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UNIT HYDROGRAPHS

What is a unit hydrograph?

How are they used?

How are they built from data (analysis)?
How are they built when data do not exist (synthesis)?




WHAT IS A UNIT HYDROGRAPH?

Stteamﬂow from Rainfall

by Unit-Graph Method

Oh,sei:ved runoff following isolated one-day rain-
fall forms basis of computation—Method ap-
plicable to rainfalls of any intensity or duration

By L. K. Sherman
Consulting Engineer, Reudolph-Periing Co..
Chicago, 111

served hydrograph, one due to a
storm: Jasting one day, it is possible
to compute for the same watershed the
runoff history corresponding to a rain-
fall of any duration or degree of in-
tensityy From the known hydrograph
the “unit” graph must be determined,
vepresenting 1 in. of runoff from a 24-
hour rainfall. The daily ordinates of
the unit graph can then be combined in
accordance with the variation in daily
precipitation figures so as to show the
rumoff from a storm of any length,
Following a storm, the hydrograph
representing the flow in the mai
‘stream channel shows the runoff in-
creasing to a maximum point and then
subsiding to the value it had before
the storm. For a single storm the
graph is generally of a triangular shape,
‘with the falling stage taking never less
and usually two or more times as long
as'the rising stage. For the same drain-
age ared, however, there is a definite
total flood period corresponding to a

oiven rainfall and all ane.dav rainfalls

BY MAKING USE of a single ob-

or 2 in, and the observed graph repre-
sents a 2-in. runoff applied in 24 hours.
The unit graph for this arca, then, is
one having the same base hut ordinates
one-hall as great as these on the ob-
served graph.  This is the procedure for
determining a unit graph for anv drain-
age arca. The graph is a constant for
any particular drainage arca, but drain-
age arcas of diffcrent physical charac-
teristics give radically different forms.
A topography with steep slopes and
few pondage pockets gives a graph with
a high sharp peak and a short time
period. A fat country with Jarge pond-
age pockets gives a graph with a flat
rouaded peak and a loug time period.
Application of unit graph
After a unit graph has been con-
stiucted {or a particular area it may
be used to compute a hydrograph of
runoff for this area for any individual
storm or sequence of storms of any
duration or intensity over any period
of time. The principle o use in apply-
ing the unit graph is to iollow the sum-
mation process of nature. For example,
consider a case where the unit eraph

OPQ. A continued yain with the same
daily depth of runoff produces succes-
sively the additional dotted graphs. At
the end of the fifth day of such continu-
ous rain, with uniform depths of runoff
for cach day. the runoff graph OKS
will be formed. The peak at 2 will he
the maximum rate of runoff. Further

Tor conttious
\ wniform el

Fig. 1—Simple hydrograph of runoff from
= continuous wniform rain, when the unit
graph is triangular.
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Fig. 2—At Plumfield, I, on the Big
Muddy River, there was a fairly well-
isolated rain of 1.42 in. on April §, 1924,
vielding 2 hydrograph with ordinates
proportional to those of the umit graph.

Used to explain the time re-distribution of
excess precipitation on a watershed

Represents the response of the watershed at
the outlet to a unit depth of EXCESS
precipitation
« EXCESS implies some kind of loss model is
applied to the raw precipitation

* Time re-distribution implies some kind of
transfer behavior is applied
L. K. Sherman 1932 is credited with seminal
publication of the concept
* Read the document in AdditionalReadings




RESPONSE MODEL
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RESPONSE MODEL

Response models convert the excess precipitation signal into a
direct runoff hydrograph at the point of interest
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RESPONSE MODELS

Precipitation

Excess
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HYETOGRAPHS

Typically divided
into three
components

= [nitial abstraction

= Loss

= Excess

= This component becomes
direct runoff

Rainfall i ntensity

Unit discharge

=}

Discharge

=]

Initial abstraction
time

-

I
’ | Losses
1 ) l Input function
ILR";% {storm hyetograph)
SXCESS

Tramsfer functicn
{unit hydrograph)

-
time

Output function
{runoff hydrograph}

Figure 6.1. Rainfall/runoff as the system process




UNIT HYDROGRAPH - EXAMPLE

 The example is from CMM
pp 216-223

» Least-Squares Approach

Unit Hydrograph (Classical Example)
© = 2
£ o | 8
= o |
0.5 11 1.06 428

1 2| 193] 1923
1.5 3| 1.81| 5297
2 4 9131
25 ) 10625
3 6 7834
3.5 7 3921
4 8 1846
4.5 9 1402
10 830

551 M1 313

Figure 7: Data for UH application example



UNIT HYDROGRAPH - EXAMPLE

* Build an equation array using the unknown unit
weights and the known EXCESS precipitation depths,

-
P, 17 U, 0.
P, P | U | o
| o,

Py | _UN-M+1 | .

N

Figure 9: UH Equation Array (Vector-Matrix)



UNIT HYDROGRAPH - EXAMPLE

5.1.1 Back-substitution

Straightforward. Solve each equation successively (back substitute) for U .
U, = Q,/P, = 428/1.06 = 404cfs in.
U2 = (Q2 — P,U,)/P1 = (1923 — 1.93 % 404)/1.06 = 1079¢fs /in.

Andsoon....

Alsa] C | D | E | Fl | v | 1T |1 K| LM ]I N]O]P|]QIR S | T | u | v
1 _|Unit Hydrograph (Back-Substitute) [ | _ _ _
2 |observations || NI N (1) NN (-0 NN -1 2 O

E‘ T )
@ £ %-

7 2 & 3

= -~ a

Ieg ¢ 8
3 (=3 = (1] o | 1| 2 3 4 5 6 7 8 9 10, 11
+ 05 1 106 428 1 1.06 Q0 0 0 0 0 0 0 0 0 0 40377 428 -0.000228 403.774
S 1 2 193 1923 2 193 1.06 0 0 0 0 g 0 0 [ 0 1079 1923.02 -0.023434 1073.98
6 1.5 3 1.81 5287 3 1.81 193 1.06 0 0 0 [ 0 0 Q0 0 | 23431 5297 0 224311
7 2 4 0 9131 4 0 1.81 193 1.06 0 0 a 0 0 Q 0 2505 9130.5 0.5025618 2505.5
8 25 5 0 10625 5 0 0 181 193 1.0 0 0 0 0 0 0 1461 106524.3 0.6560813 1461.66
9 3 6 0 7834 6 0 [ 0 1,81 193 1.06 [ 0 0 0 0 453 7833.96 0.04 453.04
10 35 7 0 3921 7 0 Q 0 0 1.81 193 1.06 0 0 Q 0 3795 3%20.97 0.02 379.52
11 4 8 0 1B46 8 0 0 0 0 0 181 193 1.06 0 Q 0 276.9 1B45.BB 0.121 277.021
12| 45 § 0 1402 9 0 0 0 0 0 0 1.81 193 1.06 0 0 170.5 1402.04 -0.042 170.458
13 5 10 0 830 10 0 Q 0 0 0 0 0 1.81 193 106 0 -0.47 829.756 0.2442 -0,2258
14| 55 11 0 313 11 0 Q 0 0 0 0 Q 0 1.81 183 1.06 5.32 313.337 -0.3371  4.982%
15
16 Back substitute (lazy way)
17 (1) Guess U
18 (2) Compute Q*
19 (3) Compute difference
20 (4) Adjust U one-by-one to get differance small
21 (5) Stop when difference is small percent of actual Q
22 (6) If SOLVER works on machine - can automate - crashes on Mac (Microsoft hates Mac!)

11

Figure 10: Backsubstitution in a spreadsheet




UNIT HYDROGRAPHS - EXAMPLE

* Observe that if the linear system has full ranked
matrix (rows=columns) and non-zero diagonal, one
could just solve the resulting linear equation for the
unitgraph weights

* Probably better than manual back-substitution which
IS error prone
* Many instances the system is over-determined -

more equations than unknowns and an optimization
technique is usually applied




UNIT HYDROGRAPHS - EXAMPLE

5.1.2 Optimization Approach - Solving the Normal Equations

The least squares solution to the matrix equation is

, [U] = [[PT][P] ' [PT][Q]

Again using a spreadsheet the result is displayed in Figure 11. This method also sometimes
fails, but it can be completely automated (no brains required - unless it fails then a lot of
brains are required to figure out what went wrong).

Three other approaches in common practice are optimization using linear programming
(Danzig’s algorithm) - excess and deficits are summed and minimized; non-linear program-
ming (essentially a variation of the least-squares, but can constrain solution space); and
pattern searching (also a constrained approach).




UNIT HYDROGRAPHS - EXAMPLE

Als]l ¢ | D | E [Fle ] 1T [y ]k[L][m[nNn[fO]rP] Q] R | s
1 _|Unit Hydrograph (Least Squares Example) | | | | | | | | | | | | |
2_|Observations | | I L . | A | | | A ‘ | | . [[V]
—~ w
2 - £
°E" 5 ; I=MMULT(MINVERSE(MMULT(G18:Q28,G4:Q14)),MMULT(GIS:QZS,D4:DI4)) I
[ c o
-~ 5 © 5
€ &8 g ¢
3 =k | o [ 1 2 3 4 5 6 7 8 9 10 |
4] 05 1 1.06 428 1106 0 0 0 o0 0 0 o o o o0 | 403.774
5 1 2 193 1923 2193106 0 0 0 0 O o0 o0 0 0 ' 1078.98
6] 1.5 3 1.81 5297 3 181 193 1.06 0 0 0 0 0 0 0 0 | 2343.15
7 2 4 0 9131 4 0 1.81 193 106 0 O ©O0 0 o0 0 0 | 2505.44
8| 25 5 0| 10625 5 0 0 181 193 1.06 0 o0 0 ©O0 0 0 | 1460.75
9 3 6 0 7834 6 0 ©0 0 1.81 193 1.06 0 0 0 0 0 452,74
10| 35 7 0 3921 7 0 0 o0 0 1.81 1.93 1.06 0 0 0 0 | 380.425
11| 4 8 0 1846 8 0 0 o0 0 0 1.81 1.93 1.066 0 0 0 275.774
12] 45 9 0 1402 9 0o o0 0 0 o0 0 1.81 193 1.06 0 0 | 170.931
13] 5 10 0 830 100 0o o0 o0 ©0 o0 0 0 181 193 1.06 0 | 0.89846
14| 55 11 o 313 11 0 o0 o0 ©0 ©0 0 0 0 181 193 1.06 | 1.77518
15
16 ] | [P)-transpose
17
18 1[1.06 193 181 0 0 0 0 0 0 0 0
19 ] , A 2| o0 106 193 18 0 0 ©0 0 O 0 0
20 3 0 0 1.06 1.93 1.81 0 0 0 0 0 0
21 | | |[STRANSPOSE(G4: | 4 o o 0 1.06 193 181 0 0 0 0 0
22 s| o o o0 0 106 193 181 0 0 0 0
23 66 0 o0 0 0 0 1.06 1.93 181 0 0 0
24 7 o o o o o0 o0 1.06 193 181 0 0
25 8f o o o 0 0 0 0 106 193 1.81 0
26 9/ o o o ©0 o0 0 0 0 1.06 1.93 1.81
27 100 o o o o o o0 o0 0 0 1.06 1.93
28 11 0 0 0 0 0 0 0 0 0 0 1.06

Figure 11: Least-Squares Minimization (by Normal Equations) in a spreadshee’; 14




USING UNIT HYDROGRAPHS

The whole point is to use the unitgraph to predict the response to a different storm

(either real or a design storm)

Just getting the unit graph is meaningless unless we intend to use it. In the present ex-
ample, if we use the unitgraph for different rainfall signals we can predict the direct runoft

hydrograph for these events.

