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ABSTRACT

The length of the steady Gradually Varied Flow (G.V.IF) profile in acireular gravity pipe
section is computed using the Graphical Integration Method. The equations used for the
solution are: a) the dynamic equation of Gradually Varied Flow ina prismatic channels. bj the
hydraulic exponents M and N equation derived by Chow [2]. and ¢} the Varied hvdraulic
exponents M (y/d,) and N(y/dy) equation modified by Zaghloul [15], The results of the
calculated G.V.F profile length using the modified hydraulic exponents Miy/d,) and Niyid,)
equation are closer to the G.V.F length calculated based on the exact formulation of the GV, F
dynamic equation. The percentage difference ranges from 0.67% 1o 8.72% for various bed
slopes and G.V.F depth limits. The caleulated G.V.F profile length using the Chow hydraulic
exponents M and N resulted in wider values with percentage difference ranges from 0.16 1o
25.59%. Hence, a remarkable improvement of the computation of G.V.F profile is achieved
using the moditied M{y/d5) and N(v/dg) hydraulic exponents.

The unsteady Gradually Varied Flow wave propagation in circular gravity pipe section is
simulated using the Explicit Method. The Extended Transport block (EXTRANY of the latest
Storm Water Management Model (PCSWMM2000) was used to route the wave through a
circular garavity pipe section. The resulting routed hydrographs by the Explicit Method and the
EXTRAN Block of the PCSWMM 2000, provided similar flow peak and lag time in both cases,

A computer package was developed for the Steady G.V.F length calculation Tor gravity
pipes using the Microsoft Fxcel spreadshect. The results are plotied vsing the Excel graphics
capabilities.

A second computer package using Microsofl Excel was developed Tor the Unsteady GAVLE
simulation based on the Explicit Method. The routed hydrographs are plotted by the Faeel
graphics capabilities.

The Excel packages for the Steady and Unsteady G.V.F are vser friendly and are posted on
the Internet Website location hitpe//briclease vahoo.com/eivil engineering2001. A Read me
File is provided for each Excel package and is used as a users guide,

Kevwords: steady gradually varied flow, graphical integration method. unsteady gradually
varied flow. the Saint-Venant equations, hod, flow routing. Urban drainage and sewerage
syslems,
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INTRODUCTION

Non-uniform flow in a prismatic channel with gradual changes in its Iree surface elevation is
termed Gradually Varied Flow, GV, F. The temporal variation of the flow could resull in steady
or unsteady GVUF. Design of wastewater collection and urban drainage svstems involves the
computation of the steady and/or unsteady G.V.F profiles. Most of these svstems consist largely
of circular pipes,

The steady uniform [low regime is commonly assumed in designing the size of the pipe
diameter based on the uniform flow formulae [3.5]. Presence of weirs, drop manholes, outfalls,
converging and diverging sewer systems and changing bed slopes may generate a steady rapidly
varied flow (R.V.F) and/or a steady gradually varied flow (G.V.F). Hydraulic jump is a typical
example of a (RV.F} condition, The momentum principal governs the calculation of the
hyvdraulic jump. Backwater profiles are tvpical examples of the (G.V.F) condition and the
application of the energy principal governs the calculation of the energy head loss. Almost all
major hydraulic engineering activities in open channel flow involve the computation of the
GVUEF profile length.

The computation of the GVF profile involves the determination of the hvdraulic exponents,
M oand N lor eritical and uniform flows, respectively. Forms for these hyvdraulic exponents were
proposed by BakhmetafT [1]. Matzke [10]. Mononobe [11]. Von Seggern [13], and Chow [2].
Fhe classical direct integration method lor the solution of the dynamic equation of the GV F
was suggested by Chow [2,3]. The method assumed a constant value of the hydraulic exponents
M and N based on the averaged G.V.F depth for the reach. Zaghloul [13] developed the varied
hydraulic exponents M{y/d,) and N(y/d,) for circular channel section to provide accurate
computation of the GV.F length,

The computation of the G.V.F profile length is caleulated using the hydraulic exponents M
and N for varyving and constant averaged G.V.F depth tor various bed slopes and G.V.F depth
limits, The Graphical Integration Method is used to compute the G.V.UF length, The results of
the calculated G.V.F profile length are compared 1o the G.V.F length calculated from the exact
formulation of the G.V.F dynamic equation. The results are presented in a tabular and/or
graphical form. A computer package using Microsoft Excel spreadsheet is developed to
calculate the GV.I Tength for Tixed and minimum depth limits and various bed slopes. The
GV profiles are plotted using the Excel graphics capabilities.

