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FOREWORD

The U.S. Environmental Protection Agency was created because of
increasing public and government concern about the dangers of pollution
to the health and welfare of the American people. Noxious air, foul
water, and spoiled land are tragic testimonies to the deterioration of
our natural environment. The complexity of that environment and the
interplay of its components require a concentrated and integrated attack
on the problem.

Research and development is that necessary first step in problem
solution; it involves defining the problem measuring its impact, and
searching for solutions. The Municipal Environmental Research Laboratory
develops new and improved technology and systems to prevent, treat, and
manage wastewater and solid and hazardous waste pollutant discharges from
municipal and community sources, to preserve and treat public drinking
water supplies, and to minimize the adverse economic, social, health, and
aesthetic effects of pollution. This publication is one of the products
of that research and provides a most vital communications link between
the researcher and the user community.

Mathematical models are an important tool for use in analysis of
quantity and quality problems resulting from urban storm wate. runoff and
combined sewer overflows. This report is an updated user's manual and
documentation for one of the first of such models, the EPA Storm Water
Management Model (SWMM). Detailed instructions on the use of the model
are given and its use is illustrated with case studies.

Francis T. Mayo, Director
Municipal Environmental
Research Laboratory



PREFACE

This document is the user's guide and program documentation for the
computer model EXTRAN. EXTRAN is a dynamic flow routing model that routes
inflow hydrographs through an open channel and/or closed conduit system,
computing the time history of flows and heads throughout the system. While
the computer program was developed primarily for use in urban drainage
systems -- including combined systems and separate systems -- it can also be
used for stream channels if the cross-section can be adequately represented as
a trapezoidal channel,

EXTRAN is intended for application in systems where the assumption
of steady flow, for purposes of computing backwater profiles, cannot be
made. The program solves the full dynamic equation for gradually varied
flow (Navier-Stokes equation) using an explicit solution technique to step
forward in time. As a result, the solution time-step is governed by the
wave celerity in the shorter channels or conduits in the system. Time-steps
of 5-seconds to 60-seconds are typically used, which means that computer
time is a significant consideration in the use of the model.

The conceptual representation of the drainage system is based on the
"1ink-node" concept which does not constrain the drainage system to a dendritic
form. This permits a high degree of flexibility in type of problems that can
be examined with EXTRAN. These include paraliel pipes, looped systems, lateral
diversions such as weirs, orifices, pumps, and partial surcharge within the
system.

Because of the versatility of the EXTRAN model, there is a tendency

for some users to apply the model to the entire drainage system being analyzed
even though flow routing through most of the system could be performed with a
simpler model such as RUNOFF or TRANSPORT*. The result is a very large system
simulated at relatively small time-steps which produces great quantities of
data that are difficult to digest. Where simpler models are applicable (no
backwater, surcharges, or bifurcations) substantial savings in data preparation
and computer solution time can be realized using the simpler routing model.

EXTRAN has limitations which, if not appreciated, can result in improp-
erly specified systems and the erroneous computation of heads and flows. The
significant limitations are these:

o Headloss at manholes, expansions, contractions, bends,
etc. are not explicitly accounted for. These losses

*That is, the RUNOFF and TRANSPORT Modules from the EPA SWMM computer program.
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must be reflected in the value of the Manning n specified
for the channels or conduits where the loss occurs.

¢ Changes in hydraulic head due to rapid expansions or contrac-
tions are neglected. At expansions, the headloss will tend
to equalize the heads; but at contractions, the headloss
could aggravate the problem.

¢ At a manhole where the invert of connecting pipes are
different (e.g., a drop manhole), computational errors will
occur during surcharge periods if the invert of the highest
pipe lies above the crown of the lowest pipe. 1he severity
of the error increases as the separation increases.

e Computational instabjlities can occur at junctions with weirs
if: 1) the junction is surcharged, and 2) the weir becomes
submerged to the extent that the downstream head equals or
exceeds the upstream head.

e EXTRAN is not capable of simulating water quality. Any
quality information input on tape to EXTRAN is ignored by
the program.

Methods for dealing with these problems are discussed in Chapter 4.