For example suppose we wish to evaluate
P=[2.00,3.00,1.00]

P=[5.00,0.00,0.00]

P=[0.00,0.00,5.00]

the DRH for

Then we simply evaluate the matrix equation [Q|=[P][U] with different [P] matrices.
in figures)

(Results




USING UNIT HYDROGRAPHS

AlB] Cc | D ] E FI G H] I T3 K L M N [¢] P QR[] s T
1 _|Unit Hydrograph (Least Squares Example)
2 |Observations [P] [U] [Q*1

H < g
g i £ |Unit Response from original data |

7 g & 3

I RN

] [} I ?

E E g £ \
3 [ w ) 1 2 3 4 5 6 7 8 9 11
4 05 1 2 428 1 2 0 0 0 0 0 0 0 0 0 0 403.774| 807.55
5 1 2] | 3]| 1923 2 3 2l o 0 0 0 0 0 0 0 Ry 1078.98| 3369.3
6 1.5 3 1|| 5297 3 1 3 2 0 0 0 0 0 0 0 o\l 2343.15 8327
7 2 4 0 9131 4 1 &) 2 0 0 0 0 0 0 0 2505.44| 13119
8 25 5 0 10625 5 0 0 1 3 2 0 0 0 0 0 0 1460.75| 12781
9 3 6 0 7834 6 0 0 0 1 3 2 0 0 0 0 0 452.74| 7793.2
10| 35 7 0 3921 7 0 0 0 0 1 3 2 0 0 0 0 380.425| 3579.8
11 4 8 0 1846 8 0 0 0 0 0 1 3 2 0 0 0 275.774| 2145.6
12| 45 9 0 1402 9 0 0 0 0 0 0 1 3 2 0 0 170.931| 1549.6
13 5 10 0 830 10 0 0 0 0 0 0 0 1 3 2 0 - 0.89846| 790.36
14| 55 11 0 313 11 0 0 0 0 0 0 0 1 3] 2 1.77518| 177.18
15 '
16 DRH Prediction
17
18 14000 3.5
19 h
20 12000 3
21 A/ -\
22 10000 = * \‘ 2.5
25 . / \/ 7 "\
>a ¢ 8000 2 3
25 5 3 \ 5
26 & 6000 . \ 1.5 £
27 4000 *J 1
28
: S AN >~
30
31 0 ! 0
32 0 1 2 3 4 5 6
33 Time
34
EE R s Analysis Event =prodicted Event - Different Rain =e———=pycoss Rain - New Event [
36 [ 1 ] ] ]

Figure 14: DRH using P=[2.00,3.00,1.00]



USING UNIT HYDROGRAPHS

A | 8]

Observations

[Time (increment)

o

N

w

ES

-

v ¢ . = ol
Ly 1w N = i Time(hrs)

c | o | E |FlefH] 1]y k]JLrfm|[nNn]Jo]JP|]QfR[ s [ T

Unit Hydrograph (Least Squares Example)

P

[Unit Response from original data |

\Direct Runoff (cfs]

coocococouooos

o ocoocoooow
oocococoo0o0o

/o o oo oo o oo o wnkExcessRain (in) |
-
©
N
@
-

oo oo ocooouioow

-
=
n

U]

Q]

| [403.774

2018.9

1078.98

5394.9

\ [2343.15

11716

2505.44

12527

| |1460.75

7303.8

452.74

2263.7

|1380.425
|1275.774

1902.1
1378.9

170.931

854.65

| |0.89846
| 1.77518

4.4923
8.8759

| o000 oo owo o
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Figure 15: DRH using P=[5.00,0.00,0.00]




USING UNIT HYDROGRAPHS

AlB] Cc | b | E F|l G | H I K Tt M NJTO]P] QIR s | T
1 _|Unit Hydrograph (Least Squares Example)
2 |Observations [P [U] [Q*]
— w
€ T S
£ ‘;' S |Unit Response from original data |
[
— | =4 ,i f =
geg g a
= a o
g g ¢ ¢
3 EF W o 1 2 3 4 5 6 7 8 9 11 |
4 05 1 0 428 1 0 0 0 0 0 0 0 0 0 0\0 403.774 0
5 1 2 0 1923 2 0 0 0 0 0 0 0 0 0 0 \0\‘ 1078.98 0
6 1.5 3 5 5297 3 5 0 0 0 0 0 0 0 0 0 0 2343.15 2018.9
7 2 4 0 9131 4 0 5 0 0 0 0 0 0 0 0 0 2505.44 5394.9
8 25 5 0 10625 5 0 0 5 0 0 0 0 0 0 0 0 1460.75 11716
9 3 6 0 7834 6 0 0 0 5 0 0 0 0 0 0 0 452.74 12527
10| 35 7 0 3921 7 0 0 0 0 5 0 0 0 0 0 0 380.425 7303.8
11 4 8 0 1846 8 0 0 0 0 0 5 0 0 0 0 0 275.774 2263.7
12| 45 9 0 1402 9 0 0 0 0 0 0 5 0 0 0 0 170.931 1902.1
13 5 10 0 830 10 0 0 0 0 0 0 0| 5 0 0 0 0.89846 1378.9
14| 55 11 0 313 11 0 0 0 0 0 0 0 0 1.77518 856.39
15 | 1
16 DRH Prediction
17
18 14000 6
19
20 12000 - 5
: "\
22 10000
,° N 4
23 o . / . \
24 & 8000 2 - =
= ~ 3
gg 2 6000 g
Analysis Event e pradicted Event - Different Rain =e=fycoss Rain - New Event \
[ [ [ \ \ [ \ [

Figure 16: DRH using P=[0.00,0.00,5.00]




PARAMETRIC UNIT HYDROGRAPHS

« Parametric UH are simply functions with parameters (like F=ma) where if we have
the parameters the hydrograph can be reconstructed using the function rather
than keeping around a bunch of unit response values

*  Will illustrate using same example
t )N

A simple transfer function used in this example is U(t) = K (#)" exp(—+) . The unknown

parameters are K,N, and T". The parameter T is a timing parameter and essentially locates
the peak of the discharge it is analogous in concept to 7}, or T, or 77, depending on how the
equation is constructed. Parameters K is related to the drainage area, and N is related basin
shape, but like timing they cannot be easily be inferred from maps etc. The main difference
here, is that the unit weights are values of the transfer function at different locations in time,
so instead of just 9 unit weights we actually have as many as needed for a given case, and
this information makes changing the time base simpler.




PARAMETRIC UNIT HYDROGRAPHS

« Parametric UH are simply functions with parameters (like F=ma) where if we have
the parameters the hydrograph can be reconstructed using the function rather
than keeping around a bunch of unit response values

*  Will illustrate using same example

To estimate K,N, and T" we simply construct the [Q]=[P][U] model where [U] is given by
the above function at the correct times, then adjust K,N, and 7' to minimize the differences
between the observed [QQ] and the model [Q]. Figure 17 is an example of the approach. I
choose to minimize the sum of squared differences at the peak as the merit function, but
one could choose others. The process of using a minimization procedure to estimate the
parameters (and ultimately the unit weights) is often called de-convolution.




PARAMETRIC UNIT HYDROGRAPHS

Ale] ¢ | o ] E [FIGT HT 1T T3 KTt mI nJTol P[] QR s T [ u T v
|1 |Unit Hydrograph (Transfer Function) | | | | | | | | | | | K| 31931
|2 U(O)=K*(/T)*N*exp(-(t/T)) | N | 5.7815
3 T | 0.3052
| 4 | |
| 6 |Observations e ] . . , , R [Q*]  |[QI[Q*] Bias
g o 8
] £ =~
5 = %
[ o« 2
£ < a 8
Q (7] Q
E E 2 £
A = w a | 1 2 3 4 5 6 7 8 9 10 11 | |
| 8| 05 1 106 428 1 1.06 0 0 0 0 0 0 0 0 0 0 107.63| 114.084 313.916 0.73345
o] 1 2 193 1923 2 193 1.06 0 0 0 o 0 0 0 0 0  1150.7 1427.44 495.5613 0.2577
| 10| 1.5 3 1.81 5297 3 1.81 1.93 1.06 0 0 0 0 0 0 0 0 2331.6) 4887.1| 409.902 0.07738
| 11 2 4 0 9131 4 0 1.81 1.93 1.06 0 0 0 0 0 0 0 2391.2 9117.33| 13.67158 0.0015
112 25 5 0 10625 5 0 0 1.81 1.93 1.06 0 0 0 0 0 0 1688.6 10625| 6.73E-11 6.3E-15
| 13 | 3 6 0 7834 6 0 0 0 1.81 1.93 1.06 0 0 0 0 0 941.73 8585.17| -751.1711 -0.0959
| 14| 35 7 0 3921 7 0 0 0 0 1.81 1.93 1.06 0 0 0 0 446.27 5346.89| -1425.892 -0.3637
15 4 8 0 1846 8 0 0 0 0 0 1.81 1.93 1.06 0 0 0 187.72, 2764.82| -918.8209 -0.4977
| 16| 45 9 0 1402 9 0 0 0 0 0 0 1.81 1.93 1.06 0 0 72.088, 1246.46) 155.5369 0.11094
| 17 | 5 10 0 830 10 0 0 0 0 0 0 0 1.81 193 1.06 0 25.765| 506.209| 323.7912 0.39011
| 18 | 5.5 11 0 313 11 0 0 0 0 0 0 0 0 181 193 1.06 8.6889 189.416| 123.5837 0.39484
19
| 20 | | | | | (1) Guess K,N,T | | | | |1 Average Bias . 0.09169
21 (2) Compute Q*
| 22 | | | | | (3) Compute difference |
23 (4) K,N,T to get difference small
| 24 | | | | | (5) Stop when average difference is small percent of actual Q | |
| 25 | | | | | |(6) If SOLVER works on machine - can automate - crashes on Mac (Microsoft hates Mac!)
26 [ [ [ [
g—; UH Example - UH by Transfer Function
29
30 1 I . I 12000 25

