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TO: Mr. E.F. Schulz, Associate Professor 

FROM: . Yao-Huang Wu 

SUBJECT: Report of Training on International Workshop in Hydrologic 
Engineering Sponsored by Hydrologic Engineering Center, 
Corps of Engineers at Davis, California. 

Upon the recommendation made by you on the memo date July 17, 1974 

the subject training course was attended by the writer from August 5 

to August 30, 1974. 

According to the above memo, the expections in attending the 

training are as follow~: 

1. Gain a working knowledge of HEC-1 and HEC-2 computer programs. 

2. Study carefully that part of the computer program containing 

the subroutine for deriving the unit hydrograph from an 

observed rainfall-runoff event. 

3. Attempt to derive a unit hydrograph from the two rainfall-

runoff events taken from the ARS Data Book. The two rainfall-

runoff events are: 

a. Safford Watershed, Arizona, catchment area 1.13 mile2, 

flood event on July 22, 1955. 

b. Oxford Watershed, Mississippi, catchment area 35.6 mile2, 

flood event on May 31, 1967. 
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Course Content: 

The purpose of the training was intended .to provide participants 

with the knowledge of hydrologic engineering techniques and provide the 

participants with some experience in making hydrologic analyses with 

computer programs developed by the Hydro logic Eng1neering .Center. 

The major emphasis of the workshop are on 1) rainfall-runoff 

analysis of single events (rain storms), 2) river hydraulics, 

3) statistical methods in hydrology, and 4) simulation of reservoir 

systems. 

The four week classes (20 days) were arranged as shown in the 

following tabulation: 

1st-4th day l. Unit hydrograph concepts and derivation including 

5th day 

6th-8th day 

9th day 

rainfall-runoff analysis, rainfall-loss analysis, 

estimating stream flow for ungaged watershed and 

Clark method and Snyder method for deriving unit 

hydrograph. 

2. Application of HEC-1 program to determine unit 

hydrograph and loss rate parameters. 

l. Hydrologic techniques for flood routing. 

2. Basin modeling with HEC-1. 

l. Steady flow water surface profile. 

2. Application of HEC-2 program for computation of 

back water curve. 

l. Concepts and principles of fluvial hydraulics. 

10th-12th day l. 

2. 

Hydrologic statistics. 

Frequency analysis including graphical and analytical 

methods. 



13th day 
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3. Linear regression analysis and regional correlation 

· analysis. 

1. Introduction and application of stochastic hydrology. 

2. Application of computer program HEC-4, "Monthly 

Streamflow Simulation." 

14th-16th day l. Systematic analysis of multipurpose water resource 

system. 

17th day 

18th day 

2. Simulation of reservoir system with computer program 

HEC-3. 

l. Simulation to ~stimate power potential. 

2. Application of HEC-3 for evaluation of hydro-electric 

generation in a reservoir system. 

l. Flood regulation with reservoir systems. 

2. Introduction to computer program HEC-5, 11 Reservoir 

System Analysis for Flood Control." 

19th-20th day l. Introduction to analysis of complex water resources 

systems. 

2. Plan of study for hydrologic analysis of water 

resources system. 

I. Content of HEC Program: 

The programs currently in the program series are: 

HEC-1 Flood hydrograp~ package 

HEC-2 Water surface profile 

HEC-3 Reservoir system analysis (for conservation) 

HEC-4 Monthly streamflow simulation 

HEC-5 Reservoir system operation for flood control 
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Each program is written in Fortran IV and is designed to be 

contained in 32,000 words of core, insofar as possible. Up-to-date 

information and copies of source statement cards for the programs are 

available from the Hydrologic Engineering Center. 

HEC-1 Flood Hydrograph Package 

This package represents a combination of several smaller programs 

which had previously been operated independently. These computer pro-

grams are still available at HEC as separate programs. The program 

numbers and names are: 

L 2230 

L 2260 

L 2280 

L 2310 

L 2320 

L 2370 

Unit Hydrograph and Loss Rate Optimization 

Basin Rainfall and Snowmelt Computation 

Unit Graph and Hydrograph Computation 

Streamflow Routing Optimization 

Hydrograph Combining and Routing 

Balanced Hydrograph 

All ordinary flood hydrograph computations associated with a 

single recorded or hypothetical storm can be accomplished with this 

package. Routines include rainfall-snowfa·ll-snowpack-snowmelt deter-

minations, computation of basin precipitation, unit hydrographs, and 

of hydrographs, routing by reservoir, storage-lag, mu1tiple-stora~e, 

straddle stagger, Tatum and Mus kingum methods , and complete s t ream 

system hydrograph combining and routing. Best-fit unit hydrograph, 

loss-rate, sriowmelt, base freezing temperatures and routing coef-

ficients can be derived automatically. Automatic routines are also 

provided. Input may be in either English or Metric units. 
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HEC-2 Water Surface Profile 

The program computes water surface profiles for steady, gradually 

varied flow in rivers of any cross section. Flow may be subcritical or 

supercritical. Various routines are available for modifying input 

cross section data, for example, for locating encroachments or inserting 

a trapezoidal excavation on cross .sections. The water surface profile 

through structures such as bridges, culverts and weirs can be modeled. 

Variable channel roughness and variable reach lengt~ between adjacent 

cross sections can be accommodated. Printer plots can be made of the 

river cross sections and computed profiles. Input may be in either 

English or Metric units. 

HEC-3 Reservoir System Analysis 

Program will perform a multipurpose, multireservoir simulation of 

a reservoir system. All requirements are supplied from reservoirs so 

as to maintain a specified balance of storage in all reservoirs, _ 

insofar as possible. 

HEC-4 Monthly Streamflow Simulation 

Jhis program will analyze monthly streamflows at a number of 

interrelated stations to determine their statistical characteristics 

and will gen~rate a sequence of hypothetical streamflows of any desired 

length having those characteristics. It will reconstitute missing 

streamflows on the basis of concurrent flows observed at other locations. 

It will also use the generalized simulation model for generating 

monthly streamflows at ungaged locations based on regional ·studies. 
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HEC-5 Reservoir System Operation for Flood Control 

The program is intended to simulate the sequential operation of a 

system of reservoirs of any configuration for controlling historical 

or synthetic floods. The program may be used to determine: 

1. Flood control storage requirements of reservoirs. 

2. The influence of a system of flood control reservoirs on the 

spatial and temporal ·distribution of runoff in a basin. 

3. Operation criteria for minimizing flooding. 

Because of the tight arrangement of courses during the four-week training, 

the writer had no opportunity of going into detail in every part of 

HEC program. However, the backwater curve computation in HEC-2 and 

unit hydrograph derivation in HEC-1 have been more carefully studied. 

For the derivation of unit hydrograph, the writer studied in more 

detail, discussed with the staff of HEC several times and practised 

the program with the sample data from the ARS bata Book. 

