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An Analytical Method for Stage- Discharge Rating
and Its Associated Uncertainties

student : Reuy-Bean Wu Advisors : Dr. Jinn-Chuang Yang
Dr. Yeou-Koung Tung

Department of Civil Engineering
National Chiao Tung University

ABSTRACT

This thesis presents an analytical niethad for gstablishing stage-fall-discharge rating using
hydraulic performance graph (HPG).-The theoretical rating (steady reachwise approximated
normal flow) curves derived from the,HPG are-used as the basis to establish the functional
relation of stage, fall and discharge through regression analysis following the USGS
procedure. In doing so, the conventional trial-and-error process can be avoided and the
associated uncertainties involved may be reduced. For illustration, the proposed analytical
method is applied to establish stage-fall-discharge relations for the Keelung River and
Kaoping River in Taiwan for examining its accuracy and applicability in natural rivers.
Based on the data extracted from the HPG for the Keelung River and the Kaoping River, one
can establish a stage-fall-discharge relation that is more accurate than the one by the
conventionally used relation; the associated uncertainties can be analyzed. The uncertainty
analysis shows that the channel geometry and channel bed roughness should be the
significant factors to affect the functional relation of stage, fall, and discharge. Furthermore,
the discharges obtained from the proposed rating method are verified through backwater
analysis for measured high water level events. The results indicate that the analytical
stage-fall-discharge rating method is capable of circumventing the shortcomings of those
based on single-station data and, consequently, enhancing the reliability of flood estimation
and forecasting.

Keywords: Rating curve; hydraulic performance graph; stage-fall-discharge method;
uncertainty
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221 kiR M GPRAE RSB 2 40 M 2 frdE i % (A R Schmidt, 2002)

e & feit

Ellet ' 1853 Described empirical rating in United States,
for Ohio River at Wheeling, West Virginia.

Humphries and Abbot 1963 Described early ratings for Mississippi River,
as well as review of literature.

Noble 1899 Described development and application of
rating for Cedar River, Washington.

Seddon 1900 Examined changes in ratings, developed
method to estimate velocity of flood wave.

Newell 1901 Discussed graphical development of rating,
use of first differences to check and smooth
rating.

Murphy 1904a Discussed characteristics of good gauging
location.

Follanshee 1994 Described early development of stream
gauging by U. S. Geological Survey.

% 2-2 #Fitin g Aok dadehf 2 & A 7K i £ (A R. Schmidt, 2002)

i 7 Kok
Murphy 1904a Dicussed graphic development of rating, use

of first and second differences to check and
smooth rating, development of rating table.

Hanna 1905 Constructed rating by examining discharge,
mean velocity, and area curves independently.
Barrows 1907 Suggested that sparate curves should be

developed for area and mean velocity as
function of stage.

Horton 1907 Presented  Stevens  method;  examines
importance of slope.

Schodar 1912 Suggested logarithmic plotting to develop
ratings.

Grummann 1935 Developed ratings based on flow differences

for different stage intervals.
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IR AT - I L i iPE

10 MBS R 1 4 (A, R Schmidt, 2002)

b
IFH

3

it

N

Humphries and Abbott

1861

Reviewed literature related to understanding
of discharge determination.

Hoyt and Grover

1912

Gave thorough overview of state-of-art of
rating development and application.

Steward

1921

Examined rating types for different
conditions; examines variable backwater and
other obstacles.

Liddell

1927

Gave brief overview of methods of
developing and applying streamflow ratings

Corbett et al.

1943

Gave summary of U.S. Geological Survey
understanding and methods to measure stage
and discharge and to develop and apply
stage-discharge ratings.

Linsley et al.

1949

Gave brief history of methods of developing
and applying streamflow ratings.

Boyer

1964

Gave brief history of flow measurement,
overview of methods of developing and
applying streamflow ratings.

World
Organization

Meteorological

1980

Gave summary of methods and understanding
related. " to developing and applying
stage-discharge  ratings.  This  manual
essentially duplicates of chapters from Rantz
etal. (1982b)

Rantz et al.

1982b

Gave.summary of U.S. Geological Survey
methods and understanding related to
developing and applying stage-discharge
ratings.

International Organization
for Standardization

1983a

Gave summary of factors to consider when
establishing a gauging station that will use
stage-discharge ratings.

International Organization
for Standardization

1983b

Gave summary of methods to develop, apply,
and evaluate stage-discharge ratings.

Kennedy

1984

Gave summary of U.S. Geological Survey
methods to develop and apply stage-discharge
ratings.

Riggs

1985

Gave brief overview of methods of
developing and applying streamflow ratings.

Herschy

1995

Gave summary of methods to develop, apply,
and evaluate stage-discharge ratings.

Herschy

1999

Gave a brief summary of methods to develop,
and apply stage-discharge ratings in context of
discharge measurement.
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# 2-4 ki EHCE S B2 R R 2 AR }Ek#@ it % (A. R. Schmidt,

2002)
T % N feit
Literature illustrating concept of ratings based on open-channel flow equations
Borrows 1907 Made distinction between ratings for weir

stations and those defined by the
open-channel flow equations, described slope
as most important term affecting velocity

Beardsley 1907 Treated discharges as steady, uniform
open-channel flow, assume JS is constant
and KA+R varies with stage.

Stevens 1907 Treated discharge as steady, uniform
open-channel flow, assume (K+/S ) is constant
and AvR varies with stage.

Horton 1907 Treated discharge as steady, uniform
open-channel flow, KA +/SR varies with
stage.

Boyer 1964 Discussed some  factors that affect

stage-discharge ratings and adjustments to
account. for these factors as a slope term in
open=channel flow equations.

Herschy 1995 Discussed = some factors that affect
stage-discharge ratings as a slope term in
open=channel flow equations.

Atabay and Knight 1999 Used Manning’s equation and steady, uniform
flowto examine effect of bedform and
overbank flows on ratings.

Dawdy et al. 2000 Combined Limerinos (1970) equation to
estimate n with Manning’s equation to
estimate coefficients for equation 1.

Calculation methods that are based on concept of open-channel flow
Murphy 1907 Treated discharges as steady, uniform
open-channel flow, KA+R varies with stage
and measure water slope.

Bailey and Ray 1966 Presented methos to determine rating shape or
extend rating based on convergence of flow
profiles from open-channel flow equations.

Ervine and Baird 1982 Used Manning’s equation for steady, uniform
flow and considered turbulent shear to
examine effect of overbank flows on ratings.

Rantz et al. 1982b Presented methos to determine rating shape or
extend rating based on open-channel flow
equations.

Kennedy 1984 Presented methos to determine rating shape or
extend rating based on open-channel flow
equations.

18



% 2-5 roRiEEp R SRR K R M 2] H 2k R ARk B }Ek:}%si% (A. R. Schmidt,

2002)
i I ik
' Description of method application
Liddell 1927 Presented methods by Hall et al. (1915) and
Jones (1916) to correct for changing stage.
Corbett et al. 1943 Presented methods by Boyer, Jones, Lewis,

Wiggins to account for changing stage.
Discussed development and application of
these ratings, and provided examples of these.

Linsley et al. 1949 Presented Jones (1916) and Wiggins methods
and *“change-in-stage” ratings to adjust for
changing stage.

Boyer 1964 Presented Jones and Boyer methods to correct
for changing stage.
Dickenson 1967 Presented Jones method to correct for

changing stage. Suggested that the ratio of the
maximum difference between the rising and
falling slopes to the channel slope provides an
indicater of whether the effect of changing
stage.is important or negligible.

Rantz et al. 1982b Presented detailed overview of methods by
Boyer and ‘Wiggins to account for changing
stage. Gave detailed discussion and examples
of “development and application of these

ratings.
International Organization | 1983b Presented a generalized method in form of
for Standardization Jones equation to correct for changing stage.
Kennedy 1984 Presented an overview of methods to adjust

discharge for changing stage, including 1/US,
method with example.

Herschy 1995 Presented of Boyer method to account for
changing stage. Discussed development of
ratings using Jones’ method, along with

example.
Example applications and general discussion
Davenport 1943 Gave example of loop rating for rising and
falling stages
Remenieras 1949 Reviewed methods for rating unsteady

/non-uniform flows. Suggested that three
gauges are necessary to rate.

