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An interactive hydraulic analysis computer program has been developed to aid hydraulic
engineers in designing storm drain pipe systems. The entire storm drain system is analysed for both
supercritical and suberitical flow effects. By comparing the specific force (pressure pius
momentum) for each pipe reach, the hydraulic grade line (HGL) and energy grade line (EGL) for
the entire sysiem can be calculated. Using this approach, both pressure and nonpressure storm
drain system hydrautics can be evaluated simultaneously. Thus, a more economic storm drain pipe
system can be designed by the hydraulic engineer, with the speed and computational accuracy

afforded by the computer.
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INTRODUCTION

A strategy for the design of the storm drain and the
selection of pipe sizes is o attemplt to achieve pressure
flow conditions whenever possible. This strategy is
especially useful in regions where the land topography has
a mild gradient {approximately 0.0010 te 0.0040 ft/ft}.
The resulting system would be somewhat optimized in
that the design consideration of the hydraulic grade line
would closely conform to the maximum allowable value
while providing a reasonable design for flood protection
purposes.

The typical design of any storm drain system requires
1wo basic procedures. Assuming the system has been laid
out in plan, with all inlets located and the rate of inflow to
each determined, the first steps are to sum the rate of flow
in each pipe, select all pipe sizes and calculate the friction
Joss 1n each length of pipe. The second step 18 to calculate
the change in hydraulic gradient (AY) at each junction.
The hydraulic grade linc elevation 1s determined at the
branch point of each junction or inlet and the change
{AY) at the junciion is added algebraically, working
progressively upsiream or downstreamn along each
pipeline. The more practical method proceeds
downstream keeping the hydraulic grade line just below
the street surface but low enough to accept surface flows.
The iast pipeline must then be sized so the hyvdraulic grade
line is at or above the control hydraulic gradient
elevation. In general. most of the storm drain anatysis
proceeds upstream when the depth of flow is greater than
critical depth, and proceeds downstream when the depth
of flow is less than critical depth. In a pressure flow
system, the analysis always proceeds upstream. Also note

that the storm drain analysis proceeds upstream from the
downstream control depth is the more correct method but
is more time consuming,

In the subject computer program, the hydraulic
analysis first proceeds upstream. Therefore, the water
depth is assumed to be greater than the critical depth in
each drainage reach. A second analysis is then made by
caiculations in the downstream direction, where the
depths are less than or equai to the critical depth in each
drainage reach. Finally, the pressure plus momentum
values for each of the two analyses are compared to
determine the EGL and HGL for the entire storm drain
system. Pressure flow, nenpressure flow, hydraulic
Jumps, and minor losses in each drainage reach can be
determined individually.

FUNDAMENTALS OF HYDRAULICS

Hydraulic grade line and energy grade line

For any point in the fluid, the summation of the
elevation plus the pressure head is known as the
piezometric head. The piezometric head represents the
level to which liquid will rise in a piezometer. The line
drawn through the top of a series of piezometer columns
is known as the hydraulic grade tine (HGL). The energy
grade line (EGL) is determined by the sum of the HGL
and the velocity head (V?/2g) such as is shown in Fig. 1a.

Specific energy
In open channel flow, the specific energy S, , is given by

Sp=ycos? +aV?i2y {1)
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where

¥ = vertical depth of flow

¢ = angle of the longitudinal bed profile with respect to
the horizontal. (In most cases § is small, therefore
cos? f=1)

a == kinetic energy correction factor. This is equal to one
when the velocity distribution is uniform

V = gverage flow velocity

g = gravitational acceleration

Given the flow rate (), and cross section flow area {4},
and for cos? 0=1,

Se=y+022gA> Q)
(Sp—y)A%=Q%2g=consiant {3)

From equation (3), it is clear that the specific energy curve
of Fig. 2 has the two asymptotes of y=35,, and y=0.

The specific force

Consider a steady, uniform, incompressible flow in an
open channel betweep channel section A to section B, and
apply Newton'’s second law of motion. The second law of
motien states that the change of momentum per unit time
in the body 1s equal to the resultant of all the external
forces that are acting on the body (see Fig. 1b). Thus for a
fixed contro! volume,

Q(ﬁBVB—ﬁAV_4}=P,,"PB+WSiI] 9—-FJ- [4)

where

= momentum correction factor
P, and P, = resultant pressures acting on seciton A and
B, respectively

W = gquivalent weight of the floid pressure
enclosed between sections A and B
F, =total external forces (including friction)

along the wetted boundary of the channel
between section A and section B

7] = angle of channel slope with respect to the
horizontal

The pressure forces are calculated by

Py=yAyh,, Pg=7Aghy (%)
where
y = the specific weight of the water

h =the distance to the centroid of the cross section
below the water surface

If the difference of W sin & ~ F , can be neglected and §, =
f,=1, then equation (4) can be simplified as

Ad + 0% gA, = Aghy+0%gA, {6)

Both sums of the terms in (6) involve identical
compaonents, and can be grouped together as the specific
force, F,. That is,

Fy=Ah+0Q%/gA (7)

The specific force curve (Fig. 3) is similar in soine of its
characteristics to the specific energy curve (Fig. 2).

LOSSES

Head losses on the storm drain system are based on Los
Angeles County Road Department, Design Manual
(1972), Los Angeles County Flood Control District,
Design Manual: Hydraulic (1970), and Orange County
Flood Control District, Design Manual: Channel
Hydraulics and Structures (1972).

Friction losses
Friction losses for pipefiow conditions are computed
from Manning’s equation for steady flow
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Fig. 2. The specific energy curve
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Table 1. Typical, Manning's friction factors

Conduil description n
Reinforced concrete pipe {RCP) 0.013
Asbesto cement pipe (ACP) 0012
Corrugated metal pipe (CMP) 0.024
Asphalt limed CMP 0.015
where

Q =flow rate

n = friction factor

A =flow area of pipe
R = hydraulic radius
§; = friction siope

For storm drain design purposes, the friction factor is
assumed to be a constant (regardless of the flow rate).
Typical values for the friction factor are given in Table 1.
The friction losses, H,, can be estimated as

where L is the length of pipe.

Manhole losses
Manbhole structures are generally constructed along the

storm drain line in order to provide an adequate

maintenance access Lo the pipeline, The losses, H, . dueto

the passage of flow through the manhole can be estimated

as

_. K . H

mT ttm ©

H ()

where

K, = manhole loss coefficient
H, = fiow velocity head

In this calculation, the pipe diameter 1s assumed to not
change at the manhole.