Rainfall

[Q*] = = = =Direct Runoff (cfs) Excess Rain (in) |

I ' I ' I




VALUE OF PARAMETRIC UNIT HYDROGRAPHS

* Fewer values to keep track of
« Simple extension of time-base

 |If the parameters can be associated with watershed
metrics (Slope, MCL, soil properties, shape, etc.) the
resulting model is called a synthetic unit hydrograph
* Called synthetic because response can be
synthesized from the metrics rather than from
analyzing observations (which we may not have in
cases of practical interest)




EXTENDED TIME BASE

w—%] = = = =Direct RuNOff (cfs) w—Fycess Rain (in)

Aals|] ¢ | o |JeEl]F| | H|] T[] K] LM N[Ol P|]Q|R|S|TJlu| v IWw]|[x ][ Y ]| zZ|aa|[a]|AaC]| A RSA{ AG | AH | Al
|1 _|Unit Hydrograph (Transfer Function) | K| 31,931
| 2 U(t) = K*(yT)*N*exp(-(t/T)) | N 5.7815
ER T 0.3052
| 4 |
| S| |
|6 _|Observations o (P] | (U Q% (Q)-(Q*)

z z g
£ %

7 £ L4 ]

£ = w

Fe & ¥
7 [ & 8 1 2 3 4 5 6 i 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
[ 81 05 1 106 428 1[ 1.06 0 0 0 0 0 0 0 0 0 0 © 0 o0 ©Oo © 0 © ©o 0 0 0 0 0 | 107.63 114,084  313.916
[ ] 1 2 193 1923 2| 1.93 1.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 | 1150.7 1427.44 4955613
[10] 1.5 3 1.81 5297 3| 1.81 1.93 1.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 | 23316 4887.1  409.502
11 2 4 0 9131 4 0 1.81 193 1.06 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 | 2391.2| 9117.33 13.67158
[12] 25 s 0 10625 5 0 0 1.81 193 1.06 0 0 0 0 0 0 0 i 0 0 0 0o o 0 0 0 0 0 0 | 1688.6 10625 6.73-11
[13] 3 6 0 7834 6 0 0 0 1.81 1.93 1.06 0 0 0 0 0 o 0 o0 ©O0 O 0 © ©0 0 ©0 0 0 0 | 941.73 8585.17 -751.1711
[14] 35 7 0 3921 7 0 0 0 0 1.81 1.93 1.06 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 | 446.27 5346.89 -1425.892
E 0 1846 8 0 0 0 0 0 1.81 193 1.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 187.72 2764.82 -918.8209
16| 45 9 0 1402 E] 0 0 0 0 0 0 1.81 1.93 1.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 72.088 1246.46 155.5369
17| 5 10 0 830 10 0 0 0 0 0 0 0 1.81 1.93 1.06 0 0 0 0 0 0 o o 0 0 0 0 0 0 | 25.765| 506.209 323.7912
18] 55 11 0 313 11 0 0 0 0 0 0 0 0 1.81 193 1.08 0 i 0 0 0 0o o 0 0 0 0 0 0 | 8.6889 189.416 123.5837
(19 6 12 0 0 12 0 0 0 0 0 0 i 0 0 1.81 193 1.06 0 0 0 0 ) 0 0 0 0 0 0 | 2.7929 66.3649 -66.36489
| 20] 65 13 0 0 13 0 0 0 0 0 0 0 0 0 0 1.81 1.93 1.06 0 0 0 0 0 0 0 0 0 0 0 | 0.8623 22.0313 -22.0313
[21] 7 14 0 0 14 0 0 0 0 0 0 0 0 0 0 0 1.81 1.83 1.06 0 0 0 0 0 0 0 0 0 0 | 0.2572 6.99213 -6.992127
22| 7.5 15 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 1.81 1.93 1.06 0 0 0 0 0 0 0 0 0 | 0.0745 2.13623 -2.136233
23] 8 16 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 1.81 1.93 1.06 o o 0 0 0 0 0 0 | 0.021 0.63172 -0.631718
[ 24 85 17 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.81 193 1.06] 0 0 0 0 0 0 0 | 0.0058 0.1816 -0.181604
[25] 9 18 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.81 193 1.06 0 0 0 0 0 0 | 0.0016 0.05093 -0.050933
26| 9.5 19 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.81 1.93 1.06 0 0 0 0 0 | 0.0004 0.01298 -0.013977
[ 27 ] 10 20 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.81 1.93 1.06 0 0 0 0 | 0.0001 0.00376 -0.003762
28] 10.5] 21 0 ) 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.81 193 1.06 0 0 0 3E-05  0.001 -0.000995
[29] 11 22 0 0 22 o o o o o o 00 0o o 0 0o o0 o0 06 0 0 0 0 0 1.81 193 1.06 0 0 7E-06  0.00026 -0.000259
30| 11.5] 23 0 ) 23 ) 0 1.81 1.93 1.06 0 2E-06 6.7E-05 -6.66E-05
31 12 24 0 0 24 UH Example - UH by Transfer Function 0 0 1.81 193 1.06 4E-07 1.7E-05 -1.69€-05
% 12000 125
| 34 |
35
Ea 10000 s
| 37 )
| 38 | 8000
| 39 | 15
| 40 | 5 3
| 41 ) § 6000 £
a2 & &
43 '
s 4000
| 45 |
| 46 | 2000 05
| 47 |
| 48 |
| 49 | 0 0
| 50 | 0 2 4 6 8 10 12 14
51 23
| 52
| 53
54




AH [ Al

Q%]

O}

Y [ Z [ Aan] A | aC ] AD [a8aq AG |

ulviw]x]

DIFFERENT STORM

NJolrplQo[rR[STT]

K[ L] m]

3]

1

[P]

[eE]Fl e [ H]

D

|

EXTENDED TIME BASE -

[S

A lB]

24

1251.81
5322.8
1869.23

1688.6 2672.47
941.73 5180.81
446.27 7536.99
187.72 8238.64
72,088 7231.13
25,765

0.021 60.8779
0.0058 21.4296
0.0016 7.16082
0.0004 2.28937

0.0001 0.70473
3E-05 0.20994

107.63 10.7626
1150.7 136.593
2331.6 506.345
8.688% 3376.98
2.792%
0.8623 915.214
0.2572 403.219
0.0745 162.576
7E-06 0.06078
2E-06  0.01716
4E-07 0.00474

| 2391.2

R
(=3

24

000000000000000000000012
S o

23

22

coococococooocoocco0o00ccO00O~NT
oo

000000000000000000001248
cocc

21

VOO0~

20

19

0000.00000000000000J24.0w
oooo

18
16
14
1.2
8
6

14

OO0 O00000OO0000OC +NT @Y

coo0owm
B EEEEEE RG]
- S 000 -0

12

L0000 C0000CR000 -NY XY ®
Soco-ao

NO0OOCCD00OO0OCOO0O N ®O®D
- oo Co oo

Tooooooooo0oocOoOANY®O®WYN
- =N =A== ==

10

30000000000001248686210
L T A R I

Excess Rain {In)

20000000000012486862100
000010000

~[cococcocoocoocOoRNTRVDON OO0
clcco-occa

Time

6
[Q*] = = = =Calisration Runoff

ClO0OO0CCOCCO0OOmMNYTOOLWOVWON-OOOO
colco~ocooco

MOOOOCOCLCOOMANYIOVOOUN~DOOOO
scoclecHrococo o

WOOOCCOONNTRCRYAN~O0 0000
L= N R ] P e e )

UH Example - UH by Transfer Function

70000001248686210000000
coocowcaooo

COoOOOOCO~-NYTODO®
COoCO~0

nwoooo~nTowawNn~OO0OOCCcCOOOO
cocooow~woOO|lOoO

 mwnNHoOOOOCOoO00O
(==l (=

CO0COC~0OO0O00

Nornewowwun~olcooocooccoocoo o
=R-N-N-RoN- - NN} = =3 (=} (=} (=} o o
b1 2 2 2 2 =
~ = w o - ~
HHANTROVRIUVNTOO0000O00000O00 ol hal
cCoocowOoOoOOoO Houny

HMANMETOUNOAO"NMEND~NOCNO -NM
R R I e I I I B )

{ ~ w ~
sp) gouny Pau[B AL AU T a9 S gnecoocccoocooco
4921%893433
- Oy P e
-
(ul) uley ssX3|H NE B VBV N~OOlcoOO0OCCOOOOC o
ooocowoo0ooO0O

(uawdu) duLy e ree gt n2RE2RINRE
HQ:VOE.PSISZS-JS455565758595@.5“5”
-~ o ~ © oo™~

- -

S
6 _|Observations

4
——

7

o i 5k G




PARAMETRIC UNIT HYDROGRAPH PROPERTIES

The unit hydrograph (UH) response can be expressed as

e _ /O Fa(T)u(t = T)dr (4)

where where Q( ) is the specific discharge from a basin at time t (“the response”, r(t)

is an input functlon that represents excess rainfall (“ the excitation”), u(t — 7) is the
kernel function, in this case the unit hydrograph, and 7' is the duration of the input.
Equation 4 assumes that basins respond as linear systems and this assumption is the
main criticism of unit hydrograph theory. Despite this criticism, unit hydrographs
are used to estimate streamflow from relatively small basins, typically for engineering
purposes and often produce reasonable results. With the linearity assumption, the
kernel, u(t — 7), has the same properties as a probability density function specifically,
it integrates to unity on the range (—oo, 00), and f(t —7) > 0 for any values of (t — 7).




HYDROGRAPHS

FHWA-NHI-02-001 Highway Hydrology
= Chapter 6, Section 6.1

Systems Approach

= Input : Hyetograph

= Transfer : Unit Hydrograph

= Qutput : Total Runoff Hydrograph




HYDROGRAPHS

Hydrograph Analysis
= Measured rainfall and runoff to infer the transfer function.
= Implies: Have DATA.