Mishra and Seth 1996 Described relation between loop in rating
curve and terms in momentum equation.
Ponce and Lugo 2001 Used Muskingum-Cunge routing to estimate

rating hysteresis.
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2002)

P
IFH

Liddell

1927

Presented method by Hall et al.(1915).

Corbett et al.

1943

Presented “constant-fall” method to account
for backwater, which neglects convective and
local acceleration terms.

Discussed development and application of
these ratings.

Linslet et al.

1949

Discussed errors from approximating slope
based on fall between two gauges. Presented
“unit fall” and “constant fall,” ratings.

Remenieras

1949

Presented through review for
/non-uniform flow.

unsteady

Boyer

1964

Discussed “constant fall” and “unit fall”
methods to correct for effects of backwater.

Rantz et al.

1982b

Presented detailed overview of methods to
correct for slope and for changing discharge.
Presented  “unit-fall” and *“constant-fall”
methods to account for backwater. Gave
detailed~ discussion and examples of
development and application of these ratings.

International Organization
for Standardization

1983b

Discussed - “constant-fall”  method  for
backwater conditions.

Kennedy

1984

Presented overview of methods to adjust
discharge for changing stage or slope.
Presented constant fall methods to adjust for
slope.

Herschy

1995

Presented “unit-fall” and “constant-fall”
methods to account for backwater. Discussion
and examples of development of these ratings.
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FERFT T < Pt 4 (A, R, Schmidt, 2002)

i | & kit
" Methods that lump all uncertainties into single value
Burkham and Dawdy 1970 Determined uncertainty in the ratings for

ranges as mean square differences between
randomly selected subsets of groups of
discharge measurements and the rating
developed from the remaining discharge
measuremnts.

Herschy

1969

Showed procedures to determine accuracy of
the stage-discharge rating from the standard
error of estimate and the standard error of the
mean of the stage-discharge relation.

Herschy

1970,1975

Presented results of statistical analysis of
deviations from log-log curve to all
mesurements. Determined accuracy of the
stage-discharge rating from the standard error
of estimate and the standard error of the mean
of the stage-discharge relation. Presented
method to use Student’-T test for bias.

Venetis

1970

Described statistcal aalysis of errors in
discharge from confidnce interval for fit of
log. . curve to all measurements. Used
maximume-likelihood estimator because of
non-=linearity from term for rating offset.

International Organization | 1983b

for Standardization

Presented calculations for standard error of
estimate of-discharge determined from rating.
Also presented tests for rating bias.

Herschy 1995 Presented results similar to earlier work, but
also included effect of the difference between
the.-mean and observed stages on the
confidence limits.

Freeman et al. 1995, 1996 | Presented results of statistical analysesof

deviations from (1) log-log curve fit to all
measurements and (2) polynomial curve fit to
all measurements. Also developed regional
estimate of uncertainty. These all gave error in
stage for known discharge.

Methods that distinguish among di

fferent posible sources of uncertainties

Dickenson

1967

Presented statistical analysis of errors from
logarithmic rating curve fit to “stable periods”
for mountain streams. Analyzed two ranges of
flows to attempt to account for erors in
discharge measurements. Developed
confidence limits based on mean of
observations.

Dymond and Christian 1982

Presented statistical analysis of erors in
discharge from confidence interval for
least-squares fit of logarithmic curve to all
measurements. Developed expression for term
that accounts for physical parameters that are
ignored in rating. Determining this term
requires calculation for each instantaneous
discharge determined from rating.
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b
IFH

E:3

Ang and Tang

1975

Described first-order estimation of
uncertainty.

Ang and Tang

1984

Presented a thorough description of Monte
Carlo simulation, and first-order, second
moment techniques for reliability analysis.
Also discussed estimation of uncertainties.

Yen at al.

1986

Presented detailed description and comparison
of first-order, second moment techniques for
reliability analysis.

Harr

1987

Presented overview of Monte Carlo
simulation and first-order, second moment
methods. Presented details and examples of
point-estimation method.

Melching et al.

1987

Reviewed and described direct integration,
Monte Carlo simulation, and first-order,
second moment techniques for reliability
analysis.

Tung and Yen

1993

Described direct integration, Monte Carlo
simulation, point estimation (Rosenblueth’s)
method, and first-order, second moment
techniques for reliability analysis.

Yen and Tung

1993

Described direct integration, Monte Carlo
simulation,” and first-order, second moment
techniques for reliability analysis.

Haldar and Mahadevan

2000

Described first-order, second-moment and
Monte Carlo simulation methods for
reliability analysis.
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Burges ' 1979 Appied first-order techniques for discharge
estimation to estimate uncertanties in
foodplain mapping.

Garen and Burges 1981 Applied  first-order, second  moment
techniques to examine uncertainties in flood
volumes.

McBean et al. 1984 Applied first-order techniques for discharge

estimation and channel capacity to estimate
uncertainties in floodplain mapping.

Harr 1987 Presented overview of Monte Carlo
simulation and first-order, second moment
methods. Presented details and examples of
point-estimation method.

Melching et al. 1987 Applied Monte Carlo simulation, MVFOSM,
and AFOSM techniques to examine reliability
of predictions from flood-warming model.

Tung 1987 Estimated uncertainties for precipitation
depths for United States using first-order,
second moment methods.
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GAGE HEIGHT, IN FEET

b c

RATING FALL. Fr, IN FEET

Bl 2-3 £ A k7% £ M %or 2 BI(USGS, 1982)
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0 =025Q,,) +025(Q, ) +0.:25(Q_,) +0.25(Q_)

Fo X g i g2 3V EdeT

var(Q)=E(Q?*)- (i, f

E(Q?)=0.25Q,, ) +0.25(Q, ) +0.25Q , ) +0.25(Q )’

P 2R E A R Rk EE R T AR RS 0 T B A T
P2 ER > Rt E %404 6-5 % B 6-2 #r7 » B 6-3 B 5 FOVE & PPE
B3RP R ER L RE o ApR > FOVE 2 #4758 % > d 4 657 4w 7
T8 BRI AR TIOAFREE S AMAP 7P REFULIEAL B 2L &

2 4 (variability) » F £ e 2R S B A g 0 < 200 A im0 ok
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Fntdre 2 pgE 3Rt B8 ok 65 #77 Q, 527 > 5 00391 1
00865 m 7 Fiiwmit s » HE | ERFELZ > REEINGENELRTRE £
(2.8m)*fiT ©

6.2 ki LML 3 mE s

KA G A mI ik s 595915,3? BALRBRIE S T 0 AT
IR ETE RS RS TORGHE I TS PN E SRR BY

BRIk BB BT 0 TR L2 B AR WEAE T o
(- k2 g8
1.- F¢ %3 % 3+/% (Bivariate FOVE method)
ZYp(6.2)70 2 & BN o 5 REYEH - 30) 2 E AT AT L
H, -0.30=Y, = A'Qn’25 4 6.3)

B EREFOVES 2 » 47 > T3 % (Mo, So) = (ttn, fis) 5 B B 8L & 45(6.3)54 &7 %
LIS <=2 A E R DR - o )

Y, ~ A'Qn,”2s,” [W/} (n— 0035)+[av / } (S —0.0003)
n=0.035,5=0.0003 n=0.035,5=0.0003

=Y, + [l.SAlQ(0.0SS)% (0.0003)** }(n ~0.035) - [0.75A1Q(0.035)4 (0.0003) 4 }(s —0.0003)

DT

R STV el 3Y
_ 2 ) )
Gﬁqu =[1.5A‘1Q(0.035)%(0.0003) %J Var(n)+[0.75A—1Q(0.035)%(0.0003) %} Var(s)

2R LA z“?ﬁ#w‘r*“ﬂ’% R RPAE 0 BRI L ST 2 ;agﬁ;ﬁz
RORE LR R F L Rk S EREN G B R S
s PR R R R MR B2 {8 B FL R R kR