Bend and angle-point losses

Bend and angle-point losses are usually limited to
pressure flow situations since the losses evident in
properly designed open channels are typically minor.
Bend and angle point losses are additive to frictional

losses and are usually equated with velocity head by
HL= K - Hl:‘
The bend losses, H,, can be estimated as

H,=025K,-H, (11)

where K,=./A/90" and A is the central bend angle in
degrees (see Fig. 4).
The angle-point losses, Hap, can be estimated as

Hap=Kap-H, (12)

where Kap is a coefficient which is experimentally
determined. The coefficient Kap is assumed to be a
function of the central angle (see Fig. 5} as shown in
Table 2.

Sudden pipe-reduction (contraction) losses

The sudden contraction of a pipe flow is shown in Fig.
6. A convenient procedure for estimating the sudden
contraction losses, H_, is to assume the energy head loss to
be a function of the downstream velocity head, H,,, by

H.=K._H, (13)

where K, is a coefflicient related 1o the ratio of
downstream and upstream pipe flow area A2/A1 given by
Table 3.

UPSTREAM
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Fig. 4. Bend loss model geomerry
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Fig. 6. Sudden contraction model geometry
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Table 2. Typical values of Kap

Angle {degrees} Kap Angle {(degrees) Kap
1 0.003 14 0.030
2 0.008 12 0.037
3 0014 15 0.047
4 0.014 20 0.067
5 0017 25 0.090
6 020 3¢ 0.115
7 0022 35 0.146
8 0024 40 0.14%
g 0.027 45 0.234
Table 3. Typical ralues of K,
A%Al K,
0.10 0.46
0.20 041
0.30 .36
0.40 0.30
0.50 0.24
0.60 0.18
0.70 0.12
0.80 006
0.90 0.02
1.00 0.00

- V2Z,A2

¥ig. 7. Sudden enlargement model geomerry

Sudden pipe-enlargement losses
The energy head loss due to a sudden enlargement of
pipe size (see Fig. 7), H_, is given by

He-__LVI;—gVZ}: (14}

where V1 is the upsiream flow velocity and V2 is the
downstream flow velocity.

Transition losses

Abrupt changes in pipe size are accomplished by high
energy losses. In order to reduce the iosses due to a
sudden expansion or contraction, structures may be
designed which provide for a smooth transition for the
change in pipe size. The transition losses, H,, can be
estimated as a function of the change in the velocity head
due to the change in pipe size by

{K: ) (Hu2 -_-HL'I‘J
K, (H, ~H,,)

for H ,>H,,

H =
f for H,>H,,

(15)

where K, Is the transition losses coefficient. Equation (15}
is assumed to apply when the transition structure wall of
convergence or divergence is less than 5.75 degrees. For
angle of convergence or divergence greater than 5.75

degrees, transition losses are computed by the emperical
relationship

H,=3.5-(Tan(0.00872665 delta))' 2> (16)

where deita (see Fig. 8) is the totat transition angle which
is equal to twice the angle of convergence or divergence,

Friction losses due to the transition structure are also
included in the transition losses.

Junction losses

The junction losses due to the confluence of flows of a
mainline flow with one or two lateral pipeline flows may
be estimated by a pressure plus momentum analysis. For
example, the City of Los Angeles’ Thompson equation
relates the pressure plus momentum to the change in
HGL by

AHGL =
0.V, -0,V coslang1)—Q,V, cos{ang3) -, ¥V, cos(angd)
g(A, + 4,)2
(17)
where

Q,,V,, A, =upstream flow rate, ftow velocity, and pipe
area
.. ¥, A,=downstream flow rate, flow velocity, and
pipe area
@3, V3=lateral flow rate, and flow velocity
Q4. Vi=lateral flow rate, and {low velocity
angl=angle of confluence between upstream and
downstream pipes
ang3,angd = angles of confluence between )aterals and
downstream pipes

Friction losses are computed using equation (8) to
estimate the friction slope for both the upstream and
downstream reaches. Using the average of the two friction
slopes, the friction loss, H,, is computed based on the
length of the junction structure. Should flows enter the
Junction structure through an inlet constructed at the top
of the structure (see Fig. 9), an additional entrance loss
may be inciuded and can be estimated as a loss associated
to a catch basin intet, H_,, where

H,_,=020H, (18}
The junction losses can then be expressed as
szHGL‘i_H‘.\I MHI,2+H|:‘5+HI [ng

The above pressure-plus-mormentum equation is a crude
approximation of the governing integral equation. In the

fig. 8. Transition loss model geometry
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Fig. 9. Junction loss model geometry

computer program, the manheole loss of equation (10) is
also computed and used for H; whenever greater.

Carch basin losses

Iniets into the storm drain system (or catch basins} are
often designed in anticipation that both the HGL and
EGL coincide with the ponded water surface within the
inlet. Conseguently. the kinetic energy of flow (or velocity
head] and any losses due to the entrance of the fiow into
the pipeline must be accounted for in the compuiation of
the EGL within the basin. The entrance losses can be
estimated as

chchb.H:: {20}

where K, is an entrance-losses coefficient which is
experimentally determined, In the program, K _, =0.20.

PROFILE CALCULATION

Nenpressure flow in drainage reach

In nonpressure flow systems the gradually varied flow
profiles' are generally computed by using any of three
popular methods, namely, the graphical-integration
method, the direct-integration method, and the standard
step method. The standard step method! continues to be
the most commonly used.

In the standard step method, the computation of the
flow depth is carned out on a station basis where the
hydraulic charactenstics are known. The computatjon
procedure is a trial and error method to balance the
energy equation.

For convenience, the position of the water surface is
measured with respect to a horizontal datum, The water
surface elevations above the datum at the two end
sections can be expressed as (Fig. 1b}

Zy=y, 4z, 21)
and
ZB:,FB—F 2y (22}

The friction losses are estimated between points A and B
by

he=S,dx=(S,+55)dx/2 (23]

where S, can be taken as the average of the friction sl opes
at the two end sections. The total head at sections A and B
can be equated by the energy equation

S dx+yA+aAVi;’29=yB+aBV§,f2g+Sf dx +h,
24

By substitution, the following is written

Z,,+cAVﬁ;’2g=ZB+CBV§,-"25:—|-hJ,-+he (25)

where 4, is the eddy loss defined by
ho=kixV?/2g)

where

k =010 0.1 for gradoally converging reaches
k=010 0.2 for gradually diverging reaches
k =0.5 for abrupt expansion and contraction
k=0 for prismatic and reguiar chanpel

The total heads at the two end sections A and B are

Hy=Z +c,Vi2g (26)
and

HB=ZB+CBV§/29 (27

Using equations {26) and (27), equation (25) can be
expressed as

Hy=Hy+h,+h, (28)

Given the values of H , (or H), the energy head for Hglor
H,)is computed by estimating possibie flowdepths untit
the governing energy equations are satisfied.

