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Stream Discharge Estimation by Hydraulic Channel Routing
and Stage Measurement .
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Abstract

This research estimated stream discharges indirectly by hydraulic chamnel routing. Only stage
dala from three stage stations and river cross section data were used to estimate Manning
roughness coefficierits and to compute stream discharges. When the discharges were estimated, a
stage-stage set of conditions was used for upstream-downstream boundary conditions. The
research used the data from the upper Mississippi River. The hyvdraulic channel routings were
performed by DWOPER (operational dynamic wave model). The global optimization program of
SCE-UA was used to improve the roughness coefficient estimation module of the modified
Newton-Raphson method in DWOPER. The results from SCE-UA were better. For the case
study of a flood, most estimated discharges except a few show errors within 10 %.
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X, = The point with the lowest lunction value

X, = The polnt with tho second lowast function value

X3 The paint with the highest function value

X,, = Tha contreid of the two best polnts X, and X,

X, =The reflection point

X, = The expansion polnt

X. = The consiraction point

X, and X,, = The shrinked points cormspending to X; and X,

agl 1. MEHAS o| 26 MEleH
DA T (Duan, 1991)

52 dus PBU: T305 H3H 18 4893
A ot
dE TR ZeASE 8% 9 w=x 4390 o

g M2 2 #ge 2l Fread(1998)= g 72

79 EE fabd ZRASE Sl R 25 2
3 FAE £ i AAElEE B dTeMn
N FgeA Pk

7\:\

Etl

' Chester (43.9 km)

Red Rock (20.4 km) ‘ !

Grand Tower (0 0 km)

o

Discharge
informartion pout
_>< Gaging station and
- Compuranonal node
TFlow —l—
A Computationi_node.

|

T2 3. AR olAAE g st P2

546

i

i

e

3 2. Hosaki 8ol i
2 mety o

F=ol fElEd SeARst Basch A=)
A= 7 4% ekwel s DWOPER a2 1l
(Fread, 1984)cl= AARACY, 2mAS 574,
FA 5o AR 53 FHRAES EF gled
ol E el AMESrh  Mississippi-Ohio-

2]

B

Bt

==
Cumberland-Tennessee FAIE A& wAAS 3l
FZ)E 5 719 ARSIt X8 2 % Ches-
ter, Red Rock, Grand Tower &&4 44+& 243}
FEHE 3). g% @A 459 lm, AR EHT
0127 m/kme[th A85 TP 1970 EA8%k
7)&7)7te] 83 ‘?é?l Azolt},

A F%-F9 FA=AE A3k Newton-

Raphson Fol| o]&h 2=AFE g8k Chester
PolutEse] PEFukE AFR AAZEA Grand To-
wer FHEEA AR BETHE SF AR

0036 T T T 7 T T
4th roughness coefficient -
0034
- ]
g i
£ oox —
k=] i
3
G 000 - T A e
S 0030 e _{
wy
@ -
£
S 0.028 {
=1
o -
[V
0026 - —
0024 J; 1 -l I L
1 2 3 4 5 g

Iteration

a2 4. = Newton—-Raphson Z|'#dl

ot XA £H



3

811, Chester ¥ Red Rock 79l8&4 AHe] B4
e} Ards 01%0]"34 A 2)—-(4)e] PHeR
T ZeATE ST, DWOPERA F31H]
\‘:_]t"o]"?z g HH AR MRS AR FEEA 0=
0oz BgloH TAlTE FHTEER 8 /= 1}
2] &3] 0}5-4-3-10 Falsle] 2 ;:[]/=H =21
dl WA FETRe] 2] g 58}
2 zuAl7r #EEH vk 28 87 e o
EP—H“ CE TR 2EATE AN gEE w
ojEE *@%‘6}9&5} 7] F2AFE 0025 ~ 0.035 AF
o] $he AHESREIT: T-eA] B < glSe] 7] T
Al vk A= e gom FEsgn F920 B
Hedere] gk 365 mrelRith

]

FHZEES  0.0203~00300 Alelel  glov] <k
0.0007¢] # FelZ =2tk 00302 7IEeE 31
2.3 969 Aol o]2l@t ZEAS o7} t}E TEx
ol FUT A% fAele] A FBE AR
2 dunux 5579 A% Manning 2& AR&3 9
AES BAiRT SHIZe) Be 42e) ua=Y &
ZH)S Manning 42 vehld o Atk

= % S) 7)

AN pd ZEAF, e R,
olch

e dAE s ZhEstn, 9 AL e s e
Babd o A3 2o

Sy BN

g% - _# R ®
A (RS olasid FrAg Xjeld) 9F Hukxo)
E go] g v2 Yehyd veat gk
A . {0g _ _ dn
g ( an An)/q nn )

A He z2RAS FHA ulge] AERE %Ek
Qo] Arglo] TAgeh Hali o= didiole TH
% Ma nmng Holoz 7iERs) AwEE e 3‘“:,3'_“4

FYH A +2.3 %9 ZEAT FHLAF -2
%] Tr‘%" 25 WAATIE AL oo M-.