;#’ ,35\# P B F A‘;"J'\'L-?—r P e & 7@ PR EZ G é"ﬁ % R ’—,ﬂ:‘:‘é‘-‘%'&f’% 6-6

21
F

—

Jar

f%v

ETTNS
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ranoed A 66 F At PR BRI EZ R 0 Ryp kAT RED R

KT Rm g #d ko FoRmBEIE KT RPIEREE > mB LR ek

LR A AR o R PE L PR AR N B B A @ YR 2 R MR o
PR L 660 A kIR T o Fiskizz R TfegtiadE & 0.005 007 o

BrARAEHRTT Pl PRI GRETIORAFLEL] PR 7FR

R A A S 2 % R (variability) o

2. Rosenblueth gk ¥ j* (Bivariate Rosenblueth PPE method)

Ptk 2 95(6.3)5% » & * BRHEPPEA 7> 2 1 E 6.1 &7 K2 P Ak

GG TR REEARE EN, NS, ~S) 0 RldpE F ARFET 0T g

Y, = AQM.)7%(s,)
Y, = AMY (s )
Y, 5= AQn ) s )
Yo S AQm)(s )

BAR(Z =) FF VAL T

p.,=p =(1+p,s)/4=(1+0)/4=0.25
b, =p.=(1-p,s)/4=(1-0)/4=025

Flptoo P AEKIFEREZ IR LT T AR

E(Y, )= p, () +p () () e ()
=0.25(Y,,, ) +0.25(Y,, ) +0.25(Y, . ) +0.25(, )

+

I P RiRL Y R 7 A M T SN

uy =0.25(Y,, ) +0.25(v,, ) +0.25(Y, ,) +0.25(Y, )

var(v,)=E(Y,?)-(u, )

d 3 PR L RIER - WEB(AAEB) ) Flt ok 2 R BRI BB RIER
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Il

Frd ek I LR AR AT R Ard 6-7 91T o 2 B g 6-4
¥ 655 112 % 6-6 87 6-7 ¥ I > FOVE & PPE & 46 j2 730 % 2 F 2n £ (&
PR E)A RS G PRELL R TR AT R AT B Bk i
TRRRBEZ T A FRRARRT P> FOVEAR Y @ &5 AT
LR BB PR S P B fE a2 ko

(C)FEZB k=ML B8R

FROK A M G A Bk ko (H,)E A R K o es ok s 7K
B(Hy)Z 2 M o> 75
Fr:f(Hu’Hd):Hu_Hd (64)

(6-4)} = ﬁ’if”[—' A2\ o T Frzo 8P Foges f;é R

ETTRS

He = Hyo —Hao

ot =Var(H,)+Var(H,)-2Cov(H, ,H,)

B g S0 AR F AT LY B L S Hott Hooh %) 5 4 & 2 s

kbR B E S Cov(Hy, He) 5 2 & B2 gf e Rimshkiz2 X8 2 8Kk
(covariance) -
$4 4 52 AFETREIL R kiR L2 FL AN AT
R A R feff ek bk in2 dp M Rl 0980 1A K2 dak 2 REL
T ooy, =0y, P THEEF & 6-6 A Rk iR EL 2 SRk 0 Bl R EE
A2 FERIZEHEFFFE S 5404 6-8 77 2 B 640 RIS T o d
SR LA Bk sl TR H LR ITR Rk L3
BELIEKTRA G AR BB éﬁ:tﬂ’ﬁ‘aﬁ 0511 o
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6.3-k=F LT FTM AL AT

AP RART S B E 2 R A B B R S (40(6.5)50) 0 @ T

B B AT 2 B (DB G2 ke LR A M G (F 2Nk R
k= faiEiR) b #0417 FOVESR it F i i 2 b9 % n £ Q)% & 2
Q) ERB L PE -

Q _ (Fu)
ET_C(F] (6.5)

B RE AB MPERBR I G R4 634 BEGLFERE S Ay
Lo g2 B (T 8 ) B0 203 B (D% BT B 2 crdiE > @ R
Z(Fo,Bo )Rl i1 BEMMTFEcHdEL HAEREL ;A &J5(6.5)50 1 *
FOVE . 2(Co, do) = (4, 1) ™ § BAE BB B 08 = Z 00 1§ 1838 > RIQu/Qrz-

B RS T T N AF

(@ )o(h) B [ i, oo

ccdd0

(i//) C=Co )+ 0, X(d”og(ﬁ//) (i%é)&o%(ﬁ?éjgyd—dd

7 ((F/) jvar (C X[ e log, (F r)o (F ) log, F/] ]Var
([ o004 ) (4, ) o ), DCW

LRk i §F hdfe~d AP B TRl O Rl Rgpt - AL 6303 AT ok
ok 2m(FRY gy KEBR-R)E=ZFHERT  FRREEFLREVE
(Qm/Qr)2- %

-
AR~ kB

PGHE G EE 4 691 6-11 142 Fl6-5 1 67 47 A 4

ME=FHF RIS -

MRIRA S o] 6-7 “77 9 B % 6/ HEC-RAS 3.1 & 1 &3
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—

FHHHRATEREI Y BEE LI BB RV OBWREEREN L E
<3 LO(BE-R)IR >3 et Il B AR E VY BRI L ERLELE AT R B
kA (R 6-5 & 6-6) A1 9 B % b £t BT At BT O6% T i R
oo IR R GRETFRY A R 2N FRpF o diE2 ¥ B Gdkie R B R E S I
‘/‘E?} o X Qm/Qr %%édfﬁ%ﬂ ﬁgﬁ“’%;’%&ﬁﬁ"‘ ’ %’ er\: —n m/QrL“é’%-gl
Prdfcdios W g R ERCR R A G Ml g S 22 95% G iE R R R

A=K Fiean @ @OBEGIIA2ZNE N BB FNRGTHET A B 2N

T A WA R AR E S R B (4.2)58 2 8kCcE diE 0 rdniF 2 SdciE (X
HAAE) fc F pin v B2 F 4 2 1485 25 e § a3t%(4.2)
FORE O Bl A FlR O ab ok

ERIERR & AT BRI sk mg ot d 2 e AR % F 2R AT

\

-~

FEITKERT P RARRE B 2SI AT R EE
TReFe Rtk ko ¢ R BE R RS Jead MpE o F s -k (Backwater)
%

ok (Free fall) fim ie 2 B @ > M BT el S %2 B2 7 4R -

;gg; AR 2 AT B AT ERE Y BRSO TR R 2 D R AR
B pE s Ay g B2 jadr Tkim—Z A —mBF MG, ~EF4pd M2
Booodo— L BBtk ok RS s R T £ 4 0] 2 015 2
TR BT BB TR ARE L HE U BT AT RN R T
T

FHEREHERIRPE LIPS PR E REFELEMN R Ty

1
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% 6-1 ApBFy kI

R P AT Rl E

22 SRS g5 4 i 54
(1) (2) 3) (4)
E Bk %dcn 0.1,0.15 normal (Cessare,1991)
§ Bk tadkn 0.2,0.053 normal (Mays and Tung 1992)
§ Bk tadkn 0.08 triangular (Yeh and Tung 1993)
§ Bk N 0.10,0.055 Triangular, gamma | (Tung 1990)
§ BT Rdken 0.20~0.35 lognormal (Hydr. Engrg. Center 1986)
§ BaEF BN 0.28,0.18 uniform ( Johnson 1996)
§ Bk GEn 0.10 normal Present poposed*
B 'E 0.3,0.068 normal (Mays and Tung 1992)
Bip B 0.12,0.164 triangular (Tung 1990)
BiE B 0.25 lognermal ( Johnson 1996)
BiE B 0.10 normal Present proposed*
%62 FREITPATFLRERY LT S0
A e Sl k2 Sk
PE I T T AT . ey
TR ER AR TR ER| AR NP (BE| n | s | A
m | m | 3 m | m | 3 3
m m | m m
5y ey /90 | 5 103 500 5 | 0.0 [2000]1000|0.035(0.0003 | ()©* %
#2423 7 W) 300) | (2.5) (100) | (2.5) ok R
L1 ey (90 | 5 103 | 500 | 5 | 0.0 (2000 |1000 |0.035 |0.00033 () S
#2923 F4Q) 300) | (25) (100 | (2.5) ok
21403 12:§(3) 700 5 | 03 |500| 5 | 0.0 2000|1000 |0.035|0.00027 () &
o (300) | (2.5) (100) | (2.5) = J\—'L};;v
stymg el 100 5 103|500 1 5 | 0.0 [2000]1000(0.0315(0.0003 | O %
g (300) | (2.5) (100) | (2.5) i+ J\lf,%v
s i) (00| B |03 ] 500) 5 0.0 |2000 1000 0.03150.00033 () ® 2
i (300) | (2.5) (100) | (2.5) Sl
205 () L0 | B | 0.3 500} 5 1 0.0 |2000 1000 0.03150.00027 [
o~ (300) | (2.5) (100) | (2.5) kTR
sty ey J00 1 5 103 | 500 1 5 0.0 20001000 (0.03850.0003 | (* %
U (300) | (2.5) (100) | (2.5) HRT R
suog @) 00 | 5 103 | 5001 5 0.0 2000 1000 (0.03850.00033 | 0 &
39 (300) | (2.5) (100) | (2.5) HoRT R
suog pg@) 00 | 5 103 | 5001 5 0.0 | 2000 1000 (0.03850.00027 | 0 &
) (300) | (2.5) (100) | (2.5) HoRT R

