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Runoff and Unsteady Pipe Flow Computation
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Jun, Byong Ho- Lee, Jae Chul- Kwon, Young Ha

Abstract

For surcharge flow in a sewer, the slot technique simulates surcharge flow as open -channel
flow using a hypothetical narrow open piezometric slot at the sewer crown. The flow in a sewer
15 described mathematically using the unsteady open -channel Saint -Venant equations.

In this study, the computer simulation model(USS-slot) using slot techniques is developed to
simulate the inlet hydrographs to manholes and the flow under pressure as well as free -surface
flow in tree -type sewer networks of circular conduits. The inlet hydrographs are simulated by
using the rational method or the ILSD program. The Saint-Venant equations for unsteady open

-channel flow in sewers are solved by using a four -point implicit difference scheme. The flow
equations of the sewers and the junction flow equations are solved simulaneously using a sparse

matrix solution technique.
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Fig.4 Schematic of Preissmann Slot

Table 1. Geometry of Imaginary Slot'”
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. d* . d* .
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Table 2. Sewer Properties

Sewer Length Slope Diameter Drop at Exit
(ft) (ft) (ft)
!
1-3 200 0.0010 4 1.0
2-3 200 0.0010 4 1.0
35 200 0.0015 5 0.5
4-5 200 0.0010 4 0.1
5-6 200 1 0.0020 6 free-fall

Table 3. Manhole Properties

Manhole Ground Manhole r Manhle
Elevation Depth Diameter
(ft) (ft) (ft)
1 1184 16.0 4
2 1184 16.0 4
3 115.2 14.0 5
4 116.6 15.0 4
5 1124 12.0 6
6 --Outlet (Root node) o o
invert elevation=100.0ft
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Table 4. Surface Inflow Hydrograph

Time Discharge Time Discharge
(min) (cfs) (min) (cfs)
0.00 5.0 5.00 135.0
0.50 5.0 5.50 115.0
1.00 15.0 6.00 95.0
1.50 35.0 6.50 75.0
2.00 55.0 7.00 55.0

! 2.50 75.0 7.50 35.0
3.00 95.0 8.00 15.0 i
3.50 115.0 8.50 5.0

\ 4.00 135.0 9.00 5.0

| 450 1 155.0 9.50 | 50 |

74011:} o) B she BAY B ME B ATNN AEE Y FRIAY FBH
AR e TYTH =45 dn #F w$ Z gelrz ofd Al e

ol %

m} agel e A w2s oo dent o

tt. ManningZ= Age 2

0158 7tA 3. #

o

€ #A date o

FEFHLE Yen and

=]

Pansico] AF&38 A8 (H4)E I8 A&
th(HlaE 98 (G E adE A

5.2 @3’—" B A4

A 7E BAE 3719 Reach® 409 &
A0 AHEaaT USSslote 8 7H-# 2l
e A ?;ow 7 BA F7ol e faH
9 18 8% 9ol vt v 4ER
WA s 4" SRR EAER

Outlet
o
6

© AH7t Hol ZE #A ot E
AatA =, ﬂ——‘?’*x—ioi “W% &l
‘d

BA 1-37 2-39 AYLe L doXM Y
teh, iz olE & #A U3 59 o &
AE Fdsdct. 1983 a9 yehd
#A 1-3, 2—-3 2 4—5& £90o] Az
2w Fd H4EF A HeAdE veFrn
BIFBA 3—59 5—62 ok FHl 93
27t Hesez ek

Aol Zt #Hao g AFHFF

_11~J
r_‘.

ot

Mo ¥Q e ol o

fror Jo N
2 E

z2

)

