -

% C-1 REAKMAHBALA-ER

RE HELD & DRD )

TABLE OF - DISCRETIZED
DISCHARGES DISCHARGES
RATING NC, RC, TQ NC, RC, DD
CURVE A= A -
STAGE DISCHARGE T, SQ
TABLE HRZ

C.2.2.1 #K—

s AT XM E B AR A AR S (hydrograph) o AKAL TR A £ K d
ﬁ(rating curve) - BEHIRR B C-4 A—BEANABE & ARTHEAR
JB & (actual hydrograph) & #% 1t (discretized) 5% P& 46 HK #h BEBCAL N LR &
(discretized hydrograph) » sLEEBALNABL TR A 1 B ey Q -1 Bardy
Q- 11EAre) Q1A Qi 2 A e Qs~ 218 Ar & Qs & 1 18 A 84 Qp(fR
WEAEW AR BREA LX) - BETHERAE L HE > LRAE
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DISCHARGE » — # DISCRETIZED DISCHARGES -

SS ¥ : ARBEAMHMATRA - THREAXTUER » — A RATING
CURVE » — 2 STAGE DISCHARGE TABLE -

DD+ : BRI ABEICAFELG - B 1| AHE R EFESR » M 2
BAEREME - FAEAEEHIEE % DD FEHRS R v
AN IT £ ey F HogsE -

NC £ : RATING CURVE #$ 8 -

RC ¥ : A R# A RATING CURVE &9/, « 4 | % Z R R e B
I a4 AR TR hEa -

C222 #KX =

HA_TRAMR - —HEEHREA  FREAANABRKL T E—ER

G RN ESYRIEY > Bl ik C2HT -

- Days  Discharge (ft%/s) -

0 200
1 450
2 700
3 " 1,020
4 1,000
5 700
6 525
7 400
8 325 .

BRELHGAAKBAL LKA C221 HaR  RLEFHOWAT
T & 4o B C-6 AT ©
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C3 %= &aH
C3.1 ABEE#

FBATHEER G £ L5 RLBL TN E M A H F M - GSTARS
3O RBBEF ERZEANSEETH > —AFA QS FRENBEHIEATE
B& > —ABHA QR FR#IARTE T g - QS T AKAA C22.1
& &9 DD F a4 - bR % Bk o LR {E3 QR T RA - BR O sHE)
& E T X AT

AES§ = 040" (C-2)

A 85 GSTARS 3.0 9By AN B M T R4 @ C-8 A7 o

C-8 QR FH#HA#KN

Hbar ] a2 AR e onthdidd -
FERAEBIRE A EPERAREHEIARTAEVAB TR
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A3t 8 GSTARS 3.0 (Y IAN B M T AT C-11 A% -

100 b

80
60 | i

40

Percent finer by welght
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-
~
, u
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Grain size (mm)

C-10 HEEBRMNRBE,TARTHE

B C-l1l BEEBRARESIrARIARETER

SEE C-11 P A B R A T -

SF¥: M4 1 ARARGHGEE ML 2 AXKNEHHLE(dry
specific weight) » 0 4%, & 4% A &4 - GSTARS 3.0 & % L3 10 18
REMRIEEE -

SGF : M4 1 ARARBEGT AL MWL 2 ARAREFHGRAR
120 M4 3 AL EWRE 0 O RAMBATRRM -

GSTARS 3.0 #1 @ SD F R £ S @A RRIEE 5 AREH - BbIH

TOBECRALUMBERREBEIARSFEGER S ARRRES) A

sL# GSTARS 3.0 i AN B M T R~ B C-13 AT -

C-9



STDEP s*rpo
Bed shear stress (ib/ft sq)

T Particle  Mass
erosion | erosion

Erosion rate (Ib/ft sq/hr)

ERSTME

v

STPERO STMERO
Bed shear stress {Ib/ft sq)

B C-14 BREMTELETEE

STDEP : B R i3 & /1

STPERO : Bs R B W& B A -
STMERO : E& SRk v 43 B 71 -

ERMASS : ki aib e R eh g a3k B -

ERSTME : & EAY B A ENERMRMRIT 4IRS oFayiv pl £ -

C.4 # s 3h % (stream power minimization)

GSTARS 3.0 #/ /| MR Fi#E#I R/ H B MBS ERZE - ZI AR IAHEY
ot ME—BE @RS TR —RMRF NGBS R A LBETHF G -
Bplmt Rk ed Sak e RAH A 100 ft (/&4 A 0~100)
K542 1000 ft» AT 3 Bl @ AKKDARE 920 A U TFTARTIHAR £ 3
B R ARGRLE 2 RA -S40 PLREEER TR FEHE &
SBE @ ARG E O ft A — & BPibR S R &8 2] aRaif - B
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34567890

*J'Sedimelgz A t':o(;sition: g
10 2 -0.10 100.0 ..