79




%63 PR FEERTEFEFZ REELIMNEAT S E LR
b oK : Bk : > 38 :
Cc d R Cc d R Cc d R
2t323 B3 (1) | 1.0054 | 0.4380 | 0.9805 | 1.0042 | 0.3109 | 0.9667 | 0.9822 | 0.4224 | 0.9836
#4923 =3¢ (2) | 1.0100 | 0.4408 | 0.9774 | 1.0088 | 0.2899 | 0.9523 | 0.9850 | 0.4252 | 0.9799
étii::s %%iﬁ(S) 0.9949 | 0.4336 | 0.9672 | 1.0042 | 0.3330 | 0.9809 | 0.9795 | 0.4229 | 0.9771
#4353 2 (4) | 1.0131 | 0.4335 | 0.9712 | 1.0101 | 0.2980 | 0.9249 | 0.9939 | 0.4219 | 0.9758
?L: :g(5) | 1.0103 | 0.4266 | 0.9785 | 1.0035 | 0.2974 | 0.9518 | 0.9899 | 0.4143 | 0.9814
#4523 2 (6) | 1.0040 | 0.4361 | 0.9843 | 1.0050 | 0.3043 | 0.9719 | 0.9785 | 0.4199 | 0.9861
2t423 B3 (7) | 1.0068 | 0.4394 | 0.9805 | 1.0067 | 0.3169 | 0.9690 | 0.9827 | 0.4244 | 0.9842
2t323 1B:5(8) | 1.0026 | 0.4321 | 0.9790 | 1.0035 | 0.3185 | 0.9777 | 0.9836 | 0.4207 | 0.9835
2423 1B:E(9) | 1.0063 | 0.4432 | 0.9822 | 1.0076 | 0.3309 | 0.9740 | 0.9811 | 0.4266 | 0.9859
= 1.0059 | 0.4359 1.0060 | 0.3111 0.9840 | 0.4220
%% L | 0.0055 | 0.0052 0.0025 | 0.0168 0.0062 | 0.0038
%3 ¥ |0.0055|0.0120 0.0024 | 0.0539 0.0063 | 0.0089
% 6-4 475" 875 253 R LR 2 S R (S R FOVE 7 e 47 %
I 134 o TREHA R E R | Q RHRER | Q RIE®F
em) | m | Oq St Lo, (90%) (95%)
s K‘:’l J K‘:’l s K‘:’l J K‘:’l
(cms) | (cms) | (cms) | (cms)
100 1.35 29.7756 5.46 0.0546 91 109 89 111
200 1.80 94,7124 9.73 0.0487 184 216 181 219
400 2.43 301.7006 17.37 0.0434 371 429 366 434
600 2.94 598.0881 24.46 0.0408 560 640 552 648
800 3.32 957.9673 30.95 0.0387 749 851 739 861
1000 3.61 2479.6333 49.80 0.0498 918 | 1082 902 | 1098
1200 3.87 4842.9085 69.59 0.0580 | 1086 | 1314 | 1064 | 1336
1400 411 | 8123.2765 90.13 0.0644 | 1252 | 1548 | 1223 | 1577
1600 4.34 | 12486.6420 111.74 0.0698 | 1416 | 1784 | 1381 | 1819
1800 456 | 17985.3836 134.11 0.0745 | 1579 | 2021 | 1537 | 2063
2000 4,78 | 24984.8761 158.07 0.0790 | 1740 | 2260 | 1690 | 2310
2200 498 | 32825.8608 181.18 0.0824 | 1902 | 2498 | 1845 | 2555
2400 518 | 42240.7384 205.53 0.0856 | 2062 | 2738 | 1997 | 2803
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% 6-5 475\t 2407 B ARk S T (S L B)PPE A FER AT 5
g K - EEpL | ®B2 08 | Q ERFR | Q EHFR
2

cms) | (m) Gq Cg, Qq (90%) (95%)
s KEl J— KEl T KEl J— KEl
(cms) | (cms) | (cms) | (cms)
100 1.35 30.3955 5.51 0.0551 91| 109| 89| 111
200 1.80 96.6840 9.83 0.0492 | 184| 216| 181] 219
400 2.43| 307.9810 17.55 0.0439 | 371| 429| 366| 434
600 2.94| 610.5384 24.71 0.0412| 559| 641| 552| 648
800 3.32| 977.9091 31.27 0.0391| 749| 851] 739| 861
1000 3.61| 2531.2513 50.31 0.0503 | 917 | 1083 | 901 | 1099
1200 3.87 | 4943.7223 70.31 0.0586 | 1084 | 1316 | 1062 | 1338
1400 411| 8292.3768 91.06 0.0650 | 1250 | 1550 | 1222 | 1578
1600 434 | 127465735 112.90 0.0706 | 1414 | 1786 | 1379 | 1821
1800 456 | 18359.7812 135.50 0.0753 | 1577 | 2023 | 1534 | 2066
2000 4.78 | 25504.9805 159.70 0.0799 | 1737 | 2263 | 1687 | 2313
2200 4.98 | 33509.1892 183:06 0.0832 | 1899 | 2501 | 1841 | 2559
2400 5.18 | 43120.0541 207.65 0.0865 | 2058 | 2742 | 1993 | 2807

% 6-6 V415 2357 B E g kR R MORBFOVE Arr e o174 %
g 4 B BEp L [ RE A | HEREF | H GH&®
2

(cms) | (m) O, Gy, Qy, (90%) (95%)

s KEl J— KEl T KEl J— KEl
(m | (m) | (m | (m)

100 1.35 0.1857 0.43 0.0043| 064 | 2.06| 051| 2.19
200 1.80 0.3683 0.61 0.0030 | 0.80| 2.80| 0.61| 2.99
400 2.43 0.7280 0.85 0.0021| 1.03| 3.83] 0.76| 4.10
600 2.94 1.0780 1.04 0.0017 | 1.23| 465| 091| 4.97
800 3.32 0.3152 0.56 0.0007 | 2.40| 4.24| 222| 4.42
1000 3.61 0.2781 0.53 0.0005| 2.74| 4.48| 258| 4.64
1200 3.87 0.2679 0.52 0.0004 | 3.02| 472] 286| 4.88
1400 4.11 0.2672 0.52 0.0004 | 3.26| 4.96| 3.10| 5.12
1600 4.34 0.2695 0.52 0.0003| 3.49| 5.19| 3.32| 536
1800 4.56 0.2739 0.52 0.0003| 3.70| 5.42| 353| 559
2000 4.78 0.2775 0.53 0.0003| 391| 565| 3.75| 581
2200 4.98 0.2849 0.53 0.0002 | 4.10| 5.86| 3.93| 6.03
2400 5.18 0.2913 0.54 0.0002 | 4.29| 6.07| 4.12| 6.24
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% 6-7 4F; 5 2353 B

