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Example 1:
The recession limb o f a flood hydrograph is given below. The time is

indicated from the arrival o f peak. Assuming the interflow component to be
negligible ,estimate the base flow and surface flow recession coefficients.
T —

Also. estimate the storage at the end o f day-3.

Time from peak Discharge Time from peak Discharge
(day) (m*/s) (day) (m*/s)
[ 90 4.0 3.8

0.5 66 4.5 3.0
1.0 34 5.0 2.6
1.3 20 3D 2.2
2.0 13 6.0 1.8
2.5 9.0 6.5 1.6
3.0 6.7 7.0 1.5
3.5 5

Sotution .’

Fre dea are plotfed M Sewc—log prfer- Toa flar) from
o5 fo TAnys e S€€n 17 Lie o steeght (Fas-AB T ~=(9)-7¢

100.0 ; ; :
::};x Observed recassion
W portion of oad hydrograph
10.0 B |y [Base flowl
= 11.033402837 1
& i g i B I e :
7 S A? = 0.9805
-{3 f @ ——-
%, \ i z FA
£ 10 T
& -
Pa.
5
=T
0.1 0 t . : : : : 7 !
Time in days

Fig. 9 Storage Recession Curve —Example 1
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Estgimp le. 3 | |

Rainfall of magnitude 3.8 cm and 2.8 cm oceurring an bea consecutive 4-k durations on
a catchment of arex 27k’ produced the following hydrograph of flow at ouiles of the

‘catchment. Estimate the rainfall excess and ¢ index.

Time from start
oframfall (b} -6 0 6 12 18 24 30 36 42 48 54 60 66

- Ohserved flow
(m'is) 6 5 13 26 21 16 12 9 7 5 5 45 45
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2 Due to utegnal tie interval of ecdinates 2 few eniries have ta be intemokated.
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Calculation of Flood Hydrograph duetoa known ERH ef éxamwd le g .

Time Ordinates DERH due BDRH duwe DRH due Ordinates Base Ordinates
of UH ta 2 cn to 2 cm to 4 cm of fimsl flow of fleod

ER ER ER DRH  (mr'ls) hydrograph
Col. 2 Col. 2 Col. 2 {Col. 3 + (m“js)
%20 x 6.0 x 4.0 4 + 5) (Col. 6+ 7)

(Advanced (Advanced
by 6 k) by 12 h}

1 2 3 4 5 6 T 8
0 ) 0 0 0 0 15 15

3 25 50 0 0 50 15 65

6 50 100 0 0 100 i5 PEs
9 85 170 150 6 320 15 338
12 125 250 300 0 550 17 567
15 160 320 510 100 930 i7 947
18 185 170 750 200 1320 17 1337
(21} (1725)  (345) 360 340 1645 (7N 1662
L2 160 320 f£10 500 1930 19 1949
(271 (135 (2703 (1035) 640 1945 19 1964
30 16 230 960 740 1920 19 1939
36 60 120 660 640 1420 21 1441
42 36 72 360 440 872 21 893
48 25 50 26 240 506 23 529
54 16 32 150 144 326 23 349
60 & 16 36 100 312 25 237
66 (2.7} (5.4) 48 64 17 25 142
69 0 0 e - - - -
72 0 16 32 48 27 75
"}'5 0 ﬁ —— P J—
78 ) 0 (108 (1D 27 49
) 0 0 27 27
24 : a7 27
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beginning of flood hydra- DRI unit hydro- T
starm (h) graph (m*/s} i) (m/s) eraph (Col. 4y3 | |(@ The peak of flood

1 2 3 4 Py hydro:gmph due 1w a .3-h
R 10.0 100 p P duration rsqlated stormina
o 1O 10.0 0 o catchment is 270 m3/s. The
o o e 2. 6.7  total depth o f rainfall is
12 275 10.5 77.6 357 5.0 A . ari
18 E11.5 10.5 161.0 33.7 4 om. SSUing