II. Deriving the Unit Hydrograph from an Observed Rainfall-Runoff Event 

Unit hydrograph is done by Clark method which uses the concept of 

the instantaneous unit hydrograph {IUH). 

Clark Method: The Clark method translates incremental runoff from sub-

areas within a basin to the basin outflow location according to travel 

times and then routes this runoff through a linear reservoir in order 

to account for the storage effects of the basin and channels. The 

time of concentratioh (tc) is defined as the travel time of water 

particles from the most upstream point in the basin to the outflow 

location. This lag time may be estimated by measuring the time between 

the end of effective rainfall and the inflection point on the recession 

limb of t he observed hydrograph. When the ti me of concentration has 
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been determined, the basin is divided into incremental runoff-producing 

areas that have equal travel times to the outflow location. Isochromes 

representing equal travel time to the outflow location are laid out 

using the distance traveled per unit time to establish the location of 

the lines. The areas between the isochromes are then measured and 

tabulated with the corresponding travel time (from Oto tc) for each 

incremental area. The time period selected as the computation interval 

should be approximately equal to the unit duration of excess (Fig. l). 

The runoff from the contributing areas (between the isochromes) 

which has been translated to the outflow location is in units of 

volumes (in-mi 2 or mn-km2) and these must be converted to the proper 

units of discharge (c.f.s. or m3/s). 

The routing of the translated runoff through storage at the 

outflow location is accomplished as follows: 

O. = CI. + (1 - C)O; l 
l l 1-

where Oi = outflow from the basin at end of period 

Ii = Jnflow or runoff from each area at end of period i 

C = dimensionless routing constant 

The above routing results from setting the Muskingum '1x 11 equal to 

zero in the coefficient met~od of routing. 

2ti t 
C = 2R + tit 

tit= time period of computation interval 

R = attenuation constant 
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It can be shown that when inflow into the principal storage reach has 

ceased (Muskingum ''x 11 = O) 1 

The magnitude of R can be approximately evaluated at the point 

of inflection of the recession limb of the observed surface runoff 

hydrograph, 

The hydrograph that results from routing these flows from the 

incremental areas is the instantaneous unit hydrdgraph. The instantaneous 

unit hydrograph can be converted to a unit hydrograph of a unit 

duration tit by simply averaging two instantaneous unit hydrographs 

spaced at interval tit apart as follows: 

Q. = Q. 
1 1 for i l 

Loss Rate: 

Rainfall excess generating runoff is the rainfall minus loss. 

HEC-1 loss model assumes the loss rate is the function of accumulated 

loss and rainfall intensity as: (Fig. 2) 

where · 

Again, 

L = (K + tiK)PE 

L = loss rate for particular time interval in inches/hr. 

K = loss rate coefficient at beginning of time interval 

P = rainfall intensity in in/hr 

tiK = incremental increase in loss rate coefficient 

E = exponent of precipitation for rain loss function. 

K = Ks/Ra' l Le 



where 
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2 ~K = 0.2 ts [l - (Le/ts)] 

Ks= starting value of loss coefficient on exponential 

recession curve 

Ra= ratio of rain loss coefficient on exponential loss 

curve to that corresponding to 10 inches more of 

accumulated loss 

L = accumulated loss 
C 

~K = incremental increase in loss coefficient. ~K is 

assumed· to be a parabolic function of the accumulated 

loss for ts amount of accumulated loss. ~K is 

a maximum of .2 ts initially and reducing to zero 

when the accumulated loss equals is 

ts= amount of initial accumulated rain losses during 

which the loss rate coefficient is increased, 

Unit Hydrograph and Loss Rate Optimization; 

HEC-1 has the capability to automatically determine a set of 

unit hydrograph and -loss rate parameters that 11 best 11 reconstitutes an 

observed runoff event for a basin given the average rainfall for the · 

basin, the drainage area and a few runoff hydrograph parameter values 

for starting flow and base flow recession computations, 

The best reconstitution is considered to be that which minimizes 

the weighted squared deviation between the observed hydrograph and a 

· reconstituted hydrograph, The optimization procedure used to derive 

values for the variables is the univariate gradient search procedure. 

In order to improve the reproduction of peak flows, errors associated 

with high flows are weighted heavier than those associated with low 
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flows. Each error square is multiplied by (Q + Q)/2Q where Q is the 

average flow. A volume check is included in the hydrograph reconstruc-

tion that assures approximat~ correspondence in volume between the 

observed and computed hydrographs. 

In order to optimize coefficients, a hydrograph of observed runoff 

must be supplied. The time interval used for observed fl6w data and 

that of unit hydrograph will be the same as the time interval used in 

rainfall record. If the reproduction of hydrograph is not satisfactory, 

considerable improvement can be made in a second run by a routine that 

temporarily changes up to five flow data in each flood to force a 

better reproduction without impairing the validity of the results. 

For example, if a portion of a reconstituted hydrograph is too low 

it can be fitted better by increasing a k-ey f1 ow by putting weight 2 

to the key flow (double of observed flow) in the program. These 

· temporary adjustments to the f1 ow are removed before the hydrograph is 

printed. 

The coefficients can be optimized in the HEC-1 are: 

TC* = tc 
R* = R 

STRKR* = K s 
ERAIN* = E 

DLTKR* ::; is 

RTIOL* ::; Ra 
*Variable symbols in computer program 

These variables can be in the manner that part of variables are 

fixed and the remaining are to be optimized, For example, Tc and R 

coefficient in Clark method can be given values obtained from the 

observed hydrog raph. 



13 

Following data will also be given in the program: 

NHR = number of whol~ hrs in tabulation interval 

NMIN = number of minutes in tabulation interval in 

addition to NHR above 

STRTQ = flow at start of storm. The base flow below 

STRTQ will be receded in same manner as QRCSN 

below. 

QRCSN = flow below which base flow recession occurs in 

accordance with the recession constant RTIOR 

RTIOR = ratio of recession flow, ·qRCSN to that flow 

occurring 10 tabulation intervals later 

Minimizing the weighted squared deviation between the observed 

hydrograph and a reconstituted hydrograph will be conducted for the 

hydrograph between the time of STRTQ and QRCSN, 

Symthetic Time-area Curve: 
-As stated above, in the application of Clark's unit hydrograph 

·procedure, it is necessary to utilize a time-area curve for the basin 

under study, Those data will be given in computer program as follows: 

TAREA = catchment area 

NTA = number of Clark time-area ordinates to be read 

QCLK(l) = area at time O 

ACLK(2) = area contributes runoff during first NTA 

equal interval 

QCLK(3) = area contributes runoff during second NTA 

equal interval 
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It has been found that it is not necessary to use the actual 

distance-area curve in the analysis. Instead, a distance-area curve 

of general shape is used to represent the time-area curve of the basin. 

