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T0: 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 recommenaation made by you on the memo daté‘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

tréining are as follows:

1. Gain a working knowledge of HEC-1 ana 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 mi]ez,
flood event on July 22, 1955.

b. Oxford Watershed, Mississippi, catchment area 35.6 mi]ez,

flood event on May 31, 1967.



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 Hydrologic Engineering.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 afranged as shown in the
following tabulation:
1st-4th day 1. Unit hydrograph concepts and derivation including

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.
5th day 1. Hydrologic techniques for flood routing.
2. Basin modeling with HEC-1.
6th-8th day | 1. Steady flow water surface profi]e.-
2. Application of HEC-2 program for computation of
back water curve. '
9th day 1. Concepts and principles of fluvial hydraulics.

Hydrologic statistics.

—
.

10th-12th day

2. Frequency analysis including graphical and analytical

methods.



3. Linear regression analysis and regional correlation
~analysis.
13th day o5 Introductibn and application of stochastic hydrology.
2. Application of computer program HEC-4, "Monthly
Streamflow Simulation."

Systematic analysis of multipurpose water resource

mnd
.

14th-16th day
system.
2. Simulation of reservoir system with computer program
HEC-3. .
17th day 1. Simulation to estimate power potential.
2. Application of HEC-3 for evaluation of hydro-electric
generation in a reservoir system.
18th day 1. Flood regulation with reservoir systems.
2. Introduction to computer program HEC-5, "Reservoir
System Analysis for Flood Control."
19th-20th day 1. Introduction to analysis of complex water resou}ces
systems.
2. Plan of study for hydrologic analysis of water

resources system.

e Content of HEC Program:
The programs currently in the program series are:
HEC-1 Flood hydrograph 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 controil



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 Unit Hydrograph and Loss Rate Optimization

L 2260 Basin Rainfall and Snowmelt Computation

L 2280 Unit Graph and Hydrograph Computation

L 2310 Streamflow Routing Optimization

L 2320 Hydrograph Combiniﬁé and Routing

L 2370 Balanced Hydrograph

A1l ordinary flood hydrograph computations associated with a
single recorded or hypothetical storm can be accomplished with this
package. Routines include rainfall-snowfall-snowpack-snowmelt deter-
minations, computation of basin precipitation,lunit hydrographs, and
of hydrographs, routing by reservoir, storage-lag, multiple-storage,
straddle stagger, Tatum and-Muskingum methods, and complete stream
system hydrograph combining and routing. Best-fit unit hydrograph,
loss-rate, snowmelt, 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.



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, fof 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 length between adjacent
créss 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

This program will analyze monthly streamflows at a number of
interrelated stations to determine their statistical characteristics
and will generate 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.



HEC-5 Reservoir System Operation for Flood Control

The prograh is intended to simu]ate 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 fhe

spatial and temporal ‘distribution of runoff in a basin.

3. Operation criteria for minimizing flooding.

Because of the tight arrangement of courses dﬁring 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 Data 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 tréns]ates 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 concentration (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

Timb of the observed hydrograph. When the time of concentration has



been determined, the basin is divided into incremental runoff-producing
areas that have equal travel times to the outflow location. Isochromes
representiﬁg 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 0 to tc) for each
incremental area. The time period selected as the computation interval
should be approximately equal to the unit duration of excess (Fig. 1).

The runoff from the contributing areas (between the isochromes)
which has been translated to the ocutflow location is in units of

2 or mm-kmz) and these must be converted to the proper

volumes (in-mi
units of discharge (c.f.s. or m3/s).
The routing of the translated runoff through storage at the

outflow Tocation is accomplished as follows:

Oi = CIi + (1 - C)O{_]

where Oi = outflow from the basin at end of period
Ii = inflow or runoff from each area at end of period i
C = dimensionless routing constant

The above routing results from setting the Muskingum "x" equal to

zero in the coefficient method of routing,

2R AT

At = time period of computation interval

attenuation constant

=
n
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It can be shown that when inflow into the prinéipa] storage reach has

ceased (Muskingum "x" = 0),

R = - agfae

The magnitude of R can be approximately evaluated at the point
of inflection of the recession 1imb of the observed surface runoff
hydrograph,

The hydrograph that results from routing these flows from the
incremental areas is the instantaneous unit hydrograph. The instantaneous
unit hydrograph can be converted to a unit hydrograph of a unit
duration At by simply averaging two instantaneous unit hydrographs

spaced at interyal At apart as follows:

O.i=0.i for.1 = |

0; = 0.5(0; + 0;_4) for i > 2

n

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)

L = (K+ AK)PE

where - L = Tloss rate for particular time interval iﬁ inthes/hr.
K = loss rate coefficient at beginning of time interval
P = rainfall intensity in in/hr
AK = incremental increase in loss rate coefficient
E = exponent of precipitation for rain loss function.

Again, K = Ks/Ra'l L€
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A =0.22s [1 - (LC/JcS)]2

where K. = starting value of loss coeffic%ent on exponential
recession curVe

R. = ratio of rain loss coefficient on exponential loss
curve to that corresponding to 10 fnches more of
accumulated loss A

L = accumulated loss

AK = incremental increase in loss coefficient. AK is
assumed to be a parabolic function of the accumulated
loss for g&s amount of accumulated loss. AK is
a maximum of .2 2&s initially and reducing to zero

when the accumulated loss equals 2s

amount of initial accumulated rain losses during

]

2s

which the loss rate coefficient is increased,

Unit Hydrograph and Loss Rate Optimization; . 6
HEC~1 has the capability to automatically determine a set of
unit hydrograph and -loss rate parameters that "best" 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 computatidns.

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 ig 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 +'§)/Zﬁ' where Q is the
average flow. A volume check is included in the hydrograph reconstruc-
tion that assures approximate 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 flow 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.1ow

it can be fitted better by increasing a key flow by putting weight 2
to the key flow (double of observed flow) in the program. These
temporary adjustments to the flow are removed before the hydrograph is
printed, » '

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

TC* = tc
Re =R
STRKR* = K
S
ERAIN* = E
DLTKR* = g3
do =
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 hydrograph.
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Following data will also be given in the program:
NHR = number of whole 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 = rativof 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 hydrograﬁh
‘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(1) = area at time O V
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 s
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 = CT" for 0 < T < Tzﬁ
1 - Acc. Area = C(1 - T)n for 0 < %§-< 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 1.5, which was found to yield a shape representative
of a common watershed configuration (Fig. 3).

Tﬁe symthetic time-area curve in HEC-1 may be used_for most
watersheds, However, for basins that deviate substantially from
the generalized shape, a real time-area curve should be used.

