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raph is a generalized way of defining the flood
aracteristics of a watershed

ograph is defined as a surface runoff versus time

hich is generated from a unit depth of Excess Rainfall
distributed over the watershed and occurring within @
time duration

derived from a measured Flood Hydrograph knowing
Ivalent uniform depth of the rainfall

wing example illustrates the computation of the Unit
ph from a recorded Flood Hydrograph



Hydrograph has been measured for a 18-hour flood
.5 hours for a contributing watershed of 3-mile?. its peak
/sec at 7.05 hours. The Baseflow was estimated and Ty is 12
e Unit Hydrograph (DR)

Direct Runoff Hydrograph from Measured Flood Hydrograph and

low
TimeUnit [ 1| 2 [ 3| 4]47[5 6| 7 [ 8] 9 ]10][11]12]

Flood Hydrog., Q (fi3/sec) 110 123 230 578 660 645 434 293 202 140 107 93 81
Baseflow (ft*/sec) 110 123 120 118 116 115 114 113 112 110 107 93 81

| DR Hydrograph (fti/sec) | 0 | 0 |110[460544]530320[180] 90 | 30 | 0 | 0 | 0 |

INng figure depicts the hydrographs and baseflow from the
le




Recorded Hydrograph and Estimated Baseflow for Storm over 3-mile? Watershed

Direct Runoff Hydrograph (3-mile? Watershed and At = 1.5 hours)
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Direct Runoff] Time |JAverage DR] Volume DR

Time Unit] Hydrograph J Interval |Hydrograph| Hydrograph
fi3/sec At fi3/sec fi3
2 0 2-3 55

297,000
: 110 3-4 285 1,539,000
4 460 SR

4.7 544 4-5 511 2,761,200
2 =S 5-6 425 2,295,000
6 320 - ——

6-7 250 1,350,000
U 180 7-8 135 729,000
2 70 8 _ 9 60 324'ooo
9 30 - '

9-10 15 81,000

9,376,200

Excess Rainfall De
Watershed

B ershe it mile? x (2.788x1

Vol,,  9.3762x10°
A\Natershed 8364)(106 ft

Depth.; =

The Unit Hydrograph can be d
all the ordinates of the DR Hyd
Therefore the volume of the U
by the watershed area will yiel
depth of 1-inch



Unit Hydrograph for 3-mile2 Watershed and At = 1.5 hours

Direct Runoff Unit Time | AverageU | Volume U _ —
Time Unit]|Hydrograph|Hydrograph] Interval |Hydrograph| Hydrograph : M50 g7 ety
H'3 SeC ﬂ'3 SeC Ai H'3 SeC ﬂ'3 g Direct Runoff Duration for the Unit Time Storm =12 hours

40.9 220,768.7 e
211.8  1,143,983.1

1 ‘IO 8‘I .8
460 341.9
544 404.4
530 394.0
320 237.9
180 133.8
90 66.9
22.3

0.0

\
315.9 1,705,939.7 \

1858 1,003,494.0 BN
1 00.3 541 ,886.7 Volume of Direct Runoff = \

6,969,600 ft?

8
9 44.6 240,838 .5 produced by 1-inch
1
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appens when several periods of Excess Rainfall
uence, the resulting surface DR Hydrograph is the
superposition of a series of hydrographs each

V Its own respective occurrence of Excess Rainfall

lem consists of decomposing the measured composite
drograph into its component hydrographs and then of
the Unit Hydrograph

Wing equation represents the successive ordinates of the
d surface DR Hydrograph



ER +U,xER , +U,xER_, +..U, xER

i-n+1 **

[4.9]

ethod

Q, =ER, xU,

Q, =ER, xU, + ER, xU,
Q; =ER xU,+ER,xU, + ER, xU,
Q,=ER xU, +ER,xU,+ER,xU, + ER, xU,

ral matrix form is:

Q=ER-U...[4.10]

ordinate of the DR Hydrograph, U, is the nt ordinate of the
and ER;is the ith value of Excess Rainfall

rograph solution has the following form and can be solved by




Il'is a square (lower triangular) matrix, the Unit Hydrograp
DR Hydrograph are both column vectors, as follows

i 0 | U, Q
O O 0 U2 Q2
, ER, 0 0 s | and || withk=i+jl...[4.11]

ER, U Qc |

rface DR Hydrograph is known, the matrix solution become Eq. 4.10

cal solution is expressed as a transformation of the Excess Rainfall,
n iInexact duplication of the DR Hydrograph



U =(ER" ER)" ER-Q...[4.12]

ranspose malirix of the Excess Rainfall and (ERT ER)?!
nverse maftrix of the product of the Excess Rainfall transpose
afrix

g the Unit Hydrograph, the duplication effect may be
. An optimization scheme can be applied to the Unit

ph
many numerical schemes that facilitate these computations
llable in standard calculators

Ing example illustrate an approximate solution to the Unit
ph based on the simultaneous equations derived from Eq. 4.10



ace DR Hydrograph has been estimated from a Flood
er subtracting the Baseflow) as well as the Excess Rainfall
ograph. Their values are shown in the following table. The

s 1-hour. Compute the Unit Hydrograph for the storm

irect Runoff Hydrograph (from Flood Hydrograph) and excess
Hyetograr

| 'h
Time Unit 2 | 3] 4151 6171819 1]10]
DR Hydrograph, Q (ft3/sec) 66 390 678 419 572 318 173 94 24 5

Excess Rainfall (inch) 1.27 0 0.53

4.12, J (index of Unit Hydrograph ordinates) =k—-i+1=10-3+1 =8
that the Unit Hydrograph will have 8 ordinates
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Q, =ER, U, + ER, U, + ER, U,
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Q,=ER, U, +ER, U, + ER, U,
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Unit Hydrograph for two Excess Rainfall Periods (1.80 inch)
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The Unit Hydrograph




nit Hydrograph is a procedure developed to allow
on of the Unit Hydrograph concept in a design
ere direct measurements of a Flood Hydrograph are

characteristics of Unit Hydrographs for a watershed as
generated by superposition of successive excess rainfall
are a definite advantage in constructing more complex
charge hydrographs

C technigues (in some cases applicable to specific sites
ations) have evolved continuously providing significant
nalyzed a wide range of water resources projects



T

ethod has been Excess Rainfall

1.0 inch
yed by the US e e
though this method o T,
rovide a completfe [

ution of the

e hydrograph, it allows
tion of Lag Time,
ainfall and Base Time
s, Peak Discharge, and
aph fime widths at 50
of the Peak Discharge

Discharge, Q (L3/t)




ed a Lag time, T, relationship for watersheds
10 to 10,000 miles? located in the Appalachian
s follows,

T =C,x(LxL,)"...[4.13]

e Lag Time (hr), C, is a coefficient for the slope and storage of
ed, L is the length of the main stream channel (miles) and L, is
long the main channel to a point nearest the watershed

lles). C, accounts for a wide variation in topography, from plains
s with values ranging from 1.8 to 2.2 with an average of 2.0
O major changes for similar study areas



ed much larger variation with slopes. Steeper slopes yie
s 0.4 in southern California and flatfter slopes did higher val
e Gulf of Mexico

g equation relates the duration of Excess Rainfall as o
Lag Time

1 i

4.14
« =gt [424)

the duration of the unit Excess Rainfall (hr)

hod defines initially a value of T, and its associated value of T,
.4.14. |If the duration of the unit Excess Rainfall has to be

d, the Lag Time T, will change as well, and it will have to be
ated by the following equation



T, =T,+0.25% (T, —T,, )... [4.15]

djusted Lag Time (hr) and T is the desired duration of
hat replaces T, (hr)

ischarge is computed as follows

640><Cp x A
Q =——>—...[416]

the Peak Discharge (ft°/sec), C,is the peak coefficient varying
0.69 with an average value of 0.60 and Ais the area of the
(miles?)