Finally, a word of caution. EXTRAN is a tool, like a calculator, that
can assist engineers in the examination of the hydraulic response of a drain-
age system to inflow hydrographs. While the model is based on scientific
truth, approximations in time and space are made in order to solve these
problems. While we have tried to anticipate most prototype configurations,
these approximations may not be appropriate in some system configurations or
unusual hydraulic situations. Therefore, persons using the computer program
must be experienced hydraulicians. The computational results should never be
taken for granted, but rather the computer output should be scanned for each
simulation to look for suspicious results. The checking procedure should be
analogous to that which would be followed in checking a backwater profile that
a junior engineer had performed by hand computation. Remember that the major
difference between the engineer and the computer is that the computer can't
think!

For the May 1982 Second Printing, minor typographical errors have
been corrected on the following pages: ii1,8,19,93,94,95,99,100,102,103,
106,110,115,116,121,122,153,160,162,164. Where easily done, some changes
in the program code that make the program agree with that contained on
the May 1982 Version III.1 of SWMM are shown on pages: 169,183,184,188,
189,190,201,208,215. (Only those on pages 189,201 and 208 are error
corrections.) '

For the July 1983 Sixth Printihg, minor typographical errors have
been corrected on the following pages: v, 13, 19, 99, 100, 105, 110, 113,
114,



ABSTRACT

This report contains the documentation and user's manual for the
Extended Transport (EXTRAN) Block of the Storm Water Management Model
(SWMM). EXTRAN is a dynamic flow routing model used to compute backwater
profiles in open channel and/or closed conduit systems experiencing un-
steady flow. [t represents the drainage system as links and nodes, al-
lowing parallel or -looped pipe networks; weirs, orifices, and pumps; amd
system surcharges to be simulated. EXTRAN is used most efficiently if it
is only applied to those parts of the drainage system which cannot be
simulated accurately by simpler, less costly models.

The EXTRAN manual is designed to give the user complete information
in executing of the model both as a block of the SWMM package and as an
independent model. Formulation of the input data is discussed in detail
and demonstrated by seven example problems. Typical computer output is
also discussed. Problem areas which the user may confront are described,
as well as the theory on which the EXTRAN model rests. The manual con-
cludes with a comprehensive discussion of the EXTRAN code.

This report was submitted in partial fulfillment of EPA Cooperative
Agreement No. CR805664 to the University of Florida under the partial
sponsorship of the U.S. Environmental Protection Agency. Camp Dresser &
McKee, Inc. prepared this report as a contractor to the University of
Florida. Work was completed as of August, 1981.
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CHAPTER 1
BLOCK DESCRIPTION

BACKGROUND

EXTRAN is a hydraulic flow routing model for open channel and/or closed
conduit systems. The EXTRAN Block receives hydrograph input at specific nodal
locations by tape transfer from the RUNOFF Block and/or by input. The model
performs dynamic routing of stormwater flows through the major storm drainage
system to the points of outfall to the receiving water system. The program
will simulate branched or looped networks, backwater due to tidal or nontidal
conditions, free-surface flow, pressure flow or surcharge, flow reversals,
flow transfer by weirs, orifices and pumping facilities, and storage at on or
off-line facilities. Types of channels that can be simulated include cir-
cular, rectangular, horseshoe, egge, baskethandle pipes, plus trapezoidal
channels. Simulation output takes the form of water surface elevations and
discharge at selected system locations.

EXTRAN was developed for the City of San Francisco in 1973(1,2), At
that time it was called the San Francisco Model and (more properly) the WRE
Transport Model., In 1974, EPA acquired this model and incorporated it into
the SWMM package, calling it the Extended Transport Model - EXTRAN - to
distinguish it from the TRANSPORT Module developed by the University of
Florida as part of the original SWMM package. Since that time, the model has
been refined, particularly in the way the flow routing is performed under
surcharge conditions. Also, much experience has been gained in the use and
misuse of the model.

This document is the User's Manual and Program Documentation of the
most recent version of EXTRAN as extended and refined by Camp Dresser & McKee
Inc. (COM)L. The documentation section (Chapter 5) has been expanded to
include more discussions of program limitations and the input data descrip-
tions have been revised to provide more guidance in the preparation of data
for the model.