This generalized distance-area curve is referred to as a synthetic 

time-area curve. It is convenient to use a function of the form 

Accumulated Area= CTn 

1 - Acc. Area= C(l - T)n 

for O < T < T2c 

for O < T2c < Tc 

Such a function, with n = 1, represents a rectangular watershed 

and n = 2, represents a diamond shaped area. In HEC-1, the exponent 

"n" has been set to l .5, which was found to yield a shape representative 

of a common watershed configuration (Fig. 3). 

The symthetic time-area curve in HEC-1 may be used for most 

watersheds, However, for basins that deviate substantially from 

the generalized shape, a reai time-area curve should be used. 

III, Deriving Unit Hydrographs from the Two Rainfall-runoff Events 

Taken from the ARS Data Book by HEC-1 

Attempt to drive unit hydrograph was made for the two watershed 

(1) Safford~ Arizona, catchment area= l .13 mi 2, and (2) Oxford, 

Mississippi, catchment area= 35.6, which represent one big watershed 

and one small watershed respectively. The rainfall and runoff records 

are shown in Attachme nt 1. 

Since time interval for computation in hyetograph, observed 

hydrograph as well as unit hydrograph should be the same in HEC -1, 

the rainfall and runoff records have been rearranged to the equal 

interval records , 
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Besides, both of the watersheds are very small with very short 

time of concentration, the time interval should be small. For Safford 

watershed, the time interval was set at 10 minutes and for Oxford 

Watershed, 30 minutes. Consequently, the output unit hydrographs 

represent the hydrographs of l inch of direct runoff from a rainfall 

excess of 10 minute duration for Safford Watershed and 30 minute 

duration for Oxford Watershed. 

The input data are as follows: 

NMIN = number of minutes in tabulation interval (min) 

TAREA = total catchment area (mi 2) 

STRTQ = flow at start of storm (cfs) 

QRCSN = flow below which base flow recession occurs in 

accordance with the recession constant RTIOR (cfs) 

RTIOR = ratio of recession flow, QRCSN to that flow 

occurring 10 tabulation intervals later 

TC = time of concentration (hr) 

R = attenuation constant (hr) 

STRKR = starting value of 1oss coefficient 

ERAIN = exponent of p~ecipitation for rain loss 

DLTKR = amount of initial accumulated rain loss 

during which the loss rate coefficient 

is increased 

RTIOL = ratio of rain loss coefficient on exponential 

loss curve to that corresponding to JO inches 

more of accumulated loss 

NWT = number of pairs of weighting factors for runoff data 

IQ(n) = sequence number of flow value selected to be adjusted 

RQ(n) = ratio by which selected flow is temporarily multiplied 

to aid in reconstruction 
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For the time-area curve in the Clark method, HEC-1 representative 

watershed \'li th the exponent 11 n11 equal to 1. 5 has been used 

A. Safford Watershed, Arizona: (1.13 mi 2) 

a. Input rainfall and runoff data: (July 22, 1955) - rearranged 

to a constant time interval record 

Time 

1550 

1600 

1610 

1620 

1630 

1640 

1650 

1700 

1710 

1720 

1730 

1740 

1750 

1800 

1810 

1820 

No. of 
Time 

Interva 1 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Rainfall (in) 

0 

.01 

.23 

.73 

.33 

.06 

.04 

.02 

b. Fixed variables in several runs 

NMIN = 0 

TAREA = 1. 13 

Runoff (cfs) 

0 

0 

0 

69.3 

387.9 

623.5 

334.0 

111. 6 

54.7 

28.4 

14.6 

8.0 

3.6 

1.5 

.7 

0 
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STRTQ = 0 

c. Variables which have been changed in several runs 

to get best fit unit hydrograph 

QRCSN 

RTIOR 

NWT 

IQ(n) 

RQ(n) 

TC, R, STRKR, ERAIN, DLTKR, RTIOL to be optimized 

Program HEC-1 

Output of the program: 

Output of the program includes: 

1. Optimization results of variables. 

2. Coordinate of unit hydrograph. 

3. Coordinate of observed hydrograph and reconstituted 

hydrograph computed by using newly established unit 

hydrograph. 

4. Comparison graph of observed and reconstituted 

hydrograph with hyetograph showing rainfall excess 

and loss. 

5. D~ta showing the differences between observed and 

reconstituted hydrograph. 

The comparison is made for the hydrograph of a 

time base which is equal to 3 times the lag (from 

the centroid of rainfall excess to the observed 

in 

by 

peak) or which is equal to a period from the centroid 

order 

of the rainfall excess to a recession Q equal to one half 

the peak Q, whi~heven gives the largest time base. 



d. Comparison of observed and reconstituted hydrograph: 

Input Variables 

Runs QRCSN RTIOR NWT IQ(n) RQ(n) 

1 50.00 1. 90 0 

2 0 0 

3 0 l 5 1.10 

4 0 ·1 5 1. 30 

5 0 1 5 1.80 

6 110 20.00 1 5 1. 50 

Comparison of Observed and Reconstituted 
Hydrograph 

Peak Time 
Difference Dif. 

% of Peak 
% 

-25.45 0 

- 9.87 0 

- 8.75 0 

- 6.97 0 

- 6.53 0 

-23.72 0 

Standard 
Error 
cfs 

66.06 

41. 99 

43.13 

47.35 

52.29 

65.37 

Standard 
Error as 
a % of 
'Mean 

28.73 

18. 26 

18.76 

17.97 

22.74 

28.43 

Volume 
DH. 
% 

-11. 99 

1. 81 

1. 76 

3. 77 

1.80 

-6. 72 

__. 
\0 
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e. Discussion on the results 

1. The watershed has the catchment area of only l .13 mile2. 

Because of the small watershed, the observed hydrograph has 

a very sharp peak. HEC-1 program uses Clark method and 

HEC-1 loss model for deriving the unit hydrograph. The 

results of reconstituted hydrograph is very difficult 

to agree with the peak of observed hydrograph. 

2. Run l and 6 assumed a flow QRCSN below which the flow 

recession occurs in accordance with the recession 

constant RTIOR. RTIOR is the ra"tio of recession flow 

at the beginning of recession to that at the 10 

intervals later. This means the hydrograph below 

QRCSN is fixed. Because of the steep drawn down of 

the observed hydrograph, the reconstituted hydrograph 

is always higher than the observed hydrograph on 

recession part. Through the optimization of var1ables , 

basing on the smallest volume difference between the 

observed qnd reconstituted hydrograph, the reconstituted 

peak is always much lower than the observed peak. 

Perhaps, increase of RTIOR will help decrease of difference 

in peak, 

3, Runs 2 through 5 assumed QRCSN as zero. That means that 

all hydrograph coordinates are flexible iri the process of 

reconstitution during optimization, The difference of 

peak as well as that of total volume are much smaller 

than those in run 1 and 6. 
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4. Since the peak difference in run 2 was considered too big 

and the reconstituted peak is too low, the observed peak 

has been temporarily increased during optimization by 

putting weight on it. In run 5, the observed peak was 

temporarily increased to 1.8 times the original peak. 

As the result, the peak difference has been reduced to 

the least but the standard error as% of mean has been 

increased. 