Bk e R SR )PPE A AR A %

g R %7 HRHL | F2GE | H EH®REF | H GHE®RF
emy | m | o | o | Qu | (95%)

T KEl —!— KEl T KEl —!— KEl

(m | (m | (m | (m)
100 135 0.2365 049 00049| 055| 215| 0.40| 2.30
200 1.80 0.4692 0.69| 00034 | 067] 293| 046| 3.14
400|243 0.9275 0.96 | 0.0024| 0.85| 401| 054 432
600 | 2.4 13735 117| 00020 | 101| 487| 064 524
800 | 3.32 0.4016 0.63| 00008 | 2.28| 4.36| 2.08| 456
1000|361 0.3544 0.60 | 0.0006| 263| 459 2.44| 4718
1200 387 0.3413 058 | 0.0005| 291| 483| 2.72| 502
1400|411 0.3404 058 | 0.0004| 3.15| 507 2.97| 525
1600 | 4.34 0.3434 059 | 00004 | 3.38| 530 3.19| 549
1800 | 456 0.3490 059 | 0.0003| 359| 553| 340| 5.72
2000 478 0.3535 059 |  0.0003| 3.80| 576| 361| 595
2200 | 4.98 0.3630 0.60 | 00003 | 3.99| 597 3.80| 6.16
2400| 5.8 0.3711 0.61| 0.0003| 418| 6.18| 399 6.37

2 6-8 45T 2404 BiE kst LM (AFOVE A /8045 3 %
ko A $- | BOEME B A | FERRE | FORED
™™ et e | @ (90%) (95%)

r r r - g g - 1g g

(m | (m) | (m | (m)
061 041| 0000L| 00096| 00234| 039| 043| 039 043
104] 052| 00019| 00431| 00828| 045| 059| 044| 0.60
135|  0.56| 00074 | 00862| 01539| 042| 0.70| 0.39] 0.73
180| 060 00147 01214 02023| 040| 080 036| 0.84
243| 061] 00291| 0.706| 0.797 | 033| 0.89] 028 0.94
204| 061| 00431] 02077 03404 | 027| 095| 020] 102
332| 057| 00165| 0.1284| 02252| 0.36| 0.78| 0.32| 0.82
361 053] 00126] 01122| 02117] 035] 071| 031| 0.5
387| 049| 00115 01073| 0.2189| 031| 067] 028 0.70
411| 045| 00111| 0.1053 | 0.2340| 028| 0.62] 024 0.66
434 043| 00110| 01049| 0.2440| 0.26] 060| 022 064
456 041] 00112| 01057| 02577| 0.24| 058| 0.20| 0.62
478 040| 00113| 01063| 02657 | 0.23| 057| 019 061
298| 039] 00115 0.1072| 02748| 02| 057| 0.18| 0.60
518| 038| 00117| 0.1083| 02851| 020] 056| 017 059
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1 69 e 209 iR

3L B 4 IFOVE 7

FEE LT B (- KR

%)

F R ¢ L L | $B % o/ 18R e R o/ R
| Ve | |mred|erem o nanE | o6
Saq./q Cania QQm IQ (90%) (95%)
- g g - g g
0.10 0.37 | 0.000398 0.0200 0.0544 0.33 0.40 0.33 0.41
0.20 0.50 | 0.000224 0.0150 0.0301 0.47 0.52 0.47 0.53
0.30 0.59 | 0.000146 0.0121 0.0204 0.57 0.61 0.57 0.62
0.40 0.67 | 0.000101 0.0100 0.0149 0.66 0.69 0.65 0.69
0.50 0.73 | 0.000072 0.0085 0.0114 0.73 0.76 0.73 0.76
0.60 0.79 | 0.000052 0.0072 0.0090 0.79 0.82 0.79 0.82
0.70 0.84 | 0.000040 0.0063 0.0073 0.85 0.87 0.85 0.87
0.80 0.89 | 0.000032 0.0057 0.0062 0.90 0.92 0.90 0.92
0.90 0.94 | 0.000029 0.0054 0.0056 0.95 0.97 0.95 0.97
1.00 0.98 | 0.000030 0.0055 0.0055 1.00 1.01 0.99 1.02
% 610 A4F5V475 2453 BB 22 A MO SMEOVE AFEg s 175 % (B kW)
Fa Qn =3 i) S A W/ T R W/ iR R
%r Ar % 2 ﬁb’f—g I,Ea gr_ %ﬂ lf‘gt QAT IP é‘.ﬁ ‘g F'& QAr ]P d‘Fl‘ S‘z F'&
Sa.q O,/ QQm [Qy (90%) (95%)
- 19 g - 19 g
1.00 1.00 | 0.000006 0.0025 0.0025 1.00 1.01 1.00 1.01
1.20 1.06 | 0.000069 0.0083 0.0078 1.05 1.08 1.05 1.08
1.40 1.11 | 0.000254 0.0159 0.0143 1.09 1.14 1.08 1.15
1.60 1.16 | 0.000561 0.0237 0.0204 1.12 1.20 1.12 1.21
1.80 1.21 | 0.000994 0.0315 0.0261 1.15 1.26 1.14 1.27
2.00 1.25 | 0.001558 0.0395 0.0317 1.18 1.31 1.17 1.32
2.20 1.28 | 0.002258 0.0475 0.0370 1.20 1.36 1.19 1.38
2.40 1.32 | 0.003102 0.0557 0.0422 1.23 141 1.21 1.43
2.60 1.35 | 0.004096 0.0640 0.0474 1.25 1.46 1.23 1.48
2.80 1.38 | 0.005245 0.0724 0.0524 1.26 1.50 1.24 1.53
3.00 1.41 | 0.006556 0.0810 0.0573 1.28 1.55 1.25 1.57
3.50 1.48 | 0.010584 0.1029 0.0694 1.31 1.65 1.28 1.68
4.00 1.55| 0.015757 0.1255 0.0812 1.34 1.75 1.30 1.79
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Z 611 A5V 2353 Bap g B L B ke MFOVE 7 mEel 7= %

| %% 3 : BRGL | REGE ) QY GARE | QY GHHE
Saniq Sa.ra QQm I Qr (90%) (95%)

s K‘-l F 551 s K‘-l 551
0.10| 0.37| 0000201 | 0.0142| 00381| 035| 039| 034| 040
020 050| 0000117 | 0.0108| 00218| 048] 052| 048] 052
030| 059| 0000081 | 0.0090| 00153| 058| 061| 057| 061
040 | 0.67| 0000061 00078 00117| 065| 068| 065| 068
050 | 0.73| 0000049 | 0.0070| 00095| 072| 074| 072| 0.75
0.60 | 0.79| 0000041 | 0.0064| 00081| 078| 080| 078| 080
070 | 0.84| 0000037| 0.0061| 00072| 083| 085| 083| 086
0.80| 0.89| 0.000036| 0.0060| 0.0067| 088| 090| 088| 001
090 | 004| 0000036 00060 00064| 093] 095| 093] 0095
100| 098] 0.000038| 00062| 00063 097| 099| 097| 099
150| 1.17| 0.000075| 00087 | 00074| 115| 1.18| 1.15| 1.18
200| 1.32| 0.000152| 0.0123:777000094 | 1.30| 1.34| 129| 134
250| 145| 0.000273| 0.0165| ...00114] 142| 147| 141| 148
300| 156 0000442 00210100185 153| 160| 152| 160
350| 1.67| 0.000663| 0.0257| 00154 |- 162| 171| 162| 172
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0.9614 ~ 0.4956 % 0.9884 ~ 0.3208 > Af7m i -k i ik 2 BB }E o KRR T d
BE2p 062 04%M ki > pdp-RERpF RSB Gl (20 04)-
o F ARk T P B2 AR ELTE <20 0.003 0 < RBITHIL LR R E 2 EE R
KRR (B E B R < 32 0.001 0 Chow, V. T., 1988) » & % ion 3% fuiw -k fF/n 2
koA EM e d N REEFHAN S R g Bed BT B
(Aom BF0A ) BH 32 Rip 3 Uk ki —f 2 —inEM ke Bt o 1y
toB] 7-33(b) ~ 7-34(b) ~ 7-35(h)z 4 dctk B % £ 17 40 B 7-33(e) ~ 7-34(d) »
7-35()2 it Bk M R R AAKEE L BN AFY B EAR T ATE AR
7-33(f) ~ 7-34(e) ~ 7-35(F) 2 i Bk B A2 A A REE VR BREGEYF
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Wi B 2 AR Lo fded T8 4778 o ded B mrb A B KR B od KR
FE M AR s BAER G £S5 0,000 LRI R &R T GRE 5
2 USGSF 2 M et 2% » (4 i%%i%%isx&\ b 5 0.163 2 0.254 - ko1 A5
WA ARG EEA S RS R R W U RE Y AT
CRA ML Sl oy 2 Bl R B M B e B 22 7 Koo
727 R E M GF TR B