The temporal variation of the GV.F s termed unsteady GV.F. Design of wastewaler
collection and urban drainage systems. which largely consist of cireular pipes, senerally
invelves computation of unsteady GV.F profiles. The numerical solution of the unsteady GV F
profiles is conducted using the Explicit Method [8. 9. 14] and the Extended Transport Block of
the Storm Water Management Model (PCSWMZ0007 which is the latest Model Version [6, 7]

A second computer package using Microsoft Excel is developed to simulate the unsteady
G V.F profile of the Mlood wave propagation in a circular gravity pipes. The computer package
utilizes the numerical solution of the Explicit Method. The simulated hydrographs are plotied
using the Excel graphics capabilities,

The routed hydrographs using the Excel package are compared with simulated hydrographs
using the Extended Transport Block (EXTRAN) of the latest version of the Storm Water
Management Model (PCSWMM 2000}, The resulting hydrographs from the Excel package and
the EXTRAN block are close in terms of peak discharge and lag time.
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The Lxcel packages for steady and unsteady G.V.F profile are user friendly and easy to use.
The  two  packages are  posted  on the  Intermet  Website  Location
hitp:/hricfease vahoo comicivil_enaineering2001. Two Read me Files are provided as a users
guide for the packages.

THE HYDRAULIC EXPONENT FOR CRITICAL FLOW COMPUTATION (M)

Chow [2] considered the section factor for eritical flow computation Z is related o the
GVF depth v, as follows

where.

M is the hvdraulic exponent for eritical flow condition using constant averaged
G.V.F depth, and

C s a constant coefficient that depends on the seclion geometry.

gifi ai e L . ;
Considering 2= = A7/T, egn. (1) produces an expression tor M, namely,

v . A dT)

A \ [ L‘l}‘ }
where,
v isthe GV.F depth.
A is the area of cross section,
T s the tap width,
For a circular section. M can be expressed as

y d (f"s dg l
M (‘—”}' S{T’i \,-'r_i } (3}
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whered,, is the pipe diameter.

[t is apparent from equation (3), that M depends on the relative depth (v/d,,). Zaghloul [13],

modified the expression of M to vary continuously with relative depth (v/d,). Thus.

U (aa)] .
in {\ du} _ { (T ”1-1} s
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where,

(o a2

¢, =MI(v/d = o | —2 (3)
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with the initial value of M (y/d ;) = 40974 al (v/d,) = 0.01.

THE HYDRAULIC EXPONENT FOR UNIFORM FLOW COMPUTATION (N)

Chow [2] introduced the channel conveyance K as a function ol the GV F depth v, namely

A2 M
K=y (6}
where.
Mois the hyvdraulic exponent for uniform flow condition using constant averaged
GAVUF depth, and

- S .
15 a constant coefticient depending on channel seometry and roughness.

Following the same procedure outbined i the development of the hydraulic exponent. M, 11
can be shown thal

v [ dP |
3A dy |
where,

I is the wetled perimeter,
1X 15 the hydravlic radius,

For a circular section, N can be expressed as

2y d, ]' 5{'I'_.-'n;1n_]—""(1i d, ) (8]

h d? _}

Zaghloul [15]. modilied the expression of the hydraulic Exponent N to vary with the relative
G VF depth (vid 1 Thus,

(%)
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where,

[ ST (|
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with the initial value of N{y/d,) = 4.422 at (v/d,;) = 0.01,

COMPUTATION OF STEADY GRADUALLY VARIED FLOW

Although there are a variety of solution techniques for accomplishing the computation of the
steady GUVLEF profile. given a particular situation, one method may be superior to the others. All
solutions of the steady G.V.F equation must begin with the depth of flow at a cantrol and
proceed in the direction in which the control operates.

Three methods are discussed here: namely the exact dynamic eradually varied equation. the
hydraulic exponents M and N as introduced by Chow [2]. and the modified hvdraulic exponents
M(yv/d,). as derived by Zaghloul [15].