5. If the peak of event is considered more important than 

the coordinates of hydrograph in the study, the weight 

of observed peak can be increased some extent to meet 

the requirement, Besides, flow at the end of other 

intervals can also be temporarily adjusted by weight 

during optimization for the purpose of getting better 

fit reconstituted hydrograph. 

6, Among the 6 runs which have been done, run 5 is 

considered as the best one. The comparison of 

observed and reconstituted hydrographs is shown 

in Fig, 4 and the unit hydrograph performed .in 

run 5 is shown in Fig, 5. The outputs are shown 

in Attachment 2, 
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B. Oxford Watershed, Mississippi (35.6 mi 2) 

a. Input rainfall-and runoff data: (May 31, 1967) -

rearranged to a constant time interval record 

No. of 
Date Time Time Rainfall (in) Runoff (cfs) Interval 

5-31 14:00 0 .00 0 

14:30 1 .04 .5 

15:00 2 .28 1.4 

15 :30 3 .88 11. 1 

16:00 4 . 11 133.2 

16:30 5 . 01 992.4 

17:00 6 · 1702.0 

17;30 7 1403.3 

18;00 8 918.8 

18:30 9 564.7 
• 

19;00 10 367.7 

19; 30 11 264.9 

20;00 12 208.0 

20: 30 . 13 186.9 

21;00 14 153.4 

21 :30 15 . 130.0 

22100 16 106. 5 

22~30 17 87 .6 

23:00 18 70.8 

23 ;30 19 58,3 

24:00 20 47,6 

6--1 0;30 21 41.3 

l :00 22 35.1 
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1:30 23 

2:00 24 

2:30 25 

3:00 26 

3:30 27 

4:00 28 

4:30 29 

5:00 30 

5:30 31 

6:00 32 

6:30 33 

7:00 34 

b, Fixed variables in several runs 

NMIN = 30 

TAREA = 35,6 

STRTQ = 0 

28.8 

25.4 

21.9 

18.4 

16.7 

15.2 

14.0 

12.4 

10. 9 

9.5 

9. 1 

8.7 

c, Variables which have been changed in several runs in 

order to get best fit unit hydrograph 

QRCSN 

RTIOR 

NWT 

IQ(n) 

RQ(n) 

TC,R,STRKR,ERAIN,DLTKR,RTIOL to be optimized by 

Program HEC-1 



d. Comparison of observed and reconstituted hydrograph: 

Input Variables 

Runs QRCSN RTI0R NWT 

1 100.00 1.20 o· 
2 0 0 

3 0 1 

4 300.00 8.00 1 

5 300.00 7.00 1 

6 400.00 6.00 1 

7 400.00 6.00 2 

IQ(n) 
no. of 
time in-
terva 1 

0 

6 

6 

6 

6 

6 

7 

RQ(N) 
weight 

0 

1.20 

1.30 

1.50 

1.80 

1.80 

2. 10 

Peak 
Difference 

% 

-33.51 

-18.55 

- 6 .10 

- 11 . 36 

-1°1 .48 

-16.29 

-21 .98 

Comparison of Observed and 
.. Reconstituted Hydrograph 

Time 
Difference 

% 

0 

0 

0 

0 

0 

0 

0 

Standard Standard 
Error Error as 
cfs a% of 

Mean 

255.77 38.95 

H7.25 33.04 

222.26 37.23 

247.06 37.63 

256.44 39.05 

255.41 36 .15 

227.76 34.69 

Volume 
Difference 

% 

-11. 64 

8.91 

14.36 

5.30 

4.40 

-.96 

-.90 

N 
CTI 
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e. Discussion on the results 

l. From the original flood event data, the total rainfall was 

1.32 inches, but the total runoff was only .17 inches. 

This means that the rainfall excess occurred only in _ one 

time interval of peak rainfall, i.e. No. 3 interval, 

which has the interval time rainfall of .88 inches. 

Therefore, the shape of reconstituted hydrograph 

should be the same with the unit hydrograph optimized 

through the computation. 

2, In runs l, 4, 5, 6 & 7, the parameter of recession curve 

(QRCSN, RTIOR) has been fixed during the computation. 

RTIOR in run l is too small and the reconstituted 

recession curve is much higher than the original. 

However, through the adjustment the recession limbs 

of reconstituted hydrographs fit the observed 

hydrograph very well in runs 6 and 7. 

3, Since the reconstituted peaks in runs 1 and 2 were much 

less than the observed peak, more weight on peak was 

put for the computation in runs 3 to 7. 

the run 3 had the least peak difference, 

As the result , 

Among the 7 

runs which have been done, run 3 is considered as the 

best one. 

4. In comparing runs 4, 5, 6 and 7 with run 3, more weight 

on peak was put in runs 4, 51 6 and7, But the reconstitut~d 

peaks in those runs were lower than that in run 3. The 

reason is that the parameters of recession curve were 

fixed for be tter f~t with the original recess ion limb in 
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runs 4, 5, 6 and 7. In comparison with run 3, the 

run-off volume on the tail part of hydrograph in runs 

·4, 5, 6 and 7 has been much increased. In order to 

fit the observed total run-off volume of hydrograph, 

the peaks were decreased. 

5. From the result of 7 runs, the increasing parts of 

reconstituted hydrographs were always much higher than 

that of observed hydrograph. In order to have better 

fit hydrograph, it seems that the lower weight of less 

than 1 should be put on the coordinate of observed 

discharge occurred prior to the peak. 

6~ The comparison of observed and reconstituted hydrograph 

is shown in Fig, 6 and the unit hydrograph performed in 

run 3 is shown in Fig. 7. The outputs are shown 

in Attachment 2. 
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UPDAT[D Al!G 7tJ 

************************ **** . CLARK METHOD Fno DERIVING UNIT H~DPOGRAPH, BY HEC•t 
SAFFOPO WAT~RSHED,ARIZnNA,DATA FRnM HYDRO DATA FnR E~PER Ar.R WATER~HFO 

YAOHUANG ~iU 

JnB SPECIFICATinN 
~O NH~ N~IN IDA~ IHR !MTN METRC IPLT IPRT NSTAN 
15 O 10 0 022 15 50 0 2 1 0 

JOPF.R NWT 
2 1 

TEMPORARY ADJUSTMENT TO OBSEPVED FLnws ~o S 1.00 

HYDRnGh'APH AND LOSS fHTF OPTII-IIZAT!nt-J cn~?UTATinNS 
!STA~ I SN(') ,J TAPEA ~N~P STRTQ QRCSN RTinR NCLRK 

1 I') 1 • I 3 .nn .no ,00 1,no 0 

!'!PUT DATA 
TC R CC,EF STRKR ' STRKS RTtnK ER~IN FRZTP !'lL1KP. ~TtOL 

• .-52 -.'13 .-oo -1:00 ."on .'on • 1 • o.n .on • 1. on "1 • 00 - ·- ·-··- INITIAL. E~TTMATES 
TC+R R/(TC+R; cnEF STAI( R STJ:>K S PT!rJK ERA IN FRZTP DLTKR RTTUL 
3 .. QO :20 :c,n :20 :on : on :so : 0 I) :sll 2:on 

PRECIP DATA 
~IP sTnr.1-1 ~A.1 DAI< 

7 :oo .on :oo -- .. 