4o @] 7-33(F) ~ 7-34(e) ~ 7-35(f) 771 2775 > F 2 B oK M Gtk T R

o 2P E g TAPE T a2 R B R)EARCEE AT TY R{ERE

o+

T3
i

ﬂ'i

Ef
b1
P

BIFEAL T A RN > F o Foad 2 Apean(Qn/Q) (R IR 1
T AT ERLEY cPRAREHRY L H S S FRUEEFIEF R
FRITHRT B3 LA FRif 4 5 ohae > F R 1 g AR 2R

B0 T bt f SRR R R (de B 7-33(f) )
AR B B (AR 7-84()2 1w ) -

8- H T g R B E S e R P R R S B B R B
Bed ki 1602 2%~ T KRB R K G 1636 2 ¢ 0 d W] 7-33(a) %o 2
ks d T AM G REE S U ARG 022 2% 0 A ERIE ARG 034 2

B d B 7-33() ¢ 2 in Bk R R SR M RERE S R EQ s 1,501
cms > ¥ Jg 4o Bl 7-33(d)#7F B o gk iR (Fn/F=0.34/0.22>1.0 > 4o B 7-31(a)# 7
wokd SBBIM2 Az ok B w M % o 7 Qu =Q *0.9884(F, /F )"
AR R EQy & 1,706 oms s bk % i i B 1% k4 o W4 KB 1,635
Cmsfi % » o B AEMHPE 0 A BB B k4 550 2% s A BB k3 6.40
a&od FT7-35(@) o 2k e FAM G RFHASFLFTARS 088 2% o
A OBLRIE AFn s 0.90 2% > & d B 7-35(e) 7 2 in Bk B R F R A
£ B F e im B Q 5 2072 cms > ¥ & 4o B 7-35(d) fr o p ¥ Bk FOR

N
"l

(Fn/Fr=0.90/0.88>1.0 > 4- ] 7-31(D)*7 7 i -k & > M2 4))2 -k =35 £im B 16 %

. _ 02603 | .. _ L.
BE % > W Qn=Q *10I0NF, /F )™ o1 g 5 rma i B QL % 2,105cms > b 4 & 7 i

e I”
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Tt E A k4 BB E 2,100 cmsfi ® o e dkok 4 B BIHPGA * & ok
AR B RRE S o DAAEE RO PR A SR L ) ARk
mEM AR RGIRE VR A T RS 2R RITREOKREL S (GCR
7-32) "R AT TR 2R AF AN ESF IR EIARY PV RY
B oo im&ﬂiy)‘:%@%ﬁwmhk&%uﬁgz£hk&ﬁ§$ﬁﬁw»

o AT BORRPEA B B AR F?ﬁuiﬁs»’wL%x%m
ARBP R ERGRE A G e X FRERE il SETR g
;”f’]ﬁé}vﬁ_ °
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271 &

j%Fm 7 7 £« HEC-RAS 3+ &

(2 4~ -k =@ & (n=0.038)

& L E e FF T
ok cms St Fr St Fr
200 year 24,200 0.00102 0.36 0.001021 0.38
10 year 17,400 0.001278 0.40 0.001358 0.42
ARy ATERY 2 TR R E L 1/925=0.001081
(b)®=w o @ £ (n=0.038)
© IR E el s < as
i K cms St Fr S F,
200 year 24,200 0.00041 0.25 0.000936 0.35
10 year 17,400 0.00035 0.23 0.001053 0.37
ARy oeTE 2 Tk R 5 1/925=0.001081
272 FEIEDRoRGFERT ZoR PR G Gl c&dT B2 B35

()2 & % Ak sbie

KRAE 2 c d R® Sy
PR (AT R k) 1.0033 0.3127 0.9300 0.907
WOk (AFT Y R R 1.0133 0.4859 0.9713 '
R (Mﬂ TR ) 0.9534 0.4446 0.9564 1.355
7L (USGS HRzEE) 1.0000 0.4000 - 1.668
(b)seim o 7 B
SR gm i i c d R? S
PR (AT SR E) 0.9989 0.2142 0.9342 1251
w ok (A AT zf;: i) 1.0835 0.4523 0.9841 '
ML (AT F R ) 1.0443 0.4414 0.9818 1.565
R L (USGS R2EE) 1.0000 0.4000 - 1.972

%I R® 1N 4 4p B % fic(correlation coefficient) ; S, %% i £ (standard error)

P
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£ 7-3 AR B ARIRRA S AR e AN L

oA RERLH Mot B MRHL R E BERA S ARG § A lRIE =
AlF | F¥Ap 465 | 2073 631 901| A+UA
Alr | R 29 2.3%4 877 1127| E+14A
Alir | 05 24"3 1011] 1311 | #H=15A
A | wEomds | 40 339 | | | #Az15B |@misn
Al | 7 Lif 25 6.0%2 397| 1062 | #T16A
Afdir | FEEEp | 40 6.0%2 1086 1746 | & =16A
At | FEoEgp | W 3147 | __ | __ | #Az216C |miwn
e | Ai 20 1.2%9 sorl  sor| #t19
Alir | $E2B4p | 2 16%4 1170 | 13.65| #=27A
A | A 24 34.%4 16| 146 | 2 z28A
e | BE -4 482 24%2 (s37| 1797| #220-8A
Aiir | ¥E-4f 2.0%5 1172|133 | #H=34A
A | LR 35 1444 s ] 1305| A235A
A | i 20 1647 S0s | =100 | #+35B
A &4 20 2.4*6 49| G3gy| &37TP
e | At 20 1247 60 | 1aas | Av43
Blbw | L G, 1203] 1483| A48
AL P i 14 3.95*4 1072 12.00 A 250
Rliw | F22RAF | 30 2.3%4 1345| 1535| #A=S3
Alip | F22RAh | 30 2.33 1457 1647| A=57
il I 12 2.15%3 44| 1309| A6l
Al | AP Ef 14 | 21598 | 1240| 1385| A=62
Ane | 3z Glg) | 25 1.8%4 1647|1800 | A 65TP
e | E£%4p 10 15%3 o6l 101 | #zes
afie | BESRMgp | 30 2.3% 1600| 17.90| #&=T72
Afr | 32204 | 30 2.3%3 1544 | 1734| H=T3
il i 16 16+2 1600| 1750| #A=74
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% 7-3 AP B HIEEAGAEL B BN ()

P EA R A oo &R 2 BEIRAS GG 54y SRR
Alir | 7 16 16%2 1583 1733| A=76
AR | R EA 20 2.0%2 sarl 71| AT
Rthie | #5058 %46 | 24 2.4%5 057l oasy| Az79
P 24 25% | 1907| o197 |#+82T-
Aler | 1 21 2.25 1994] 2154] A+85
Alkr | A e 21 2.23 1918 2108| #+88
Aler | ¥ 21 2.24 2005| 2345| #+90
R | A 3.0%4 54| o004| A292
Afke | “E ATS2 | 2| o] A4
At |- 382554 202 | __ | | Ao
ialls ~ A 222 2000| 2540| #=961
RlLr | R4 4.0 2197| 2407| H+97
AP | 4138 2647 o888 | #&+98

FHE AR AR R
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s
LB s e g B NEREY &
% 7-4 FABFFER-RIE LU 8 B *