Is U plsd 0.406-
18 0.40 0.40

1s 0.10 0.20

B C-17 RIAREASE 7]

MX + : B ERIARE B BRELE AT L -

C6 KERETH

GSTARS 3.0 #4TKEFRER » TAEHK QQ F3% LA TABLE OF
DISCHARGE ' SS k% & % DISCHARGE AT DAM » &#] A HR #t DR 3%
THMEAR BCI8A—BEARAKELEANREERELERETER
R B TEME ok C5S AT Ac=1day 843058 5 9day - B C-19 At
EHWMATH -

% C-5 KEANRERHRERTH

Days Inflow Discharge QOutflow Discharge

1 200 25

2 400 200
3 625 250
4 625 325
5 300 325
6 200 325
7 200 250
8 25 200
a 25 25
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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.
Computational 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 complex 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 (II) 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 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
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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 !-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 (II) 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 essentially 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

04 00
—t——= 2.1
ot Ox 1)
Momentum Equation
o o0 O Oy
=+—(a=)+gd—=—+gAS, —ug=0
o Tae ) g AN T @2
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W

% . Xit1

Fig. 2.1 Preissmann four point finite-difference approximation

Therefore, Egs. (2.1) and (2.2) take the féllowing algebraic forms, after use of the
Pressmann’s discretizations:

(1) Continuity equation

LI

i+l

(G )+—(Q,'.'J’ -0

L= ’(Q.H 0")-g,=0 29)

(2) Momentum equation

i n+l (1 ¢) n+l n
Y @ - QW +——O7 -0")

Qn-)-l
A n+l

+¢

+ 2{0:9[(1 ¢) Vo

i+] ,+

Q'ﬁ]m(l—e)[( ¢)Q rg 2 ]]

i ntl _ ntl (1 9) n
Lo 2 -0n]
[e[(l O 9 2T +0-00 -2 +¢Q'+']}

- n+l n+l (1 ) AN
[ (Ac+l Ai ) Ax (A1+1 Ai ):l
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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 least two points, one associated with the node at each end.

downstrea

{node)
(link)

(reach)

(point)

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

The multiply-connected flow paths of a braided river necessitate the use of
non-traditional procedures for solving the goveming 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 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 Q, is

associated with each link / at any time. On this basis, the continuity equation (inflow=

D-11



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

Coefficients £, 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 E, F, and H at the second point can be obtained directly
from Egs. (2.12), (2.13), and (2.17): |

Eina= (¢,b,— b)) (db, —d.b,) | (2.29)
Fipa = (g:b, - gb,) (d\b, - d b)) (2.25)
Hypy,y = (ab, —a,b)/(db, —d,b,) (2.26)

Thus, once £, F, H have been initialized by Egs. (2.24)~(2.26), the remaining E|,
F,, H, coefficients can be calculated by recurrence using Egs. (2.21)~(2.23) for i =
I(/)-1, ..., 2. In particular, once E,, F,, H, fori=2 are known, Eq. (2.20) can be written
fori=1 as: “

AQ, = EAy, + F+ H Ay, 227)

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

AQ!(:) = E;+1Aya+1 + F:+l + Ht:HAyl(!) (2.28)

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

E: = E;+1 (M, - dlLi+l)/[Mi+] (@, +bE,)- d]] (2.29)
F:" = E;M[MHI (gl +1) d Nr+l /[Mi+l(al +blEi+l)_ dl] (230)
b H:+1Er+lMl+1 [MHI (al + b EH]) dl] (231)

Now fori=I(/)-1,

E}(!)-l =(cd, —¢,b)/(bd, - b,d,) (2.32)
I(!)—l =(gd, - g,4,))/(bd, - b,d,} (2.33)
!(r) -1 (a d a2dl)/(bld2 —bzdl) (2-34)

Therefore,
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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 Yevjevich (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} ey + ST, 40} e [T 1o {0} s = V) g (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:

{A} gt = [Elngt {0}, +{F} 000 (2.40)

where [E]ng_l is an (unknown) matrix having NGS,; columns and NGS;;, rows, and
{F},g- 18 an (unknown) vector having NGS,g.; rows. If Eq. (2.40) 1s substituted into Eq.