ITI, Deriving Unit Hydrographs from the Two Rainfall-runoff Eventg

Taken from the ARS Data Book by HEC-1

Attempt to drive unit hydrograph was made for the two watershed

2, and (2) Oxford,

(1) Safford, Arizona, catchment area = 1,13 mi
Mississippi, catchment area = 35.6, which represent oﬁe big watershed
and one small watershed respectively. The rainfall and runoff records
are shown in Attachment 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 1 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

TAREA
STRTQ
QRCSN

RTIOR

TC

R
STRKR
ERAIN
DLTKR

RTIOL

NWT
I1Q(n)

1

number of minutes in tabulation interval (min)
total catchment area (miz)

flow at start of stdrm (cfs)

flow below which base flow recession occurs in
accordance with the recession constant RTIOR (cfs)
ratio of recession f]éw, QRCSN to that flow
occurring 10 tabulation intervals later

time of concentration (hr)

attenuation constant (hr)

starting value of loss coefficient

exponent of precipitation for rain Toss

amount of initial accumulated rain loss

during which the Toss rate coefficient

is increased

ratio of rain loss coefficient on exponential

loss curye to that corresponding to 10 inches

more of accumulated loss

number of pairs of weighting factors for runoff data

sequence number of flow value selected to be adjusted

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

to aid in reconstruction



17

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

watershed with the exponent "n" equal to 1.5 has been used

A. Safford Watershed, Arizona: (1.13 miz)
a. Input rainfall and runoff data: (July 22, 1955) - rearranged

to a constant time interval record

[ R
Time Time Rainfall (in) Runoff (cfs)
Interval
A 1550 0 0 : ' 0
1600 e .01 0
1610 2 “23 0
1620 3 93 69.3
1630 4 «33 : 387.9
1640 5 .06 623.5
1650 6 .04 334.0
1700 7 .02 111.6
1710 8 54.7
1720 9 28.4
1730 10 14.6
1740 11 8.0
1750 12 3.6
1800 13 1.5
1810 14 ol
1820 15 0

b. Fixed variables in several runs
NMIN = 0
TAREA = 1.13
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STRTQ = 0 A
c. Variables which have been changed in several runs in order
to get best fit unit hydrograph
QRCSN
RTIOR
NWT
1Q(n)
RQ(n)
TC, R, STRKR, ERAIN, DLTKR, RTIOL to be optimized by
Program HEC-1
Qutput 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
hyarograph with hyetograph showing rainfall excess
and loss.

5. Data showing the differences between observed and
reconstituted hydrograph.

The comparison is made for.the hydrograph of a

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

the centroid of rainfall excess to the observed

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

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

the peak Q, whichever. gives the largest time base.



d.

Comparison

of observed and reconstituted hydrograph:

Input Variables

Comparison of Observed and Reconstituted

Hydrograph
Runs QRCSN  RTIOR NWT  IQ(n) RQ(n) Di?$:§ence g:?? Séiggird é:igfa;g Volume
% of Peak cfs a % of Dif.
% Mean %

1 50.00 1.90 0 - - -25.45 0 66.06 28.73  -11.99
2 0 - 0 - - - 9.87 0 41.99 18.26 1.81
3 0 - 1 5 1.10 - 8.75 0 43.13 18.76 1.76
4 0 - ] 5 1.30 - 6.97 0 47.35 17.97 3.77
5 0 - 1 5 1.80 - 6.53 0 52.29 22.74 1.80
6 He - 20.00 - 1 - & 1.50 -23.72 0 28.43 -6.72

65,37

6L
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Discussion on the results

The watershed has the catchment area of only 1.13 mi]ez.
Because of the small watershed, the observed hydrograph has
a very sharp peak. HEC-1 program uses Clark method and
HEC-1 Toss model for deriving the unit hydrograph. The
results of reconstituted hydrograph is very difficult
to agree with the peak of observed hydrograph.

Run 1 and 6 assumed a flow QRCSN below which the flow
recession occurs in accordance Qith the recession
constant RTIbR. RTIOR is the ratio 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

ihe observed hydrograph, the reconstituted hydrograph

is always higher than the observed hydrograph on
recession part, Through the optimization of variables .
basing on the smallest volume difference between the

obseryed and reconstituted hydrograph, the reconstituted

. peak is always much lower than the observed peak.

Perhaps, increase of RTIOR will help decrease of difference
in peak,

Runs 2 through 5 assumed QRCSN as zero. That means that
all hydrograph coordinates are flexible in 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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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
tempbrari]y 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.

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 bettef
fit reconstituted hydrograph.

Among the 6 runs whicﬁ 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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Date

5-31

6-1

Oxford Watershed, Mississippi (35.6 mi

a.

Input rainfall-and runoff data:

rearranged to a constant time interval record

Time

14:
14:
15:
15:
16:
16:
17:
174
183
18;
19:
194
20;
20:
i
213
22;
22;
233

24
0:

00
30
00
30
00
30
00
30
00
30
00
30
00
30
00

30

00
30
00

23330

00
30

1:00

No. of
Time
Interval

0

(= TR Vo RERIS o o [N, R - IS < ) RSN — SR D [ p =

N ~N ~nN o — nat — — — — — st it
N - () (o] (0] ~ N (8] ~ w N -

24

2y

Rainfall (in)

.00
.04
.28
.88
A1
.01

(May 31, 1967) -

Runoff (cfs)

~ o0 O

1.1
133.
992.

1702.

1403.

O, - =G0 e e P

918.

~

564.
367.7
264.
208.
186.
153.

(oo SRR~ P (e SR o IR Vo)

130.
106.5
87.6
70.8
58,3
47,6
41.3
35,1



b,

C.

25

T s 28.8
2:00 - 25.4
2:30 25 21.9
3:00 26 18.4
3:30 27 16.7
4:00 zey . 15.2
4:30 29 14.0
5:00 30 - 12.4
5:30 31 . ‘ 10.9
6:00 U 9.5
6:30 33 9.1
7:00 34 _ 8.7

Fixed variables in several runs

NMIN = 30
TAREA = 35,6
STRTQ = 0

Variables which have been changed in several runs in
order to get best fit unit hydrograph

QRCSN '

RTIOR

NWT

1Q(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

Comparison of Observed and
_Reconstituted Hydrograph

Peak Time Standard Standard Volume

Runs QRCSN RTIOR NWT 1Q(n) RQ(N) Difference Difference Error Error as Difference

no. of weight % % cfs a % of %

time in- Mean

terval
1 100.00 1.20 0 - - -33.51 0 255.77 38.95 -11.64
2 0 - 0 0 0 -18.55 0 197.25 33.04 8.91
3 0 - 1 6 1.20 - 6.10 iy o 222.26. 37.23 14.36
4 300.00 8.00 1 6 1,30 -11.36 0 247.06 37.63 530
5 300.00 7.00 1 6 1.50 -11.48 0 256.44 39.05 4.40
6 400.00 6.00 1 6 1.80 -16.29 0 255.41 36.15 -.96
7 400.00 6.00 2 6 1.80 -21.98 0 227.76  34.69 -.90

7 2.10

9¢
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Discussion on the results

From the original flood event data, the total rainfall was
1.32 inches, but the total runoff was onfy .17 1inches.
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. ' '

Inruns 1, 4, 5, 6 & 7, the paraﬁeter of recession curve
(QRCSN, RTIOR) has been fixed during the computation.
RTIOR in run 1 is too small and the reconstituted
recession curve is much higher than the originai.
However, through the adjustment the recession 1imbs

of reconstituted hydrographs fit the observed

hydrograph very well in runs 6 and 7,

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. As the result,
the run 3 had the least peak difference, Among the 7
runs which have been done, run 3 is considéred as the
best one,

In comparing runs 4, 5, 6 and 7 with run 3; more weight
on peak was put in runs 4, 5, 6 and7, But the reconstituted
peaks in those runs were lower than that in run 3, The
reason is that the parameters of recession curve were

fixed for better fit with the original recession 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.