24 1025 10.5 32.0 a7 average infiltration loss of |
e Sl 119 740 24.7 0.3 ecm/h and a constant
6 710 1.0 60.9 20.9 3

a2 59.0 11.0 48.0 16.0 bas.e fow of 20 m7s,
48 47.5 1.5 36.0 12.0 estimate the peak of the 3-h
=t 320 1.2 27.3 9.2 unit hydrograph (UH) of
6O 3L.5 11.5 20.0 6.6 this cotchment

66 260 £2.0 14.0 4.6 i§ caichmen

72 21.5 12.0 9.5 3.2 (b) If the area of the
78 7 12.0 5.5 i catchment is 567 km’
33 :fg :é‘i g.s o determine the base width of
96 120 12.0 0 0 the 3-h unit hydrograph by

B2 120 =4 a g assuming it to be triangular

sum= 587 195.7 in shape.




C/Cnrfr #gobmﬁv@??da%“ Dfﬁe%“"“j\pm .

B
e ,,"'-,a-”‘*‘ri‘-_d’—f

P _ // > fx’/n&@ {

;Mﬂ%u develeprioa a unik”
“76“””“’? rphfer A7 dratiest I
[+ Seperposidivan "‘d"x@#
Ra E = thw‘:_ W«{@w

5»@?%(3&%&’(_‘1 6?«:6\1&@{ & Luz)) pw_fla

Lf a Db gdveqreph (uw) Us available ) aed 1
Aecired fo "(C'V@f@po atwd‘lmaci-ofcﬁf“q?(’!. %\ nD-h
L(J\r\,UZo_.H,S cta f"”cf? eW%ULM mcfﬁv-«cﬁ
&l/lc-c——-/jgvf}\g-——\uj\\——/u&j/@‘éﬁl‘ b{/“""’/dJ}

S et e i
V”'/__d;&'bobljﬂjd)' J(WM}?L\A‘_—) "A\

P I “--—-__.J\,L),J
Og At (,-—jS rg_;/”“:gf @C}C (/‘Md"! L _,C;ZLe/ b
n>l U
— é - - \/J-‘AT &"
Eiawt e QG vem UH - 4hs | Dede. Ul —\Z i _
Time (h) 0] 48| 12]6]20 24]28!32}36| 40 | a4
Ordinate of 4h UH| 0 | 20 [ 80130 li1s0130 [90] s2{ 271151 5| ©
Ad ﬂ‘\
,5’W”L“t¢
| Time Ordinates of 4-h UH DRH  |Ordinate of
(h} (m>is) of3cmin | 12-h UH
A B C  12-h C (m¥s)
Lagged by | Lagged by (m’/s) (Col. SW3
4h 8- (Col. 243 +4)
1 3 3 4 5 é
0 8 o i ) 0
4 20 0 o 20 6.7
g 80 20 0 100 33.3
12 130 80 20 230 76.7
6 150 130 30 360 120.0
il 130 156 134 410 1367
24 90 130 150 370 1233
28 52 99 130 272 90.7
32 3 52 90 165 56.3
36 £s 27 52 94 it
40 5 15 27 47 157
44 4] 5 Is 20 6.7
48 0 5 5 1.7
52 0 0 0 ,




From '%fe/j} 6«@%{& X~ Thefroeeclire s 1

D ot 1 oud cof. 2 Aregivec, .

O Col-37generstes by /,aﬁfag/ Colb2 Ol C4h)
Col-ttiggenceated by [ogped col.2 2Ddu- C¥lur)
Coles s elfeined b Adde colz ,ehl 2 R a4 -

@ pivide- Cofs by ge.M. el UM -2 s

\ w4 = %ﬂ;s y oy

C_J»L-1 é’—‘cwaﬁé’ﬂig_;,::,_

s

f.zﬂ . M.—-f\
214 = 5 g&‘_

2 - > AL P )G e -

é&f 2 L(L’/L’/)fn}taﬂs’w‘ Zﬂ ,f »LC—‘—'1_/Jié—j_3J.L€,tdﬁi

_/uJJA,;_,l/JA‘
- QEY & OLJ’ O )