(2.39), the resulting expression becomes a relationship between {Ay}, - and {Ay}

g+l

which can be written:

{Ay}ng = [E]ng {Ay}ngﬂ + {F}ng (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}, _, for ng = 2, 3, ..., NG

ng *

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

ng ?
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water levels becomes smaller than a specified value £. As the time steps increase, the
specified criterion & itself becomes smaller and smaller. 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 At and ¢

At 1 02¢ 1058, | ¢, 2¢, 5t, | 104, | 20¢, | 30z, | 40z, | 504,
& |50¢, | S0¢g, | 50, | 15¢, | 75, | 5¢, | 4¢, | 3¢, | 28, £,

In Table 2.1, t, is a specified fundamental time step which is determined on the basis 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 relatively small. ¢4 1s
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 Flow !

d 2
E(z+ar + 2§A2) =-S, (2.42)

2.3.2 Discretization of Equations

The multiply-connected flow paths of a braided river necessitate the use of
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Ay +q Ay, + 180, +5,=0 (2.47)

In the multiply-connected networks, Eq. (2.47) contains three unknowns Ay,, Ay,,,
and AQ,.Ifalink ¢ hasI(¢) total points and I(£)-1 computational reaches, then there are

available I{£)-1 Egs. (2.47) and I(£) + 1 unknown. Thus it is clear that additional equations,
arising from imposition of the node continuity Eq. (IL.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
looped-network double-sweep algorithm described by Cunge et al (1980) involves first
hypothesizing the relation :

AQ,=E_ Ay, + K

o+ H Ay, (2.48)
Eq. (2.48) can be written for1=1(£) as :

AQ, =E, Ay, + Fypy + Hy 1By, (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) L(m)

Q. )+ ZQm!E + Z(El(f)—l,eAyll + F}(t)—l,e + HI(E)—l,tAy!(E),f)
£=1 =1
=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} (2.31)

where { Ay } is the vector of water-level corrections at the nodes, Ay, ,m=12,....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

estimates and F ,,, , coefficients.

2.3.3 Solution Strategy
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2.4 BACK WATER COMPUTATION (I)

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

method:

2 2
Q
Z+y +a 2Q22=zz+y2+a’2§:g?+hf+he... (254)

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, +8,,)Ax
h, = frictional losses=§ Ax = (L-—fz———)—— .................. (2.55)
2
QZ
h, = energy losses due to eddies=1":A(.ar2 Az) ............... (2-56)
&

in which k is the energy loss coefficient due to eddies

Eq. (2-54) may be rewritten as

Z+y +q —2%% =zZ,+y,+a, Zgif S +jf2)Ax +kA(a 2§;2) ..(2.57)
and define
H =z +y +a,% .............................. (2.58)
2
H, zz+y2+c::!2§g%422 ........................ (2.59)
then
H=H,+h +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, values 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 deviation in H,,

then

2 e (A~ AXS ) (2.61)
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node, and 7 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 :

Q:AV:AlRZ”S'”... ................ (2.64)
n
50,, 213k, 300 |
AQ === —— AV, .o (265
Q; ay (3R6yQ ayA)y | (2.65)
where Ay, =9—y, and ?=w.
n

)

&)

The sum of all discharge corrections AQ, must be zero. If AQ +AQ,+..+AQ,

=R =0, then AQ, =AQ, - nQ" .Rn are taken as new discharge corrections for next

2.9,

J=1

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.

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 zero. 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 (II)

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

2 2
Ql Q2 5 +ht

) =zz+y2+a2
1 84,

Zthte (2.66)

where z = bed elevation, y = water depth; @ = velocity distribution coefficient; 4 =

total energy loss between section 1 and 2; and subscripts 1 and 2 denotes sections | and 2,

respectively.
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where SF(d) = specific force corresponding to a water depth d; 4, =total flow area; and

A = 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 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 d, = computed supercritical water surface elevation, and d, = 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.e., 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 vs—rell known

in the literature and are the following;

4, =0.5(y; + y,, )dx, - (2.73)
P =[dx! + (¥, = y)'1" (2.74)
A,
R == 2.75
=P (2.75)
y_j. =0.25(y, + y,,,) if not adjacent to channel wall (2.76)
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NETSTARS model.

ip a,D}}

avg i avg

EFD=" L (2.84)
Y 0,027

i=l

where D, is the average depth of trapezoidal area below water surface, g, 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)

4

average bed elevation = water surface elevation — hydraulic depth R,, where R, =7
I

Nstube Nstube

A4 = ZA i, L= ZI} , T is top width, (4) average bed elevation = average elevation of
j=l j=l

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
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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 load 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 steam 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 conceptual 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 is 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 this section.