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.

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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ATTACHMENT 1
T &

~ . 5 A 5 2 o r il
Hudrolooic Data for Experimerial Agricul 3l Watershed
Hyorn'ag i ;s '

in the United States o - 1967  ARS, USDA

-~

T Enae i = e ! =
MONTHLY PRECIPITATION AND RUNOFF (inchest X/ SZFF0D, ARILON SSHID 45.003 = 45.04
L Sqieai 2
AFEA—72] ACRES Q-0 =3
&"- | . i { 8 T = v oLc AnNuA
ve 4 FEL] e AN i arw AT i useg JuLr ALS b v oI > VAL
> n ™
Q
STA AVG P
-]
SERRCPE o g b e ‘ 2
svn. Thoceanlllgs .62 .29 S RS T TR O o .63 .57 a7 9.20

ANNUAL MAXIMUM DISCHARGES (inches per hour) AND ANNUAL MAXINUM YOLUMES OF RUNOFF (inches) FOR SELECTED TIME INTERYALS

MAMUM VOLUME FOR SELECTED TIME INTERVAL

AxIMUw
vean DisCraAct VRSOR 2upuss o =ouas 12 moums 10ar 2cavs € 0avs
oare mate oave | voruws | oatt [ voruwt]| cave T voruee| save | voouwe | oave voruwt | Dare | voruwe oare | voLuwt

.003 19-25 -G03 9-25 .093

003 9-25 |.00) 9-25 | .003 9-25

t | : i
1967 | 9-25 | .007 9-25}.003 9-25 i |
| i 1

mALiMUm3 FOR PERIOD OF RECORD L/

MR R e e R L SR T R

1/ Kot calcylated. [Daca are being reevaluated. As soon as ratabulation is completed, revised data will be
reported ‘for these two sections. 2/ Mean P based on 69-yr (1893-57) U.S. Waather Bureau record period at Safford, Ariz

() 10|
19
HOTES:

I

1955 SSLECTED RUNOFF EVENT | SATFORD, ARIZONA WATERSHTD 45.005
ANTECEDENT CONDUTIONS RAINFALL RUNOFZ
OATE RAMFALL LELL-1E OATE TiNE DATE Tiveg RATE AcC,
MO-OAY liaches) finches) NO-OAY OF DAY “o-Darv OF Davy (sarAr) (imechas)
Event of July 22, 1955
# RG R-12 7-22 RG R-12 7-22
7-10 .31 .00 1543 .00 .00 1612 .000 - 0000
7-13 .05 .00 1607 .08 .03 1613 .001 . 0000
7-17 18 .00 1610 4.20 <24 < “ 1614 OG22 .0002
7-21 .05 .00 1615 5.18 .67 1617 025 .0014
7-22 .02 .00 1620 3.60 Sel 1618 .0E6 .0021
1630 . 1,93 1.30 1619 .082 .0034
1550 .30 1.40 1620 .095 L0043
1800 .02 1.42 1621 119 0066
5 3 1622 167 .0030
1623 193 +0120 ~ %
1624 -255 .0157
1625 =299 .0204
1626 .342 .0257
1627 .392 .0318
1628 451 .0383
1629 455 L0467
1630 532 .0553
. 1631 .56% . 0644
1632 .613 0742
1633 656 .0843
1634 700 -0961
1635 W724 L1080
1637 .780 .1330
Watershad conditions: About 80% 15639 84l .1601
of a2rea is bare. Vagetation
coa3ists mostly of short grasses 1641 .858 .1886
(black grama, sicdeoats graza, and 1642 926 .2035
tobosa), with scae shrubs and : 1643 .830 .2181
fords, - ; 16%4% .79C .2315
1645 . 761 L2446
154 .728 .2570
1647 650+ 2585
1658 =535, +2790
1649 540 .2885
1650 458 .2968
1651 AL L3043
1652 .378 ol L2
1653 <336 <3171
165% 288 23223
1655 .265 -3269
Coatinuec on n=xt page
i 1 t

723,02, FOR TURQGPATHIC MAP OF WATER Mo SET KYDROLOGIC DATA FO¥
IES, 1956-53, Ushs, MISC, BUB. 359, P, 45.4-4, SIZUECGTED VT 1s

Cooperative fuserrch Project of Usfd and Ari1zona Azrizultural Expericent Station

45.4-1 o
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1955 SELECTED RUNOFF EVENT J SAFTORD, ARIIONA WATERSHED 45.C05 )f‘/- g
ANTECECENT CONSITICNS BAINFALL B_NCFrF
Savse RAmfaLy | RymOsF cati H Tme I TEnSiTY ACC. cate Ting naTe acc,
“3-Dav tomcbens l frwvesl “3 . Sav ! c*f av Crms wey Tiwebwas DAY C* pav Gvmsbe) Trcternt
Event n€ Julv 22 1955.contirnued
7-22 1656 -232 -331
1857 .183 3346
1653 .165 <3405
1701 <141 L3456
1703 120 .35C0
1705 .16c2 .35362
1710 <075 35092
1715 0562 .3654E
1716 .0542 +36732
1718 044z .363%E
1721 <036E .37102
1724 .0302 .3726=
3727 0242 .37608
1731 .Cl12E 3753E
1734 .014E 37622
1739 <0108 .3772E
1744 .0078 <3779
1750 .0052 .3785E
1756 .003= -3789¢
1804 .002E «3792E
1812 .0C1E <3734E
1822 .000% <3795
o 1829 .000E <3796E
2001 .00CE .3795E
NOTES: TO CONVERT PRUNOFF IN IN/HR TO CFS, MULTIPLY BY 229.02.
6.0 s I
A IR I
Tty T
n; 1
;e it | 5
1 L RG 23-12 —-1
= P
5.0 : T
. — f 7
7 1 =]
s T S T T i
— : o L =]
1 3 T T T e S M
4.0 2 = 1 Py T temme
- Tt 13 Jl I : i
i 1 + e S
= v "“lf ]‘ I L : ~ .
< T 151 ) LB T =
= 1790 7 T 1 1 =
$ : AT g S T S —— =
o 3.0 =+ i 4 0.6 ~
= L e [ T ! i w
£ H —1- e ‘ f b
a. + i T T s > c
~t 2
5 ) T 7 1SS 12 i TR &
- T 1 i T 1 T 1
PRy = et
2.0 bl —— i “ 0.4
e el s e : !
1.0 0.2
~A----Estizated flou T
.0.0 0.0
1500 1600 17C0 1890 1500
July 22, 1955 \O':’)_, 5 N L
SAFFCSD, ARIZ0%A VATERSMED 45,939
45.4-2 i
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OXTORD, MIZSLL5TA3L EATIRSHLD Ka12L 62.0%