Sz

0 4 8 12h
KK
400 [cmjcmicm ..f"“‘w\
/

- z A}

) / 1 \\
- ¢ vi—FuA+B+C
E 200 . v\ =DRHof3cm
£ N
™
s
&
A
- | Jom ] =
3 Hgn W
. |
£ 200 12-h unit hydrograph
E, . = {ordinates of F)/3
o
£ 100
2 y
0 ¢ | { 1 | i

0 4 8 12 16 20 24 28 32 36 40 44 48 52h
Time hours
Fig. 18 Construction of a 12-h Unit Hydmgrag?h from

a 4-h Unit Hydrograph —Example



| | S Wi 20 _

/f/%aa&«\r&f%@?w{Mqué T |
np wmﬂgd%/agj—;w/ﬁd/p ??:gﬁ
DL Gy b e s eof . A un& "
: a5 gw@‘—“’&f&/ i S a(o/cp}.eej O W,
The 5 —eurve (Some fole called £ ‘%aﬂmgrhfh) (s pre QCLAggJ
w} e s efech’ve ram,i\:@( Cer) T~ G fe Aeli
ﬂff(ﬂ@ﬁcm&_ﬂ' ?m\@*@( o olotaaiued fﬁbﬁ %WW%W%

ndanite. 2eyieq C?ﬁ D—4A- W\’V‘\""dﬁe( gl
f%-PCLP(/\m (-O\d_‘/\.
s %wwt/v Pt D spart” dston W EFcy (19) .
o S (ER 2 A Llns SV SN0 n Mg SN S e A
| > . g g=dd
Cf}) \)il_Jf2Qﬂ-.d-&(M\\v“@ \/“’dféfi(-‘”))ﬁ’(/u G2 A c:-&-(;d.a_r
- D*\’\/‘/ﬂf OQ"“’;W)MLL’VQ)/M‘QL’WJWU——%/ ?_“QZ)

o U i A
LSL:-—J{ Z~ b, Average excess rainfall intensity = /D cmv/h &
sJLq—du = i p=="" ¥ max
i f ‘ | |
wgﬁgjé\ /(f g, -] (efwu[fbnqm d&d’\d"?e)
5
‘}}W"&é‘/@ | - S-curve
g . 3’ o €
Q,l/&)cfe) M‘ ME 5 .
‘_p—j‘();Jvc\)Lfl > ANSLEF-SN .
E P Ew! i
dj g LM - B g !
i = =D hr
‘Q_,J w ubf)m—c E W4
/\_J;ﬂ/wu “ .
w | s !
) LS‘ - e 2 | e 1o |
e Toneimboms 18 ~—*

Fip. 19 S-curve

GQMX Jc?ef.iutcbf\ukm — (..—-VQ[D) m3/hv_
1 0 TP
coilp, S Cm et Bl L <S5 s
= j A - @/
e @ , - “‘l‘ e v
ﬂﬂf\ b %10 - 92.97F8 S %(Au

Db 340D
[



i

| ﬁpp [ Lo il

e wefled o Bod T—heUH
Considor D-W s —carves AR 7

O(PS@\(!CQQ{ ‘O\j T...h CMSMV[

% }:(:7(2,0) ‘ /ﬁdﬂﬂ—&/ ord fhadex Cﬂf\ B are S\L»b"\‘md—ceyl QFQMM@-QH.

I yesul Clerye |2

: of Avwratfyon 1 ad Ay

DR, predueed loy yoindall exceec

Th —:-Iw’r:-—*-DﬂaenT: ‘]}D Cran ~ Hhtance

=

% ($n-8p) are divded by (T/p)

T‘r:ogd U H ?}

T e« VY T 2 el 8 2 WO RS A L Sel

et o L

\—JJ{, ('—[:/p sTﬁ_ﬂé’:é/y\x/L’—J“’/;':Q‘}f“d} "I_w/:{; C/'/’;‘Jf;—)
UH~Thv K et o S (Sp -Sg) NS LoN s =P

intensity 1/0 cm/h

SoooeRainfall excess for S-curve B

Y

~—TF-h—

Discharge (m3/s)

-

intensity 1/ cm/n 7

A

?ﬂﬁaﬁ%lmﬂh@ﬁWMAWM‘% ' 7
m SRS :

i % (Sa—8g)
| ?"‘/m..___‘_ o~ Thunit bydrograph

bog— § aengnd

Time (h)

Fig.20 Derivation of a T-h Unit Hydrograph by S-curve Lagging Method

Georgle 9 (golve exanpled by usimy S-Curve.