The remainder of this chapter discusses program operating requirements
and characteristics of EXTRAN, and how it interfaces with other SWMM blocks.
Chapter 2 contains instructions for data preparation. Narrative discussions
of the input data requirements contain tips for developing a well defined
system. Chapter 3 consists of several example problems that demonstrate how
to set up EXTRAN for each of the storage/diversion options in the model.

lyater Resources Engineers was wholly integrated into Camp Dresser & McKee,
Inc. in 1980.




Chapter 4 discusses typical problems that can occur with the use of the model
and what action should be taken to correct them. A discussion of error mess-
ages contained in the program is also presented. Chapter 5 describes the con-
ceptual, mathematical, and functional respesentation of EXTRAN; the program
structure and listing is contained in Chapter 6.

PROGRAM OPERATING REQUIREMENTS

EXTRAN was originally programed for the Univac 1108 in FORTRAN V. This
version of the FORTRAN compiler is essentially compatible with the IBM FORTRAN
LEVEL G compiler and the extended compiler used on CDC 6600 series equipment.
The model was subsequently installed on IBM, CDC, DEC 20, and several other
computers. The latest refinements to the model have been performed on the DEC
20 computer.

EXTRAN is presently sized to simulate drainage systems of up to 187
channels, 187 junctions, 20 storage elements, 60 orifices, 60 weirs, 20 pumps,
and 25 outfalls. The core storage and peripheral equipment to operate this
program are:

High speed core: 130,000g words
45,0001 words
Peripheral storage: 2 drum, disk or tape files
One card reader or input file device
One line printer

Execution times for EXTRAN are roughly proportional to the number of system
conduits and the number of time-steps in the simulation period. A summary of
COM's prior experience in running the EXTRAN on both CDC 6600 and Univac 1108
systems is presented graphically in Figure 1. Using the Univac 1108 operating
data in Figure 1 as an example, it is estimated that the total compuation time
for a network of 100 pipes, using a 10-second time-step over a l-hour simula-
tion period, would be approximately 300 system-seconds. Run time for the
example problems in Chapter 3 (9 pipes, 8 hour simulation, 20 second time-
step) was about 44 seconds on the DEC 20 computer. Note that the curves pre-
sented in Figure 1 become highly nonlinear for t < 10 seconds because of the
increased frequency of internal tape transfers and output processing.

INTERFACING WITH OTHER SWMM BLOCKS

The EXTRAN Program can easily be interfaced with other SWMM Blocks, even
though EXTRAN is designed to stand by itself. Figure 2 shows a schematic
overview of the EXTRAN Block and its relation to SWMM system control and input
data cards. The EXTRAN Block receives hydrograph input at specific nodal
locations either by tape transfer from a preceding block, usually RUNOFF, or
by card input, described in Chapter 2. The output tape, which contains
hydrographs at all system outfall points, can be generated if desired. This
output tape can then be used as input to any subsequent SWMM Block, typically
RECEIV. The EXTRAN Program itself is called as a subroutine by the Executive
Block. The EXTRAN Block, in turn, reads the input data it requires to perform
its flow routing function.



MODEL RUN TIME PER PIPE PER HOUR OF SIMULATION -SECONDS /PIPE /HOUR

18 1

O UNIVAC 1108 including 1/0

L————/\ CDC 6600 including 1/0

T T T T 1
S 10 ) 20 25 30

TIME STEP-SECONDS
Figure 1. Summary of EXTRAN run times
on CDC and UNIVAC systems.
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The version of EXTRAN shown in Appendix Table A-3 is set up to run out-
side the SWMM Executive Block. Chapter 6 explains the revisions to the code
needed to convert the present main program of EXTRAN to Subroutine EXTRAN of
the Executive Block. Although SWMM is designed to run successive blocks
consecutively without user intervention, it is strongly recommended that this
option not be used with EXTRAN. Simulation resuits should be examined before
they are used as input to EXTRAN; EXTRAN results should be reviewed, in turn,
for reasonableness before they are input to subsequent blocks. To bypass the
inter-block review process is to invite undetected errors in the analysis
results and/or to require expensive reruns of blocks that used erroneous out-
put data from a preceeding block.