WONTHLY PRECIAMTATION AND RUACFE (meher)
ARRA=11 500 ATREF [35.6 54,

i | oees | owan o wvr | owes | s I we | ower [ mer - i
—— - | Ll i i
15l el LA | 2,93 | &4.51 | L.&3 r.iay | 1.} 7.1% | 7.07% : 1.1% : 2.12 L.%3 .13 50.9%6
) L6 ] .13 | oG | .17 laz | .03 P2 ‘ Lec I B4 03 G0 | e 6.0
i i
] 1 '
5Ta ATHP 3.57 ]i L.97 l L. &1 £.50 &. 16 1 3. lo 1 &.18 J.7% i &.28 | 1.07 4.07 : 5.0% L8 &0
(37=67} 6 1.0 ! 1.1% 262 =3l 1 .13 27 | -3% 1 25 .08 3t ! « 73 &.0%
O 1 ] 1 1 i i i | i
&3 YR = 5.67 3 5.27 ! 5.93 | 5.0% £.58 1 2.7 ., &.&0 & 3,27 ! 3.&5% i 1.83 .51 5.1) 53.92
AMMUAL MATIMU DI RCHARCES [inghas sor howel AND ARMUAL QAT IMUSN YOLUES OF RUNOFF (inchea) FOR SELECTED TiME INTERVALS
[y e BAE e e ———
Toaa Ericmasoh | mgn ¥ man o . roar 2 pars B EaTE
waid ] nsi | Gnte || wuianek ) BAtE | vhcyemi | RaEE | simanct | B2tk | Giuern | wovE | i | %4tE | ronmmi | Ba¥E | i
. ] 1 L]
4 | ]
1347 -9 20| T-% 29 | 1-9 ! .1 1-59 I 59 | -9 1 106 -9 | L.0% 8-2 : 1.19 | 8-2 1.37
| | | d |

=afisJut FOR PERIOD OF RICOED

w57 vs| 2-23 .33 | 2-23 | .35 | 2-23 | .66 | 223 | L.38 | 2-23 | L.62 | 2-23 | L.B% | [-30 1 5.08 | 3-i% [ &8
iy BT 134-3' 1522 | 1953 | 1543 Laay | ]":'-u!l 1357 | i5A%

maTel  Ustershed canditisoe: About 132 in cultivation [ccfcam, corn #cd sovbeans), Eair cover Navenbar T6 March, paec
cover April and May I=proviog cto good by mid-July; &4% in pascure and idle taod, good cover April to Coccber with fairc
cover Teoainder of year; 335 in woods, good cover) LT Ia Bace gpullies; ST uvebia, Percentages of tocal aces Qo varilous
land use cacegories are based on che lacest survey compleced in 1563. 1/ About 17T of drainage area above snmall
desileing sad retentlun dams. 2/ Honthiy precipitacise Thiessen weighted frem. 16 rals gages. 3/ Preciplcation and
runali records Begam Jan. 1957. i." Mean P based oo &d-yr (1%20-67) U. 5. Weasther Bucemsu record peried 2t Holly Sprizge
W, Hiss.

1967  DAWY PRECIFITATION [isches) jax#cac. HISSISS PP HATERSHED W=12 b62.0&
maw s | FEm ha A o 1 JuRE | aunw i aua | paer oot [ o
' i) LT » 00 - 20 1.5% | 08 | w151 w23 - 00 N1 23 00
3 00 k3 o010 00 .03 00| .88 | 3.53 00 « 00 .00 | 1.50
3 « 00 <00 .00 =00 - 00 00 | .00 55 + 00 . 0t .18 « 00
M .00 »00 +00 «00 =00 «00 | « 00 54 00 00 «00 « 00
5 .00 «00 «57 .00 £ 00 o0 i 1.35 00 + 00 .00 00 « GO
& - 00 =00 2451 - 00 2.68 «00 «00 «00 00 - 00 .00 old -
7 <M 00 03 el ] =00 =00 16 - | =00 = 00 =00
5 «00 « 00 00 «00 « 00 00 «00 » 00 <50 « Oé .00 +00
3 «00 .00 00 .00 « 00 £01 3.03 .01 £ 00 -00 00 1.25
10 <00 «00 -00 « OB « 00 -00 + 00 -00 « 00 « 00 «00 «15
" +00 <00 00 00 «00 « 00 .08 +00 .03 « 00 34 %
A SR .00 00 -60 ~oo .00 o7 .00 00 -00 6.1
s 5% 00 « D 50 =03 =00 ok 00 =00 -0 =00 =00
. .07 .00 L0 - T8 +32 .00 <G +00 00 « 00 00 il
"5 + 00 .7 «00 « 00 .22 +00 « 00 <00 - 00 - 00 00 widd
- x
" +00 «13 - 00 «00 .00 « 00 00 «00 -02 ! 1.5% «00 - 08
! .00 +29 00 .00 « 00 .00 «00 | OB 00 a1l 00 T
" 00 a0 | - 00 + 00 « D0 .15 + 00 L3B « Ui - 00 .09 .0
"o, 00 =34 2+ 0% - 00 « 00 =00 el 00 =00 « O i) =00
! .00 «T1 19 - 00 «35 «05 | .03 00 <00 | o0 «05 1.39
; !
2 00 00 -0 «07 87 7 | L0l <00 | : - =
i .00l oo -6 .10 .00 35 | 20 .99 | 260 : x Fil g Z0a
1 00 | 50 « 00 1.35 .00 .35 ! L 00 <D0 : + 00 + 00 L0 «00
i W00l oo .00 .00 -00 00| .o0| W27 .o b Tes .00 00
1 00 | 200 « 60 70 « 00 i «00 “13 «03 | -00 . + GO0 «0F | .00
1 ' H : 1
25 .92 : -00 «97 .52 +00 .02 | IR T -00 | - 00 «00 | 0B
) .00 1.0 | «23 03 «00 -00 i «00 ! «06 f 27 1 o 00 | 035
an - 00 «00 1 .00 .00 00 he| Le3!  Lop: Loni oD o0 F oo
. L | 00 | - 00 - 00 =07 i +32 <00 ! 00 - 0 55 | .00
o <00 | =m=m e - B .35 T T e e - (-
e w00 F-mmn | 00 | == bakd 4 m=mem—- 00 N0 e N oSl :u
e .57 22T, WaBZ ., TakB | T+B3 . 2Z.30 .19 Tl Leln 2ald T.73
A 3.57 L.5T &l 5.5 fra Qo 3.19 L,2n 3.74 & 2R 207 J 5.05