Ju

-
£
2

oP

O  Exterior junction

@ Interior junction
- Sewer conduit

k \_ Infiow hydrograph

Fig.7 Hypothetical Storm Sewer Network



260 WIEANCTEEE
200
2 —— USS-SLOT(Jun's)
= —+—- SURKNET (Yen's)
&%
; :
2 150+
g i
a
100 -
50+
0‘ i 1 L 1 L 1 1 d 1 A
0 50 100 150 200 250 300 350 400 450 500 550 600
Time (sec)
(a) Sewer 1-3 or 2-3
200, i
= ! —— USS-SLOT(Jun's) |
T : —— SURKNET (Ven's) |
" |
- .
2 1501 -
/
2
100
50+
0‘ f ! L s s 1 1 1 1 L )

0 50 100 150 200 250 300 350 400 450 500 350 600

Time (sec)

(c) Sewer 4-5

500 «
- —— USS-SLOT({Jun's)
T ~t+— SURKNET (Yen's)
1
& 400
2
%
a

300

200

100

0— L { 2 1 i 3 L L " 2
0 50 100 150 200 250 300 350 400 450 500 550 600
Time (sec)
(b) Sewer 3-5
800
— USS-SLOT{Jun’'s)

‘é‘ —+— SURKNET (Yen's)
K2
L
g
% 600
=
[
2
[=]

400 |

200 |

0- 1 AL 1 1. 1 3 i 1 L 1

0 50 100 150 200 250 300 350 400 430 3500 330 600

Time (sec)

(d) Sewer 56

Fig.8 Discharge Hydrographs

=27)8b ¥ A 7o) E5el 2oz Qlom HIE
918l SURKNETZH9 ZH= 8} 7)
= Hh:u Aol Edo| g AR A A
% o 7‘]’°]°ﬂ£ 2osn, AANE e AR
B dofib ged $9 SEL
2 gtk (&7 &/E B4 =
-&c}fﬂl gatd A& gQen 1 A o
75% olt}. ) SURKNETER®oA Atd H
USS- slot2d e 27Kt 5%3% %

& Holth, FFFol medte At
1Zb2+ARQ) 152 A% Aoz A9 stk AA
SURKNETE & ¢EF Al 7t&=
ZAE gAe Agsgoenz Aol
o A¥%w a7t e Addrh

A

>

6. 8 &

s Mol o HPF& F3A, {full dynamic



Flow Depth (FT)

Flow Depth (FT)

5t
Lo
ey
0

=
S

19904 6 H 4

24

25 25
20 ~ 20}
u
i 51 = I5f
s
IOT- o I0F
b Jd
S5H ° 5+
w
okl 1 1 1| 0 N S R R
o} 100 200 300 400 500 600 (0] 100 200 300 400 500 600
Time(sec ) Time (sec)
(a) Sewer 1-3 or 2-3 (b) Sewer 3-5
25 25
20t - 2oF
15+ §|5..
10 e ol
3
5 ™ =
o ] ] [ 1 ] o 1 1 1 ]
[o} 100 200 300 400 500 600 o} 100 200 300 400 500 600

Time ( sec )
(c) Sewer 4-5

Time (sec )

(d) Sewer 56

Fig.9 Depth Hydrographs

Table 5. Comparison with SURKNET
(a) Peak discharge at pipe exit and its time of occurrence

W Peak Discharge(cfs) Time to Peak(min)

( Sewer | USSsslot SURKNET | USS-slot SURKNET
1-3 137.2 130 475 475
35 403.3 380 475 6.25
45 L1477 157 475 475
56 } 679.0 625 475 475

* The results of sewer 2-3 are indentical with those of sewer 1-3.

(b) surcharge flow period

Initation Time(min)-Cessation Time(min)
(Duration(min))
Sewer USS- slot
Entrance Exit SURKNET

I 1 [
1-3 2.00-7.75(5.75) 3.00-7.75(4.75) 2.25-7.25(5.00)
3-5 2.25-8.00(5.75) 2.75-8.25(5.50) 2.25-7.25(5.00)
4-5 2.00-7.50(4.50) 2.75-7.50(4.75) 2.25-7.00(4.75)
5-6 2.75-7.75(5.00) 3.00-8.00(5.00) 2.25-7.50(5.25)
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