The length  of the GV.F profile is calculated lor the above three methods using the
CGraphical Integration Method. The Microsolt Excel package is used to model the Ciraphical
Integration for the three methods,

THE GRADUALLY VARIED FLOW DYNAMIC EQUATION

In deriving the GV.F dynamic equation. a prismatic channel with a small bed slope is
considered.  Steady flow. hydrostatic pressure, parallel streamlines and average head loss
evaluated over a small reach based on Manning uniform flow are assumed. The GV F dynamic
gquation is given as |3, 3]

dy Sg— S )
" 4 [or?) L
! Ly

o
']r 211
r‘bl'\ R

where,

v isthe G.V.F depth.

x s the distance along the channel,

dy/dx is the water surface slope with respect to bed slope,
Sg 15 the bed slope,

Se 15 the energy slope,

v is the average velocity,
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o is the energy coefficient,

For a circular section eqn. (1 1) can be written as

I._'::; = Q‘l tp? |
aty d)) | (malf (a 3f ® )3 +ag | -
dlx d,) wQ (T d,)

S L,
ala a2f d;‘,J

Equation (12) represents the exact formulation of the G.V.F dynamic equation and is used to
solve the computation of the GV F profile length for sustaining (positive) bed slopes.

In order to simplify the computation of the G.V.F profile length, Chow [2] imtroduced the
hydraulic exponents M and N and expressed eqn (12) as

(K, d} H

1 2ol |
i{:'ﬂ_}:g B & E\il;1 J—| (13}
RTES e e :
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Equations (1) and (6) are used 1o express the critical section Tactor £ and the convevinee
i terms of hydraulic exponents M and N.
Henee, eqn (13) is modified to

(14)

where,

N, is the exponent evaluated at uniform depth v,
N is the exponent evaluated at GVE depth y.
Me s the exponent evaluated at eritical depth y,.,

M is the exponent evaluated at G.V.F depth v,

Equation (14) is used to calculate the G.V.F profile length using the hydraulic exponents M
and N for constant averaged G.V.F depth based on Chow [2] or the hydraulic exponents
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Miv/dy) and N(v/d,) for continuously varying G.V.F depth based Zaghloul [15].

COMPUTATION OF THE G.V.F PROVILE LENGTH

Graphical Integration is used o compute the GV.F profile length based on the various
formulation of the GV.F equations. The G.V.F length based oneqn (12) is comparcd (o the
GV.F lenath caleulated by eqn (14} using the Chow M and N exponents [2] or the Zaghloul
medifred My/dg ) and N{vidg) [15]

THE COMPUTER PACKAGE FOR STEADY G.V.FV |[PACKAGE #1|

A Microsofl Excel spreadsheet is developed to caleulate the steady GV.F profile using the
Graphical Infegration Method. The model can simulate different flow conditions and various
bed slopes, Fixed or minimum relative depth limits can be used in the model. Normal depth
based on the Manning uniform flow formula is caleulated for constant roughness coeflicients.
Critical depth based on the minimum specilic energy condition is caleulated.

The model classifies the flow profile and caleulates the steady GV.F length for positive
pipe slopes using  constant roughness coeflicients. Detailed x-y co-ordinates can be caleulated
to provide tabular andior graphical representations of the GV.F profile, Excel graphics
capabilities are used to plot the steady GV profile. the normal and eritical depths and the bed
slope of the pipe section. The package is provided with a Read me File to help users to feed in
data and vun the madel,

COMPUTATION OF UNSTEADY GRADUALLY VARIED FLOW

Equation of Motion
The momentum equation for tlow through a control volume wiich s fixed in inertial space
is [4].

Foef[[Bpav=[[pVedi)+ [[[7 (o) (1)

ol

| o

i
~

[

where,
E. is the sum of all surface forces acting on control volume.

B is the sum ol all body forces per unit mass,
p is the mass density of water.
dv 15 the volume element.