DWOPERY] ZEAS 537744

°]

?4 -XLE-U P i‘@_‘_?:;:"l-

7z} 7PHez WAg FHol, 4 Newton- Raphson
el ARE T AHRslel REAGE 2R

= A= 57_‘ A sleFNH P 2=ATE

o448 Ho% 2001F 10]]

Rs) 7k FAL

frelE

FHla
Hege] g

Bolx gtk 7] =AY} oW
shiel ghom $HsE 2 & & glon, B

g2 1.53 melitk

0.036 T T

0034

0032

0.030
0.028

0.026

Rouvghness coefiiciant, n

0.024

0022

S8l F A PHOR TH ZRAFEE AHstel
e

=
A Bladon SR dskag Sl
O

H
o= A NewTon—Raphbon 7]‘?52‘1 T8t 27
5 AMES A E 03 m ARy 2F E HAE 1
¢l v HEAA EF 38 7]y ol2c) A2 Hit
£ BJrk AZEx~ E5 sl sy o5 e &
ZAFE AEE ASE BEATLR FUZ oot

mean square error)©] 0133 m, % T ¥2Hmean bias)
= 0.0216 mel3la, 3 Newlon-Raphson P8l 2]

8 73 2EAFE AL B FuAges H
A2 0210 m, BFAAE 0145 molATh o224
FAED~ FF 73 7He] +3 Newton-Raphson
s Age zoAeg FHL A4L oA=
8 A HEFH S YT FE A1 =i

P o A8 2uAL Zol7t FH-49 4
AZpAA FaRed] uXs F3S delshy] fEk,

|

. wgsr Tefslel 4R
& t”JJ_DIQJEHJ_

10
2 7). 9% Newton-Raphson ol 2l8] =wAls
Z Pt AgE A BEA Ad 10 % Ak
Ao AE 29x FEEdleals 523 ]M‘ﬂr -
g FEAA 25 F AR &% A% AR
547



114 T T

BC.
Discharge-stage

i T T

112 —

Stage {m)

Chester station
Observed
Compuled (SCE-UA) _
RMS error 0133m Blas 00216m
Computed (Modified Newtan-Raphson)

RMSerror 0210m Bias 0 145m
L ' ] | 1
20 40 G0 80 100
Time (day)
& 6. T8 Newton-Raphson #Hal &34

=
[ |
E8n3) v)We BEHD ulm

oM HEaaa Hel xjelrt AHolon HrdEne
2 3.04 ‘Vﬁ]ﬁi‘l} oA =3 Newton-Raphson

"ol a3 ZARETL &7l ulel 2.3 % Zeolr)h
g & 9SS By, =Rl Aels 29 Hlg2
fraAlel2 288 (=% Mamning 2225F 4
HEghl $28% FefdoME 4 Newton-

Raphson e Had2a)r] 22 % © ZA &4

32 Fe-f ZAZAH o5 EEAS FH
2 R Ro|

Ages E5 st 7ol 71Ee] 5% Newton-
Raphson #Rc} /A8 =44 2HE44E 1Y
o mE QA SRR fexmsien 2w
A5E 2l $91-59 AAzPew $28 8

114

I B.C :Stage-stage

112 Estimated by SCE-UA

110 —
‘E' 108 —
2 L
Z
@ 106 —

104 |~

102 —

I, ‘ 1 | 1 i ‘ 1
0.000 0.010 0020 0 030 0040 0.050
Roughness coefficient, n
0% 8. #9-%9 FA=H oot
Chester~Grand Tower 77+2]
=A% FEAR

548

16000 T I
BC. |
[ Stage-stage
12000 |~ _l
S 8000 — -
a Q% H"/‘ ”u Chester station
4000 4(”’— Ohaerved —
Compuled (SCE-UA)
Absolute average error 3 04 %
O Computed (Modihig Newton-Raphson) ™)
Absolute average error 523 %
9 | | ! | 1 | | d
o} 20 40 60 80 100
Time {day)
a3 7. fE-49 AATZIM FE
EEASE ARSI F9-2)
=70z me|st 27}
£ ool f2e 7Y e, olg ]
Chester#? Grand Towers 915 4zt 4% -3F
AAZACeZ 433N, Red Rock? #&E2ol 4
AeAle) BAATHE AA SKES 4 O)% DL §
HTTE "]"Q“O]';\l‘ w4 A NeWton—Raph‘son
Eom TR 45 St FAH 4
B Ak ol T TG o|FE A
2391t 4 Newton-Raphson 2] w1EAlAt