Hydrograph Synthesis
= Physical properties of watershed used to postulate the transfer function.
= Actual measurements not required — Produces an ESTIMATE




PARAMETRIC UNIT HYDROGRAPHS

HEC-HMS has several different UH models available (eg.
NRCS DUH, Clark, etc.).

These models are described by “parameters”
= NRCS (Tp or Tc)
= Clark (Tc, R)
Selection of the parameters selects the shape of the
UH and the time base (or time to peak).

The analyst can also enter an empirical (user specified) unit
hydrograph.




DEVELOPING UNIT HYDROGRAPHS (ANALYSIS)

Follow FHWA methods
= Essentially back-substitution or OLS

Use HEC-HMS and parametric UH, adjust values of
parameters to fit observed runoff
= Less tedious

Use HEC-HMS and user supplied UH, adjust values of
UH ordinates (and re-scale to maintain a unit

response) to fit observed runoff
= |_ess tedious




PARAMETRIC UNIT HYDROGRAPHS IN HMS

* Present an example that uses

- NRCS DUH
» Clark Unit Hydrograph

« Useful parametric models are listed below along with
their parameters.
*NRCS DUH : T4 (Timing only)
= Clark : T, and R (Timing and a storage-delay)
= Snyder : T, C, (Timing and a peak rate factor)
= Gamma : (User-Specified) T, K (Timing and a shape factor)




SYNTHESIZING UNIT HYDROGRAPHS

« Synthesis does not use rainfall-runoff data.

 Uses measurements on the watershed to postulate
parameters of a parametric unit hydrograph.







PURPOSE

* lllustrate using HEC-HMS to develop a unit-
hydrograph
= Parametric UHs

= User-specified UHs




LEARNING OBJECTIVES

* Learn how to use HMS to construct a parametric Unit
Hydrograph
= Use trial-and-error to select parameters that fit
observations.

« Learn how to supply an arbitrary user-specified Unit
Hydrograph to HMS




PROBLEM STATEMENT

» Determine the UH parameters for the precipitation and direct
runoff for the watershed of Example 6.2 in FHWA “Highway
Hydrology”

= Use FHWA rainfall and direct runoff values as input and
runoff.




BACKGROUND AND DATA

Watershed Properties
= AREA = 0.39mi?
SLOPE = Unknown
CN = Unknown
Precipitation = Given
Direct Runoff = Given

Example 6.2(CU). Figure 6.7(CU) shows a 1-hour rainfall intensity hyetograph. The total
volume of rainfall is:

_: 15 min

= ﬂ(0'24 +0.47 +0.51+0.12) = 0.335 in
min,

4 4
P=SjAt=4tY
j=1

j=1
The total runoff hydrograph is also shown in Figure 6.7(CU).

The first step is to compute the base flow. The convex method of Section 6.1.4.1 will be used.
Since the runoff begins to increase at the start of the second interval, the initial slope of the
base flow function will equal the slope in the first 15-minute interval: 0.4 ft*/s per 15 minutes.
Since the peak of the hydrograph occurs at a storm time of 75 minutes, the initial portion of the
base flow function will be extended from a storm time of 15 minutes to a time of 75 minutes.
Using the decrease of 0.4 ft*/s per 15 minutes produces the base flow rates shown in column 3
of Table 6.1(CU). Since there is a noticeable change of slope on the falling limb of the total
runoff hydrograph at a storm time of 135 minutes, this will be used as the inflection point; direct
runoff will end at a time of 135 minutes. Thus, the second leg of the base flow function can be
represented by a linear segment between storm times of 75 and 135 minutes with a slope of:

(7.1-26)fs

/. =
SIOPE =" 1135~ 75 ) min

=0.075 f’ s per minute

or 1.125 ft3/s per 15-minute interval. Because the inflection point has a higher discharge than
the base flow at the time to peak, the slope is positive. This slope is used to compute the base
flow function for the interval from 75 to 135 minutes. Beyond the inflection point, all of the total
runoff is assumed to be base flow. Values for the base flow are given in column 3 of Table
6.1(CU).

The base flow is subtracted from the total runoff to give the direct-runoff hydrograph (column 4
of Table 6.1(CU)). The volume of direct runoff can be computed using the trapezoidal rule in
Equation 6.7:

n S+ q.
V=I;At (%] (6.7)

w— 7




BACKGROUND AND DATA

B Microsoft Excel - Examples... B@

File Edit View Insert Format Tools
- Data Window Help -8 X

DeE & iwe - 7 -7
F23 v b
A | B | € | DY
Time Intensity  Depth Runoff—
0 0.24 0
0.25 0.47 0.06
0.5 051 01175
0.75 012 01275

Precipitation

1 0 0.03
1.25 0 0
1.5 g 0
1.75 0
p. 0 0 —
2.25 0 0
25 0 0
275 0 0

14

| ~
4 <« » »}\Sheetl {She|«| | > J—‘
[} Autoshapes~ N\ “u - 2




BACKGROUND AND DATA

EEX]

File Edit Yew Insert Format Tools Data

Window Help _8 X

DS & @ws -2 2 .2
F23 v b5

B Microsoft Excel - Example6.xls

Direct Runoff
= Baseflow already separated

A B C D al
Time Intensity  Depth Runoff E
0 0.24 0 0
0.25 0.47 0.06 0
0.5 051 01175 8.6
0.75 012 01275 22
1 0 0.03 cy e
1.25 0 0 34.1
1.5 0 0 32
1.75 0 0 20.6| &=
2 0 0 a2
225 0 0
25 0 0 0
275 0 0 0
4 4 » »]\Sheetl { Sheet2 |« | | L]J_,

Draw~ [ AutoShapes~ . " D@ 2




APPROACH

Actually reasonably straight-forward in HEC-HMS
“Create a single sub-basin watershed.

*Import the rainfall and direct runoff.

=Adjust loss and UH models to fit observations.
*|nterpret and report results.




APPROACH — CREATE NEW PROJECT

- -
(€] Microsoft PowerPoint - [Example5.ppt] =153
SN R R, - HEC-HMS 3.5 ‘
=] » - prial File Edit Yiew Components Parameters Compute Results Tools Help
E 8 X D& X Qb BFe Ty sEBEEES
-~
5 =l
6
Dpen a
° orkbook
storage-resel
7 DetentionPor
— 20May1978U
%4 Create a New Project 20May19750 =
= More workbor

8 : ew
Sz Description: IUnit Hydrographs ‘ [ Blank Workbc

Location: Ilocuments and Settings\AdministratoriMy Documents‘ ew from

- =xisting
0 - Default Unit System: |[EESNETEGINERYT v orkbook

5] Choose workl

ew from
emplate

@] General Temp
;i_] Templates on
i] Templates on

I Create ][ Cancel ]

10

11 ' <

(5 Add Network

r A -
v | (Click to ad 4= |
HET | N e5L L
Dgaw' AutoShapes » ™\
Slide 7 of 11

‘s Start 2 My Computer &l Examplet.ppt @l ExampleS.ppt P& FHWA-Highway-Hydr... B HEC-HMS 3.5 B3 Microsoft Excel - Exa... ’<'/.‘



APPROACH — CREATE BASIN MODEL

ES HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6. hms]

File Edit View Components Parameters

DB S % & Qs & P S PYE % B EHES

|_) DES-606-EX6

=-{-) Basin Models

R asin 1|

Compute Results

Tools Help

Components \ Compute || Results|

&5 Basin Model |

Name: Basin 1

Description:
Grid Cell File:
Local Flow:

Flow Ratios:
Replace Missing:
Unit System:
Sediment:
Water Quality:

I

|

Mo

Mo

Mo

LIS (BB

U.S. Customary

#2. Basin Model [Basin 1]

(24 Subbasin-1

NOTE 10008: Finished opening project "DES-606-EX6" in directory "C:\Documents and
Settings\AdministratoriMy Documentsi\DES_606_EX6" at time 034ug2011, 12:55:22.




APPROACH - METEROLOGICAL MODEL

Documents\DES_606_EXGIDES_606_EXE Bk

File Edit vView Components Parameters Compute Results Tools Help

D S N & Qlé & e PSP %BEES

DES-606-EX6 ) .

?@ Basin Models ¥2. Basin Model [Basin 1]
- &) Basin 1

=+ Meteorologic Models
EREN

=7

------ &0 Specified Hyetograph

l<-}_-+,8ubbasin—1

Components | Compute | Results

&> Meteorology Modell Basins | Options

7

Met Name: Met 1

Basin Model Include Subbasins
Basin 1 Yes

MNOTE 10008: Finished opening project "DES-606-EX6" in directory "C:\Documents and
SettingsiAdministrator\My Documents\DES_606_EX6" at time 03Aug2011, 12:55:22.

42




APPROACH - HYETOGRAPH TIME SERIES

E& HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6. hms]

File Edit VYiew Components Parameters Compute Results

R B Q[ & ) P

O @ S

) DES-606-EX6
=--) Basin Models
& {/3 Basin 1
l_J @ Meteorologic Models
= 9;9 Met 1
u {:_) Time-Series Data
l_} Lf) Precipitation Gages
: Eﬁ Gage 1

- i | Dlscharge Gages

Tools

Help

Components | Compute | Results |

£ Time-Series Gage | Time Window | Table | Graph ’

0124]
0.10
0.08
0.06

0.04

Precipitation {IN)

0.02

0.00 1 [ 1 1 1 [

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:O

| 01Jan2000

B E 1 e

#2 Basin Model [Basin 1]

Sy Subbasin-1

NOTE 10008: Finished opening project "DES-606-EX6" in directory "C:\Documents and
Settings\Administrator\My Documents\DES_606_EX6" at time 03Aug2011, 12:55:22.
NOTE 10604: 97 missing or invalid values for gage "Gage 1",

NOTE 10604: 3 missing or invalid values For gage "Gage 1".
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APPROACH — HYDROGRAPH TIME SERIES

F HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit View Components Parameters Compute Results Tools Help

D 8BS N & Qlé & o P P % B EE S

|2) DES-606-EX6
=42 Basin Models
@{B Basin 1
=2 Meteorologic Models
. =& Met 1
3 A0 Specified Hyetograph
=-19 Time-Series Data
=}-I3 Precipitation Gages
: EJ[I% Gage 1
i ~-[IE@ 01Jan2000, 00:00 - 02Janz2000, 00:00
=-I3) Discharge Gages
EJE% Gage 1

i 1:=}011an2000, 00:00 - 02Jan2000, 00:00

#2. Basin Model [Basin 1]

Sy Subbasin-1

_Components [ Compute H Results]

| [ Time-Series Gage | Time Window | Table‘ Graph ‘

S5

30

NOTE 10003: Finished opening project "DES-606-EX6" in directory "C:\Documents and
SettingsiAdministratoriMy Documents\DES_606_EX6" at time 03Aug2011, 12:55:22.
NOTE 10604: 97 missing or invalid values for gage "Gage 1",

NOTE 10604: 3 missing or invalid values for gage "Gage 1",

NOTE 10604: 3 missing or invalid values for gage "Gage 1",

NOTE 10604: 3 missing or invalid values for gage "Gage 1",

NOTE 10604: 1 missing or invalid values for gage "Gage 1",

Discharge (CFS)
= = MM
o [8)] o ()] o [8)]
1 | 1 1 1

T T T T T T T
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:01

| 01Jan2000 | 44 |




APPROACH — BASIN MODEL AREA = 0.39MI?

E& HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6. hms]

File Edit View Components Parameters Compute Results Tools Help

D= B S % & Qfé & = P P % BEHES

\_2) DES-606-EX6
=-{5) Basin Models
. =-&5) Basin 1
: EREN
EJ@ Meteorologic Models
=G Met 1
: -G Specified Hyetograph
=49 Time-Series Data
=29 Precipitation Gages
£ EJE% Gage 1
: ~-[lE@ 01Janz2000, 00:00 - 02Jan2000, 00:00
=}-I3) Discharge Gages
EJ[]% Gage 1

EEX

#2 Basin Model [Basin 1]

(S Subbasin-1

Components ’ Compute H Results

é,'. Subbasin \ Loss H Transform \ Options

Basin Name: Basin 1
Element Name: Subbasin-1

Description: Il l =
HE

Downsktream:
*Area (MI2) 0.39 |
Canopy Method: | --Mone--

NOTE 10008: Finished opening project "DES-606-EX6" in directory "C:\Documents and
Settings\AdministratoriMy Documents\DES_606_EX6" at time 03Aug2011, 12:55:22,

v
Surface Method: | --None-- v
Loss Method: | Initial and Constant v NOTE 10604: 97 missing or invalid values for gage "Gage 1".
v
v

- NOTE 10604: 3 missing or invalid values for gage "Gage 1".

T F Method: | SCS Unit Hyd h
e I O oD NOTE 10604: 3 missing or invalid values for gage "Gage 1".
Baseflow Method: |--None-- I MOTE 10604: 3 missing or invalid values For gage "Gage 1".
NOTE 10604: 1 missing or invalid values for gage "Gage 1",

45’




APPROACH - SET A LAG TIME (30 MIN)

ESA HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit WView Components Parameters Compute Results Tools Help
D ES X Q¢ aP S P % BEHES

) DES-606-EX6 -~ . :
LE:?@ Basin Models = ¥2. Basin Model [Basin 1]
; E}@ Basin 1
RN S Ubbasin-1
- Meteorologic Models
=& Met 1

=7

-4 Control Specifications
~(£5) Contral 1
- Time-Series Data
E}ij Precipitation Gages
: EJ[I% Gage 1
: 01Janz2000, 00:00 - 02Jan2000, 00:00
=}-I-5) Discharge Gages

2

-

l%" Subbasin-1

4

Components ’Compute Results

124 Subbasin Lossl Transform | Options

Basin Name: Basin 1
Element Name: Subbasin-1
Graph Type: [Standard v]

*Lag Time (MIN) |30 |

NOTE 10008: Finished opening project "DES-606-EX&" in directory "C:\Documents and
SettingsiAdministratoriMy Documents\DES_606_EX&" at time 034ug2011, 12:55:22,
NOTE 10604: 97 missing or invalid values for gage "Gage 1",

NOTE 10604: 3 missing or invalid values for gage "Gage 1",

NOTE 10604: 3 missing or invalid values for gage "Gage 1",

NOTE 10604: 3 missing or invalid values for gage "Gage 1",

NOTE 10604: 1 missing or invalid values for gage "Gage 1",




APPROACH — CONTROL SPECIFICATIONS

= Catch the missing warnings, fix, and run

A HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit View Components Parameters Tools

DS S Y & Qé & = P

|2) DES-606-EX6
=-1-9 Basin Models
=S Basin 1
: #1255 Subbasin-1
CJ @ Meteorologic Models
' 99;» Met 1
'''''' A0 Specified Hyetograph
D @ Control Specifications
- ER
EJ@ Time-5Series Data
=}-I-5) Precipitation Gages
L = EE Gage 1
P b 01Janz2000, 00:00 - 02Janz2000, 00:00
l_} @ Dlscharge Gages

Compute Results

Help
B E E &

¥2 Basin Model [Basin 1]

(S Subbasin-1

_Components I Compute‘ Results |

1£5) Control Specifications \

Name: Control 1

Description: I }

*Start Date (ddMMMYYYY) |01Jan2000 |
*Start Time (HH:mm) |00:00 }
|

|

|

*End Date {(ddMMMYYYY) [023an2000
*End Time (HH:mm) |00:00

Time Interval: | 15 Minutes

Wmshed opening project "DES-606-EX6™ imrdi

ettings\Administrator\My Documents\DES_606_EX6&" at time 0

MNOTE 10604: 97 missing or invalid values For gage "Gage 1".

MOTE 10604: 3 missing or invalid values For gage "Gage 1".

MOTE 10604: 3 missing or invalid values For gage "Gage 1".
MNOTE 10604: 3 missing or invalid values for gage "Gage 1",

™ TE 10604: 1 missing or invalid values For gage "Gage 1".




APPROACH - FIRST RUN

First simulation — volumes mismatch, need a loss model

B HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6. hms]

File Edit View Components Parameters Compute Results Tools Help

DB N e wBFer Py sBEDS

|) DES-606-EX6
[=1-4_) Basin Models
=+&5) Basin 1
&
[=1-{) Meteorologic Models
=35 Met 1
&0 Specified Hyetograph
(<-4 Control Specifications
: [% Control 1
[=1-4_) Time-Series Data
(=) Precipitation Gages
=-F3 Gage 1
: - 01Janz000, 00:00 - 02Jan2000, 00:00
(=) Discharge Gages
— A - .

Components ’Compute Results

ta'# Subbasin l Loss | Transform | Options

Basin Name: Basin 1
Element Name: Subbasin-1

Description: l

Downstream:
*Area (MI2) |0.39
Canopy Method: \--None--

Surface Method: | --Mone--

Transform Method: | SCS Unit Hydrograph
Baseflow Method: |--MNone--

l

Loss Method: [Initial and Constant
I
l

Subbasin "Subbasin-1" Results for Run "Run 1"
0.00
0.04
0.08

&8 Summary Results for Subbasin “Subbasin-1*

Project: DES-606-EX6
Simulation Run: Run 1 Subbasin: Subbasin-1

: Start of Run:  01Jan2000, 00:00 Basin Model: Basin 1
6:00 12:008 End of Run:  02Jan2000, 00:00 Meteorologic Model:  Met 1
: : Compute Time: 03Aug2011, 13:12:13 Control Specifications: Control 1
01Jan2(

Legend {Compute Time: 03Aug2011, 13:12:13)

m— Run:Run 1 Element: SUBBASIN-

Peak Discharge :  82.2 (CFS) Date/Time of Peak Discharge BQO0, 01:00
0 n:RUN 1 Element SUBBASIN- Total Precipitation : 0,33 (IN) Total Direct Runoff : @

Total Loss : 0,00 {IN) Total Baseflow : Q.00 {15
—+— Run:RUN 1 Element: SUBBASIN- Total Excess : 0.33 (IN) Discharge : 0,33 (IN)

—— Run:RUN 1 Element: SUBBASIN-|
——- Run:RUN 1 Element: SUBBASIN-|

Yolume Units: (&) IN () AC-FT

Computed Results

Observed Hydrograph at Gage Gage 1

Peak Discharge : 34,10 (CFS) Date/Time of Peak Discharge : 01Jan2000, 01:15

Avg Abs Residual : 1,85 (CFS)
Total Residual : 0,18 {IN) Total Obs Q :

MOTE 10008: Finished opening project "DES-606-EX6" in directory "Ci\Documents and Settings\AdministratoriMy Documentsi\DES_606_EX6" at time
03Aug2011, 12:55:22.

MOTE 10604: 97 missing or invalid values for gage "Gage 1",

MOTE 10604: 3 missing or invalid values for gage "Gage 1",




APPROACH - PICKALOSS MODEL

la=0.06 in, Cl =0.0

B HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit VYiew Components Parameters Compute Results Tools Help

DeES NecewBFerPy sBEOS

| DES-606-EX6
(=) Basin Models
= &5 Basin 1
RN S bbasin-1
(=) Meteorologic Models
B Met
-0 Specified Hyetograph
(=4 Control Specifications
3 control 1
=12 Time-Series Data
(=) Precipitation Gages
- E% Gage 1
: ., 01Jan2000, 00:00 - 02]an2000, 00:00
[=+-I_) Discharge Gages
A - .

A

(<€

ph for Subbasin "Subbasin-1"

Components [ Compute | Results |

L%..Subbasin‘ Loss ’Transform Options

Basin Name: Basin 1
Element Name: Subbasin-1

*Initial Loss (IN) |0.0¢|

*Constant Rate (INfHR) IEI

*Impervious (%) IU.U

Subbasin "Subbasin-1" Results for Run "Run 1"

0.00
0.04
=

0.08
0.12

Flowy (cfs)

8 Summary Results for Subbasin “Subbasin-1*

Project: DES-606-EX6
Simulation Run: Run 1 Subbasin: Subbasin-1

Start of Run:  01Jan2000, 00:00 Basin Model:

I I
06:00 12:00

Legend {(Compute Time: 034ug2011, 13:12:13)

mmm= Run:Run 1 Element: SUBBASIN-
= Run:RUN 1 Element: SUBBASIN-
—— Run:RUN 1 Element: SUBBASIN-
— Run:RUN 1 Element: SUBBASIN-
——— Run:RUN 1 Element: SUBBASIN-

01Jan20

End of Run:  02]an2000, 00:00

| Compute Time: 034ug2011, 13:12:13

Yolume Units: &) IN () AC-FT

Computed Results

Peak Discharge :  82.2 (CFS) Date/Time of Peak Discharge
Total Precipitation : 0,33 (IN) Total Direct Runoff :

Total Loss : 0.00 (1) Total Baseflow :

Total Excess : 0,33 (IN) Discharge :

Observed Hydrograph at Gage Gage 1

Peak Discharge :  34.10 (CFS)
Avg Abs Residual : 1.85 (CFS)
Total Residual :  0.18 {IN)

Total Obs Q :

Meteorologic Model:  Met 1
Control Specifications: Control 1

Date/Time of Peak Discharge : 011an2000, 01:15

Basin 1

U1Jan200s
0.33 (IN)

01:00

0.33 (IN)

MNOTE 10008: Finished opening project "DES-606-EX6" in directory "C:\Documents and Settings\AdministratoriMy Documents\DES_606_EX6" at time
03Aug2011, 12:55:22.
MNOTE 10604: 97 missing or invalid values for gage "Gage 1",
NOTE 10604: 3 missing or invalid values for gage "Gage 1"




APPROACH

Second run, still volume mismatch. Increase the Cl value.

B HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit Yiew Components Parameters Compute Results Tools Help
DeEd8 RN wlFerTy vBEED®

|_) DES-606-EX6 A~
[=1-{_) Basin Models 7
=@ Basin 1 Subhasin "Subbasin-1" Results for Run "Run 1"
BTN
[=1-{_) Meteorologic Models
=G5 Met 1
-0 Specified Hyetograph
[=1-{) Control Specifications
: I'gl Control 1
[=1-{_) Time-Series Data
=) Precipitation Gages

Depth {in)

=3 Gage 1 L
! i 01Jan2000, 00:00 - 02]an2000, 00:00
(=) Discharge Gages v
Components [Compute][Results B8 Summary Results for Subbasin “Subbasin-1
& Subbasin‘ Loss | Transform | Options g project: DE-606-£46
= P = Simulation Run: Run 1 Subbasin: Subbasin-1
[=
2 i 2 [ Start of Run:  01Jan2000, 00:00 Basin Model: Basin 1
; Ba"’t' :ame: :asb': 3 " Endof Run:  02]an2000, 00:00 Meteorologic Model:  Met 1
EmeEntivame: subhasiry Compute Time: 034ug2011, 13:16:35  Control Specifications: Control 1
“Initial Loss (IN) 0.0 | ,
+Constank Rats (INHR) [0 | 0j00 0300 0800 09:00 12:00 Yolume Units: () IN (O ACFT
: o ’ ‘ 01Jan2008  Computed Results
Impervious (%) (0.0 T ol
Legend (Compute Time: 03Aug2011, 13:16:35) Peak Discharge :  72.0 (CFS) Date|Time of Peak Discharggs™ 800, 01:00
s o nRun 1 Elemert: SUBBASIN-1 Result:Prec Total Precipitation : 0,33 (IN) Total Direct Runoff :
Total Loss : 0.06 (IN) Total Baseflow : QL0

f— Run:RUN 1 Elemenrt: SUBBASIN-1 Result:Pred
—+— Run:RUN 1 Element: SUBBASIN-1 Result:Obs|

Run:RUN 1 Element: SUBBASIN-1 Result: Outfl Observed Hydrograph at Gage Gage 1
—— = Run:RUN 1 Element: SUBBASIN-1 Result:Bas

Total Excess : 0.27 (IN) Discharge : 0.27 {IN)

Peak Discharge :  34.10 (CFS) Date/Time of Peak Discharge : R2000, 01:15

Avg Abs Residual : 1.23 (CFS)
Total Residual : 0,12 (IN) Total Obs Q : )

MOTE 40049: Found no barameter iaroblems in basin model "Basin 1",
WARNING 41784: Simulation time interval is greater than 0.29 * |ag for subbasin "Subbasin-1"; reduce simulation time interval,
MNOTE 10185: Finished computing simulation run "Run 1" at time 03Aug2011, 13:16:35.




APPROACH

Volumes match adequately.

E& HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit View Components Parameters Compute Results Tools Help

DB RN e wBFSer Py vBED

|) DES-606-EX6 ~
[=1-{_) Basin Models 3
=& Basin 1
(=14 Meteorologic Models
=% Met 1
-0 Specified Hyetograph
[=1-4) Control Specifications

Depth (in)

[=1-1) Time-Series Data
[=}-l) Precipitation Gages
= E% Gage 1
: 01Jan2000, 00:00 - 02Jan2000, 00:00
=I5 Discharge Gages 7

SomA -

— ’ Compute || Results &8 Summary Results for Subbasin "Subbasin-1

é,-,Subbasin‘ Loss ‘ Transform | Options il sEb st e

Flow (cfs)

20+ Simulation Run: Run 1 Subbasin: Subbasin-1
. S ] Start of Run:  01Jan2000, 00:00 Basin Model: Basin 1
e e 10 End of Run:  02Jan2000, 00:00 Meteorologic Model:  Met 1

Element Name: Subbasin-1
*Initial Loss (IN) |0.06 \

*Constant Rate (INfHR) |0.16 |

Compute Time: 034ug2011, 13:19:39 Control Specifications: Control 1

0 — 1 L I R
00:00 0300 0600 09:00 12:00 Yolume Units: ) IN (O AC-FT

| 01Jan2008 Computed Results

B PeakDischarge :  46.6 (CFS)  DatefTime of Peak Dischrge : 013an2000, 01:00
m—— on:Run 1 Element: SUBBASIN-1 Result:Prec Total Precipitation : 0.33 (IN) Total Direct Runoff : 3 I

*Impervious (%) ’0.0 ‘

Total Loss : 0.17 (IN) Total Baseflow : 0.00 (IN)
I . . L =
L E 2 B 22 M RIS i Total Excess : 0.16 {IN) Discharge : 0.16 {IN)
—+— Run:RUN 1 Element: SUBBASIN-1 Result:Obs)
Run:RUN 1 Element: SUBBASIN-1 Resutt: Out Observed Hydrograph at Gage Gage 1
——— Run:RUN 1 Element: SUBBASIN-1 Result:Bas: . . .
Peak Discharge :  34.10 (CFS) Date/Time of Peak Disch&ge : 01Jan2000, 01:15
Avg Abs Residual : 0.60 (CFS)
Total Residual : 0,01 (IN) Total Obs Q ¢ 0.16 (IN)

NOTE 40049: Found no 'parameter i:roblems in basin model "Basin 1",
WARNING 41784: Simulation time interval is greater than 0.29 * lag for subbasin "Subbasin-1"; reduce simulation time interval, 51
MNOTE 10185: Finished computing simulation run "Run 1" at time 034ug2011, 13:19:39,




APPROACH

Several runs adjusting lag time.
= Peaks match, times good

B HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]
F

File Edit View Components Parameters Compute Results Tools Help
DB R ¢ e vwBFer Py sEEO

?E,ssi?ﬁf e = ph for Subbasin "Subbasin-1"

= &8 Basin 1 Subhasin "Subbasin-1" Results for Run "Run 1"
e
=15 Meteorologic Models
- S Mett
00 Specified Hyetograph
u Q Control Specifications
i |£?] Control 1
(=) Time-Series Data
(=1l Precipitation Gages
=2~ E% Gage 1 4
. - 01Jan2000, 00:00 - 02Janz000, 00:00
[=-\) Discharge Gages G
— A - .

e o
o o
@® =

Depth {in}

o
-
e

Components l Compute || Results B8 Summary Results for Subbasin “Subbasin-1*

(85 Subbasin | Loss | Transform | Options

Basin Name: Basin 1
Element Name: Subbasin-1

Graph Type: lStandard v T T T 1l
: : : ; : yol its: AC-FT
*Lag Time (MIN) |45I3 00:00 0300 06:00 09:00 12:00 olume Units: & IN O AC

| 01Jan2008  Computed Results

e 2 R R ] Peak Discha ateJ'Tlme of Peak Discharge : 01Jan2000, 01:15
m— i Run 1 Element: SUBBASIN- ResultPrecl|  Total Preciphstig otal Direct Runoff : ”

B {]
w2 RUN 1 Element:SUBBASIN1 ResultPreq  100alLoss ! I Total Baseflow :

Total Excess : 0.16 {IN) Discharge : 0.16 {IN)

Project: DES-606-EX6
Simulation Run: Run 1 Subbasin: Subbasin-1

Start of Run:  01Jan2000, 00:00 Basin Model: Basin 1
End of Run:  02Jan2000, 00:00 Meteorologic Model:  Met 1
Compute Time: 034ug2011, 13:22:35 Control Specifications: Control 1

—
@
o
—
=
&
[

—+— Run:RUN 1 Element: SUBBASIN-1 Result:Obs|
Run:RUN 1 Element: SUBBASIN-1 Resut:Outfl  observed Hydrograph at Gage Gage 1

— —— Run:RUN 1 Element: SUBBASIN-1 Result:Bas . i
34,10 (CFS) Date/Time of Peak Discharge : 01Jan2000, 01:15

Total Residual : 0,01 (IN) Total Obs Q ¢

MNOTE 40049: Found no parameter problems in basin model "Basin 1", 4%
WARNING 41784: Simulation time interval is greater than 0,29 * lag for subbasin "Subbasin-1"; reduce simulation time interval.
MNOTE 10185: Finished computing simulation run "Run 1" at time 03Aug2011, 13:22:35.

(€]




APPROACH

We have just “fit” the data to an NRCS DUH with T,,, = 45.3 minutes

B HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit View Components Parameters Compute Results Tools Help

DB e wBFer Py BEDN

|) DES-606-EX6
=/ Basin Models
= &4 Basin 1
v N subbasin-1 |
(=) Meteorologic Models
(=& Met 1
: &40 Specified Hyetograph
(=14 Control Specifications
: l% Control 1
=+ Time-Series Data
(=13 Precipitation Gages
=-F Gage 1 LJ
-y 013an2000, 00:00 - 02Jan2000, 00:00
[=-\C) Discharge Gages

— A -

Graph for Subbasin "Subbasin-1"

Subbasin "Subbasin-1" Results for Run "Run 1"

Depth (in)

[

Components 'Compute] Results| &8 Summary Results for Subbasin “Subbasin-1

(4 Subbasin | Loss | Transform ] Options |

Basin Name: Basin 1
Element Name: Subbasin-1

Graph Type: m v

*Lag Time (MIff) [45.3 )

Project: DES-606-EX6
Simulation Run: Run 1 Subbasin: Subbasin-1

107 Start of Run: 011an2000, 00:00 Basin Model: Basin 1
5+ End of Run:  02Jan2000, 00:00 Meteorologic Model:  Met 1
0 Compute Time: 034ug2011, 13:22:35 Control Specifications: Control 1
I T I I
00:00 03:00 O0B:00 08:00 12:00 volume Units: ) IN (O ACFT
| 01Jan2008  Computed Results