W ois the absolute Tuid velocity,

dA s the directed area element. positive outward.
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the values of ¥V and y at all points on the x-t plane as shown in Fig. 1.
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Figure 1 x-t plane - Rectangular Grid

If it is assumed that conditions are known at points L, M and R, unknown values of the
dependent variables may be found at P. The substitution of the central and forward dilferences
in the continuity eqn (17). results in

: At :
Yy = Y RET [V (Y1 = Y )+ Dy (Vi = Vi )] 19

and similarly, the momentum eqn (18). appears as

b el W £ Sl

M= Vs .
e b +1'~"rM &5, =g (SB.—SL.] (20
AR

At 2Ax
The energy slope Sg is evaluated at point I based on the Manning equation with constant
roughness coefficient and a cireulur pipe section, Thus

n Y Vol

Se=| 2] R 21)
S OAKK) R

where,

KK s constant equals 1O for SEunitand 1,49 for British unit,

n s the Manning roughness coefficient.

Substituting egn (21) into eqn (20), and solving the resulting quadratic relation will vield:
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Vo= ‘f“ﬁ‘ R g ' M“ SR 7 ‘ﬁ‘f“ _ :
Co2nTeA g At dn® g it
' (22}
( At At ) |[I |
Vi k].{J+ T (V, =V )+gMS, +g S (Y, - Y, )J_[

The solution ol the finite difference eqns (19} and (22) proceeds by finding a value for cach
Yp inthe forward time line by eqn (19), substituting this value in eqn (22). and computing each

value :]I‘VP in the time fine.

INITIAL AND BOUNDARY CONDITIONS

The preceding section set down the equations that deal with the routing procedure m the
interior points (Figo 1), The initial state of the urban drainage system must be known or
assumed before a hydraulic routing technique is conducted. The initial condition describes the
flow depth, velocity or discharge al all points in the channel at time t= 0. Boundary condilions
refer to the depth. velocity or discharge at upstream and downstream ends ol the channel atall
times = 0. Steady uniform flow. backwater conditions, control by weirs or dams. or a non-
uniform lateral inflow all are initial and/or boundary effects that must be incorporated into the
numerical solution. State of Tow condition (suberitical or supereritical) dictate the tvpe of finite
difference scheme cinployed.

I, The upstream Boundary Condition: Equations {19} and (22) are modificd to read

i > Aigeos ; > i .
Y=Yy 4 [Vaa (Yar = Y )+ Dy (Vg — Vi)l (23}
Ax
and

Vp = = (24)

Since values of Y| and V| are not available to the left of the upstream boundary (see Fig. T}).

Fhe Downstream Boundary Condition: The downstream boundary computation is silarly
modilied to read

o B s s ow . :
bt " i [Var (Y1 = Yy )+ Dy (Vi = Vi )] (25)

ang
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KK 17 .13 .
V, = gl p A (26)
n
which represents Manning equation with constant roughness.

STABILITY OF THE EXPLICIT METHOD

The primary disadvantage of the explicit method is its stability problem. The numerical
stability of the solution depends on the relative grid stze. A necessary but insufficient condition
for the stability of the explicit scheme is the Courant Condition [12]. namely

i 20 27)
WV CC

where.
CC s the dynamic celerity wave detined as

CC=ygh (28]

Another condition is known as the [riction criteria [14]. namely

At s Al
(C—= 1-F— (29}
Ax I'l. 2

conditions. This equation indicates that the addition of high frictional losses to a problem that is
formulated in this manner mayv cause instabilities, rather than improve the stability as is quite
olten assumed. The lesser value of At as computed from the Courant condition and the friction
criteria. determines the maximum allowable AL interval,

THE COMPUTER PACKAGE FOR UNSTEADY G.V.F [PACKAGE # 2

A SECOND Excel package 15 developed to caleulate the spatial and temporal variation of
the Moed wave in circular pipe with constant roughness, The model wtilizes the numerical
solution by the Explicit Method, A steady unilorm Now condition is considerad i the model as
the initial condition. The normal discharge (), based on the Manning uniform flow formula is
caleulated for constant roughness coeflicient for a given bed slope S, and pipe diameter d,,.
The total lenath of the pipe is divided in the model into small reaches Ax. The time step At is
caleulated for the Explicit Method to enforce stability of the numerical solution. The upstream
boundary  condition is considered as an Inflow Hydrograph and adentified in the model moterms
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of the peak discharge, the time to peak, the receding time. and the meimum time of simalation,
The downstream boundary condition is considered in the model to be the Manning formula.
The model calculates the variation of flow discharge, depth and velocity with time at various
locations along the pipe. Excel graphics capabilities are used to plot flow hydrographs at the
upstream, mid paint and downstream sections. A Read me File provide the users with the
information needed to feed input data and run the model.