Pressure flow in draingge reach

In a pressure flow sytem, the calculations proceed
upstream. The EGL for the upstream point of the study
reach can be estimated by adding the proper head losses
to the downstream EGL values. The HGL for the
upsiream section of the study reach is computed by
subtracting the velocity head H, from the EGL, i.e.,
HGL=FEGL-H,,

Ftow sealed or unsealed in drainage reach

Flow may seal or unseal in any drainage reach. If the
design pipe slope is steeper than the hydraulic gradient for
the conduit selected, the conduit may unseal. If the design
pipe slope is milder than the hydraulic gradient for the
conduit selected, the conduit may seal. In both cases,
sufficient pipe length must exist in order for flow to seal or
unseal al a downstream section. Should flow seal in a
drainage reach (Fig. 102), the length of pipe under
pressure can be estimated by

2D
- AS‘() - S}.-

(29)
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Table 4. Logic of profile deiermmation

Pressure pius momentum

Upstream analysis Downstream analysis Flow regime

upstream > upstrearn Subcritical flow
section section

upstream < upsteeam

section section Supercritical
downstream < downstream flow

section section

upstream < downstream

section section Hydraule
downstream = downstream Jump

section sgction

Table 5. Storm drain computer model programs

Description

Program

Main menu

Friction losses

Manhole losscs

Bend losses

Sudden enlargement losses
Junction losses

Angle poinlt losses

Sudden contraction losses
Catch basin losses
Transition losses

J EGOOE)U\U-I:-MM.-
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where

¥2 = pressure head at downstream section
P = diameter of pipe

Sy = designed siope of reach

Sy = friction slope of reach

Should fiow unseat in a drainage reach (F1g. 10b), the
gradually varied flow profile proceeds until the depth
reach the pipe diameter. Thereafter, the pressure flow
friction losses is used to estimate the HGL and EGL for
the upstream section,

Hpdrawdic jump in drainage reach

A hydraulic jump in a drainage reach can occur only
when upstream flow is in a supercritical flow regime and
the downstream flow is in a suberitical flow regime. Both
the upstream and downstream hydraulic analysis shouid
be performed in order to approximate the gradually
varied flow profile for this drainage reach.

HGL after head losses

At pipe enlargement or reduction locations, the pipe
sizes change. The new water depth (nonpressure flow) or
the new pressure head (pressure flow) shouid be adjusted
according to the changes of pipe size. After changing in
pipe size, the specific energy can be estimated for the new
pipe sizes. Then a new specific energy curve is constructed
so that the new water depth or pressure head can be
determined with respect to the new specific energy. Notice
that the water depth cannot be greater than the critical
depth when the flow analysis proceeds downstream, and
the water depth or pressure head cannot be less than the
critical depth when the flow analysis proceeds upstreamn,
When pipe sizes remain constant, the above procedure
should be followed without constructing a new specific
energy curve. For head losses which depend upon both
upstream and downstream velocity head, or iteration
procedure is used to balance the head losses with respect
to the npstream and downstream velocity head.

Profile determination

For each drainage reach, the pressure plus momentum
values are calculated for both upstream and downstream
analyses at downstream and upstream sections, Higher
pressure plus momentum values will be used to determine
the water surface profile (see Table 4).

STORM DRAIN COMPUTER MODEL

A storm drain computer model based on the storm drain
pressure flow model® was developed to illustrate the
hydraulic analysis procedures. This program employed
the user-friendly, form fill-out data technique? to increase
the user efficiency, and decrease the total cost of
engmeening design process. The storm drain computer
model 1s composed of a Main Menu program and nine
subroutine analysis procedures. The model is developed
by linking the Main Menu selection program to each
subroutine in order to enable the engineer to branch to
the desired analysis procedure when optioned. The
various energy loss calculation options are listed in
Table 5.
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Data entry for various programs are depicted as
follows:

PROGRAM 1: DATA ENTRY

Entar nede nueber where prEssure p1pe flow hydraulic

cantrol b3 specified.cao..s wrran HiNt
sALLOWAELE WALUTS ARL 10...’3 J \'0 [qqqq w3

Enter pioe flowl ne slevation of nodel paint........ ELET
JALLOWAELE WALUES ARE [=9999%.99 1 To L+95999.99 ]

Enger presaure 10w pipe diametes{INCHER  soiiveiess =233 UET
CALLOMAELS ¥ALUES AME [31 70 [0 ]

EACEr Dredsure pipe TAOWiEFSleaceracaiarrunssannnnene =550 e
SALLDWASLE VALUES RAE [03 TG [1000002

Enter bsumes hydréwitc grade Limm{HGL) ar nedal

print diveemaeea. #EEZ O VHGLY

HOTE: ESL IS EN&ﬂE\‘ GRADE LINI
CALLONAELE WALUES ARE {=9909%. 99 1 Ta 1e9T999.59 ]

o Le3ne crogra® ; TCE To gooto tap OF page

Enter cownsifear node AUMDET . ocesananrass =
JALLOWAELE WALTES MAE [2,0C 1 To I9579.53% )
EnTef pORiredmr POGE MUTERT.oow coan wagasnnnaan ®EED L e
(ALLOMMELE ¥hoLUES AFE [0.C2 1 T¢ [9?99 ‘?‘J' 1
PREZSURT RIRE FLOW WROCESSES: ‘
16 FrreTIon bosies 1
2= mannole LosEes
I Pape-penc Layses 1
Sudaen Pipr=enlargensnt
Juncticn Lasses
bx Amgle=point LORSES
7* 4ugger Fipe Reauction
= Catcn Basin Entrance Lpises
9= Trans-tien Losses
Selefr pressove pipn tlow proces: = e OH 3
Enter pise flouitne Eleyation OF NOOF NUPEET. . e.es S357 TELET
SALLOWRSLE WALUES ARE [-7§999.9%81 To [+99999. 9581 r