Az (B e R R, Ehe) Peak Discharge :  34.1 (CFS) Date/Time of Peak Discharge : 011an2000, 01:15
= un:Run 1 Element: SUBBASIN-1 Result:Prec) Total Precipitation : 0,33 {IN) Total Direct Runoff : 0.16 (IN)

Total Loss : 0.17 {IN) Total Baseflow : 0,00 {IN)
— - . - q
Run:RUN 1 Element: SUBBASIN-1 Result:Pred Total Excess : 0,16 (IN) Discharge : 0.16 (IN)
—+— Run:RUN 1 Element: SUBBASIN-1 Result:Obs)
Run:RUN 1 Element: SUBBASIN-1 Resut:OWtfll  observed Hydrograph at Gage Gage 1
——— Run:RUN 1 Element: SUBBASIN-1 Result:Bas

Flow (cfs)
o
1

Peak Discharge :  34.10 (CFS) Date/Time of Peak Discharge : 01Jan2000, 01:15
Avg Abs Residual : 0,49 {CFS)
Total Residual : 0,01 {IN) Total Obs Q : 0.16 {IN)

MNOTE 40049: Found no parameter problems in basin model "Basin 1",
WARNING 41784: Simulation time interval is greater than 0,29 * lag for subbasin "Subbasin-1"; reduce simulation time interval,
MNOTE 10185: Finished computing simulation run "Run 1" at time 03Aug2011, 13:22:35,




DIFFERENT LOSS MODEL

We could try a different loss model
= NRCS CN model; Initial Loss = 0.06, initial guess CN=98

B HEC-HMS 3.5 [C:)...\My Documents\DES_606_EX6\DES_606,_EX6.hms]

File Edit VYiew Components Parameters Compute Results Tools Help

D ES N+ e vwBFerPy sBEDN

|) DES-606-EX6
=2 Basin Models
=&&) Basin 1
=) Metearologic Models
C G Met 1
A0 Specified Hyetograph
[=-4) Control Specifications
S @ Control 1
[=1-{_) Time-Series Data
=] |2) Precipitation Gages
= -E% Gage 1
| : ' 01Jan2000, 00:00 - 02]an2000, 00:00
=] | Discharge Gages

oma -

Components [Compute Results

S Subbasin‘ Loss ’Transform Options

Basin Name: Basin 1

=
=}
EoN

Depth {in)

o o
=
r =]

1 11

35

30

20+

g 15

g

T 104
5_
0 T T T T
00:00 03:00 06:00 09:00 12:00

| 01Janz200§
Legend (Compute Time: 03Aug2011, 13:31:36)

— Run:Run 1 Element: SUBBASIN-1 Result:Prec|
f— Run:RUN 1 Element: SUBBASIN-1 Result:Pred
—+— Run:RUN 1 Element: SUBBASIN-1 Result:Obs|
Run:RUN 1 Element: SUBBASIN-1 Resutt: Outfl
— —— Rum:RUN 1 Element: SUBBASIN-1 Result:Bas

254 &8 Summary Results for, Subbasin “Subbasin-1"

Project: DES-606-EX6
Simulation Run: Run 1 Subbasin: Subbasin-1

Start of Run:  01Jan2000, 00:00 Basin Model: Basin 1
End of Run:  02]an2000, 00:00 Meteorologic Model:  Met 1
Compute Time: 03Aug2011, 13:31:36 Control Specifications: Control 1

Yolume Units: (&) IN () AC-FT
Computed Results
Peak DischarteITime of Peak Dismls
Total Precipit atimead i otal Direct Runoff :
Total Loss : 0.18 (IN) Total Baseflow : 0.00 (1)
Total Excess : 0.16 {IN) Discharge : 0.16 {IN)

Observed Hydrograph at Gage Gage 1
Peak Dischar ate)Time of Peak Discharge : 01Jan2000, 01:15
Avg Abs ResidlskelS0
Total Residual : 0,00 (IN) Total Obs Q :

NOTE 41743: Initial abst'raction rati'o for subbasin "Subbasin-1"is 0,294,
WARNING 41784 Simulation time interval is greater than 0,29 * lag for subbasin "Subbasin-1"; reduce simulation time interval,
MNOTE 1018S: Finished computing simulation run "Run 1" at time 034ug2011, 13:31:36.



DIFFERENT UH MODEL

Clark UH
= Two parameters, Tc and R

B HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit View Components Parameters Compute Results Tools Help

NS R escevwBFe Py vEED

|_) DES-606-EX6 A =

EJ ) Basin Models
. =BHBasin1
 Eés
=2 Meteorologic Madels
L Met 1
: -0 Specified Hyetograph
=2 Control Specifications
I [% Control 1
=+ Time-Series Data
=12 Precipitation Gages
=Y Gage 1
: 01Jan2000, 00:00 - 02Jan2000, 00:00
=[5 Discharge Gages
A -

Graph for Subbasin "Subbasin-1"

Subbasin "Subbasin-1" Results for Run "Run 1"

Depth (in)

54

Components | COmpL;te\ Results &8 Summary Results for Subbasin “Subbasin-1"

(4 Subbasin | Loss | Transform ‘Options‘

Basin Name: Basin 1
Element Name: Subbasin-1

*Time of Concentration (HR) |1.52 |
*Starage Coefficient (HR) |0.05 ]

Project: DES-606-EX6
Simulation Run: Run 1 Subbasin: Subbasin-1

Start of Run:  01Jan2000, 00:00 Basin Model: Basin 1
End of Run:  02]an2000, 00:00 Meteorologic Model:  Met 1
” Compute Time: 03Aug2011, 13:36:56 Control Specifications: Control 1

00 03:00 0600 09:00 12:00 Yolume Units: (&) IN () AC-FT
| 01Jan2008  Computed Results

Mgt Wn TR, (e PeakDischar@e: 34.1(CFS)  D)tefTime of Peak Discharge : 013302000, 01:30
w0 n:Run 1 Element: SUBBASIN-1 Result:Prec Total Precipitatorrg=aa.( otal Direct Runoff : ¢ 0.16(IN)
Total Loss 0.18 {IN) Total Baseflow

— . . L X oog 9

Run:RUN 1 Element: SUBBASIN-1 Result:Pred Total Excess : 0.16 (IN) Discharge : 0.16 (IN)
—+— Run:RUN 1 Element: SUBBASIN-1 Result: Obs
Run:RUN 1 Element: SUBBASIN-1 Resut: Outfll  obcerved Hydrogragh a
——— RumRUN 1 Element: SUBBASIN-1 Result:Bas

Flow {cfs)
o
1

00

age Gage 1

arge . 34,10 (CFS Date/Time of Peak Discharge : 01Jan2000, 01:15

Avg Abs ResiddarTome
Total Residual :  0.00 (IN) Total Obs Q :

MNOTE 41743: Initial abstraction ratio for subbasin "Subbasin-1"is 0,294,
WARNING 42404: Storage coefficient increased to 0.5 time interval (0,125 hr) at subbasin "Subbasin-1",
MOTE 10185: Finished computing simulation run "Run 1" at time 03Aug2011, 13:36:56.




USER SUPPLIED UH MODEL
Empirical UH

Ed Microsoft Excel - Example6.xls

9(=)E3

File Edit View Insert Format Tools Data ‘Window Help
= Prepared externally -8 x
. = SIS S - 100% -« »:in.»
- Import using PAIRED data manager |~ Z® € =~ > 2 & D cliE-s
A | B | ¢ | D pFrE Fal
1 Time Intensity  Depth Runoff Empirical-UH
2 0 0.24 0 0 0
3 0.25 0.47 0.06 0 0
4 0.5 051 01175 8.6 53.45879
5 0.75 012 01275 22 136.755
3 1 0 0.03 31.3 194.5651
7 1.25 0 0 34.1 211.9703
g 1.5 0 0 32 198.9164
9 1.75 0 0 206 128.0525
10 2 0 0 9.2 57.18847
1 225 0 0 0 0
12 25 0 0 0 0
13 275 0 0 0 0
14
15 |accumulated runoff {cu.ft.) 142020 882316
16 drainage area {(sq.mi.) 0.38 0.38
17 drainage area {acres) 2432 2432
18 |drainage area (sq.ft.) 10593792 10593792
19 ‘accum. runofffarea (ft-depth) 0.013406 0.083333
20 |watershed runoff (in-depth) 0.160872 11 |
21
22 J;I
|

4 < » »}Sheetl { Sheet2 / Sheet3 |« | |
Draw~ [3 Autoshapes~ . w [ O 4 -5 2
NUM Y

Ready




USER SUPPLIED UH MODEL

Empirical UH
= Normalized to produce 1-unit (inch) runoff.
= 1 unit excess input will produce the hydrograph.

A HEC-HMS 3.5

\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit View Components Parameters Compute Results Tools Help

D@3 Nl Feroy BE

=& Basin 1

=BT S bbasin-1
(= Meteorologic Models
=& Met 1

Graph for Subbasin "Subbasin-1"

Subbasin "Subbasin-1" Results for Run "Run 1"

&7
&0 Specified Hyetograph
(=1 Control Specifications
E & Control 1
(=42 Time-Series Data
(=) Precipitation Gages
=] ﬁ% Gage 1
~[f 011an2000, 00:00 - 021an2000, 00:00

¥4 Select a Paired Data

| Select‘ Table [ Graph|

Run:RUN 1 Element: SUBBASIN-1 Result: Out
——— Rum:RUN 1 Element: SUBBASIN-1 Result:Bas

Observed Hydrograph at Gage Gage 1

Peak Discharge :  34.10 (CFS)
Avq Abs Residual : 0.65 {CFS)
Total Residual : 0,00 (IN)

Date/Time of Peak Discharge :

Total Obs Q @

=0 Dl:charge Gages Time {HH:mm}) Discharge {(CFS)
B ke 1 LR My pu) 130,70
=z 01Jan2000, 00:00 - 02Jan2000, 00:00 N
, Compute | Results] (LT 194.57 for Subbasin "Subbasin-1*
Components | “OMPUte 01:15 211.97
N 5 01:30 198.92 Project: DES-606-EX6
8 Transform
[SisiSubbasing|Loss l Optlons‘ 01:45 128.05 frulation Run: Run 1 Subbasin: Subbasin-1
. . 5 02:00 57.188 n2000, 00:00 Basin Model: Basin 1
_ =D :a'“e_ LEEIRY . n2000, 00:00 Meteorologic Model: Mt 1
e ame: 02:15 4 CHANGED, RECOMPUTE  Control Specifications: Control 1
Unit Hydrograph: lPattern 1 v] h 02:30 R (G (#6E
02:45
03:00
B4.1 (CFS) Date/Time of Peak Discharge : 01Jan2000, 01:30
. - D.33 (IN) Total Direct Runoff : 0,16 {IN)
[ Select ] | Apply [ Cancel ] D, 18 (IN) Total Baseflow : 0.00 (IN)
.16 (IN) Discharge : 0.16 {IN)

01Jan2000, 01:15

0.16 (IN)

P My Computer &4 Example66.ppt 8 FHWA-Highway-Hydr. ..