THE STORM WATER MANAGEMENT MODEL (SWNMDM)

The Environmental Protection Agency Storm Water Management Model is one of the
several advanced computer assisted models design to simulate urban storm water runaff. The
SWMM is capable of predicting and routing the quantity and quality constituents ol urban
storm water runefT. The model consists of four functional program blocks, plus a coordinating
executive block., The blocks can be overlaid and run sequentially or can be run separately with
interfacing data file. The choice of model depends on vser necds.

The tirst of the functional blocks. the Runoff block, simulates the continuous runodt
hydrograph  and pollutograph for each subcatchment in the drainage basin, Runoff hydrographs
are predicted based on an input hyetograph and the physical characteristics  of Lhe
subcatchment: including area, average slope, degree of imperviousness. overland ow
resistance factor, surface storage and overland flow distance. Pollutographs are generated based
on the volume of storm runofl and antecedent conditions, including rainfall history, street
sweeping data, land use and related data. Runoff flows within each subcatchment may be
routed via sutters or pipes. however, all low from a particular subcatchment must enter one
designated manhaole for transfer o the second functional block, the transport block.

The transport block represents the combined or separale storm sewer system as a series of
conduits Joined by manholes. RunolT hydrographs and pollutographs from the various
subcatchments enter through the desicnated manholes and are combined with dry weather flow
and rain water infiltration. Real time fTow routing of quantity and quality constituents through
the transport conduits is accomplished using an iterative, finite difference application ol a
maodified version of the Manning Mow cquation. Transport elements are allowed to surcharge
when they become full and the surcharged flow is stored at the upstreany manhole until 1t can be
routed. The transport block contains provisions Tor modeling lift stations, flow dividers and
inline  (internaly  storage  units.  The  wansport  block can interface with cither the
Storage/Treatment block or the Extended Transport block (EXTRAN).

The EXTRAN is adynamic flow routing model that routes inflow hydrographs threnzh an
open channel andfor closed conduit system, computing the time history ol flows and head
throughout the system. The program solves the full dynamic equation for gradually varied fow
using an explicit solution technique to step forward in time. Therefore. the solution fime-step 1s
aoverned by the wave celerity in the shorter channels or conduits in the system. The conceptual
representation of the drainage system is based on the “link-node” concept which does nar
constrain the drainage system to a dendritic form. Links transmit flow from node o node,
Propertics  associated with the links are roughness, length, ¢ross-sectional area. hydraulic
radius. and top surface width. The primary dependent variable in the links is the discharge O
Nodes are the storage elements of the system and correspond to manholes or pipe junctions in
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the physical system. The variables associated with a node are volume. head. and surface area.
The primary dependent variable is head H, which 1s assumed to be changing in time but
constant throughout any one node,

The Storage/Treatment block permits  the inclusion of external storage elements and
treatment Tacilities in the modeling scheme. Treatment modes programmed include bar racks.
dissolved air MNotation systems, fine screens, sedimentation tanks, microstrainers high rate
filters. effuent screens and chlorine contact tanks., Treatment facilities are sized based on
influent flow rates. Estimated costs can be generated Tor storage and treatment facilitics chiosen.

The latest version of PCSWMM is PCSWMM 2000 [6. 7]. This isa 32 bit upgrade 1o
PCSWMM (April 1995). PCSWMM 2000 is a decision suppart system for the EPA Storm
Water Management Maodel, providing a large array of file management, data [l creation outpul
interpretation, and reference tools for the stormwater modeler. Rewritten for the Win 957, "98”,
Millennivm Edition, NT 4.0 and 2000 operating svstems. PCSWMM 2000 has taken a new
approach to provide a unprecedented level of flexibility and power. Users can develop their
own in-house  modeling  environments asing the extensive selection of plug-in tools and

FOSWMM 2000 is flexible enough to be used with any version of the SWMM engine, and
is distributed with the latest version of SWMM 4.4 su. as well as the official USEPA SWMM
4.3 and later SWMM 431 and 4.40 releases. PCSWMM provides Tfull support for all modules
of SWMM, mcluding the rain, temperature, runoffl  transport, EXTRAN. storage/treatment.
combine and statistics modules.