If EXTRAN is the only block called from the Executive Block, input data
for the Executive Block would be structured as follows:

CARD GROUP 1 I/0 tape/disk assignments
JIN = output tape/file number from, typically, the

RUNOFF Block if RUNOFF hydrographs are to be
used in simulation

= 0 if input hydrographs are from cards only (See
Card Group 20 and 21 in EXTRAN Block input data
description)

JOUT

output tape/file number that will be used to
input outfall hydrographs from EXTRAN into a
subsequent block such as RECEIV

= 0 if the outfall hydrographs are not required by
a subsequent block

Note that there is no EXTRAN Quality Block. If pollutographs

are to be routed through the drainage system, it is suggested

that RUNQFF or TRANSPORT be used for this purpose.
CARD GROUP 2 - Scratch tape/disk assignment

Enter a blank card
CARD GROUP 3 - Block Control Card

Enter EXTRAN only
In this case, Card Group 1 of the EXTRAN input data set shown in Chapter 2,
Table 1, is not needed and should be omitted. If, on the other hand, EXTRAN
is run independently of the Executive Block using the code shown in Appendix

Table A-3, the input data set should be formed exactly as shown in Table 1,
omitting the above Executive Block input data.



CHAPTER 2
INSTRUCTIONS FOR DATA PREPARATION

INTRODUCTION

When a drainage system is to be analyzed with EXTRAN, the first step in
the study is generally to define the sewer system and the watershed (sewer-
shed) that it drains. This information is usually available from the agency
responsible for operation and maintenance of the system. Care should be taken
in this step to insure that "as built" drawings of the system are used. Where
information is suspect, a field investigation is in order.

Once the sewer system and watershed has been defined, the watershed is
subdivided into subareas in accordance with the guidelines presented in the
RUNOFF Block documentation. Figure 3 shows the South Boston combined sewer
system and its watershed subdivided into subbasins. Figure 4 is a schematic
representation of the South Boston combined sewer system. Note that
"TRANSPORT" refers to EXTRAN in this case. The figure shows all pipes and
channels to be simulated in the study, the location and type of all diversion
structures and all system outlets and overflow points. It may be of interest
to note here that the 6000-series channels at the Columbus Park Headworks
represent the four-channel grit chambers in the headworks that determine the

stage-discharge relationship at Junction 60101 in the sytem.

Note that conduits are distinguished on Figure 4 between those that will
be simulated in RUNOFF and those to be simulated in EXTRAN. As a general
rule, the upstream portions of the drainage system should be represented in
RUNOFF as much as possible because the data preparation is more simple and the
flow routing takes less computer time. The dividing point for the two systems
is the point where backwater effects, surcharge, and/or diversion facilities
affect the flow and head computation. Pipes and channels downstream of this
point should be included in EXTRAN.

Junction Points should be identified at each:

Upstream terminal point in the system,

Outfall and discharge point,

Pump station, storage point, orifice and weir diversion,
Junction where inflow hydrographs will be input (either by
card input or from RUNOFF),

Pipe junction,

Point where pipe size/shape changes significantly,

Point where pipe slope changes significantly, and

Point where pipe inverts are significantly different.

6
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Following the preliminary identification of junction points, a check should be
made to eliminate extremely long or short distances between junctions. As a
rule of thumb, the longest conduit should not exceed four or five times the
length of the shortest conduit. If this occurs, short conduits can be in-
creased in length by use of equivalent pipes and long conduits can be shorten-
ed by adding intermediate junction points.

Keep in mind when setting conduits lengths (placing junctions) that the
time-step is generally controlled by the wave celerity in the system. To
estimate the time-step, first compute:

L
At = .
e, (1)
where: :
Ate = time for a surface wave to travel from one

end of a conduit to the other in seconds,
conduit length in feet,

32.2 ft/sec,

channel depth or pipe diameter in feet.

o r
uwnwn

The time-step can usually exceed at; by a factor of 1.5 to 2.0 for a few
widely separated conduits. For most problems, conduit lengths can be of such
length that a 15 to 30 second time-step can be used. Occasionally, a § to 10
second time-step is required. A time-step of 60 to 90 seconds should not be
exeeded even in large open channel systems where the celerity criteria is not
violated with a larger time-step.