Time, T; of the SUH by the Snyder’'s Method is
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SUH: Snyder’'s Method



sis on the depicted 1500-mi2 watershed
n results. The duration of the Excess L.,= 39.67 mi

6.0 hr. Plot the SUH using the Snyder’s 1= 93.92 mi
rage conditions of slope and storage of the
well as of its discharge

ndifions: C,=2 and C, = 0.60
T, = 2x(93.92x39.67)03 = 23.57 hr
— T, =23.57 hr / 5.5 =4.29 hr

to recalculate T, for the desired duration of 6.0 hr
Rainfall (Ty), so
— T, =23.57 hr + 0.25x(6 — 4.29) hr =24 hr

Qp = 640x0.60x1500 / 24 = 24,000 ft3/sec

A= 1500 mi?




Synthetic Unit Hydrograph (SUH) using Snyder's Method

Flow Discharge (ft*/sec)

II !n ;_
!HIHIIIIII‘IIIIIIIIIIIIII
LN

36 42 48 54 60 66 72 78 84 90 96 102 108 114 120 126 132 138 144 150
Time (hours)

SUH: Snyder’s Method

Peak discharge of u

* Obscrved value of Wy
= Observed value of Wi

6 810
“u.lh of unit hydrograph (hr)




ation Service (SCS)method for constructing SUH
d based on dimensionless hydrographs analyzed of
e of watersheds in size and geographical locations

d requires only the determination of Ty (Time to Rise)
eak Discharge)

ime is calculated by the following equation

L x(s+1)"
1900x /Y

e length of the main stream channel (ft), S is the potential
tention (inch) and Y is the average watershed slope (%)

T, .. [4.19]




T.ximum retenfion is calculated by the SCS
ion

s =199 10, [4.20]
CN

e Curve Number a defined value based on the soil type of the

Discharge is computed as follows
_484x A

Q. - [4.21]

R

he Peak Discharge (ft3/sec), Ais the area of the watershed
T is the Time to Rise, calculated by the following equation



SCS Dimensionless Unit Hydrograph and Mass Curve
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SUH: SCS Dimensionless Method



dland is in “fair hydrologic conditions” with soils of the
gic Soil Group) and has drainage area of 70 mi2. Its main
l'is 15.5 mi and the average watershed slope has been
3.12%. Compute the SUH of D = 4 hour from the SCS

characteristics of the watershed and its soils, CN = 73
— S=1000/73 +10=3.70 inch

0.8 2 0.7
o T = 81840°° ftx(3.7inch+1)*" .

1900x+/3.12
B T, =4Thr+7.5hr =9.5hr




SCS Dimensionless Unit Hydrograph and Mass Curve
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Synthetic Unit Hydrograph using SCS Method (from Dimensionless Hydrograph)
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generating SUH was developed initially for
atersheds by D.M. Gray in 1961

hod is based on dimensionalizing the incomplete
Istribution and analyzing results in dimensionless form

ximate upper limit of watershed area for application of
od to the geographic areas of Central lowa, Missour,
d Wisconsin is 100 mi?

ed and Storage Factors are determined by the following
S



T
SF = ;, .. [4.24] SF =axWF"... [4.25]

> Watershed Factor, L and S are the length and slope of the
s|, respectively (mi and %), SF is the Storage Factor, Ty is the
In), and a and b are site-specific regression factors

ge Factor is related to Time to Rise as follows

SF = - .. [4.26]

g0 +0.0139

R

15 been calculated the flow discharge can be calculated for
f the fraction T /T,



_ 2% ey [ T -
=201

e dimensionless discharge for T/Ty (%), q is a Shape
+9’, and I' is the Gamma Function = (q - 1)! and e is the base
logarithms

e of the unit hydrograph is calculated as follows,
INg an Excess Rainfall of 1.0 inch