CASE STUDIES

In order to illustrate the simulation of the steady and unsteady G.V.F profiles. three case
studies were used. They are namely: (1) the steady G.V.F using the Graphical Integration
Method (Ixcel Package #1). (2) the unsteady G.V.F using the Explicit Method (Excel Package
w20 (3 the simulation by the EXTRAN Block ol the (PCSWMMZ000).

CASE STUDY #1-STEADY G. V. F. [EXCEL PACKAGE#]|

A cirealar storm drain has a diameter dy = 150 m and carries a discharge (0 = 0.5 m3fs. The
Manmings  roughness coellicient n = 0015, The coetficient of enersy o = LI Use the
Graphical Integration Method to compute the steady G.V.F length generated lor various bed
stopes and G.V.F depth limits {minimum or fixed) as given in Tables 1 and 2, Use eqn. (12) for
exact caleulation ot the G.V.F profile length and compared the results with the caleulation
based on eqn. (14) for constant hydraulic exponents (M, N) and varied hyvdranlic exponents
(M{y/doL Niv/dy)) Use the steady Excel Package #1 for the caleulation and plotting the
results.

Resulis of Simulation

Input data of Table 1 for various bed slopes and minimum G.V.F depth limits are used to

calculate the steady GV.F length using the Graphical Integration Method. The resulls are
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summarized in the same Table |, Input data of Table 2 for various bed slopes and fixed G.V.F

depth limits are used to caleulate the steady GV.F length using the Graphical Integration
Method and the results are summarized in the same Table 2. Figures 2 to 4 show plats of the
My, C3 and Sy steady G.V.F profiles. The eritical depth, the normal depth and the bed slope
are marked on each plot,
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CASE STUDY #2-UNSTEADY G. V, F.[EXCEL PAGKAGE#ZI

A circular storm drain has a diameter d, = 1.50 m and length L = 1 Kilometer. The Manning
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roughness n = (L0135 and the bed slope So=0.002. The initial condition is taken as a steady
uniform flow depth = 0.30 m. The upstream boundary condition is taken as an lnflow
hydrograph, Fiz. 5. The uniform discharge caleulated based on Manning formula for the above
steady flow depth Q,=0.24 m3/s is kept constant for 5.0 minutes. The discharge is increased
lingarly to Qmaw = 279 mifs over a period 20 minutes. then decreases linearly 1o the initial
discharge Q in an additional peried of 40 minutes, and is kept constant for another 5.0
minutes. The total simulation time T = 700 minutes (Fig. 53} The downstream Foumndar,
condition is taken as Manning uniform flow formula. Calculate the spatial and temporal
variations of the flood wave using the Explicit Method use the unsteady GV Excel Package
#2 for the simulation of the wave propagation through the drain and plotting the routed
hvdrographs at various distances,
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Results of Nimudoition
'he Explicit Method is adopted to solve for the routing of the flood wave through the
circular channel. The routed hydrographs are plotted at the upstream. mid point and
downstream section of the pipe. Figure 6 shows the three routed hydrographs.

CASE STUDY #3-PCSWMM2000- EXTRAN SIMULATION

Lise the POSWMMZO00-EXTRAN Block for the simulation ol the wave propagation given
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i Case study  #2. Compare the routed hydrographs resulted from the EXTRAN Block and the
unsteady G.V.F Excel Package #2.

Rewults of Siedoiion

Ihe EXTRAN block is used to simulate the flow routing through the given drain. Figure 7
shows the routed hydrographs at the upstream, mid point and downsiream section of the pipe
for constant roughness conditions,
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Figure 7,

CONCLUDING REMARKS

Steach GV F

The steady G.V.F length calculated using the Graphical Integration Method. The dvnaimic
GAVLF equation s used to calculate the exact length of the G.V.F profile. The G.V.F lengsth i=
also calculated based on constant and variable hvdraulic  Exponents and is compared 1o the
exact length from the dynamic G.V.F equation for various bed slopes and G.V.F depth limits,