PRECIP PATTER~ 
• 01 ,23 ,73 ,33 ,06 ,04 .02 

STA NDARD E'RP(1R FOR VAR!AHL.E 1 • 347,q5qu 31JS,q357 3t1t1.l51l2 
VAR I ADJ FRn:-1 3 • 9/\ TO 3.55 

STA NOARf'\ EAPOR FOR VAP.!ABLE 2 31.10~51l21 3ao,noc:i3 33c:i.1.1773 
VAR ? AOJ FROM ."2 0 rn •• 15 

STAND.\ RO EPr; nR •(JR VAQIA!sLE ti 327.5311, 3?3.221,q 31 A .·q51,13 
VAR C AO.J F Rflt-' : q (l TO :6n 

STAl~() ARD ERJ:;CIR FOR v;,.r:i. I At<LE 7 221.387Q 220,6LJ1q 21Q.q~36 
VAR 7 ADJ FRnM ."so rn : ll 3 

STANDARD ERROR FOR VARIABLE q 216.0tJt 216,1055 211,:2376 
VAR Q ADJ FR<JM 2.2u Tr) 2:2A ... .. . -
ST ANl) ARf'l fRPOJ:> J:."fJR VAPIARLE10 215.QIJ~Q 215.%1.15 \ 21,;.qa;,3 
VA R 1 /\ ADJ FRrl M 2,' 0n T f1 3.'oo 
STAIJDARO FRR (l R F'QR VAP!AALE 21S.2QQ'5 217,62118 220.611H 
VAR 1 ld)J FRO"I 3.·ss TO 3:66 - - · -
STANDARD ER P.rJR FOP. VAP.l~BLE 2. 211.·12S7 2ti."t8l.lll 211.·2s1·q 
VAR 2 ADJ FROM • l 5 TU • 16 

ATT;4CHHENT 2. 

' 

· ' 

• 
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. ,-...L_ 



~ 3TANOI.RO fP11nc; F"I_JR VAR[Afll_E: /J 210.Qi,0r. 2JO,A6R2 ? 1 0 • A/J'jl:, 
VAR IJ AOJ FR()M .61) TO ;59 

STANDARD fRPnR FOR ~ARI ABLE 7. _ 210,8/JLIS 210,71185 210,68R8 
VAR 7 ADJ FROM , IJ 3 TO • ll?, 

STANDARD ERROP FOR VARI~RLE Q 210~66/JS 21 o_,Ao~s 2 IO,· Clfl?.7 ·-·-·--
VAR q ArJJ FRnl-' 2."2,,. rn 2:3s 

SHNOAR[) ENR()R FOR VAR I AHLE 10 210,IJAqJ 210.so22 210:s1,11 
VAR 10 ADJ FROM 3 .. 00 TO LI ,'50 

STANDARD ERRUR FOR VARIABLE 1 210.oi82 211.1573 21?. .. 7371 ~ ·- - •·-
\I AR I ADJ FRO~ 3;t,1-, TO 3:11.1 - . - - . -·· .. . - . . . .. --· .... __ 
STANDARD ERPQR FOP VAR!ARLE 2 . ?ol3.·11q12 2oe,qo1·2 201', ,'Cl I Q/J 
VAR 2 A[),! FRn11 :16 TO :11:, 

STANDARD ENROR FOR VARIABLE LI 2oa:1111qc 20l3,867Q 2oa:qoqq 
VAR /J AD.J FRn"I .'SQ TCl .'s8 . . .. -· - - - -•·• · -~ - ·• •· -- - -
STANDARrJ fRROR FOR VARIABLE 7 2na.11n11 2013,7703 20Fl,7063 
VAR 7 AOJ FRrl'-1 _- IJ2 TO .- 1.10 

STANDARD ERROR FOR VARIABLE q, 208,6711 '208,8130 208 .. QCH,1 
VAR 9. A DJ FRnM 2.35 TO 2 • LI?. 

STA NDARD ERRnR FOP. ~AP.IA~LE10, 2na.·11ci2s 208,5028 2011.5!32 
VAR 10 ADJ FRflM 1.1, so Tn 6,75 • 
STANOAA[) ERP OR FOR VARIABLE 1 2oa:12111 . 2oa.·,;s111 209.37LIQ w 

CX> VAR 1 AOJ FfWM 3;70 TO 3:76 

STANDARD ERROR FOP VARIARLE 2 20fl 0 0387 208 1 0LIQ2 2013,11673 
VAR c ADJ FROM ,· 16 TO : fb 

STA NDARD ERPnQ FOR V~RIARLE I.I 2oe.o:;si; 208.0960 208,211.16 
VAR /J A l) .J FROM .. 'j/\ TO :sq 
STA NDAqO FRROR F(lR VAPIARLE 7 20R.0?.7';, 207.9312 207,861.18 
VAR 7 ADJ FROM , llO TO :3q 

STANDARn ERPOR FOR VAP.!ABL~ Q 207,8197 ?.07,q636 2oa.1uq5 
VAR Q ADJ FRnl-1 2;1p Tn 2 ,'1.1q 

ST4NDARn fA~O~ FOR VARIABLEIO 207.buO&J 207 • 61JQ7 207.6592 
VA~ 10 ADJ F·pr_1M 6,.75 TO 1 0: 1?. 

) STANDARD ERRnR FOP VARIABLE 1. 207 .. 3071 207,511'15 2011,1)917 
VAR 1 ADJ FROM 3. 76 TO 3.76 - ·- - -

) I~FrLTPATION INDEX :2.100 IN~HR ( 53 MM/~Ri 

STRKR FOR RTIOL OF 3: = ,7Q 
.) 