TYRE: EFLT ta Leaws prograr ; TGP ko g 10 top of gage
WALK to go Lo MdiA mEnU

FROGAAM 2; DATA ENTRY

==={ATL ENTRT FOR FRICTI1GN LOSSEE-—--

Enzer pressure pine JLowlEFSi....-
SAMLDMABLE VALUES MRE [0] 10 100G

Erter o1ps dranetrs CINCRES ooun
SALLOMABLE WALUES ARE [31 T4 [2

H

Enter vength af EApETFEET) cesauarianomsrsarmrariss R Ti
SALLOMAELE WALUES AK€ [O7 T¢ [tCOGOOZ ]
Enter mannings PFRigfion fACter ccrimmnratsonanmnnas e Ul

SALLEWAGLE WALWES ARE [.CCE 1 TO [.3 1

—_——r— =

5 ira.e program : TOR tz g3 £o top ot page

PROGRAM 2: DATA ENTRY

mm=gATA EKTEY FOR MANKDLE LOLSES-—- 1

zwar o

Enter oressure pipe flowiCFSi... awen
sALLOWAELE VALUEE ARE [0 Ta [iopcoot 3

JALLOWAE_E YAMLUES ART [3] T3 [dak

{ Ertar zvoe dismezer{INCHES ...~

1o LPvE prograt ; T9F 1w go to 1o of paar

PROGRAM 4: DATA ENTRY

PROGRAM 5.

—==BATA ENTRY FOR PIPE—BEWD LOSSES—-

SALLOWABLE WALWES BRE [D1 10 [100000C 3

Ehnrer pice diamster (INCHES e e rircaimnnrannerss &
cALLOWAELE WALVES ARE (2] T¢ [2¢0 1

SALLOWABLE WALUES ARE CO3 To [RQ

Enter bangth of odpeFEET . ucraribrr i st i ca i
sALLOWABLE VRLUEE ARE {61 To C100CQ00 ]

Enter mannings Triction faetiof.ccraarrassrnnsaanina
SRLLOMABLE VALUES ARE [0UE 1 70 L300 1

Enter pressure pipe PLowllFS ). s ircsanmanrmanns, ¥573

Enter pige bend angLe BEGREES]) vruvrsnnnsnnansnnmnas "22¥
1

ez=y

FHELYA™

TYRFE: EX'T tQ weawve prospram ;) TOF bo go to top &f page

LDATA ENTRY

==L ATA EMTRY FER SUBGEY PIPE ENCARGEMENT---

Entrr prossure piot TOMIFI) . aecsrsmnssnininnnranss n==3

(ALLCMAELE WKLUES ARE 0] TD CY0OQH0D  ©

Enter Qoenstredm pice dianetardINLHE S uriciriannaa e FRE2

tAL OMABLE VALUES ARE [I 170 Ll 1

Encer upseream pipe d1anetarCINCHES covvnnnrrrenunns =
SALLOWABLE WALUES WAE L1 b N 11 B

g

agan

TYPE- E3lT <o teawe program ; TOF 1o go to Lop af paos

PROGRAM &

e —

DATA ENTRY

—DATA ENTRT FOR JUHCTION LOSSES—-FAGE 1

Enter dewnscraam pipe Plew!CFSiaaanarosns
SALLOWABLE WALUZS &RE COZ Th [FFF7.9% 1

wEa

Enter upstrean pope fiowilTS aas -
LALLEWABLE WALUES AFE [C] O (999? A

R it

Ente« first Lateral presdurs pice \‘lo-{tfs.'l......n. =
:ALLDWAELE WALWES ARE [0] T0 [9795.99

Ercer secomd lateras prespure pape ThowlfFSi.. . .u..
SALLOWABLE VALUES ARE [O1 TO [9999.99 1

Cateh pasan FlewiEFS) IRED jLMCTIoN TIrUCtUTE.......

g

g

“gae

aggm

-5

FTRE: EFLT L- Ledwe progran ; TRF  bo o €3 100 of pagr

——

K

S

——hATH ENTRT FOR JUNCTION {QSSEF===PALE 4

Erisr gounstream piow didneter LINCHES S cuureoroonsnes
ALLOWABLE YALUES MRE T3] To £2:0

Ences uostrean pige diamerer [[NCHES)ououunacanianas
TALLDMAELE WALWES ARE [21 7o t2el ]

Encar firze bateral pipe dyvametertINCHES ] oeiinianns
CMOTE: IF LATERAL ABSENT, ENTER )
DALLOWABLE VELUES ARE [0 TO [3e0 1

Enter secong Lazeral pipe diancrer (INCHESY Looiau. . 2ES2
{NDTE: IF LATERAL ABZENT, ENTER O
SALLCWAGLE WALGES ARE [01 18 [243 3

—_—

e

gt

TiPE: ERIT 1o Leave pregras ; TOF G0 go ta tes of page

: BACK 10 g0 Dacc one page

-

e

——

I
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—=fIATA ENTRT FOR JUNCTION LGSSES-—--PAGE I

EnTEr woitfean pipe dngle with respect to
denstrean pipe (DESREES ) iaeinuansiransnmssnmmnnans mxax FRELTAT®
SALLOWABLE WALUES ARE [O] T& LSC

Enter f1rs0 lateral pips angle with respact to
AOWnATeran B e [BEGREES ) ium s s ramsrrm s mmm i angy, BEZR "BELTAR"
SALLGWAPLE wALUES ARE [C1 7¢ [¥0 Fl

Enter second biteral pipe angle with respect to
denenstraam pipt tBEGREES ] v v e ra s m i Ty "HELTAL"
SALLOWABLE WALUES ARE (0] T [70

Enter junction ftracture Length(FEET) .. ceuvanan, . wanp L Tl
:ALLOWABLE VALUES ARE [12 To {140 1

TFPE: EXIT 10 Leave progran | TOF o ga ta ten of page
5 BACK 10 g0 Dack ome page

P
r =—=-BATA ENTRY FCR JUNCTION LOSSE5==-PAGE &
Enter dowASireat pioe mannings Triction factor...... === hel P
TALLOWARLE WALUES ARE C.0G8 1 ¥O L5007 1
Enter uczitenm ploge fannings fragoian facior.caue.e, ===3 LT
f SALLOWAZ_E ¥AUES ARE [,008 I Te [.30C 3
1 TIPE: ETIT to ieawe program ; TEF to go I9 10R &f page