2
acre | 0.0833—1L x 43560

mi* inch acre
ve volume, V (ft’) has to match the volume for the

hless hydrograph, which is

—=1.0inchx Ami? x 640

.. [4.28]




Vo = X cfsx0.25xT, x 60" ... [4.29]

min
nd Vp (Egs. 4.28 and 4.29), the term Xcfs is calculated
drograph ordinates are calculated by the following

i Qr ITa
100

Q, x . cfs ... [4.30]

dimensionless Hydrograph is converted to absolute fime
plying T/Tg x Ty for each flow discharge (Q,). Itis

Nt to realize that Runoff does not begin until the centroid
Il has been reached, or T,/8



Relation of Storage Factor and Watershed Factor for the Gray's Method (SUH)
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tershed has a drainage area of 0.62 mi?, its stream
mi long with an average slope of 1.45%. Its storage factor
those from F 1 (i.e., a=9.27 and b =0.562). Apply Gray's
alculate the SUH. Note that this method results in a SUH with
of Excess Rainfall equal to Tr/4

— WF =0.98 mi / (1.45 %)1/2=0.814

S — SF=9.27 x (0.814) 0-5¢2= 8,24

6 — 8.26 x (2.676/T, +0.0139) =1 — T =24.96 min
4 —-5826=Tg/y — y’=3.02, and

eter, g=1+y’=4.02



use Egs. 4.28 and 4.29 to calculate the volumes of the
and the dimensionless hydrograph respectively, which
qual

acre/mi2 x 0.0833 ft/inch x 43,560 ft2/acre = 1,439,807.85 ft3
108 ft3 = 0.25x24.96 minx60 sec/minx Xcfs — Xcfs = 3845.74 ft3/sec

s of time (T) are calculated knowing that there will be four

T/T; between 0 and 1.0 at 0.25 x Ty intervals with the exception
f point that it will be 0.125 x T (Tr/8). The following table

the procedure and the calculation of the dimensionless

ph (Eg. 4.27) and of the SUH from the Gray's Method (Eq. 4.30)

Function of qis: I'(4.02) = 3.02 x 2.02 x 1.02 x I'(1.02) = 6.152992



and SUH from Gray’s Me

L T (min) D v, (% ) 22017, (%) 3] Q, (cfs) 4] 17T, [T (min) VQrr, (% ) 2201, (%) 3] Q, (cfs) 9

0.00 0.00 0.00 0.00 1.875 46.80 8 04 85.42 309.21
0.125 3.12 0.44 0.44 17.08 2.125 53.04 5.51 90.93 212.01
0375 9.36 5.78 6.22 222.11 2375 59.28 3.62 94.55 139.37
0.625 15.60 12.71 18.93 488.65 2.625 65.52 2.30 96.86 88.58
0.875 21.84 16.50 35.43 634.63 2.875 71.76 1.42 98.28 54.77
1 24.96 16.93 = 651.21 3.125 78.00 0.86 99.14 33.10
1.125 28.08 16.57 52.00 637.16 3.375 84.24 0.51 99.65 19.62
1.375 34.32 14.27 66.27 548.89 3.625 90.48 0.30 99.95 11.44
1.625 40.56 11.11 77.38 427.16 1 99.95 3843.79

n (T/Tg) multiplied by Tg= 3) Accumulated dimensionless hydrograph. It
approaches 100%

sionless hydrograph from 4) Ordinates of the SUH from Eq. 4.30, values of

for T, = 16.93% is included Qr/r, Mulfiplied by Xcfs = 3845.74 ft?/sec from

> of computing the peak Eq. 4 29. Note its match with the sum of value
= 651.21 ft3/sec in the Table (Q, peak at Ty is excluded from s

SUH: Gray



SUH using Gray's Method (from Dimensionless Hydrograph)

A=0.62 mi?
L=0.98mi
§=1.45%

‘ F1—a=927
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SUH: Gray’'s Method
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