OPT!M!ZAT!O~ RESULTS 
TC R COt.F STRKR STRKS PT1(1K ER~IN FR7TP rlL~KP i:iytoL 

) .53 :10 •· 0 0 :e.s :oo :oo ;3') .'oo 3.60 IO. 12 • 



501,aq 
UNrT HYOl?tfG~APM 5 f: N,.,_,....,,.,._,:.,~ Rx no ('1-=tD'[NATF.°:5• 1_AG11= -:S?. ....,,,n'-JR:"'\• 

IU09.25 1,R40 0J 7t,P,. (,f, 1 00 • Jli 

END•OF~PERIOD FLOW 
PERinO TI"E !HIN E"XCS COMP Q ORS 0 

1 22 15 .. n • n t .on .oo .no 
2 ?2 lh , I\ ,23 .no .oo .oo 
3 22 1h ;,() .73 • 11 1su.oo oO • 10 
Q 22 1 t-,o . :n .01 Ut, 7 • 20 387.QO 
s 22 1"' 11n • 06 .no S8;>.7Q 621.'iO 
6 22 1., c;o .oa .oo 31J ll • 1 t, :nu• l'lO 
7 2?. lb 1,,(\ • ('I?. .oo P.'3.?3 I 1 1 • ,_ O 
B 2?. 17 , 0 ,oo ,oo "• R<: sa.10 
q 22 17 ;)I') .no .nci .no 2;;. 11 n 
~o 22 \ 7 ,o .oo • (J 0 .oo 1u.t,0 
1 I 22 t7 1;0 .no .no .no R,no 
12 22 I 7 t;(\ ,oo .oo .oo 3 • is 0 
13 22 17 .. o .oo .oo .oo 1. r;o 
111 22 1 fj 10 .oo .no .no ,70 
15 22 11.l :>O • (\0 .oo .oo ,oo 

S11M 1.02 .. 1R 1b38 .. 00 1637.P.O 

THE F"OLLnWING INFOo~!ATfON IS F"QR A TIME BASE 
WHICH IS El")UAL T(1 ' nns THE L~G FROM THf CENTROID OF RF DCESS Tn TH~· 0RSfRVEr) PE~K 

.. r,p. 
WHICH IS fQU&L TQ I  F"RnM THE CENTRO!n OF THE 
RF EXCESS TO A Rt.CF~SinN rJ l:QIIAL iO ONE-H,\LF THE" PEAK Q 

• WHICH~~~R GIVES THE LARGEST TIME BASf 

q 

COMPIITFD PFAI<= 5A2,7o 
OBSEPV~' D PEAK: h?.3. 5'1 

COMPUTFO PFAI( LAG: • 3,, 

CPc 

nBSF.:RVFD PE Al( LAG: • 10 
HnlJR~ 
HOURS · TI11E DIFFf.RENCf .o HOIIRS 

STANnARD ERRn~= 52~2RQ 
MfA~ FLOW: ?2Q.9 
STANDARD ERRnR AS 4 ? tRrEMT OF HfAN= 

52.18 

CO~PIJTED VOLtJMf: 
OBSERVED vnLlJME= VOLUME D!FF. (PERCENT)= 1:so 

.:7b 'If"\\..- '\. -()() 

• 

' . ' 

·-----

w 
I.O 

. 
' .. 



STATinN 1 YorJHl)ANG WU 

-··-·-·· 

INFUJW(I), OUHLnwcri;_ HID ORSERVED FLnwc*; 
o. 100, 200. Joo: IJOO, 500 •· 600, 100; 0 •·. n; I). o, . Cl• 

!'Rf:CTP(L' AMn E:..CE~soc\ :o : 0 1 ~·o' ' 
. 

: 0 .. : 0. :e. : b - : IJ .'c :o • 0 • • 0 • • 0 • . 
22 15 6 0* .. .. I\ •. .. .. •. .. •. .. • l)( 
22 16 1 O • .. .. ., •. ,, .. •, .. l.Ll.LI.Ll l,1.LI.L II 
22 16 2 11 ; * •. I .. I\ •, ' \ •. • . LLLl LI Ll, Li° LLLLLi: L I_LL LI. X'I()( YX Y XllX 'f XYXll XX 
22 16 JO, ' .. .. *. I ... •, .. '\ • . • . LI.Ll.LLLl ,Ll LLLLX'l<XlC 
22 16 IJ O: \ .. .. •. ' I \ * '\ •. •. •, •. LLLX 
22 16 50 ._ .. .. \ * l •. ., ' .. \ •. '· .. LLX 
22 16 6 0. I -.* \ '\ .. . ' ~ ,. .. '\ ., .. LX 
22 17 \ O: I * .. •. .. .. .. ' .. •. .. • . • . L 
?2 1 7 20! * •. .. .. • . ' ' •. ' ., •. .. L 
22 17 30I• ' ' ' •. ' ' ' •. .. •. ' l 
22 17 £10 ! * ' ' ' .. \ ' .. .. .. • . .. L 
?.2 17 50" ' .. .. •. ' .. .. • . .. ' L 
22 17 60• ' ' ' .. 

- ' \ •. ' .. .. • . L 
22 18 10• -- . · c-•. .. •, •. ' .. .. •. •. •. ·•. 
22 11\ 2 0• • L 

• 
--- - ------ .. 



r 

. .., 
·······················•***• HEC•I ~  DATED JAN JQ73 
UPDATED AUG 7/J 

• • 4 ~ • • • • • • •  • • 

•••••••••••••••••••••••••••• 
CLARK ~ETHOn FnQ DERIVING UNTT HYDRO~RAPH, BY HEC•t 

!- nxFOQO ~AJERS••r~:tAISSISS!P;DATA FRO~ HVD~O DATA FOR FXP~~ AG~ WATE~SMEO 
YAnHIIANG i.:u 

Jn8 SPEr.IFir.ATIQN 
~1HR NflH, IDAY IHR !M!N METRC IPL T TP>IT l~STAN 

II 3n O  O 31 16 0  0  2  1  0 
JOPf.R NWT 

2 J 

HMPORARY Al)JUSTMENT TO (185ERVED F'1 nws QO 6 1, 20 

. . 
HYnRnG<;4r,H A~.!I) LOSS RATE nPT!4!7.ATinN cnMPUTATinNS 

ISTAQ I Sf10 ,, ·TAPEA SM~P STRTQ QRCSI\ RTinR ~!CLRK 
1 n . ~s;oo • t) 0 .oo .oo t.oo 0 

! "1PIIT f)A TA 
TC R CrlEF STl;'KR STRKS RTI[)K ER~IN F'R7.TP nL TKR RTTOL 

•2,17 •1.'lll, :oo ., 1; 0 0 .'('In : 0 (\ -1.on :on ;.1:on .. 1 .' 0 I'\ 
INITIAL ESTIMATF.S 

 R/CTC+R; cnEF' STRKR ST~KS RTIOK ERA IN FR7TP OLTKR RTTOL 
1 •· 26 :uo .'no :2n .on : 0() :so :oo :sn 2:01) 

PREC!P DAT A 

- NP ST~RI~ l'lA.T nAK ----· 
:oo :oo 5 , 0 0 

PRE:CI_P PATTERN 
,04 ,28 ~~~ : 1 1 , 0 1 

STANDf,RD EPPOR FOR VARIABLE 1  . 211;01,ti, 272,7606 2611,8878 
VAR 1 ADJ FROM 7,26 TO b,Uq 

STANOAR[) ~ FOR VARIABLE 2 26 3, IJIJ6/l 21:,n.a277 2s1:a11,1 
VAR 2 Al)J FRPH : IJ 0 rn :21 

STA1':DARD fRP(lQ FOR VAA!ARL£ a 2t8,IJS73 215,7/J,% 217.0561 
\JAR IJ ADJ FROM , 8 I TO : 80 .  . -·-. .. ---·· ·-. . . . -.. 