"VJ start

NOTE 41743: Initial abstraction ratio for subbasin "Subbasin-1" is 0,294,
WARNING 42404: Storage coefficient increased to 0.5 time interval {0,125 hr) at subbasin "Subbasin-1".
MNOTE 10185: Finished computing simulation run "Run 1" at time 034ug2011, 13:36:56.

E3 Microsoft Excel - Exa...




USER SUPPLIED UH MODEL

Empirical UH
= QOriginal loss model.

E& HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit View Components Parameters Compute Results Tools Help

DNeEHS N+ ewBF e Py ¥EED

=) Basin 1

&
=I-{) Meteorologic Models
=35> Met 1

A0 Specified Hyetograph
(=) Control Specifications
: I'gl Control 1
=) ) Time-Series Data
B | Precipitation Gages
‘3 -E% Gage 1
i 01Jan2000, 00:00 - 02Jan2000, 00:00
= | Discharge Gages

=] -ﬂ% Gage 1

01Jan2000, 00:00 - 02Jan2000, 00:00

Components [Compute Results

&#Subbasin‘ Loss ’Transform Options

Basin Name: Basin 1
Element Name: Subbasin-1

*Initial Loss (IN) |0.06

*Constant Rate (IN/HR) |0.16

A h for Subbasin “Subbasin-1"
Subhbasin "Subbasin-1" Results for Run "Run 1"
T 0.04
=
o
@
)
M/
g 15
z
o -
c 10 Start of Run:  011an2000, 00:00
5-} \ End of Run:
‘ 0 T T T T
00:00 03:00 06:00 0900 12:00

| 01Jan2004

*Impervious (%) \0.0

Legend {Compute Time: 034ug2011, 15:34:26)

— Run:Run 1 Element: SUBBASIN-1 Resutt:Prec|
[ Run:RUN 1 Element: SUBBASIN-1 Result:Pred
—+— Run:RUN 1 Element: SUBBASIN-1 Result:Obs
Run:RUN 1 Element: SUBBASIN-1 Result: Outfl
— —— Run:RUN 1 Element: SUBBASIN-1 Result:Bas

&8 Summary Results for Subbasin “Subbasin-1*

Project: DES-606-EX6
Simulation Run: Run 1 Subbasin: Subbasin-1

Basin Model:
021an2000, 00:00
Compute Time: 034ug2011, 15:34:26

Yolume Units: (&) IN (O AC-FT

Computed Results
Peak Discharge :  34.0 (CFS) DatejTime of Peak Discharge :
Total Precipitation : 0,33 (IN) Total Direct Runoff :
Total Loss 0.17 (IN) Total Baseflow :
Total Excess : 0.16 (IN) Discharge :

Observed Hydrograph at Gage Gage 1

Peak Discharge :  34.10 (CFS)
Avg Abs Residual : 0,37 (CFS)

Total Residual : 0,00 (IN) Total Obs Q :

Meteorologic Model:  Met 1
Control Specifications: Control 1

Date/Time of Peak Discharge : 011an2000, 01:15

Basin 1

011an2000, 01:30
0.16 (IN)
0.00 (IN)
0.16 (IN)

0.16 (IN)

Percent difference: 2.6

MOTE 40049: Found no parameter problems in basin model "Basin 1",
NOTE 10185: Finished computing simulation run "Run 1" at time 034ug2011, 15:34:26,




USER SUPPLIED UH MODEL

How to check that indeed a unit hydrograph?
= Add a “design storm” that has total excess of 1-unit (inch).
= Verify returns 1-unit (inch) of runoff.




USER SUPPLIED UH MODEL

Add a “design storm” that has total excess of 1-unit (inch).

E& HEC-HMS 3.5 [C:)...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit Yiew Components Parameters Compute Results Tools Help

DeEsflecew@Fer Py voEEE
= &&) Basin 1 la”
#)-13 Subbasin-1
=) Meteorologic Models
=G5 Met 1
{0 Specified Hyetograph
[=1-{) Control Specifications
:. [-g] Control 1
(=) Time-Series Data
=) Precipitation Gages
=-E3 Gage 1
- [y 013an2000, 00:00 - 02Jan2000, 00:00
= Gage 2

=) Discharge Gages
Components ’ Compute | RESU"-‘SI

W‘ Time Vdow Table| Graph‘

= Graph for Subbasin “Subbasin-1"

Subbasin "Subbasin-1" Results for Run "Run 1"

Denth (in)

(<

&8 Summary Results for Subbasin “Subbasin-1*

Project: DES-606-EX6
Simulation Run: Run 1 Subbasin: Subbasin-1

Flow (cfs)
o
1

104 Start of Run: 01Jan2000, 00:00 Basin Model: Basin 1
1.2 End of Run:  02]an2000, 00:00 Meteorologic Model:  Met 1
’ Compute Time: 034ug2011, 15:34:26 Control Specifications: Control 1
T T T T
10 00:00 03:00 O06:00 0900 12:00 Yolume Units: (&) IN (O AC-FT
’ | 01Jan200 Computed Results
Legend (Compute Time: 03Aug2011, 15:34:26) PeakDischarge :  34.0(CFS)  DatefTime of Peak Discharge : 01Jan2000, 01:30
0.84 o oRun 1 Element: SUBBASIN-1 Result:Prec Tota: Precipitation : 0.33 EIN; Tota: Direi:;:I Runoff : 0.16 EIN;
Total Loss : 0.17 (IN Total Baseflow : 0.00 (1IN
= — - g L -Pred
% Tl ) EEm =R ) REEre Total Excess : 0.16 (IN) Discharge : 0.16 (IN)
S 0.6- —+— Run:RUN 1 Element: SUBBASIN-1 Result:Obs
& Run:RUN 1 Element: SUBBASIN-1 Resut: 0wl Opserved Hydrograph at Gage Gage 1
= — —— Run:RUN 1 Element: SUBBASIN-1 Result:Bas X . :
= 0.4 Peak Discharge :  34.10 {CFS) Date/Time of Peak Discharge : 01Jan2000, 01:15
a #Avg Abs Residual : 0,37 (CFS)
Total Residual : 0,00 {IN) Total Obs Q : 0.16 (IN)
0.0 T T T T T T T Percent difference: 2.6

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:01 NOTE 40049: Found no parameter problems in basin model "Basin 1",
01Jan2000 MOTE 10185: Finished computing simulation run "Run 1" at time 034ug2011, 15:34:26.




USER SUPPLIED UH MODEL

Verify returns 1-unit (inch) of runoff.

F& HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]

File Edit View Components

DB N ea 8PP

e

=-&% Met 1
&0 Specified Hyetograph
(=) Control Specifications
Igl Control 1
=) ) Time-Series Data
=2 Precipitation Gages
=-ES Gage 1
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Reasonably close

&8 Summary Results for Subbasin “Subbasin-1*

Project: DES-606-EX6

Simulation Run: Run 1 Subbasin: Subbasin-1

Basin Model: Basin 1
Meteorologic Model:  Met 1
Control Specifications: Control 1
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021an2000, 00:00

Yolume Units: (&) IN () AC-FT
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34.10 (CFS) Date/Time of Peak Discharge : 011an2000, 01:15

0.16 {IN)

Percent difference: 2.6
MOTE 40049: Found no parameter problems in basin model "Basin 1",

MOTE 10185 Finished computing simulation run "Run 1" at time 034ug2011, 15:41:58,




USER SUPPLIED UH MODEL

Rescale the ordinates and repeat.

B HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]
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NOTE 20364: Found no parameter problems in meteorologic model "Met 1",
MOTE 40049: Found no parameter problems in basin model "Basin 1",
NOTE 10185: Finished computing simulation run "Run 1" at time 034ug2011, 15:49:50,




PARAMETRIC UH MODEL

Verify returns in same fashion.

F& HEC-HMS 3.5 [C:\...\My Documents\DES_606_EX6\DES_606_EX6.hms]
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Project: DES-606-EX6
Simulation Run: Run 1 Subbasin: Subbasin-1
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Legend {Compute Time: 03Aug2011, 15:46:26) Total Loss : 0,00 {IN) Total Baseflow : 0.00 {IN)
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Total Residual :  0.84 (IN) Total Obs Q : Xa C

MOTE 40049: Found no i:arameter i:roblems in basin model "Basin 1",
WARNING 41784: Simulation time interval is greater than 0,29 * lag for subbasin "Subbasin-1"; reduce simulation time interval, 63
NOTE 10185: Finished computing simulation run "Run 1" at time 03Aug2011, 15:46:26.




COMPARISONS

 The empirical UH and parametric UH are both unit
hydrographs.

« Parametric has flexibility if changing time bases
considerably, and easier to communicate to other
analysts

= Only need send the parameter set, and not a
paired series of unit weights.




HEC-HMS EXAMPLE

Learning Summary

= Configured a single sub-basin model

= Used parametric UH models to simulate responses
= Adjusted parameters until fit was “good”

= Used an empirical UH model based on the supplied
runoff hydrograph
=Normalized and time-shifted into a UH




HEC-HMS EXAMPLE

Learning Summary
=Verified both models were UH by
*Apply single 1-inch depth pulse
*Disable loss model to guarantee 1-inch
excess input.

=Observed that computed watershed runoff
depth was 1-inch




HEC-HMS EXAMPLE

Learning Summary

=The empirical UH rescaling is how durations
could be changed to produce a UH with a
different duration.

Empirical UH are entered as PAIRED data.




HEC-HMS EXAMPLE

Closing Remarks

Example shows how to enter a user-specified
nydrograph, thus the Gamma Unit
-Hydrograph is now a useable tool for HEC-
AMS




HEC-HMS EXAMPLE

Learn more
=HEC HMS user manual
* FHWA-NHI-02-001 Highway Hydrology




SUMMARY

« Unit hydrographs map the excess precipitation signal to the
outlet

« Base-flow separation isolates the total discharge from the
storm-induced discharge

* Loss models are implicit; the unit hydrograph maps excess to
the outlet
= HEC-HMS Example inferred a UH from data




NEXT TIME

Unit Hydrographs/HMS Workshop
= CMM pp. 201-223
= Bring a laptop if you want to play along!