=2%at 0% DALILY ALA TDPERATVAZS IN TIE VICLAITY, SEE TABLE FOR WATERGUED Weih, P. 62.0-1. OAILY FPRECIPITATION VALUSS
H[E53EN WEICHTIO TROM RAIN CAGES &-8, 13, 153, 1B-20, 23, 24-31, AMD 3], STATION AVIRASE 15 FOR L1-%¥W (V337-47)

RECIAD PRRICD

Conperative Reseazin Iroject of Lysd, Lolversaty ol Hidddsaippi, and Husziseippl State dgrisvitural Lxpesi=ens SU8ii.n

E2.4-1



35

1587 MEAN DALY DISCHARGE ‘cfu y l [oEsErde., s 085155 002] HAaTERSeeED =12 L
Baw | Ak ] ey wam H ana . i T FETE AU | szer | oY £ ce=
[ ] “BZ, 31, Z.88] “35| Ena.Le|  m.0T.  3.r3; T Z.79 T.rn =50 4.
2 B2 10,75 2.24 -7l 2 s 5h lalh} b2atsi 830,50 2.29 el
3 B2 Laka .11 =11 ET Ton)  1.990  29.a6 2.71 B2
. A2l . 2.0 .71 359 LAT] 3T Hh4.LG L.78 =15
Ll s Th} L alHa, 2aSl =Tl 3. 08 R} EL.LD 3,85 148 a Tl
L] «T1 FA| BRT.90 -b5] 559.20 .MF &.82 1.35 1.26 B2
T .‘Hi " 15 .0 «&0 21-1\.}?' =51 3.42 L La?te 82 1.onl aued
[] ..l.l.':IJ. k] 12.53 «51 1c.T2 « 53 3.0% 71 T} -EE 1-=-"-1i &
® &1 1.0 T.34 N1 1.3% .ZF\-_ID?E-‘i =40 112 93 lafil} Zl.&r
] S ¥l &.80 B2 %3 +22=I 19.92 «51 l.oo =73 «53; T.ee
" .56 B2 ause .82 .42 ST LI WY wi2 47 93 HF| &1y
T3 T 52 2,94 b5 «Gl «23] LG:09 5 «AT =93 %3 Tuti
1 LB <38 286 L] -39 23] 25.38 i T %3 .13 l.ua ban7
" e Al T 2lky Y e 2m 1.8 b2 «33 1. 26 l.040 latd
5 -85 «25 1.71 5B 1.37 - 28 <56 w35 =87 1.28 1.co 2.2
18 w0 20 1.264 a5l =27 «25% <00 «31 37T .60 T-0n lave
7 T <18 89 b2 14 =25 «38 25 =87 115 53 S51.0=
1] «51 alt 71 ale 2 wl& 31 B2 5k 87 « Th 1aN& Ahats
T 51 wdd - ahT «13 «31 aTh «35 <87 «TH 1.0k Jal¥
22 56| 17.38] «TH 31 « 1B 35 1.83 «35 AT B2 LGl f P7T.0%
E] 5 6 .43 «T1 &0 1.4 b 1.47 =32 -B87 - .B2 1.06) 159.41
22 _— T 298 T bl 1.15% =13 «Th «28 «HT =B2 1a s FLLIY
Fi] 54 2+77 -1 80501 . a23: «82 Tl «ZB 57 «73 100 1.04%
F1 5-1.1 277 1.1% 3.22 .l#l 35 sl 3k 87 «53 1.2 abl
E11 «51 2« L.2b l.b5 «13 -39 =Tl 1:03] . =87 «B7 1. 00 5t
T 1R &9 2556 1.E5 BN.3% +19 «33 B 45.29 +BT 100 «BA -1
Pl 3.52 S5halB Q.h2 3.93 « 28 25 sbil &.69 «87 104 «Th «T1
FL] ke 12.04 2a23 2a56 =13 «25 «59 3.09 <87 53 aTh st
F= ] 3B | mmmmmae l.l% Labidy w13 &0 110 287 =93 1.00 «EBR s &3
w =35 #HT 2a 2% =22 b 20 1.05 2.45 «33 1. 1% 1.00 35
3 =31 0 bttt 0 P i 236 PN —raer ATt 1.3
=Lam t 'I--:hl \-.:a"l ETOPC T L L] 25.L1 T ; Theatl #4231 L.13 T .l.:'rl 2217
nCmEg SDhE | 131 1. 00 217 1.5 1 o7 )25 1.t ML) L 03 Al

waten T CONVIRT DRSCHARGE 1M CFS TO LIKSOAM, HULTLIFLY BY D.GULR433. GQUALITY OF RECOADS: ©00D, ESTIMATED TO BE WITuI
L0% OF ACTUAL,

1967 SELECTED RUNOFF EVEMT LEFLE . HE551ISSIPR] HATEASHEIN h=]2 S T
ANTECETDENT CORNQITHIME r LEIL L Te S LAY L
LaTE maimraLL musarr | EaTd e ETEaTY aez, CaTr Famg T iz,
LB femrbas) famrarrf HO-DA T &F Cav femilnd Foma bny gAY Br oAy lefd T il

Event of May 31 - Jume 3, 1967 1/

S=31 RZfae | oong  5-31 | 1e mG avrdl 5=-351 1420 - 203 o 3D

14&15% il ] - G0 1432 TR el |

I &30 « 18 & O IE3-E] «HT a M)

[ 1455 L] 13 1517 23R P |

1500 o Th 37 133k 15 .99 » D372

.. 1515 1,1 « Th 1534 LLE Y « O

15320 Is The la 24 e 155, 1 M52y

1545 A7 1,258 L&20 A7) .04 e

s et 11 o R S
srea in cultivatlen, chinfly 3 i ; Ly o
cottom, cora and soybesns, Ay

gsnerally poor cover; §6% in :::E :;1;::: :ﬁ:u!r

pasture and 24% idle, foir to 1726 | 1470.26 SO0

goad caver; 33T in woods, paod 1760 LI LLGnT

cover; IT in bara gullles; &1 Vhi? 735,54 T

wrban.

Y R2a FEM. M 1183

lean 1217 1227

L&26 PTu.71 - 1Fe7

£0L0 AOELTT L

FAT-1 1h% . 0 o b @hit

Fdt] Ml.R] «1%12

FE gk Th.2% - Lk

F F PR 5% .M a1 5506

FEON 0T L ik «15T2

m-1 nlin 2danl] L

LOTES: TO COMVIRT
TXZER FMIONTAL ACR ICULTTURAL ¥

OFF 1% CFS TO 153, IFLY BY G.OOCCAXS. FOR MAP OF WATERSHED, SEL MYTAOLOGIC DATA FORA
ERAGHEDE Ik THE LEITZD STATES, 1934-3F, V2D MISC. PUB. 963, P. 61.4-6. 1/ TSCHYFTAL
BaF o8 T 82.11-4. IS RALNFALL CRICA TO k615 O 5-31-67. !_-." FEUNDEF FRIOR TO 1530 ©N »=31-47, FiE J0-Ba¥Y ANTCCLLEST
P AxD @, SLE TABLES CON THIS AXD PREVIOUS PAGE. &) THIESSEN WETGHTED STOAM RAINFALL, Ral: CASES 4-9, 13, B3, 1%2.20
15, 1931 AND 33, DAILY TOTALS FOR IMDIVIIUAL CACTS LISTED ©4 B2 B2.010-2 AND £2.10-2.