u STANDARD ERP(1Q FOR VARIABLE 7. 215,l,Pl,6 215,Q7,% 211:, .. 8511 
VAA 7 ADJ FROM ."sn TO .so 

l) STANDAAO F.RRf}R FOA VARIABLE q 215.6116,.. 216,\8'52 217 .. 6771 
\ 

215 .. 69'52 ST A~,DARI) FRAOR FOR VAA!ABLEtO 215,6/166 215.68!\8 
u YAO. 10 ADJ FROM 2 •· on TO 2:00 

STANDARl'l EARnR FOR VARIABLE t 21 s:1,a~.c.. ?.t6.8?68 21R,Q71JO 
u VAR 1 ADJ FRO~ o: llq TO 1,;ss 

STANOAR[) f.RA()R FOR VAAPE\LE 2 21s,3;qs 2ii;.1,3q1 215,9%6 
u VUl 2 -ADJ FRnl-1 ;21 TO .'29 

/ 

• 
..::,. .... 



_-, arANOARn FRRnR FOR VAR[AflLE: {J ?. I 3.-R I l lJ ?!3.?51/l ?l"'•·•q ()Q 
VAR _ {J ltOJ FRflM ,80 TO :7Q 

STAIJDAR(l EPPIJR F'()R VAR!ARLc. 7 ?.13:o;os 2t3.?.q1Jq ?.11J .. I 1Jll4 
VAR 7 ADJ FR()M • 51) TO :so 

STANDARD ERROR r'OR VAR!ARLE 9 213~01/is 2i3,IJ990 ?.1/J,9568 
VAR q ADJ F'RnM 2."02 TO 2 :02 

STANDARD ERR[lR F()P VAR!AALt:10 21:s,n,ns ?.!3,0125 213,01116 
VAi-i 1 0 ADJ FRn~ 2;00 TO 2.on 
ST MJDARD ERROR FOR VARIAR.LE: 213,0tOS 214,039£1 2_15, 921,8 
VAR 1 AD.J FRnM b."55 TO b: b 0 

ST ANO ARO r.RP[1R F(JR VAR I Af<LE 2 212.7~82 2p,qqf\O ?13 .. ?.512 
VAR 2 ADJ FRf1M .2Q TD .~30 

STH!DAfH"> fRP()P F"OA VARIA~LE 4 212.21i6 2t2~50IJ2 2U,,477t 
VAR 4 ADJ FRrJM ,· 79 TO :1q 

STA~OARI') ERP(1R FOR VAPIAflLE 7 211.111\1)9 21?.,1560 212~'1786 
VAR 7 ADJ FRr:M ."sn TO :sn 
ST APJD A RI) ERPOR F"OA VARIABLE 0 211.81\09 212,3583 213,7872 
VAR Q ADJ FRnM 2:02 TO 2:02 

STANOARI') EPPOR FOR VAP!ABLE10 211:e.110<1 21 I ,BIBO 211.·ae119 
VAR 10 ADJ FR()M 2.00 TO 2:on 

?.tll.5722 STA~DAfHl tRPOR FOR VAR!AFLE 211.11.i;oq 2l2,A81J5 
VAR 1 ADJ >'rrnM o:6n TO o:oo 
ST AfJDA RD [RR(1R FOR V4RlA8LE 2. 21l:AIJ83 2!2,0075 ?12.37711 
VAR 2 ADJ FRnM ; 30 TO , 30 

STANOARI) tRllOR l=OR VAPIA~LE IJ 2!1,8153 212,A768 217.5215 
VAR (I ADJ FROM :1q TrJ .'79 

STANDARD EiHIQR FOR VAP ! Af::-LE 7 211,735t, 212,oooq i.'1Z,80o! 
VAR 7 ADJ FROM ;so TO :so 
STANDARD nu.-oR FOR VARIABLE q 211.1:;51, 2i;;,,·,065 ?!3."6!AIJ 

ST A'-DAR('I E:R1<(1P FOR VAP!A8LE10 211.7356 211,7377 211.7436 
VAR 10 ADJ FR('lM 2:00 TO 2.on 

STA.~DARD E.P. P(lR . FOR ~ARI AB LE 211.·7356 211,qu57 213. ll•21 . VAR i ADJ FROM b.bb TO t, • b!l 
.) 

I '-:FTL TRA TION INDl:X ct,IJ20 TNiHR ( 36 ~IM/HR\ 

.) STRKR FOR P.TIDL OF '5: = .112 

OPTtMT 7.4 TYON RBUI. TS 
~.• r'IL Tl<R TC R CN:F STRKP ~T~KS RTTPK ERA IN F'RZTP 

2 ; 32 I: O 1 ;oo .'eo .oo ; r, n :s(\ : () r, ·2:os 
,.) UNIT HVDPnGRbPH 1u ENQ•rF.PERIOD ORDtNAT~s; LAr,: 1 :so . ~r)IIR~, CP: :16 

12q1,32 aaso,ou · 7B20.11 c,s2q.1e eu3q,oo s12Q,1a 341J7,A6 2071l,72 

RTTQI_ 
2 .. ('1('1 . 

vnL= 1,00 
!24P,ll5 

- • · 

• 
~ 
N 

\ ' 



--
"\ 

) 

··-

' 

-----·-· 
' 

. 

--

---·----- -- . 

----
- -- - ·-· -- --

il5Z• 06 z7z.n2 l 63.-1.,q <>6 0 50 

- - . -. -

-- - ,. 

ElsD .. OF"•Pf.P!OD FLOW 
PEqlr:1O TI •AE RAIN Exes CLWP Q n.qs Q 

I 31 it, 'l,('I .nu .no .no . • c;o 
2 31 1 h i,.I'\ • ?.8 .oo .oo 1.llO 
3 31 17 'I,/) 1 1'!8 •. 1 7 217 .56 11 • I 0 
4 31 1 7 AO • I 1 .oo 7 IJf-.. 25 I 33.?o 
5 31 I~ 'I,/) .111 .oo 1 3 I I • 'in QQ2.IJO 
6 31 113 i..O 1 00 • (\ 0 15'1A.!Q 1102.110 
1 31 \'I '1,/1 .no • 0" . 1 ll 1 'i, 1 fl 1lJ 0~ .30 
A 3! j <l 1,0 ,oo .oo Q;,(l.RI, Q 1 A• I\Q 
q 31 ?. ·) ,0 • 0 0 . ~ I) 0 57A,19 5 6 /J • 7 0 