I[f an extremely short pipe is included in the system, as indicated by a
small At., an equivalent longer pipe can be developed using the following
steps. First, set the Manning equation for the pipe and its proposed equiva-
lent equal:

1.49 , o 2/3¢ 1/2 _ 1.49 AeRe2/3Sel/2

n. ‘pp p N, (2)

o

where:

actual pipe,

equivalent pipe,

Manning's roughness coefficient,
cross-sectional area,

hydraulic radius, and

slope of the hydraulic grade line.

no>x»a 00

If we assume that the equivalent pipe will have the same cross-sectional area
and hydraulic radius as the pipe it replaces, we can say:

1/2 =~ ¢ 1/2 3
Sp /np Se ' /ng (3)
Now, since

s = L (4)



where:

the total head loss over the conduit length, and
conduit length,

h
L

and since the head losses are to be equal in both pipes, equation (2) can be
simplified to:

- L 12 12 A (5)
N "pr /tq

where Lo is the desired equivalent pipe length, either no smaller than four to
five times smaller than the longest pipe in the system, or large enough to
give a t. within the range indicated above. The user, through experience,
will be able to determine the pipe length changes required to achieve stabil-
ity and an acceptable time-step for the simulation.

At this point, the system schematic should be in pretty good shape for
developing model input data. The remaining sections of this chapter describe,
step-by-step, how to develop the input data file for EXTRAN.

INPUT DATA DESCRIPTION

Specifications for input data preparation are contained in Table 1. The
table defines input format column location and variable description and name.
Table A-1 in the Appendix is a set of input data forms which can be used to
facilitate encoding the data for EXTRAN. Perusal of Table 1 reveals that the
input data is divided into 22 card groups. Card Groups 1-7 are control cards
that identify the simulation, set the time-step and start time, and identify
Jjunctions for card input hydrograph, and junction and conduits for printing
and plotting of heads and flows. The identification of conduits and junctions
is done in Card Groups 8 and 9, respectively. Card Groups 10-13 identify
storage and diversion junctions, while Groups 14-18 identify system outfalls
and backwater conditions at the outfalls. Initial conditions for heads and
flows are defined in Card Groups 19-20. Card Groups 21 and 22 define card
input hydrographs. Further descriptions of the data to be entered in each
card group are given below.

Card Group 1: Tape Numbers

Card Group 1 is a single card which specifies the identifying numbers of
tapes used for input and output hydrograph storage, if used. A zero should be
entered if a particular tape is not used. Card Group 1 should be included
only if EXTRAN is to be run on its own, i.e., outside the SWMM Executive Block.

Card Group 2: Run Identification

Card Group 2 consists of 2 cards, each having 80 columns or less, which
typically describe the system and the particular storm being simulated.

10



Card Group 3: Run Control

Card Group 3 is a single card defining the number ot integration steps
in the simulation period, the length of each time-step, output control data,
the number of hydrograph input points to be supplied by cards {in addition to,
or rather than, tape input generated by the Runoff Block), and control para-
meters for iterations on computations for surcharged areas.

The time-step, DELT, is most critical to the cost and stability of the
EXTRAN model run and must be selected carefully. The time-step should be
selected according to the guideline described in the Introduction to this
chapter (see Equation 1). The computer program will check each conduit for
violation of the surface wave criteria and will print the message:

ek WARNING **** (C*DELT/LEN) IN CONDUIT IS rrr AT FULL DEPTH

where rrr is the ratio

rer = __g_AtL D (6)

where

the time-step

gravity

conduit height or pipe diameter
conduit length

— Owu

As already noted, if rrr is greater than 1.5 or 2.0 for any conduit, or if
several conduits have rrr over 1.5, the time-step should be reduced. rrr
should never exceed 1.0 in a terminal conduit (i.e., an upstream terminal
conduit or outfall).

Another constraint to be observed carefully is the length of the total
simulation period defined as the product of NTCYC and DELT. This period must
not extend in time beyond the simulation period of any preceding biock.
Otherwise, an improper attempt to read beyond the end-of-file of the input
hydrograph tape is made and execution of EXTRAN stops.