= A a /7??1{% P 71\1 R G T A ; :9;) n’fﬁg : :%} i I/E_
oY By 0.030 0.045
0.040 0.050 | 35 0.0%0 005
l 0035 0od0 | (351 0.030 0.045
2 0.025 0.040 | ( & % 4% ) 0030 0045
y 0.025 0.040 | 36 0030 0045
: 0.025 0.040 | 37 0030 0045
2 0.025 0040 | (X5 4f) | g 0030 0045
5 0.025 0.040 | 38 3% 0030 0045
: 0.025 0.040 | 39 7 00% 0045
5 0.025 0.040 | 40 0030 0045
: 0.025 0.040 | 41 0030 0045
0 0.025 0.040 | 42 0030 0045
= 0.025 0040 | 43 0030 0045
(L% 0.025 0.040 | (% i % 4f5) 0.030 0.045
5 0.025 0.040 | 44 0030 0045
I 0.0275 0.040 | 45 0030 0045
o 0.0275 0.040 | 46 0030 0045
(SE) 0.0275 0.040 | 47 0030 0045
s 0275 0.040 | 48 0030 0045
F384) 0. 48 .
il )| 0pere 0040 0.030 0.045
AN 0.025 0.040:f'50" 0030 0045
P 0.025 0.040 | (k-isdf) 0030 0045
o 0.025 0.040 |1 51 0030 0045
(B ) 0.025 0.040 | 52 0030 0045
o 0025 Bosg A .. ) 0.030 0.045
6 0.0225 0.040 | (5 & = Btf 0030 0045
o 0.0225 0.040 | 54 0030 0045
g 0.025 0.040.] 55 0030 0045
ot # 0.025 0.040'| 156 0030 0045
2 0030 0008 | (%t 25 ) 0.030 0.045
2 0030 o A 0.030 0.045
% . 0.030 0.045 | 58 0030 0045
e . 0.030 0.045 | 59 0030 0045
e T 0030 0.045 | 60 0030 0045
2 = 0.030 0.045 | 61 0030 0045
A R 0.030 0.045 | (izs i) 0.030 0.045
g 0030 0002 | (24 asis ) 0.030 0.045
o 0.030 0.045 | (7 2 0.030 0.045
R ) 0.030 0.045 | 63 0030 0045
(2w 0.030 0.045 | 64 0030 0045
T 0.030 0045 | 65 0030 0045
. 0030 ooa | (&FE) 0.030 0.045
% 0.030 0.045 | 66 0030 0045
% —i 0.030 0.045 | 67 0030 0045
3 «  0.030 0045 | 68 0030 0045
% % 0030 0.045 | (£ % 46) 000 0045
gz j— 0030 0'042 gg 0.030 0.045
0.04 .
(36 = 546D 0.030
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E®EniE | EBnE E®nE | E®niE
71 0.030 0.045 99 0.040 0.055
72 0.030 0.045 100 0.040 0.055
(%@ 2BAR) 0.035 0.050 | (% ix4f ) 0.040 0.055
73 0.035 0.050 | 101 0.040 0.055
(% 2BAf) 0.035 0.050 | 102 0.040 0.055
74 0.035 0.050 | (458 )Iﬁs ) 0.040 0.055
(+ H—)}f?, ) 0.035 0.050 103 0.040 0.055
75 0.035 0.050 104 0.040 0.055
76 0.035 0.050 | 105 0.040 0.055
(T Asidf ) 0.035 0.050 | (3% & %) 0.040 0.055
77 0.035 0.050 | 106 0.040 0.055
78 0.035 0.050 107 0.040 0.055
( *’é? B:)}f% ) 0.035 0.050 | (4 4@ ) 0.040 0.055
0.035 0.050 108 0.040 0.055
%‘rp SEEES ) 0.035 0.050 | (& %4f) 0.040 0.055
80 0.035 0.050 | 109 0.040 0.055
7 i* fo i) 0.035 0.050 | 110 0.040 0.055
0.035 0.050 111 0.040 0.055
82 0.035 0.050 112 0.040 0.055
> i*;}% ) 0.035 0.050 4 (4he ;}@ ) 0.040 0.055
0.035 0.050 | _113 0.040 0.055
84 0.035 0.050 | 1(-F =) 0.040 0.055
85 0.035 0.050 | 114 0.040 0.055
(7 %‘&'7}% ) 0.035 0.050 115 0.040 0.055
86 0.035 0.050 116 0.045 0.055
87 0.035 0.050 117 0.045 0.055
88 0.035 0.050 {118 0.045 0.055
(# &46) 0.035 0.050 |“"119 0.045 0.055
89 0.035 0.050 | (%> 4 &46) 0.045 0.055
90 0.035 0.050 120 0.045 0.055
(= ¥4 0.035 0.050 | (% *4) 0.045 0.055
91 0.035 0.050 121 0.045 0.055
02 0.035 0.050 | (3 4% ) 0.045 0.055
(2F4) 0.035 0.050 | 122 0.045 0.055
93 0.035 0.050 | 123 0.045 0.055
94 0.035 0.050 124 0.045 0.055
(+ i»%f,;}% ) 0.035 0.050 125 0.045 0.055
(= *:%‘fr;}% ) 0.035 0.050 | (48 4@ ) 0.045 0.055
95 0.035 0.050 | (4kBa4fh) 0.045 0.055
96 0.035 0.050 | 126 0.045 0.055
(47 +%) 0.040 0.055 | 127 0.045 0.055
(= iﬁ g ) 0.040 0.055 128 0.045 0.055
(A~ ?m% ) 0.040 0.055 | (7 3%) 0.045 0.055
97 0.040 0.055 129 0.045 0.055
(™ HE4B AR ) 0.040 0.055 | (i 4k i E46) 0.045 0.055
98 0.040 0.055
kLD 0.040 0.055