t 0 31 20 1,0 .oo • (\ 0 3IJ7.Q2 31,1.10 -
H 31 i?.I 3n ,oo ,oo 20Q,36 261J, QO · 
12 31 21 i.,o ,no .no I ?.'i • Q/3 2 r, P,. nr:, n 31 22 '1.0 .oo I (l Q 7c;. sq If- 1, • q O 
! (J 31 2;, .c,n ,no .no ll'i,h2 15~.IJO 
15 3! 23 1n .no ,no 27, IJ5 1 31'.1. n n 
,16 31 23 ,.n . no , 0 0 lh 1 52 IOA,'iO 
l 7 32 " 'I,/) ,oo .no .oo P, 7 I /,Q 
18 32 0 i.,() .no • 0 0 ,no 70,AO 
IQ 3?. , 'I,/') • (\ 0 .OO · • (\ 0 SA• 30 
20 32 1 i.,O .no .no ,00 IJ 1, f.O -
?.1 32 ? '1,0 • (\ 0 .00 .no IJ I, 3n 
?2 32 ?. i.,O ,no ,no • !10 35,10 
?3 ' 32 3 :1n • no . oo ,00 2A,AO 
?.IJ 3?. s i..O . oo .no .oo 2s.co 
?S 3?. ll 1,Q • (I 0 • (I 0 .oo 21 , Q 0 
?.6 32 /J I,() .no ,oo .no l A• IJ O 
?.7 32 <; '1.0 • oo • (l 0 ,no I 1,, 7 o 
28 32 5 h 0 ,no .oo • (\ 0 15.~0 

- ·- - -- 2Q 32 6 '1) .no .oo .no 1 /J • C'I 0 
30 32 t, 1,0 ,00 •. 0 0 , 0 0 12, ll 0 
31 V 1 ,.n .on ,no .on 1 (I, Q 0 
32 32 7 1,0 , 0 0 ,oo .oo Q • 50 
33 32 8 ,o ,oo .oo .oo q,10 
3IJ 32 8 ~() .oo .no .oo 13, 7 0 

S11M t • 32 • t 7 7676,00 7671,,50 

THE rnLLnwt>JG !N"tjo'-4! T!f) N I~ f:nR A TIMF. BASF. 
1'H 1 CH B EnUt.L T,-J ~ TI~• ES THE. LAG FRQl-1 THE C:ENTf<OIO 
nr: R~ EllCESS TO TH,: !lAf,ERVEf' PEAK 

WJ.l!CH B 
RF EXUSS 

T ! 1-lE BASE 

COMP UTEO Pt AK: 
OBStRVED PEAK : 

•flP• 
rn1JAL T'1 A PERTnl) 

7[') A RtCFSstnN (;) 
.. WH! CHEVFR 

STARTS ~,, 

15q.C\, 1 /\ 
1702,0n 

GIVES 

PERion 

CO MPUTED PEAK LAG: i -.sn HOURS 

FRnH THE <:0JfP('1!n f'IF THE 
EQIIAI. TrJ C1'-E•HALF THF. PEAK 
THE U.RGf':ST TP1 E BASE 

2, ' EfJDS AT PEPIOD 12 

Cl 

' - . . -

.. ,· 

• 

- - . --·-· . -- --- . -·-- - .. - .... . 

- --- - · - • - --



~. 

''I - --

.) 

.J 

' .,J 

-, 
' 

STANn-Ro EPAnP: 222;2~s · 
HEAN FLOW: 5q7,o 
STAN~APD fRRnR AS A PERrENT nF HEAN: 

AVERAGE ERROR (PERCENT;= 230,19 

COµPIITED vnLu~·E= 
nBSERVErJ Vf")LIJME": 

751 l ~ 
65i..7. 

TIME D1FFERE~ICE • 0 H()lJR !'! 

37. 23 

• 



STATI ON VAr1~ !.JA NG • WI J 
---- ·-· 

INF(nwcr~; nuTF(nwcn~ AND QRStRVEO FLnwc.; o, 200~ aoo~ boo: Boo. 1000; 12011,· 1LIOO ~ 11)00~ 1 AOO, n I o, o, 
PRECTP(L\ ANO fxr.E~s(d :o : 0. 

. :o :o 1 :2 , .'a •· 4 :o . o • o • 0 • . " . • 0 • 31 16 3n• ' ' ' .. ' ' .. .. .. .. • . Lit 31 16 AO• . ' .. • . ' ' •. ' •. . . LLLLLI Llt 31 17 30 ,• ~I \ . •. ' ' .. .. •, L Ll~L l Ll. LLLI. L 1,LL LLl. lC X lt X IC 
1,0 ~ 

. 
l.LLX 'H 1 7 • .. ' ' I .. ' .. .. ' \ \ 3 1 18 30, ' ' \ "' •. t •, • •, •, •. L . 

l '31 1 8 60, ' ' .. •. ' .. , ~ • .. .. . .. 31 1 () 30 . \ ' .. •. .. ' ~I •. ' • . .. I. 
31 1 q hO ,' •. ' .. • • T .. .. •. \ . • . • . ' I. . 

l 31 20 30 , ' ' • t .. \ ' ' ' ' .. .. •. '\ I 20 60, • t• .. ' .. ' " \ .. .. .. ' '-31 2 I 30 , t * .. ' '· .. .. ' ' .. .. •. L 
31 21 h O; I • ' ' •. ' ' .. \ .. \ ' L 31 22 30. t * .. ' ~ '· ' .. .. .. . •. .. L . 31 2?. 60 ._ I * ' \ \ •. ' ' •. '\ .. •. •. L 31 2, 30. I • •. ' ' ' ' \ ' .. •. • . •. L 31 23 6 O. 1 * ' ' .. •. ' ' .. ' ' .. • . l 
32 0 30! • ' ' •. •. ' . ' \ •. •. •. •. L 32 0 601 • . •. .. .. .. • . .. .. .. • . • . L 32 1 30T • \ ' \ \ .. ' \ ' .. •. .. L 32 I 60 ! • .. .. •. ' ' .. ' ' ' ' 

L·•--· 
32 2 30 ! • .. .. .. •. \ \ •. .. •, •. •. L ' 

• L :;2 2 61' ! • ' .. ' ' .. . ' ' •. .. .. -;2 3 30 ! • •. .. •. •. L ~ .. .. \ .. ' •. .. u, 32 3 t, or • .. ' ' '· .. .. ' .. •. .. .. L 32 ti 30!• ' .. ' •. ., ' \ .. •. \ .. L - L- - · · 32 IJ Mt• •. ' 'I •. .. ' •. .. •. .. ' 32 5 30 I"' \ .. \ •. .. ' .. ' •. •. ' I. 
32 5 60t• ' .. ' ' ' \ .. ' .. ' L 32 6 30 T • .. .. •. •. •, -~ \ •. •. •. •. L 
32 6 II r, r • .. ' ' •. ' .. ' • . .. ' ., L 
32 1 30 t * ' .. ' •. I, .. \ ' ' .. ' L 
32 7 6!'* ~ ' ' •. \ \ " •. ' .. ' 

L .. --: -
32 B 30• ' ' ' •. 'I. \ • ... ' ... .. ~ L 
32 fl bO• • • • • L 

- - --· ·- ·- -·----
'· 

• ' ' . t . 

--- -- -·- ... -----
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