The water surface profiles are computed first, as descried in the previous sections of this
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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 allowed 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 goveming

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, C, = ZP,.C,,. in which P
i=1

is % by weight of the ith size fraction. The total load Q. is determined by
0,=7["[[Cud.d, (3.1)
where u=average flow velocity (L/T); C, =sediment concentration by weight (M/M);
ML . . M :
O, =total load (F ); ¥ =g, unit weight of sediment (W); B =coordinate system for

cross sediment (L); B, = left boundary of stream tube (L); B, = right boundary of stream
tube (L); D= flowdepth (L); a= bed layer thickness (L).
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AZ = At G (D, +Ax,_ )+ 2(Q.v,|'—l,lt - Q.r,r',k)
" (-p) (al_+bT +cT, )Ax, +Ax,,)

(3.6)

where x = size fraction index; p,= porosity at cross section i; and Q,,,= computed

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

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

1=

AZ,, (3.7)

I

AZ. =

k

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 i1t 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

Nsize

P)—+ ZS + % ‘qs: (3.8)
Eq. (3.8) can be rewritten as
aA Nsize
DI LIARE (3.9)

where Oy, = bed load transport rate in stream tube; ¢, = flow discharge in stream tube; and Cy =

depth-averaged concentration of suspended sediment of size fraction & in stream tube.

D-33



S = PBW, 5,.C, (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
C, =O.015;"--}-3%_3— (3.15)
where D, = particle diameter of size fraction & ; D, = particle parameter

=D, {[(s-1)g]/v*}"*; T,= transport stage parameter =[(«', )’ —(u,,)* |/u., )*; v= water
kinematic viscosity, s= specific weight of sediment particle; u«',= grain shear velocity =
g*ul/c’; ¢' = Chezy coefficient related to grains = 18 log(I12 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):

where C, = deposition concentration, which can be estimated by

C, =[3.25+0.55(In(¥, / 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,=0C, / 0x , 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 isused toreplace C, from here on.)

(1) Advection Step.
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B,=(U'IU)S(Bs'~2); and B, =U™ /U )s -1)3s -1).

(2) Longitudinal Diffusion Step
The longitudinal diffusion portion of Eq. (3.11) can be written as

€ 19 4k %0 (3.23)
ot Adx ox

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

I =C = {C - CI) - £(C =€) (3:24)

i+1

where

1
[5 (Afof + 4 er’+|)]

AI i+l
fi=1 -
E (xm - x:‘-l)AJ Fin xi)
1
At [5 (AEKXJ' + -AJ"'IKXI‘—I )]
fa= 1 (x, —x._)
) (X —X)4,; P

Differentiating Eq. (3.23) with respect to x, and then using the numerical scheme, the

difference equation becomes

CX™ -CX] =g, CX[ (g, +g3)Can+l +g,CX7 (3.25)
Where
At AJ‘+1Kx|'+1
g =

| 1
E (4, +4,) E (X = X)) (x5 — X))

At AK .
g2 = 1 1
E(AM +4,) E(xm - x) (%, — X))
At AK,
gB = 1 1
"2* (4., +4) ’2_ (xi =X (3, —x,)
At Ai—ler'-l
g4 7

1 1
5 (4. +4) E(xm -x ) (x, —x)
The values of C and CX can be obtained by using Gaussian Elimination Method to
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where a, =a/A and b, =b/A. There exists an analytical solution for Eq. (3.29), and

shown as

A+ " byt
Cr* =(a,/b,)+(Cl -a, Ib,)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
Cxm = M;N)[CX{' +(&e A:”"' At~ (E—EL €7 331)
i .

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 longitudinal 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 single stream tube in a cross section. |

Longitudinal and transverse dispersion coefficients are estimated by using Elder’s (1959)
empirical equations: k, =5.93u.d and k&, =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.

1. 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' =CXy indicating long downstream reach with open boundary; a national

control section on the stream; advection of suspended sediments exists.