; BACR £o go back one page

PROGRAM 7: DATA ENTRY

e
mepATh INTRT FOR ANGLE~PQINT LOSSES==-

EnTer Greddur® PIpe fLO{SFS) s sarnannnonannanmanns ===3 g
FALLOWABLE WALLES ARE TWT 10 [TGCQOGC 1

Enter pioe diameter{IHCHES ). o et iaicaranamrmnns ===z "ot

CALLDMABLE YALUES aRf [3]1 To {240 rl

Erser pressure flow dngle-ooine angle (PESREESI...... === "DELTA"

CALLDWASLE WALUEE ARE TOX TD [a5 1 |

TEME: ExI7 tu Leave grogram ; FOF 10 go T EOD @t page

PROGHAM B: DATA ENTRY

=—-pATh INTAT FOR SUDOEW PIPE RESLITION—- ﬁ

Enter oressare P18 TLONCEFTTaurrnnnuanrrnonoomoonnn LEEEI o 1
PALLOWAELD wALUES ARE [0I TC CtCocCcd |I
Erter dcwtLireah ALAs i dReCer (INCHE S cuiannmnranr-- read T 1
IMLDWAELE WNLLES ARE (3 ITO gD 1 |
| Entér uctI+san Lape diamerer (IRTHES e amusrusronenns L==a el |
; sALL WAl E wALUES MAE L3 112 L2l 1 |

TYPE: EXIT ¢ itave pregrak ; TP B0 Q@ 1@ T6p o' page

PRAOGAAM B: DATA ENTRY

—-DATAh ENTRT #0R CATCH @ASIM ENTRAWCE LOSSES—-

Enter presture plpe fLow(DFS] trom cateh bagin...... #2203
sALLOWASLE YALUES ARE [C1 To (7000000 1

Enter pipe digngter (INCHES) frim catch bosing,snssa. Wovr
1

SALLOWABLE YALVES ARE [3] TG [24]

TYPE: EXIT t2 Ledwk pregram [ TOF £D go 10 1o0 of page

PROGRAM 10: DATA ENTRY

~—paTh ENTRT FOR TMANSITICN LOSSES——PAGE ¥

Enter pressure pipe flawifF5) . ianiiiimminnnnannn s ==za “an
TALLCKABLE wALUDES ARE U2 14 C1CODDOD 1
I Enter gounstrage pips gigneter{INCHES], . . vouurna kzza hic-The
i SALLOWAELE VALUES ARE £33 79 [240 1
Encer voitraan cipe dizertertINCHES ) oo iiiivannsan ez o
ALLOWAELE WALUES AAE [3]1 0 (200 ]
Enter bength of transitioniFEET)aeiiann. . EEFTEEET RS ez} et
:ALL DWABLE YALUES ARE [D] T0 [100C ]

TYPE: EXIT 1@ wwaww prograe ; T&F fo go o top of page

____-—-—'-‘-___-__—_*__"_"“-'-——-._

===tATL ENTRY FOR TRANSITION LOSSES-==PA4E I

Enter Acwndtreas pipe marnings friction faceer...... ===3 UHS
SALLOWABLE waLUES ARC [.OO0E ] To [.500 3

Enter upstream pipe mannings fPiETiom fRETGr.caaaas. ===x =it
tALLOWABLE WALUES ARE [.O08 1 TO C.500 1

Enter tatau=angle=ef—trans 1 t1onBEGREES carrreananas ===»  TCELTA™
CHOTE: SEE LACFLD DESTGN MANUAL CHART Mo, B=11

FOR LESCAIPTION.]

TALLOWABLE WALLUES ARE 101 TD [F2.888866 )

e —
—

TYFEr EXIT Lo Leawe nrogram ; TGP Fo go o top of page -
\ 4 BALK b2 30 Daca O0F DAge

APPLICATION

An example problem taken from the Highway Design
Manual of Instruction ({the Los Angeles Road
Department) 1s used to illustrate the capability of the
storm drain computer model. The analysed drainage
system is depicted on Fig. 11. The downstream hydraulic
grade line is assumed to be at elevation 196.70. The
upstream sections 14 and 13 are the transition structure
and box structure respectively. The box structures were
not analysed because of the limitation of the model
(circular section only). Therefore, the upstream control
depth was assumed to be the normal depth (1.61 1) of that
reach. In the reach between sections 12 and 14, the water
surface was defaulted to normai depth due to the steep
slope. A flow depth of 1.84ft was estimated after flow
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passing through a manhocle structure at section 12, A
hydraufic jump was predicted by the storm drain
computer model and the location of the pressure plus
momentum balance occurred about 25548ft from
section 12. A gradually varied fiow profile was also
calculated by the model for this nonpressure segment.
The example calculated in the manual used the norma)
depth (1.69ft) for the nonpressure flow segment. The
normal depth provided less pressure plus momentum
forces to push the flow downstream (271.5 ft) as model
predicted (322.8ft). Pressure system calculations were
well-predicted by the model when compared to the
manual results from section 11 to section 1.

Computer model results are included in the Appendix.
First the nodal point status table which contains the flow
depth, pressure head and pressure plus momentum for
upstream and downstream analyses is printed for user’s
convenience. The section {node) numbers are arranged
from upstream to downstream. User specified head loss
options are also printed. ‘Hydraulic jump’ will be printed
when it cccurred in the pipe reach. Control pressure head
on flow depth of each section is foltowed by an asterisk for
user’s convenience. Entire hydraulic analysis is also
inciuded after the nodal point status table. Head losses
calculations, HGL, EGL and flow line are printed for
each section. Only one gradually varied flow profile will
be selected with respect to the control flow depth. In a
reach where hydraulic jump occurs, both supercritical
and suberitical flow profiles are printed. However, the
determination of the location and length of hvdraulic
jumps is not inciuded in the programming. Rather, this
1ype of information is currently indeterminate and is left
to the engineer for special consideration on a case by case
basis. A common approach is to assume the jump to
occur as a shock whereby the conjugate depths are
matched at a single point. with the length of the jump
being assumed as zerc. The t{ype of soiution may be
unacceptable in cases where a pipe lateral enters the main
channel immediately upstream of such an assumed
hydrauiic jump shock, and the hydraulic control for the
pipeline is assumed to be the lower conjugate depth.