62.4-2 :
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147

SELECTED RUNOFF EVENT

lu‘.-m--. PnNiant o]

A= e W g N7

ANTECEDENT CON2TIONE l.‘i"‘l.l. ®uNDFF
OaTe mANTALL LEL LA Date Time InTInnTY ace, DATE Tiwe l naTe acc.
LES-Th 4 Oasdenr fimevens 2.0y CF Javy lomsbey fimcben) “D-Day OF Sav ieisd foncrwny
3 L : T
Event of Mav 31 - June 3, 1957 - Continuad -

6-1 L3002 la. 19 1512

0602 Y91 ol ii:

1200 4 Lk e156.:

2600 2.57 <1556

6-2 7600 1.12 olb%>

63 2400 /.7 1593

AT 2400 ON JUNE 8, 1967,

RT RUNOFT IN CFS TO IN/#AR, MULTIPLY BY 0000435,

1/ RUNOTF DECRZASED TO 0.3 CFS (NORW

BASZ FLOW)

o
1 o T ! T o 7 e : T 2000 3
& 16 RG = : T 1k : =
THIZSSEN WEIGHTED — i : —10.03
= e = e . =
e e = —0.07
- : T + - 1500 3
~ f : T T —- 3
0 v + SO A f A PHED —_-:0.06
= = 1 t : T o iy )
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P L L L e
HEC~1 VFRSION DATED JAN 1973
" UPDATED AlIG 74

RRRRAAAARAAARAARARARAR RS RN R K
CLARK METHAD FNo DERIVING UNIT HYDROGRAPK, BY HEC=1{

SAFFNRD WATFRSHED,ARIZONA,DATA FROM KYDRN NDATA FOR EXPER AGBR WATERSHFD .

YAOHUANG wU

: JNB SPECIFICATINN
NQ NHR  NMIN IDAY IHR IMIN METRC IPLT IPRT NSTAN

15 0 {0 0 022 15 50 0 2 1 0
JOPER NWT ’
it e 5 2 1

TEMPORARY ADJUSTMENY TO OBSERVED FLNwS QO 5 1.80

~

7 HYDRNGRAPH AND LOSS RATF OPTIMIZATION COMPUTATINNS
1STAR  ISNO4  TAREA QNAP  STRTR  QRCSN  RTINR  NCLRK

— e o e

1 b} i .00 .00 .00 1,00 0
INPUT DATA
1c R COEF  8TRKR ' 8TRKS  RTINK ERAIN  FRZYP  DLTKR  RTIOL
AR 5 =52 *.13 $00  =1,00 $00 (00  =1,00 200  =1,00 =1,00
TR INITIAL ESTTIMATES
b TCHR R/CTC4R) COEF  STRKR STRKS RTIOK ERAIN  FRZTP  DLTIKR  RTIOL -
3.90 . .20 00 e 28 00 .00 .50 200 Sl 2,00
PRECIP DATA :
NP STNRH DAJ NAK
AT 7 .00 .00 oo et e
PRECIP PATTERN
«01 23 L s 206 .04 W02

STANDARD ERROR FOR VARIABLE 1, 347,9594 35,9357 344,542
VAR {1 ADJ FRNM 3.90 TO X D5

STANDARD ERPOR FOR VARTABLE 2 340,5421 30,0093 339,4773
VAR 2 ADJ FROM 20 TN 15
STANDARD ERFNR FOR VARIABLE 4, 327.5314 323,2249 18,9548
W VAR & ADJ FRNM .90 1O .60 : :
STANDARD ERROR FOR VARIABLE 7 221,3879 220,6419 219,9536
VAR 7 ADJ FRNM .50 TN W43 ’
4 1
STANDARD ERROR FOR VARIABLE 9 216,0131 216,1055 216,2376
____YAR 9 ADJ FRNM 2,24 TN 2.28 ‘ -
STANDARD FRPOR FOR VARIARLELO 215.9u49 215,9645 *+ 215,9823
VAR {0 ADJ FRNOM 2.00 TO 3.00
STANDARD FRROR FOR VADIABIE 0l 215,2995% 217,62u8 220.6181
VAR ADJ FROM o SDERH0 S bb_

STANDARD ERRNR FOR VARIABLE 2, 211,1257  211,1844  211,2519
VAR 2 ADJ FROM .15 TO .16

ATTACHMENT 2.



VAR 9 ADJ FROM

STANDARD EPRNR FOR VARIABILE 4
VAR 4 ADJ FROM 60 TO .59

STANDARD ERRNR FOR VARIABLE 7
VAR 7 ADJ FROM 243 TO 242

STANDARD ERROP FOR VARIABLE 9
2,28 T0 2,35

STANDARD ERROR FOR VARIABLE10
VAR 10 ADJ FROM 3,00 10 4,50

STANDARD ERRNOR FOR VARIABLE ¢

VAR § ADJ FROM 3,66 TO  3.74
STANDARD ERPNR FOR VARIARLE 2
VAR 2 ADJ FRNM .16 TO W16

STANDARD ERRDR FQR

_VAR 4 ADJ FRNM

STANDARD FRROR FOR
YAR 7 ADJ FRNM

STANDARD ERRQOR FQOR
VAR 9 ADJ FROM

VARTARLE 4

«39 10

VARIABLE
42 10

VARTABLE

235 T0

.58

7 -
W40

9 .
2,42

STANDARD ERRNR FNR VARIABLE10

VAR 10 ADJ FROM

STANDARD ERPDR FOR
VAR { ADJ FRNM

STANDARD ERRQOR FQP
YAR 2 ADJ FRNOM

STANDARD ERRN® FQR

VAR 4 ADJ FRNM

STANDARD FRROR FOR
VAR 7 ADJ FROM

STANDARD ERPNR FOR
VAR Q9 ADJ FRrRNM

4,50 10

VARTABLE

3.706 10

6,75

3.76

VARIARLE 2

«16 T0

VARTARLE
W5k TO

VARTIARLE
«40 10

VARTABLE

2,42 TN

o5
ub

.59
7-

.39
91
2.u9

STANDARD ERRQOR FNR VARIABLE1O0

VAR {0 ADJ FRNM

6.75 TO

10,12

STANDARD ERROR FOR VARIABLE 1

210,9500
210,8u45
210,6605
210,4897%
210,0182
P0R,R91?
208.8R890
208,8A71
208,6711
208,402%
208,124
208,0387
208,0354

208,027%

207,.,8197

207,6404

207,307

210,8682
210,7485
210,8035
210,5022
211,1573
208,9012
208,8679
" 208,7703
'208,8130
208,5028
. 208,5574
208,0492
208,0960
207.9312
207,9636
207,6497