Ceold —> ordinate s “4““‘1 ~UH
Lol 2 - §-cuwve addi®hon

col.d — Sa ordinats
col-5 =58 (3h d\‘sv\ﬂ‘e“if")
Col-6 —> SA-SB

3 uH= SA’SE
Cobt > TIs

At - ‘
o\t s e AN 2 P2 A
:D/L;‘au\djf/)fé-ﬁ—ﬁj NPT
= L;SS ceap’r 3 Q0§
(Tg)-=* ws=er 2o
R Z/uﬂ_}“?

Time  Ordinule S-carve  S-curve  S-eurve  (Col & Col. 6 _
M) of i addilen ordinate lsggedby Col. %) (12/4}
§}1] (s} (') i2h 120 UH
{oais} Col.2+  (m'l) ordinxtes
Col. 3 (m/s)
1 2 3 4 5 [ 7
) 0 —_— 0 - o ¥
4 Wl g ""/f’ 20 —_ 25 57
8 80 <1200 T 100 — 100 333
12 130 -T2 100 T~ 230 ¢ 230 76.7
16 CIsp T 230 380 20 360 1200
20 130 380 510 100 410 1367
24 90 510 600 230 170 1233
28 52 600 652 380 172 967
3 27 652 679 510 169 56.3
36 15 679 694 600 94 303
40 5 694 694 652 47 18.7
4 = 0 699 699 679 20 6.7
48 — 699 699 694 5 L7
52 . £79 699 699 0 0
AR T 6 o :
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Example 10:

Ordinates of a 4-h unit hvdrograph are given. Using this derive the ordinates of a 2-h
unit hvdragrapi for the same catchment.

Tmne (h) 0
4-h UH Ordinate 0
{m*/s)

4

20 80

8 12
130

la 20
150

24
30 90 52

28 32

27

36 40 44
15 5 0

Solution: In this problem ,the time interval of a given unit hydrograph
should be at
4hr-UH are required ,thus a plot

least of T ,i.e.,2hrs .

Some interpolated values of
or linear interpolation are

accepted.

Time Ordinate S-carve S-carve S-curve (Col. (4} 2-hUH

(h) of 4-h addition ordinate  lagged by ~Cal. (5)) ordinates

UH (m'/s) (Col. (2} + 2h DRH of Col. (6)
(m*is) 39 (ms) " (2i4)
[-I) =0S8em (mfs)

1 2 3 4 5 6 7

a 0vc-mnene — 0 — 0 0

2 T N — _8 0 8 16

4. 20 -2 & 27 20 8 12 24

6 4 af//,' 51 20 31 62

8 1 TR 204 .~ 100 51 49 98

10 110 51% " 161 100 61 122

12 130 *10074 . ¢ 230 161 69 138

14 146 161%_~"307 230 77 154

16 150 230 - 380 307 73 146

18 142 307 449 380 69 138

20 130 380 510 449 61 122

22 112 449 561 510 51 102

24 9 510 600 561 39 78

26 70 561 631 600 31 62

28 52 600 652 631 21 42

30 38 631 669 652 17 34

32 27 652 679 669 10 20

34 2007 669 689 679 10 N15 —16 /1
36 500 679 694 689 5 jo (10H0°—»12 3
38 08 689 699 694 5 . {1076 ——-sq?.
10 5y 694 699 699 (0} W3 — ah
4 27 699 701 699 (2) s W0 — 0 o
44 0 699 699 701 -2 (40 —» 0

T 3=1400 @ - ,

—Final adjusted values are given in col. 7.
—Unadjusted values are given in parentheses.
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TﬂJf(WLDJW_JiGJ\d Exa  UH jf" N