ol A
9] AR
o WA BET o] S BAE S A
o= Az |

Fal

Aok 5 gltke dat 5
ZreAE wsle wel ARkiE

F

[

F)]
BB EY W /T

AR S WL et 2o,
Heje] DWOPER “Fao)A= 8= 77k2 Red
Rocks TALE 5 7|2 E8sle] ZuA4E 373
16000 ; — T ——
BC s
r Stage-stage - ]
.
& 12000 —
E
E' 8000 [— ﬁ
T
g i i
g 4000 — ,}?”1}# —
Chester station
)‘ 4+ Computed discharge T
Absolute average arror . G.46 %
L ] | | | L
0
[+} 4000 8000 12000 16000
Observed discharge (m?3/s)
a2 9. -9 A xEAHL =5AT

Fdof| olst AM 7

SRR BIRE




FARE A sh o] BLG ZEAPE 7R AL
2 8L TR 8 e

3 87 2ol 2EASE 00210 ~
0.0397 A}elel] aﬁzzlcﬂ or 4 1097 m¥ Wg A
Qe ojFR 171 ‘rok TE R g 7Rk
o]& 1%6 T W

Fos gk F48

EARy; ]J"" -

9_541—1 6.46 ‘%olaitl-
u ol AE Aeistass

ark

A 4 A
g} oy 3 JHASE olgsle REASE FAHE
T8 ShEFAe] este] FES T A
o} FEEE sedddl= DWOPERE AH8s5iom,
nAlAIE o] Chester-Red Rock-Ground Tower
el i A=) o855 DWOPER =&

9_] _)_

K

oo

4 Newton-Raphson #£X2A1S: SAUHE &
ol weby ZwAT sEETt dEHe
o, ZRAE A AF-3F /51711-%41—% 3
F12 Sfodok sh= §HAIFT glrk o
#HHg e 4T SO~ %3_513'1_‘_1‘ 7
glgier <=4 Newton-Raphson 2He]
A Axe vwer 2= gt g
FE FAZRAL ARSI 44 Newtlon:
Raphson #Ro2 T4 2eAlre &27/0gel ug) =
2R e greR SaEEE W AZEA B w3k 5l 7]
He FYe gho= PPk 7 —“r=r1 @ﬁ]-"‘?ﬂﬁ
2 A ZeAlg zpelrt AR
o MAe HEE 3]‘3' 5l7] g, FAEIS 9

a2y e

I
o

it

912 W7 EA Chester A9 zolg f-a=) 7
=y gake I:]]_E_ }2?1:} 2 #3474 Newlon
Raphson 2o STeal= 523 %@y #A3d~

Cat A%l Atarts A0 s A9

AAZPE AMEEC] 97 Newton-Raphson #Eo
2 FuATE FEe A TR EEA)
< dife), FAEds EEFEl JJHE ARSE A9
ek ZuTE 4T URTh 0|2 ofEsie

05344 5B 20014 1077

=P
Elea

FmAd s, AB3, #A6E, .

ALAFAL (1984). et FF A5 S840

MEHCARAE), WRRI-WR-94-1.

geolFE, AAHS (1997). “$F Bl dig —‘?'—7‘3-‘% 7—”
A e 2y o] 237 6E¢XF%I§|'EIXI,

A 8E, #30FE, 458, pp. 549-559.

Duan, Q. (1991). A global optimization stralegy for
efficient and effective aalibration of hvdrologic
maodels, Ph.D. dissertation, Dept. of Hydrol. and
Water Resour., Univ. of Arzona, Tucson.

Fread, DJI. (1984). Natioral Weather Service
operational  dyrnarric  wave model, National
Weather Service, NOAA, Silver Spring, Md.

Tread, DI., and Lewis, JM. (1998), The NWS
FLDWAV model: Theoretical description/user
documentation, Hvdrologic Research Labora-
tory, National Weather Service, Silver Spring,

Maryland,

Schaffranck, RW., and Lai, C. (1996). “Friction-
term response to boundary-condition type in
flow models.” Journad of Hydraulic Engineer-
ing, ASCE, Vol. 122, No. 2, pp. 72-8].

Us Army Corps of Engineers, Waterway Ex-—
periment Station (1990). CE-QUAL-RIVI: A
dvrarnic one-dimensional (longituding) water
quality model for stream. user’s manual, In—
struction Report E-90-1, Environmental La
boratory, Vicksburg, Mississippi.

e 201 -004/7

#12001.01.26/ 4 AF-¢+E:2001.08.23)

549