DISCUSSIONS

The storm drain computer model has the capability 10
anatyse a generail storm drain pipe system, Furthermore,
it can analyse hydraulic jumps, pressure and nonpressure
flow in any drainage reach. Gradually varied flow profiles
are approximated by the standard step method when
nonpressure flow occurs in any pipe reach. This analysis
provided the hydraulic engineer a better understanding of
the storm drain system hydraulics when pressure and
nonpressure flow co-exist in the storm drain system.

Because the computer program is interactive, the pipe
system can be quickly designed without the use of a data
batch-file approach.
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APPENDIX: EXAMPLE RESULTS

e L L L L T

- SLLLTY Avknn LI} n
GRADUALLY VARIED FLOW ANRLYSIS FOR FIPE SYSTEM
HODAL POINT STATUS TAELE
[Hote: "*" ipgicates nodal polnt data used !
UPSTRERM ROUN DONNSTREAN RUN
HoLE MODEL PRESSURE PRESSURE+ FLOW PRESSIFRE+

LLEETY PPy

NUMEER PRUCESS HERDIFT:  MOMENTUM{POUNDS: DEPTH(FT)  MONENTUM(POUNDS)
14.00- 2.23 26£5.95 1.6+ 32%4.61
| FRICTION
12.00- 3.56 2991.17 1.51= 125487
4 JUNCTION
12.00- 2.24 19,46 1.84* 316,96
f FRICTION i HYDRAULIC JUMP
L1.00- 5,76+ 1%90.3% 1.69 3545.2%
| MAWEOLE
11.00- .72 33al.40 1.7 1504, 38
| FRICTION
10.44- .20 [T N4 .1 1525.57
i ANGLE-PFOLNT
10.00- £.070 1967, % 1.71 1525.57
I FPRECTICN
9. 00— B 05~ 396372 1.78 o641
| ANGLE-POINT
3.A00- 5.92= REEL N ) 1.76 J406 . 41
| FRICTION
7.00- 5.91% 398,70 1.80 1373.73
1 JUNCTION
T.00- 5,57~ 4818.52 2.3% 3513, 80
b FRICTION
2.00- 5. 56n 4813.80 2.29 4014.3¢%
| JUKETION
x.00- 5_ghn 5649.63 2.%3 4522.51
| FRICTION+REND
1.00- 6.70" B217.10 2.29 £247.53

MALINUM NUMBER OF ENERSY BALAMCES USED IN EACH PROFILE = 2§

HOTE: STEADY FLOV HYDRAULIC HEAD-LOSS COMPUTATIONS BASED ON THE MOST
COMSERVATIYE FORMULAZ FROW THRE CURRENT LACRD, LACFCEH. AMD OCEMA
DESIGH NARUALS.

THAK AN tLLLTR] WRAREANN XA ETER AR R AN RRRARE
UPSTREAM PIPE FLOW CONTROL DATh:
NODE WUMBER = 14.00 FLOVLINE ELEVATLION = 351 )&

AESIMED UPSTREAM CONTROL HGL a 252.4%

HOLE 14.00 ¢ HGL = t 252.E90Y:EGL= ¢ ZEL.0991;FLOWLENEe ¢ 251,230

ERkzEAEwRRRsAAATEIZRRE LTI LLETY T .

FLGW PROCESS FROM WODE 14.00 TO ROCE 12.90 15 CODE = 1
BPSTRERH NOBE 14.00 ELEVATION =  251.28 |FLOW IS SUPERCRITICAL:

EEEAAEERANETERY

CRLCULATE FRICTION LOSSES (LACFCD::

PIFE FlLov = 70,08 CF5 FIFE CIAMETER = 27.00 INCHES
PIPE LENGTH = i74.00 FLET HANNING S ¥ = .olaeo
HORHAL DEPTE(FT; = 1.61 CAITICAL DEPTH(FTI = 1.23
UFSTREAM CONTROL ASSUMED FLOWDEPTH{FT) = 1.6

GRADUALLY VARIED FLOW PROFILE COKPUTED INFORMATION:

UISTANCE FROM PRESSURE  VELOCITY $PECIFIC PRESSURE+
CONTROL{FTI HEAD(FT!  (FT/5EC) ENERGY(FT!  NOMENTUN (FOUNDS|
.00 1,610 22,985 9,819 1254.¢1
174,000 1.610 22.946 3.819 1254.87
HOPE  12.00 : HGL = ¢ 236.8103:EGL= ¢ 2450153 FLOWLINE= ¢ 235,200
ranen T EEEA R R RANARRAA ARk ar FLTT
FLGV PROCESS FRON NODE  12.00 TC NOBE  12.¢¢ IS CODE =
UPSTREAM NODE  12.0¢ ELIVATION = 233,20 {FLOW IS SUPERCRITICAL:
CALCULATE JUNCTION LOSSES:
FIPE FLOW DIAMETER ANGLE CRITICAL
({F5) [INCHES] (DEGREES: DEPTH(FT.)
UPSTREAN Je.no 37.48 G0 2.23
DOWNSTREAM 15,00 27.00 - FI )
LATERAL #2 5.40 18.00 B0 00 .8e
LATERAL $2 .60 .00 .00 00
25 .00===Q5% EQUALS BASIN INPUT===
LACFCD AND OCEMA FLOW JUNCTION FORMULAE USED:
D= 402V 2-QL=V1*COS (DELTAL}-03# V) €08 (DELTA S -
D4V RCOS (DELTAL) b/ ({A14A21«26,1)
MANNING'E N. UBSTREAN = ,{01200; IXWNSTRERS = .G120¢
JURCTION LENGTH 4.00 FEET FRICTION LOSS = 21793 FEET
ENTRANCE LOSSES .GO0 FEET

JURCTION LOSSES = {DY+HV1I-BYZI+4 (FRICTION LOSE!+(ENTRANCE LOSSES!
JUNCTEOW LOSSES = o+ .T790+{  (218)+] 0000 - BN

NODE 1200 - HEL = ¢ 236.79E2EGL= ¢ 244.0223 ;TLOMLINE= .