(C)CX3' =0 indicating closed boundary, no advection occurs. Initial value of CX,
may be obtained from the variation of C, with respect to x. However, boundary

condition of CX, is difficult to attain. Fortunately, the accuracy of initial and
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(D)After 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 Egs. (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.
(C)CX' =0 indicating closed boundary, no diffusion of suspended sediments exist.

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 resuited -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
YK 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, 4,CX =R, #0. A correction
of =(R /Y/(k A) for (iX must be added to each link so that node continuity,
2K ACX =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
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each stream tube should be converted to volume rate in L*/7T unit.
2. Values of C, and Q, from step 1 are substituted into Eq. (3.10) to solve for AZ;. Bed

elevations are revised accordingly.
3. Hydraulic computations for stage, discharge and stream tube subdivision are performed in
each time step. And then execute steps 1 and 2. The three steps are repeated until the end

of simulation time.

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

. L{m) | Lim)
+ n+ +1
Ospl + > 05 ;= D 0 (3.36)
i=t J=1
1 Q 1,0 1 Lim) 1
n+ —_ oul,j n+ +
Qsaul,m,j — Lim) Qsm + iQS;,M,j (337)
J=l

Z Qout,lc
k=1
where L(m) = total number of links connected to node m; m = total number of nodes;

n+l

Q::'l = external sediment load added to node m at time step n+1 (LY/T); O, =

out ,m, f
sediment load of the ith link at nose m (L*/T).
(B) In proportion to sediment transport capacity

The following continuity relationship of sediments at a node may be established
using the rating curve of sediment transport capacity versus discharge (Q, = 4,0%) at

the first cross section of each link downstream from the node.

L{m)

L(m)
Osi' + > Ospnt = Osirt (3.38)

i=l Jj=1

o A (e
OSomr ) = To el —| Qs + Y Osi, | m=12,, M (3.39)
dla0m)
c,f < out,

k=1

where A, ; = 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

As obtained from statistical analysis of long-term records of flow discharge and
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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 flow 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 sediment-routing procedures. Record NT

contains the number of stream tube used in sediment-routing computations. Record SE
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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 1s 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 i1s used to specify maximum number of iterations in hydraulic
computation, roughness coefficient determination, include of sediment computation. Record
AT 15 used to specify beginning and end times of simulation, and time step At. 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, 8 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 input
data will be echoed in NETS03.0UT file for data venfication.

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.
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SINPUT 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). Ficlds are numbered from left to right, starting in the lefi-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 1 is 6 characters

long; fields 2 to 10 are 8 characters long.

el s Field
¢ 7

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

Each record name is unique and is 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 mutually exclusive) but they have to be in an appropriate
sequence. The data requirements presented in this chépter 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.

2Record 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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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

SE

SF

SG
SN

SP

ST
TO

TT
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 smaller 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 results 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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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 (I) to obtain starting
water surface elevation.

No backwater computation required.
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File  Variable
3 INODES
4 IEQSED
5 IRESV

Value

#£0

£0

Description

For long river reach (link), C and —2—6 assume
e
the resulted values of previous time step. Starting

oc .
value for — is assumed to be 0.
X

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 S, replacing suspended load

term.

Suspended sediment computations.

High flow discharges in natural streams.

Reservoir computation or moderate/low flow

discharges.

D-57



Field Variable
6 IFXZ

7 JLAT

8 JAVGB
9

Value

10
11
12
13
14
15

Description
(1)}4)
(2)3)
@4
3)4)
@A)
(H2)4)
(D3)4)
@(3)4)
(D(2)(3)(4)
Use empirical equations:

Longitudinal dispersion coefficient (£, ) = 5.93 du, .
Transverse dispersion coefficient (k,) = 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

Output 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 formula

The roughness coefficients, n, ¢, f, in above-
mentioned formulas are the FFFACT wvalues in
Record BR of NETSO5.HYD file. Only Manning’s n
value can be automatically calculated.
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Record AM

Required
Field  Variable Value Description
0 ID AM Record identification.
1 MITHYD + Maximum number of iterations for steady-flow
computation.
2 IFFACT Friction coefficient
0 Read from input data.
1 Use Manning Equation.
2 Use Limerinos’ (1970) formula.
3 ISEDI =0 Without sediment computation.
~0 Deal with sediment computation.
4 ITERMX + Maximum number of Newton-Raphson iterations,
default value is 2.
5 ITGLMX + Maximum number of unsteady-flow stabilization
computations in each of several progressively
increasing time steps, default value is 10.
6 IDTMX + Maximum number of iterations for ALPH=0 for the
flow stabilization procedure, default value is 20.
7 IDTTMX + Maximum number of iterations for ALPH0 for the
flow stabilization procedure, default value is 10.
8 ITADVL -+ Number of iterations for characteristic line, default

valueis 1.
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Record AQO

Fleld

— D

Required
Variable Value
D 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 AT

Required
Field Variable Value
0 D AT
1 TTBEG +
2 TTEND +
3 TDELT +

Description

Record identification.