SoCavye 5
S ¢ g o G s
Example: Derive UH-2hrs. from UH-ghrs. as given below, Using S-curve method {mandatory).
time {hr): 0 4 8 12 | 16 | 20 | 24 | 28 | 32 | 36 | 40 | 44
al m3/s) 0 20 80 130 | 150 | 130 90 52 27 15 5 0
;H:’ aldiatl.
) { T/D=1/2) &f quediy T=2hr ) D=dhr e Jasaill (¥ JEall 1agd gl ¥ (S.P.) BN Ahsh )
A% phall aaiatie A ( Integer ) daaall ?@JQI LEd aaiad oA &_)HU ¢l i (Jﬁ}d‘f o gllaal
(S-curve ) i (A 5 Aalal)
Ja¥) 2ganll el L i a8l JLaSia) plaw 131 ( T=2hr quathall) Giela JS .15«.:‘1.,.3...3 pd ) pliad Y
Ul 8 Jad J gasd A g
Ay ae b hs (g5 Guny D jhkay 3gand) Lias i fai ¢ Jad) ZUka sh g Tan aga (BLYT 2gas) G 3 ganll ¥
wm(T_zhr)Lga,ﬁUsdaumlq.'ﬁ vuamﬂ?uﬂuﬁujtaﬁhhuut'ﬂi
s |y G Wl G o8 Sl Ui S g gl A shaall gl Gp W juall Lia 3l gase A (- el al
}
‘ﬂuJYi S £ g yedl p o (J gaand) Al oAl gdlas! g FRWRS ?HJ)U PS‘J"‘I‘ fenzally LS 3 gas (el ‘u.tb::: &
Lost) gl Lol coast sl s @ﬂidﬁj&“bﬁhﬁl}h&%ﬂuiyu&
agandl 13 cda ) ad «(S-curve ordinates: SA ) at il dpali o Jgueall ALY agae pa AU 3gaall paaf
.(S-curve ordinates: SB ) A5 Jgaall T=2hr jldkay aall
) Jhas s t..L.J\ agaall ad o Jowaall (DfT) x2gaad 38 pd o juidl o8 uibeal) 3gandt Jo Jgaali SA (e SB CJH R
(ol aganlt ad @ ganay 4Ti ey gobeall 2gealt o £ gana slauly adll (e (@Badl (Sary T=2hr O Ea¥y (UH -2 br
O gl Uy & g
WV u.uLﬂJi S g juglt Fatal bl gl g Y] kG Y o gt .&JAA.B 3AY addll Jas A
b 380 o s w@a@hbbgiﬁdléaawm& e.lﬂla.\hc_ua.\ Jall xo g o
L plball L) o g jdgdt ZIEY gRaSiul a3 Al adlll 453 ae ;}ﬁsibuhad‘g]‘)&?
Time | UH-ahr aSc—Izt:trl\::‘ S—curve;sc:;:lmates S—curve( :Br;ilnates SA-SB UH-Zhr
0 0 <——(-) 0 - (—) 0
2 § oo (=) 8 0 8 16
4 20 -—+—< 0 20 8 12 24
6 43 - 8 51 20 31 62
8 8. | % 20 100 51 49 98
10 110 = 51 161 100 61 122
12 130 | * 100 230 161 69 138
14 148 i61 307 230 77 154
16 150 230 380 307 73 146
18 142 307 449 380 69 138
20 130 380 510 449 61 122
22 112 449 561 510 51 102
24 90 510 600 561 39 78
26 70 561 631 600 31 62
28 52 600 652 631 21 42
30 38 631 669 652 17 34
32 27 652 679 669 10 20
34 20 669 689 679 10? 20 — @B
36 15 679 694 689 5?2 10 —> 11
38 10 689 699 694 52 10 —> 39
40 5 694 699 699 0? 0 — 4%
42 2 699 (701} 699 2? 4 =20
44 0 699 699 (703? 27 -4 )
¥= | 1400 v= | 1400
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Solveng %fgmpﬁc-m by shortened method .