207,5105

(¥

210,8456

210,6888

1 210,9827

210,5154

212.7371

20R,9194

208.9099
205.70§3
208,9961
208.5132
20,3749
208,0673
208,2146

207.8648

'208,1495

207,6592

20R,0917

VAR 1 ADJ FROM 3,76 TD 3,76
Al R
BE b

THFTLTRATION INDEX 22,100 IN/ZHR ¢ 53 MM/HR)
STRKR FOR RTINL OF 3, = ,79
OPTIMIZATINN RESULTS

COEF  STRKR  STRKS  RTIOK  ERAIN  FR7TP
00 85 . 00 .00 «39 .00

PLTKR  RTIOL
3060 10,12



—— — PP e — S ——

L ET nvpunnJT;:_ = gMu-HF-FFPIhD FiﬂKﬁ:?;l:_E;G;
] 501,943 1490%9,725 15p4,.0% T&A_AHB 100, %a

B i e END=DF=PERIND FLOW
PERIND JI=E RATIN EXCH COMP Q
& 1 E-:.. 15 &f 1“1 .ﬂll'! .ﬂﬂ
2 22 18 10 223 « N0 « 00
3 22 1A 20 .73 .31 152,00
q g2 1s 10 33 07 bs7,.20
i 5 22 16 af J0b .00 582,79
& 22 14 50 L0 « 00 Jub,1n
T 22 16 wf N2 10 BT, P13
a 22 17 1n «00 +« 00 - h, Rd
T =1 22 17 an o N0 <00 « N0
T ¥ 10 22 17 =0 <00 00 00
11 22 17 af N0 « 00 0
12 22 17 sh0 « 00 00 « 00
13 22 17 an <00 « 00 «00
1“ 2‘? i“ 1ﬂ |ﬂﬁ iﬁﬂ l“u
15 22 14 20 .00 « 00 « N0
S1M 1,82 « 3R 138,00

THE FOLLNWING IMFOoMaTINN I8 FOR & TIME BASE
WHICH IS5 EnUalL T % TIWES THE LAG FROM THE CETROID

OF RF EXCESS Tn THe NASERVEN PE
=MNE=

h¥

e 3E HMOURMA. TP

nR3 N
« N0
200

50,7

387,90

823,50

134,00

111,.K0

54,70
2ALEN
14,60
R, 00
3,60
1.50
10
« 00

1637,.R0

WHICH I3 EAMeL TN . PERION FRNAM THE CENTRAIN AF THE
RF EXCES3 TN A& RECesSsInN N EQUAL 70 NNE=HALF THE PEAK @
«WHICHEYER GIVES THE LARGEST TIME BASE

TIME RASE STARTS At PERIGD 3, ENNS AT PERIND 9
A COMPIITFD PFAK= 5R2,78 : ¢
g OHSERVED PEAKS h23,5n PFAK DIFF, (PERCENTI= =6,53 .
CUOMPLITEDN PFAX LaGs «3p0 HOURS
NHZERVFD PFEAK LabGs= <30 HOURS * TIME DIFFERENMCFE 0 HOlIRS
R ik STANNARD ERANZ= 52 _2RH9
' = MEAW FLOuWs FE9.T :
STANDARD ERRNR AS & PERPEWT OF HFAN= 22,74
AVERAGE ERR0R (PERCENTIe 52,18
COMPUTED WNLUMF= 16138, :
————— - : = DBSERVED VALUMES 1609, VOLUME DIFF, (PERCENT)® |,80

Tt

WhLm 1,80
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e
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604
10+
20,
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10%1
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STATION 1 YAaNHIUIJANG wU
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F LTIy e RS LT L O A

t;i;*;l;ﬁitli;t;l;i;ﬂif;w;t;
HEC=1 VERRINW DATED JAN 1973
UPDATED AUG T4

i;i;t;tit;iti;i;t;*;#;i;k;t;

CLARY METHOM FNe RERIVING UNTT HYDROGRAPH, BY HEC=1

NEFNEN wATFRSHFr,uISSIS5TP,DATA FRAM HYDRD DATA FOR FXPFR AGR WATERSHED
YANHIIANG wl)

JNR SPECIFICATION
MR MHA  MHMIN InaY IHWHR TMIN METRC IPLT TPRT NSTAN

Ia it In 0 034 16 a ] 2 1 ] E
- JOPER NWT :
- 2 ! < e
TEMPDRARY ADJUSTMENT Y0 DBSERVED Finws 0O 6 1.20

HYRAAGEARH AMM LOSS RATE NPTIYIZATIAN COAMPUTATIANS

18740 Isu0~ TAREA SMAR §TRTG- QRCSN RTIMR MELRK ¥ Gics
i 1 ¢, 35,60 M0 T 00 .00 1.00 0
INPUT NATH
= TG . R COEF  STRkR  8TRkS  ATINK  ERAIN  FRITP  DLTKR  RTTOL
S 2,17 =].46 00 =1,00 .0 L0080 el gn Jof miond . =] 00

: INITIAL ESTIMATES ;
TC+R  R/(TC#R)  CNEF ~ STRKR  8TRkS RTIOK  ERAIN  FRZTP  BLTKR  RTIOL

7.26 LU0 .00 .20 .00 00 50 <00 S50 2,00 .
=]
PRECIP DATA o
We §TNAM nat nk S
i 5 « 00 « 00 00
; : i FRECIP PATTERN
.04 .28 88 wil « 01

STANDARD ERPOR FOR VARIARLE 1 277.0aik 272,7606 268, BETA
_VAR { ADJ FROM 7,26 TO 6,09 °

STANDARD FRPNR FOR VARIABLE 2 263, Huks 260,277 257, 4161

VAR 2 ADJ FROM .40 TN N i

STANDARD FRPDR FOR VARIABLE 4 218,4573 . 215,7¢86  217.0561 i
VAR 4 ADJ FROM .81 10 80 : : ———

STANDARD ERPNR FOR VARIABLE 7. 215.6RA4 215,9786 - 216,851(1

V&2 7 4DJ FROMW .50 T0 .50 "