AR AR TR AR AR TR A ART T AT T A AR A AR R AN RE R

12,00 1O NONE

FIPE FLOW
FIFE LENITE =

TL.00 CFS
400,00 FEET

IMIPE DIAYETER =
HANBNINZ'S N =
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AN HUH ANALVSTE

1.04 CRITICAL DEPTHIFT:
ks T3 TN

UPSTREAN CONTRGL ASSUMER FLOWDEFTHIFT! = 1.34

=3 fewdMTAowziZsTizszmamrNozz =

GRADUALLY

DISTANCE FRO® FLOW BEFTH  VELOTITY SPECTETL

CONTROGLIFTY TFT/EELY EMERGY IFT1 HORENT”.
Rl Z1. 83 %002
E -3 21,527 9_rag
4,018 21.671 9,138
2.1 FAPREY] 17

JUMF: UESTRER

STRERN CDNTRIL ASSUHED PRESSURE MERLIFT! = Y
T- = szvas =z
SSURE TLOW PROFLILE SOHPOTEDL ITNFCEMATION:
DISTANCE FROM PRESSUEE ELOCTTY RPECIFIC FRESSURE-
FLRTROLITTE HERDIFT! VFTASELY H BOHENTGAPOUALS
N1 15,863 330,39
349182 14 _gal 1020.€7
RIEUMER DOWHSTEEAYM PREISURE HERDGIFTI = 2,85
GRATUALLY ¥ARIED FLOW PRGFILE COAPUTED IRFCRMATION:
SISTANCE FROM TLOW DEPTH ¥ELOCITY SPECIFIC FRRESUREH
CONTROLAFTY IFT1 [FT/SEC) ENERSY [FT! HOMENTUK [FOUNDS
143 4B2 22599 1B_857 T 320,87

400, oG 2,236 18,873 1,770 iC1%.4¢
—o—usc=ENB OF HYMRRULIC JOHE BNALYSEG-—--r—n-—=m==mmmmmwos
| % NOTE: PRESSURE + NOWEWTUN BALANCE OCSURS 144 52 FEET FRON NODE 11,00 i

HOTE 11.00 @ BEL = ¢  216.7152;EGL= ¢ J32_240;FLONLINE= ¢ Z10.960:

ARk TAARRE AR RS AR TH AT P T L T AxAmAA kT e kR

FLOW PROCEEZ FRO¥ NODE 1100 TO REDE 21,00 1§ C00E = 2
UPSTREAN NOE 1100 ELEFATIQN = 210.96 {FLOV I5 UNDER FRESSURED

CALCELATE MAMHCOLE LOSSES (LACFCE!

PIPE FLOW = 5.0k CFS PIPE DIAMETER = 27.00 INCRED
FLOW YELOCITY = L1§.86 FEET/SEL. YELOCITY BERT = 5.51% FEET
HEE = ,(S*{VELOCITY HERD1 = .0%*: 5. 520 = JETE

I1.969: ;FLOWLINE=S

NOLE 11.00 : BEL = & 216,439 :E&L= ¢

% i

AT T E AR AR AR AT TR A AT R R AR A AR S A AR AR TR TR R AT AR R R AR I TR R Y VR da A

FLOW PROCESS FROH WGDE 11.¢0 TO HODE 14,0 15 CODE =

UFSTREAR HOOE 11.00 ELEVATION = 1o, IFLCY I3 UIFDER FRESCURT
CALCILATE FRICTION LOSSES{LACECD: .

FIPE FLOW = 79.00 CFS FIPE DIAMETEE = 17,04 INCHES
*IFE LENGTH = 45,940 FERT HAMNING'Z & - SE1Z00
SF=IQ/EI=*2 = ' Tho0Ol A FARLRIZIITR = 045t

EF=L=3F - P50 04997 L399

NCTE 10,00 ; HGL = 41%, 5662 (FLOWLINE= - 05840«

AR kAR R A SRR AR L TN AT AR T AR A AR R AN SRR AR RTTAR TR AR SR R TR T
FLoW FRGCESS FRUM NODE 10,00 TO KOLE 13.06 I5 CORE + %
UPSTREAE HGDE 10,00 ¢ 1% UMDER PRESSURE!

CALCULATE ANGLE-POTHT LOSSESiLATRDI:

PIPE File R TRUL PI¥E GI&“RTEY = 7.0
FIFT ANGLF-FOINT = 2,00 DESREES WHGLE- PRIET TLSEFFISIEMT KA JDZ4GT
FLoW VRLOCITY = 1w, ff FRET/SECD. VELOCITY HEAD 5.t1% FEZET
{oL0zA00ITi 5,525 - Y
P EiL= 18447 SXTLadn
AAN AR RERARER " e
FLOW PROCESS FROM NODE 10.00 TO RGDE F.00 I5 COPE = &
UPSTREAH NODE 10.00 ELEVATION = 207.84 (FLOW I$ UNDER PREZSURE}
CALCULATE FRICTION LOSSES (LACFLD) @
PIFE FLOW = 75.00 CFS PIFE DIAMETER = 27.00 INCKES
FIPE LENGTH = 96.00 FEET MANMING'S B = 01200
SPmIsEl = = (0 75,4000 ¢ 335.B121h*=2 = 04337
HE=L*5F = ! SE.O0) {04987 .77

WODE 9.00 : HGL o E09.111¥;EG ¢ 214.636)'FLOVLINE= :  20J.0&0

AkkAA TR AR RN Ea
FLOW PROCERS TROM NODE 5.00 TO HODE 3.00 I5 CODE = &
UPSTREAK NCDE .00 ELEVATION =  203.06 {FLOW I3 UNDER PRESSURE)

CALCULATE ANGLE-POGINT LOSSIS{LACRD] :
PIFE FLOW = 75.00 CFE PIFE DIRMETEE = 31.00 INCRES
PIPE ANGLE-POINT =  8.00 DEGREES ANGLE-FOINT COEFFICIENT ¥A = .024400
FLOV YELOCITY = L1E.86 FEET/IEC. VELOCITY HERD = 5.525 FEET

HAPT=KA™ (VELOCITY HEAR) = ( .02400)%{ 5.524) = .1313

HODE 9.00 @ HGL = ¢ 2OB.97Ar;E&L= ¢ 214,503 ;FLOWLINE= . 203.0&00

HEAR A A AR E R AN RN A AR AR AN RSN ARARAR AR KR AN ANEARFKE AR A RAK AR
FLOW PROCESS FROM NOUDE .40 TO NOCE 7.00 IS COUE = 1
UPSTRERM NUDE 9.00 ELEVATION =  I03.06 [FLOW IS UNDER PRESSURE)