DR Raga\ M. helaf

Time 41-UH Sy dgig"“”" <5 |DRH=(S4-S) | 20-UH
—~ 0 0
0 8 16
8 12 24
20 31 62
8 80 100 51 49 98
10 110 161 100 61 122
12 130 230 161 69 138
14 146 307 230 77 154
16 150 380 307 73 146
18 142 449 380 69 138
20 130 510 449 61 122
22 112 561 510 51 102
24 90 600 \ 561 39 78
26 70 631 ] 600 31 62
28 52 652 l 631 21 42
30 38 669 T 652 17 34
32 27 679 ) 669 10 20
34 20 | 689 679 10 1 20— ys/’ £
36 T 15 694 689 5 10— 2%
38 10 699 ﬂ 694 5 10—> #9
40 5 699 T 699 0 o— A7
42 2 A— D
44 0 .4—+ 0




Ordinates of @ 4-h wnit hydrograph ave giver, Using this deri

wiit hydrogreph for the same catehment.

Ac"‘lr})’"f\(}i’ta/ % (S )qcr—LE\aro] fﬂé%c’o’)

ve the ordinates of u3-h

. Time

ah-uH

: .:'thydrogra-ph- 1 sp

 DRH=(SASB)

| DRK* M

0

- 6 8.0
= 36 48.0

66

88.0

85

113.3

76

101.3

63

84.0

54

72.0

112

47

62.7

129

4

54.7

49

145

33

44.0

41

159

27

36.0

34

170

23

30.7

27

178

19

25.3

23

186

15

20.0

17

193

10

13.3

13

197

12.0

201

6.7

203

5.3

206

o & | |©

0.0

206

2.0 T

207

13
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Fig. 21—Flements of a Synthetic Unit Hydrograph
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Derivations:

Volume

time
If Area is in mif® and depth in inch (unit depth) ,Q; in f/sec ,and time in
hour, thus;

Q,=C

p

Ax (5280) ft* x

depth(l inch)
~C 12
Q (ft01sec) P t,x (3600)

Q

A - ;
645C. — ™) for unit depth 1 —inch.

P (ftslsec)_ P —
p (hr

So as for Area is in km? and depth in cm (unit depth) ,Q, in m*/s,and
time in hour, thus;

Ax (1000)*m? x 9€Pthdem)
Q -C 100
Pimtis) T t, x (3600)
A(sz)
Q =2.78C,———=  for unit depth 1 - ¢cm.
P mdis) P
p (hr)
. Q ? i
Wothey = % C‘f Is 7\5 measured in frtm:zs for1-inch depth.

3 1.68
Hence, the dimension of the factor (770) is: hrx{ ft'/s } .

mil® xinch
The factor (770) can be reduced im metric system as:

. 3 7 . 108
— T70xhr x| Ty m3 _x 1_,>< m;l e 1 Ixinch
s (3281 xft” mil® (1.609)° xkm® inch 2.54xcm

1 1 1 1.08 3 / 1.08
=770 x % X hr x me‘s
(3.281)°  (1.609)* 2.54 km® xcm

- I T L
:!:—M} hrxi————1 =2144 of units :hrx! — ">

(232.2547)"08 km® xcm km? xcm
And thus;
2.144 . Q, . m’/s
Wt = ios” q Is Y measured in -~ for 1-cm depth.

"¢ “The factor (5.87) is followed wrongly in the text , through replacing
the right factor 2,144 , since it was derived for metric system but with
1-inch not 1-cm.

(- 95 8F



Snyder conversions

Basic formulae: .

A
Q, ., =278, for unit depth (1- cm).
(m”/s) tp ")
A '
Q, ., =045C, % for unit depth (1- inch).
p (Ar)

C, is ranged from 0.56 to 0.69 for both systems of units .

3
Phey 4

03
t, ey Ct[L(mll)Lc (mil)]

t | I

(km)™—c¢ (km)

C: is ranged from 1.8 to 2.2 for both systems of units .

770 ft’/s

W so(hn) Z—C’;‘Ug q is in o for1—-inch depth.
2.144 . .om’/s

Wsoimn :_%]“ﬁ;"” Ck is in 2 forl1-cm depth.
WSO

Wi = ThE for both above equations.

e