Ihe results of the caleulated G.V.F profile length using the variable hvdraulic exponents
equation are closer to the G.V.F length caleulated based on the exact formulation of the G, V.
dynamic equation. The percentage difference ranges from 0L67% 1o 8.72% for various bed
slopes and G.V.F depth limits. The caleulated G.V.F profile length using constant hydraulic
exponents resulted in a wider values with percentage difference ranges from 0.16% 1o 25.59%
(see Tables | and 2). A computer package was developed for the steady G V.F length
caleulation using the Microsoft Excel spreadsheet (Steady GV F Package #1),

Unsteady G F

The Explicit Method simulation provides comparable results to the (PCSWMM2000-
LXTRAN Block)., The routed hydrographs at the Mid point and the Downstream sections are
similar for both models in terms of peak discharge and lag time. The Explicit Method
simulation provides stable results using the Microsoft Excel Package #2.

Both Excel packages | and 2 are user triendly. Two Read me Files are supplicd in order to
help the users to feed input data and run the programs. The Excel packages are posted on the
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Internet Website Location http://brictcase.vahoo.com/civil_engineering2001,

The developed computer model for steady and unsteady G.V.F simulations will equip desiun
engineers involved in storm drainage and wastewater flow svstems with a powerful and
cfficient desian tool.
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Table 1. G. V. I length Tor graphical intergration method using exact equation and M & N (constant or variable) for minimum depth limits

Case Bed Bed Slop _ Maormal | Critical | Profile Y GVF Limits Prolile Lenzth % Lenzth Variation® |
Slop Depth | Depth m
Classifi (vuldy) | (woida) Yids | Ysfds Constant | Variable Exact L (M. N) L (M, N)
cation _ BN M.N Equation Ceonstant/L Variable/L
| | ! m (exact) {exact) |
Ml [ 1DIYdde | 0.8 31298 | 31305 | 328.23 464 4.60
i Mild 0.002 | 0280 | 0242 | M2 [ 099Yod, | 1.01¥de | 2564 | 2674 27.30 610 | 206
_i} | M3 | 0001 [ 099Y.d. | 3098 37.58 41.11 24.64 8.57
Cl 1.O1Y/d, 0.8 135.23 136.21 138.12 2.06 38 |
N | Critical | 000403 | 0280 | 0242 | ¢©3 | 0001 |099Y.d, | 3996 46.64 | 4871 17.9% 426
_ 51 [101YJd, | 08 2428 | 2449 24.32 016 0.67
11 Steep 0.02 (0163 7 0.242 | S2 [ 099V d, [ LOIYAL [ 1890 19.78 1961 3.60 0.87
S3 | 0001 | 0.99Y./d, [ 4224 46.98 | 4622 .61 .65

*¥length Variation=

_ ,m.h__fw,q&n._q.w_ o h_.ﬂ...___ H _.__fu jeonslanf or variahle H =100 _

Llexact)




Table 2. G. V. F length for graphical intergration method using exact equation and M & N (constant or variable) for fixed depth limits

Case | Bed Slop Led Norma | Critical | Profile ¥ GV.F Profile Length 24 Length Variation®

Classifica | Slop I Depth Limits
Ao Depth {vu'ds)

(yu'o) Yiid, | Yod, | Constant | Variahle | Esxact L(M, N} | L(MN)

M. N M.N | Equation | Constant/L | Variable/l

iexact) {exact)

o . Ml 04 | 0.8 | 20813 | 20584 | 213.08 2.32 3.40

] Mild 0.002 | 0289 | 0242 M2 0.35 | 0.3 48.13 4936 5256 $.42 6.08

YE 0ol | 02 26.69 32.74 35.87 25.59 8.72

Cl 0.4 0.8 98.51 0851 9974 1.22 1.23

1l Critical | 0.00403 | 0289 | 0242 C3 0.01 | 02 2069 36.37 38.26 19,78 4.44

51 0.3 0.8 23.20 2358 23,24 .16 0.62

I Steep 0.02 0163 | 0242 52 023 | 0.8 4,96 s06 5.10 2.60 1.18

53 001 | 0l 13.53 16.10 15.91 14,92 Fard

*%length Variation= _

_“L.Rmamna —L{M, h_.,m Jeons tani or {E.EEL. L .Ee.._

L{exaet)