TRLCULATE FRICTICN LOSSES(LACTCD) @

FIPE FLO& = 15.00 CF5 FIFE DIAMETER = ZT.0Q INCHES
FIFE LERGTH = 48.00 FEET KRHMING 'S N = -0l200
SPelQiKid=d = {1 7500008 3135.512))%*2 = .04397
HF=L*SF = [ 48,000 %1 .04397) = 2.39%
NODE T.00 : BEL = ¢ 20E_5AQ::EGL= ¢ 2121050 ;FLOWLINE= ¢ 200.67C%
xAH kT AN R R R KK AN EARR AR KK AN N TR ART TR T
FLO¥ PROCESS FROM HODE T.00 TG NODE T.0C IS CODE = 5
DPSTREAH HODE T.00 ZLEYATION = 200.67 (FLO¥ IS UNDER TRESSURE)
CALCUYLATE JUNCTION LOSSLIS:
FIFL FLOW TIMMETER ANGLE CRLYICAL
(CF5) (INCHEE!  |DEGREES, DEFTHIFT.:
UPSTRERD 75,040 2700 .an .24
DOWNETREAN 1q0. 00 r.oc - 2.1
LATERAL N1 15.00 400 AG.00 176
LATERAL #2 R By Y LB
RS L00===05 EQUALS BASIN THPUT===

LACFCD ANWD OCEMA FLOW JUNCTICN FORHULAE USEL:
DY¥=|QE*¥2=p1*¥1" 08 IDELTAL) {3V 2=COS(CELTAL; -
QdnvAd*COS IDELTRA H/ O dRI+R2I 14, 1)

MBRNNING'S N: UPSTREAM = . 01200, DOWNSTRERM = .01ZUC
JUNCTIGHN LENGTR = &.00 FEET FRICTION OS5 = 12172 FEET
ENTRARCE LOSSES = .00% FEET

JUNCTION LOSSES = IDY#HVE-AVI~ IFRISTION LSS50+ IENTRANCE LOSSES,

JUNETIZH LOSSEE 1L TR PR o) 2.080

HNODE T.00 ¢ RGL = ¢ 205.8%1%;EGL= ¢ I19.0%43:FLOWLIKE= . 200,040
AR AR R A AR AR AR AR AN A R E R AN T kA A RS A R A AR EAN A RS K E AN Tk kAN ET AT AR T kD

FLOW FROCESS FROM MODE 7.00 TO WODE 2.0% I8 CoDE = 1

UPSTREAK nobE T.00 ELEVATION =  200.0& (FLOW IS5 UNDER PRESSURE)

CALCULATE FRICTION LOSSESILACFCD):

FIFE FLOW = 100.00 CT3 PIPE DIANETER = 33.00 INCHES

PIPE LENGTH = 200.00 FEET HANNING'S N = L0120

SF=1Q/K1%*2 = [{ 106001754 572540 ives = LQM04E

HF=tLmEF = | F00.06)3( (01046 = 6.0491

KODE 3-GO ¢ HGL = ¢ 199.5600;EGL= ¢ 203.962);FLOWLINE= < 19%4.000:
ENEEARVI TR R EEuN AR REA AN A NIRRT KEAAn
FLGCW PROCESS FROK NODE 2.00 TQ NODE 4.00 1§ CODE =
UPETREAM MOLE I.00 ELEVATION =  1%4.00 {FLO¥W I35 UNDER PRESSURE)
CALCULATE JUNCTICN LOSSES:
PIFE FLOW DIAHETER RBGLE CRITICAL
[CF5) [ImCRES)  (DESREES: DEFTH(FT.}
UPSTREAM 100,00 3i.a0 L0 i
POVNETREAY 125.00 3500 - 3.5
LATERAL ¥ Z0.00 .00 6.0 1.61
LATERAL #2 5.00 18.00 £5.00 -1
Q5 JORax=05 EQUALS BASIN INPUT-==

LACFCEL ANE OCEME FLO® JURCTION FORMULAE USEL:

DY=1{D2*VE-31+¥]1 008 { DELTRL] -QIN¥ICOS{BELTRI) -
Qd*YE*CO5{DELTAL) |/ ({A1+A21*16.1)

KANNIRG'S N: UPSTREAN = .D)R200: BOWNSTHEARM = Q1200

JUNCTION LERGTH = 9,00 FEET FRICTION LOSS = .2048% FEET

BNTRANCE LOSSER = .00% FEET

SUBCTION LOSSES = (DY+HVL-HVZ) +IFRICTICN LISE)1+{ENTRARCE LOESER;

JUNCTION LOSSES (1.223)+1  .335)+1  .000) = 1.44E
HGLE 2.00 @ HGL = ¢ 198.988;EGL= < I12.511);FLOWLINE= : 153.500%
TR EE AT AEEEANEE SRR REARAAARANAANE AR ENATE EAREN R AR ARAANA %R
FLOW PROCESS FROH NODE 2,00 TD NGDE i.00 T8 CODE =
UPSTREAN NOUDE 2.00 ELEVATION =  193.%0 (FLOW 15 UNDER PRESSURE)

CALCULATE PIFE-BEND LOSSES (OTEMR):

FEIFE FLOW = 125.040 CFS PIFE CIAMETER = 30.00G IHCHES
LENTHAL ANGLE = 61.900 DEGREES KANNING'S W = .Claco

PIFE LENGTH - 40.00 FEET BEND COEFFECTENT (KB) = 20582
FLOW VELOCIT i%.07 FEET/EEC. VELOCITY HEAC = J.5i% FEET
HE=KB* [YELDC MEAD) = ¢ LEQB*0 J.6251 = 126

EFF QK *2 i 125.C01,) BI4.495 =i = 01953

HF=L*3F = 90.000* 0 L01%53; = 1.5EL

TOTAL HERD LOSSES = HB + XF = o« 72641 2

FLOWLINE= < 130.000:
AREME A EE Rk Rk kR I AN LA A KR AN A AT A E kAT kRN ER NN

JOWNSTREAN PIPE FLOW CONTEDL CATA:

HOGE Loocg v HEh = ¢

HGDE WUMBER = 1.40 FLUVLIHE ELEVATION = 1%0.06
PIPE FLOV = 125.00 CFS PIFE DIAMETER = J9.00 INCHES
K3SUMED DOWNSTREAM CONTROL HGL = 136.700

END OF GRADURLLY VWARIED FLOW ANALYSIE