116




o +
iR E LG RN EB DY 4
275 AprFrgu-kFEided ®#ni

= A a /7??1{% P 71\1 R G T A ; :9;) n’fﬁg : :%} i I/E_
oY By 0.030 0.045
0.040 0.050 | 35 0.0%0 005
l 0035 0od0 | (351 0.030 0.045
2 0.025 0.040 | ( & % 4% ) 0030 0045
y 0.025 0.040 | 36 0030 0045
: 0.025 0.040 | 37 0030 0045
2 0.025 0040 | (X5 4f) | g 0030 0045
5 0.025 0.040 | 38 3% 0030 0045
: 0.025 0.040 | 39 7 00% 0045
5 0.025 0.040 | 40 0030 0045
: 0.025 0.040 | 41 0030 0045
0 0.025 0.040 | 42 0030 0045
= 0.025 0040 | 43 0030 0045
(L% 0.025 0.040 | (% i % 4f5) 0.030 0.045
5 0.025 0.040 | 44 0030 0045
I 0.0275 0.040 | 45 0030 0045
o 0.0275 0.040 | 46 0030 0045
(SE) 0.0275 0.040 | 47 0030 0045
s 0275 0.040 | 48 0030 0045
F384) 0. 48 .
il )| 0pere 0040 0.030 0.045
AN 0.025 0.040:f'50" 0030 0045
P 0.025 0.040 | (k-isdf) 0030 0045
o 0.025 0.040 |1 51 0030 0045
(B ) 0.025 0.040 | 52 0030 0045
o 0025 Bosg A .. ) 0.030 0.045
6 0.0225 0.040 | (5 & = Btf 0030 0045
o 0.0225 0.040 | 54 0030 0045
g 0.025 0.040.] 55 0030 0045
ot # 0.025 0.040'| 156 0030 0045
2 0030 0008 | (%t 25 ) 0.030 0.045
2 0030 o A 0.030 0.045
% . 0.030 0.045 | 58 0030 0045
e . 0.030 0.045 | 59 0030 0045
e T 0030 0.045 | 60 0030 0045
2 = 0.030 0.045 | 61 0030 0045
A R 0.030 0.045 | (izs i) 0.030 0.045
g 0030 0002 | (24 asis ) 0.030 0.045
o 0.030 0.045 | (7 2 0.030 0.045
R ) 0.030 0.045 | 63 0030 0045
(2w 0.030 0.045 | 64 0030 0045
T 0.030 0045 | 65 0030 0045
. 0030 ooa | (&FE) 0.030 0.045
% 0.030 0.045 | 66 0030 0045
% —i 0.030 0.045 | 67 0030 0045
3 «  0.030 0045 | 68 0030 0045
% % 0030 0.045 | (£ % 46) 000 0045
gz j— 0030 0'042 gg 0.030 0.045
0.04 .
(36 = 546D 0.030
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o5 T A AR | EokTR 5 5 A AER | EokT R
E®niE | §®niE E®niE | §BNE
71 0.030 0.045 [ 99 0.040 0.055
72 0.030 0.045 | 100 0.040 0.055
(% i# 2EAfp)[A 0040 0.050 | (#ix4f) 0.040 0.055
73 o 0.040 0.050 | 101 0.040 0.055
(% & 2BAf) T 0040 0.050 | 102 0.040 0.055
74 *0.040 0.050 | (4E:Af) 0.040 0.055
(F446)  |w_ 0040 0.050 | 103 0.040 0.055
75 0.035 0.050 | 104 0.040 0.055
76 —f_ 0.040 0.050 | 105 0.040 0.055
(7 4wAf) 0.040 0.050 | (% & i) 0.040 0.055
77 % 0.040 0.050 | 106 0.040 0.055
78 ¥ 0.040 0.050 | 107 0.040 0.055
<%? r&*ﬁ% ) 0.040 0.050 | (4#iEaif) 0.040 0.055
)_ 0.040 0.050 | 108 0.040 0.055
%‘rp 5 4% 264f) 0.040 0.050 | (& % 4 ) 0.040 0.055
80 0.035 0.050 | 109 0.040 0.055
7 P‘ f A ) 0.035 0.050 | 110 & 0045 0.055
0.035 0.050 | 111 ¥ 0.045 0.055
82 5 0.040 0.050 | 112 1 0.040 0.055
> m@) ¥ 0.040 0.050 4| (4t ) 0.040 0.055
— 0.035 0,050 | 113 0.040 0.055
84 0.035 0:050 [1(-#1 45 ) 0.040 0.055
85 0.040 0.050 | 114 0.040 0.055
(1 4%4f) —f 0.040 0.050 | 115 0.040 0.055
86 0.040 0.050. {116 0.045 0.055
87 . 0.040 0050 117 0.045 0.055
88 T 0.040 0.050° 118 0.045 0.055
(* &46) ¥ 0.040 0.050 [ "119 0.045 0.055
89 0.040 0.050 | (3% 4 &4) 0.045 0.055
90 0.040 0.050 | 120 0.045 0.055
(= B4 i 0.040 0.050 | (% 4% ) 0.045 0.055
91 0.040 0.050 | 121 0.045 0.055
92 0.035 0.050 | (3% 4 ) 0.045 0.055
(444%) 0.035 0.050 | 122 0.045 0.055
93 0.035 0.050 | 123 0.045 0.055
94 0.035 0.050 | 124 0.045 0.055
(* EEHH) 0.035 0.050 | 125 0.045 0.055
(% E574f ) 0.035 0.050 | (4BE:Af ) 0.045 0.055
95 0.035 0.050 | (4BEeifi) 0.045 0.055
96 0.035 0.050 | 126 0.045 0.055
(7 5% ). 0.040 0.055 | 127 0.045 0.055
(= H2inig) 0.040 0.055 | 128 0.045 0.055
(™ 4D 0.040 0.055 | (47 %) 0.045 0.055
97 A 0.045 0.055 | 129 0.045 0.055
(~354BB:AR )| g 0045 0.055 | (7 i &4 ) 0.045 0.055
98 & 0.045 0.055
~HM) |y 0.045 0.055
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% 1-6 K77 7 HEC-RAS

21§ ook
A2 -

*ER SR

()7 -k == im g (n=0.035 (3 iEH) 5 0.050 (i kT &)

TR FE g 5 T
R cms St Fr St Fr
200 year 2,630 0.000401 0.29 0.000354 0.26
10 year 1,650 0.000357 0.26 0.000342 0.24
ARy arE 2 TR R 5 0.0003
(b) 1 A =kim B (n=0.045 (4 7F1) 5 0.055 (G5 -k ¥ &)
£ IRY e i t i TP
E ok cms St Fr St F
200 year 1,380 0.003163 0.51 0.002096 0.44
10 year 862 0.003472 0.51 0.003118 0.50
Ry T 2 Tk GHEE S 0.0031
(O fEMpPE  (n=0.030 (2 7#H) 5 0.045 (= -k F &))
£ IR IE g = - 9
ok cms St Fr St F
200 year 3,200 0.00013 0.18 0.000063 0.15
10 year 2,120 0.000188 0.20 0.000093 0.17

BILo R ATER Y 20 TS5 G B 5000015
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FT-TRAB PR 2R F TR P HPG 2 5 2 jn & v i

(@) I H-RkizPER

ot AN % A W b Th e b
Kzt o et a & i B a R
BB ok () 17.89 17.98 16.02 16.36
H k2 & (cms) 1,900 1,600
1999 It ¥y A (cms) 2,100 1,665
1999 724 % = d & (Ccms) 1,905 1,501
HPG (cms) 1,200* 1,630
(b) i AP i
Rl T %40 W b ARk
Kb i e B ot et R
BB k= (m) - 49.54 - 47.28
H bz & (cms) 1,600 678
1999 & ¥ i =& A (cms) 1,500 729
1999 724 & = & A (Ccms) 1,600 750
HPG (cms) - -
() *HEMFE
EREE T %A B b I E b
k5 ot B4 o o s iR
B & k= (m) 7.30 7.90 5.50 6.40
H oo ?Ldz' A (cms) - -
1999 & # ;i 2 A (cms) - -
1999 8 2% 5 %W & (cm) 3,108 2,072
HPG (cms) 2,800 2,100

* RA W BRI iﬁ‘:&-'r ‘}*%Cié‘ifﬁléi?;}%f;&%“ I iﬁ% HET A KT
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278 RIEPH RokiRiE T 2ok kit fF Bl c& AT B R Bt R H0L R
(@) I 3k ki

KRAE iR c d’ R® Sy
PR (AT 5 2B ) 0.9884 0.3208 0.978 0.090
Wk (AFT Y R %) 0.9614 0.4956 0.982 '
RE(MT FEHMR) 0.9081 0.4582 0.985 0.163
A & (USGS & z Rk %) 1.0000 0.4376 - 0.254
(b) 4 &Mpstim 2
KR AE 2 c d’ R® Sy
Bk (A M %) : : : :
Wk (AT M ) 1.1114 0.4427 0.980 0.108
RE(RET M G) 1.1114 0.4427 0.980 0.108
B & (USGS & z R %) 1.0000 0.4097 - 0.198
(C) 2 {EMpIF £
K AE 2 | c d’ R® S,
Bk (AT ST R) 1.0101 0.2603 0.975 0.077
w ok (AT SR R) 1.0377 0.4660 0.994 '
RE(AT F M%) 0:9788 0.4400 0.989 0.149
A & (USGS & z R %) 1.0000 0.4469 - 0.146

i R® N4 4p B % fic(correlation coefficient) ; Sy &% im £ (standard error)
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279 ABiPpkp 2RI E ZBHPGREZIRE VR

(@) I 3 -kishipf

ot AN % A B B I O b
ko W et R " 64 ERE
BB i -k =(m) 17.89 17.98 16.02 16.36
H =k & oz d A (cms) 1,900 1,600
HPG (cms) 1,200* 1,630
USGS Z 2B % 1,329* 1,816
rET K I R 1,218* 1,706
(b) * P E
Bk i % A W b T e b
Kb et R Hf B 4 &
BB E -k iz(m) 7.30 7.90 5.50 6.40
H =k % % 4 s (cms) - -
HPG (cms) 2,800 2,100
USGS & 2 B % 2,606 2,093
AT MG 2,684 2,105

*gH deh BRI iﬁi&" ‘J’?%:ié‘)ﬁlfi?#@f;’.ifﬁ 8¢ iﬁ%*—%ﬁi& =9/ R
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