Time of beginning of simulation, consistent with
INDTI in record AB

Time of end of simulation, consistent with INDTI in
record AB

Time step, consistent with INDTI in record AB.
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Record BE |

Required

Field Variable
0 ID .
1 EPSHYD
2 EPSQ

3 DRYQ

4 EPSDYM
5 EPSYB

6 FDELTB
7 A0

8 B0

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 BO for IDSBC=2.
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Record BL

Required

Field Variable

0 ID

1 LNKNAM
2 I

3 MU

4 MD

5 RATEP

Value

+ o+ + o+ o+

Description

Record identification.

Integer “name” of link.

Number of computation points on link.

Integer “name” of node at upstream end of link.

Integer "name" of node at downstream end of link.
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Record BP

Required

Field Variable

0 ID

1 SGRAV
2 POROS
3 THETA
4 PHI

5 S01

6 DYINIT

Value

+ 4+ o+ + o+ 4

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 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 there.

1 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 Oorl If ISWIT2=0.

1 If ISWIT2=1.
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Record CF

Required 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 (m?*/sec),
superseded when IFXZ=1 in Record AL

5 FFZ + Transverse  dispersion  coefficient  (m%/sec),

superseded when IFX7=1 in Record AL
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Record CT

Required for suspended sediment concentration computations

Field Variable
0 ID
1-7 ITITLE

Value

CT

Description

Record identification

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 NETS11.0UT.
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Record GR

Required
Field Variable Value Description
0 ID GR Record identification.
1,3,5,79 B0 +/- Vertical coordinate (bottom elevation) of the data
points that define the cross-sectional geometry at
the current station.
2,4,6,8,10 CR +/- 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 LA

Required for lateral flows

Field  Variable Value Description
0 ID LA Record identification
1 INLAT 0+ Total number of entering points of lateral flows.

Locations of lateral flows are defined in Record LI
The maximum value of INLAT can not exceed total

number of cross sections.
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Record LT

Required for lateral flow

Field Variable Value Description

0 D LT Record identification.

1-7 ITITLE - ASCII text to be echoed in the NETSTARS output
files.
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Record NS

Required

Field Variable Yalue Description

0 D NS Record identification.

1 NUMSEC  +() Value same as in NNSEC of Record BS. A minus
sign should be added to this value for the last record.

2 PNTS + Total stations (data points) for the cross sections(170
is the default value)

BEDC -0+ Increment in bed elevation. (0 is the default value)

4 WIDC + Enlargement coefficient for the width. (1.0 is the
default value)

5 CCLF ) -,0,+ Left bank station for scour limit. (-9999 is the default
value)

6 CCRT -,0,+ Right bank station for scour limit. (+9999 is the
default value)

7 CCBT -0,+ Bed elevation for scour limit. (-9999 is the default
value)

8 CCTP 0,1 Bed elevation for scour limit. (+9999 is the default
value)

9 CLOSS + Energy loss coefficient at the cross section due to

expansion, contraction or bend when IUNST=4 in
Record AB.
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Record RI

Required for later flows

Field Variable
0 D

1 TDAT1
2-10 RILI

Value

RI

-50: +

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 RI 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 SF

Required for sediment computation

Field Variable Value Description
0 ID SF Record identification.
1 F + Number of size fractions defined for the current

study, | =F=10.
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Record SN

Required for sediment routing

Variable
ID
NODNUM

NODSTT

PTYP

Value

SN
+)

0=PTYP=1

Description

Record identification

Node number. (A minus sign should be added to this
value for the last record)

Sediment size fraction number, value same as
NSEDTT in Record SP.

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 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 TT

Required
Field Variable Value Description
0 1D TT Record identification.
1-7 ITITLE ' ASCII text to be echoed in the NETSTARS output

files.
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