STANDARD ERPAR FOR VARIABLE 9  215,hABA  216,1852  217,4771

* L * . - —

T STAMDARD FRAROR FOR VARTABLELD . 215.hAks 215.6888 215.6952

VAR 10 4DJ FROM 2,00 TD 2,00

STANDARN ERRNZ FOR VARIABLE 1 215,684k 216.8948 21R,9740
VAR 1 ADJ FROM 6,49 TO  6.55

© STANDARD ERRDR FOR VARISBLE 2, 215,3195 215,5391 215.9966 e ' ! \ . LT
VAH 2 ADJ FROM .27 T0 .29



A

STANDARD FRRO]R FOR VARIAALE 4
VAR .4 ADJ FRNM «80 TN 79

" STANDARD ERROR FOR VARIABLE 7

VAR 7 ADJ FROM .50 TO .50

STANDARD ERROR FOR VARIABLE 9
VAR 9 ADJ FROM 2.02 10 2,02

"~ STANDARN ERROR FNR VARIABLE1O

VAR 10 ADJ FROM 2,00 TO 2.00

STANDARD ERROR FOR VARIABLE 1
VAR { ADJ FROM 6.55 10 b.60

STANDARD FRROR FOR VARIABRLE 2
YAR 2 ADJ FROM 029 TO .30

STANDARD ERROR FODR VARIAALE 4
YAR 4 ADJ FROM o173 T8 o9

" STANDARD ERPOR FOR VARIABLE 1

VAR 7 ADJ FROM .50 10 .50

STANDARD ERPOR FOR VARIABLE G
VAR 9 ADJ FRNM 2. 02 10 2,02

~ STANDARD ERRQOR FOR VARIARLELO

YAR 10 ADJ FRAM 2,00 T 2.00

STANDARD FRROR FOR VARTARLE s
VAR | ADJ FRNM 6,60 TO b.,b6

STANDARD EQROR FDR VARIABLE 2.
VAR 2 ADJ FROM 230 TO 030

STANDARD ERKDR FDR VARIABLE 4.
VAR 4 ADJ FRNM «79 D 79

STANDARD ERPOR FOR VARIABLE T
VAR 7 ADJ FROM «50 T0 »50

STANDARD ERRNR FOR VARIABLE 9

STANDARD ERFOR FOR VARIABLEYO0
VAR {0 ADJ FROM 2,00 T0 2.00

STANDARD ERROR FOR VARIABLE 1
YAR 1 ADJ FROM 6,66 T0 6,64

Je "
2.32  1.04

UNIT HYDRNGRAPH {4 END=nFaPERION DRDINATES, LAGE
" 7820,7%

1297.32 ass0,04

213,114

2930008

213,0105
213,0105
213,0105
212,7882
212,2116
211,8809
211,8R09
211.8809
211.8?09
211,8u83%
211.5153
211,7356

211,7354
211,7356

211,7356

INFILTRATION INDEX £1,420 INZHR ( 3k MM/HR)Y

COEF  STRKR

000

9529,78

21342518

213,72949
213,4990
215.0125
£14,0394
212,9980
aié;Soug

212.1560

212,3583

211,887%0
212,8845
212.0075
212,8768

212,0009

212.2065

2yt 3ny

211,9457

STRKR FNDR RTIOL OF 3.

JB0

00

8439,00

14,5104
214,1404
214,9568
213,01R6
215,9268
213,2512
216,477
313;9786
213,7872
211.88R9
214,5722
212.3774
217,5215
212,8061

213,41R4
211,7436

213,1621

RTINK
« 00

5729,78

s B2

OPTIMIZATION RESULTS
§TRKS

ER&IN
.50

1.80 HNlIRE, CP=
34047 ,86

FR7TP
.Oﬂ

- J‘—“..—.

nLth
12405

6
2074,72

s s se e s -

RTIOL
2,00 .

vnLe 3,00

foud,us 751.25

A



“re RS wW TwTRNe o= E— il -

452,06 272,02 163,69 98,50

END=OF=PERIOD FLOW

PERIND CTI4E  RAIN ExCs CUMP @ nRs 0 : TR
1 i 16 20 L NU N0 N0 .50
2 21 16 A0 .08 .00 .00 1,00
e 3 31 17 10 .88 o7 PP S56 11,10 y
L 117 w0 ad 00 Tub,25 133,70 o)
W o 5 34 48 0 . 0% « 00 1311.50 992,40 _ g
b 31 4B 40 «00 «00  159R,10  1702,00 dpe b i
7 31 19 10 , 00 00 L 1U15,18 14073, 30
8 3¢ f9 40 o J00 .00 960,R6 91R,80
9 320 10 W00 N0 57R.19 . S64,70
10 31 20 A0 .00 .00 347,92 347.70 -
a0 Sl ~ 11 L DI WS ) 00 209,36 264,90 - i , - e
12 3 21 AN .00 W00 125,98 268,00
Ji3 31 22 10 200 0 00 75, R4 1E6,90
14 31 22 40 .00 .00 45 k2 153,40
35 31 23 10 N0 «00 27 .45 130,00
16 31 23 40 <00 200 16,52 106,50
Ao B B I 17 LA o R o 00 00 B74h0
18 32 0 A L 00 .00 .00 70,R0 R
- 19 3? 1 .‘n COO .00 .00 5“.30
20 32 1 40 + 00 .00 .00 U7.R0 -
e 21 T 2 Y L0l .00 .00 41,30 -
22 32 2 «h .00 £ 00 A0 35,10 ,
B o e o 23 PR S o N0 00 .00 2R, R0 s :
U 32 4 w0 .00 W00 00 25,40 : A o
< 25 32 4 10 <00 .00 .00 21.90
26 32 4 AN 200 .00 N0 1R, U0 : : -
28 32 5 &0 ) 00 « 00 15.720 w
ST 29 32 6 .00 200 200 - gdicen o aht e : RS R
10 32 A a0 .00 o 00 .00 12.40 . o
31 RISy .00 .00 .00 10,90
3 32 32 7 A0 .00 00 2001 G 9,50
33 32 3 10 .00 .00 .00 9,10
3 312 B 40 00 <00 00 - L8 %o jE
M 1,32 «I7  T676,000 1674,50 . i G

THE FALLNWING INFOoMATINN 18 FNOR A TIME RASE

WHICH 18 FQUAL 1@ 4 TIMES THE LAG FROM THE CENTROID ' 7%
ARt e e B 3 OF RF EXCESS TN THF NRSERVEN PEAK
uFe 5 ¥ iy E et e

WHICH 18 FQUAL T2 4 PERIND FROM THE CENTROIN BF THE
RF EXCESS 70 A& RECFSSINN O EQUAL T0 ONE«HALF THE PEAK @ =
wWHICHEVFR GIVES THE LARGEST TIME BASE :

TIME BASE STARTS At PERION 2, ENDS AT PERIND 12~~~ 7 S s de e e s

COMPUTED PEAK=  {59A,14 ad b S
OBSERVED PEAK= 1702400 PEAK DIFF, (PERCENT)Z =b,10Q o= E T e

COMPUTED PEAK LAG= (.54 HNOURS . Al



@

\)

G

OBSERVED PEAK LAG= 1.5n HOURS TIME DIFFEREMNCE .0 HOURS

STANRARD EP&NR= 222,255 -

e MEAN FLOW= 59740 : Sy hy- . Rl ‘ R
i STANDARD ERRNR AS A PERCENT OF MEANEZ Ly A
AVERAGE ERROR (PERCENT)z 230,19
Ry " COMPITED VALUME= TSN GOSN = e ’ : x o e = s o o oL e |
NBSERVED VOLUME= A5A7, VOLUME DIFF, (PERCENT)= 14.36
L
-
P
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