The printing interval, INTER, also must be specified carefully to insure
proper output of heads, velocities, and flows. The present output capacity
of EXTRAN provides for 100 values each of nodal water depth, elevation, con-
duit flow, and velocity to be printed as detailed output for any given simula-
tion run. When this number is exceeded, the printing arrays are filled with
extraneous results taken from other core storage locations which bear no
resemblance to the desired output. As an example, if NTCYC = 1600 and we
start printing in cycle 1(NSTART=1), then INTER must = 16 or more to maintain
correct printing control. Alternatively, if NSTART = 801 then INTER can be 8.
Also, the output looks better if NSTART and INTER are selected so that the
first (and subsequent) output{s) occurs at an even minute(s) or half
minute(s).

The variables ITMAX and SURTOL control the accuracy of the solution in
surcharged areas. In reality, the inflow to a surcharged area shou!d equal
the outflow from it. Therefore, the flows and heads in surcharged areas are
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recalculated until either the difference in inflows and outflows is less than
a tolerance, defined as SURTOL times the average flow in the surcharged area,
or the number of iterations exceeds ITMAX. It has been found that good
starting values for ITMAX and SURTOL are 30 and 0.05, respectively. The user
should be careful to check the intermediate printout, which indicates whether
the iteration is converging. Also, if there is more than one surcharged sec-
tion of the drainage system, special rules apply. More details on checking
convergence of the surcharge iterations are found in Tips For Troubleshooting
(Chapter 4).

Card Groups 4 and 5: Detailed Printing for Junctions and Conduits

Card Group 4 contains the 1ist of individual junctions (up to 20) for
which water depth and water surface elevations are to be printed continuously
throughout the course of the simulation period. Card Group 5 contains the
1ist of individual conduits tup to 20) for which flows and velocities are to
be printed.

Card Groups 6 and 7: Detailed Plotting for Junctions and Conduits

Card Groups 6 and 7 contain, respectively, the lists of junctions and
conduits for which time histories and water surface elevation and flows are to
be plotted.

Card Group 8: Conduit Data

Card Group 8 contains data input specification for conduits including
shape, size, length, hydraulic roughness, connecting junctions, and invert
distances referenced from the junction invert. The input data instructions,
as presented in Table 1, are self-explanatory with the exception of junction/
conduit invert elevations.

Basic definitions of conduit invert distances ZP(N,1) and ZP(N,2) are
illustrated in Figure 5. The junction invert elevation is specified in Card
Group 9. The distance ZP is height of the invert of connecting conduits above
the junction floor. Note, however, that the lowest pipe connected to the
junction (pipe N in Figure 5) must have a 7P of zero. If it does not, the
Junction will behave l1ke a mass sink in the system., Water will flow into the
junction but none will flow out. ~

Card Group 9: Junction Data

The explanation of ground and invert elevations is also shown in Figure
5. One junction card is required for every junction in the network including:
regular junctions, storage and diversion junctions, pump junctions, and out-
fall junctions. It is emphasized again that the junction invert elevation is
defined as the invert elevation of the lowest pipe connected to the junction.
The program execution will terminate with an error message:

***% ERROR **** ALL CONDUITS CONNECTING TO JUNCTION
LIE ABOVE THE JUNCTION INVERT

unless there is at least one pipe having a zero ZP at the junction.
12
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The surcharge level or junction crown elevation is defined as the crown
elevation of the highest connecting pipe and is computed automatically by
EXTRAN. Note that the junction must not surcharge except when the water
surface elevation exceeds the crown of the highest pipe connected to the
junction. Pipe N+l 1in Figure 5 1s too high. 1This junction would go into
surcharge during the period when the water surface is between the crown of
pipe N-1 and the invert of pipe N+l. If a junction {s specified as shown in
Figure 5 and the water surface rises above the crown of pipe N-1, the program
will print an error message:

**&x ERROR **** SURFACE AREA AT JUNCTION __ IS ZERO,
CHECK FOR HIGH PIPE

and will then stop. To correct this situation, a new junction should be
specified that connects to pipe N+l. A “dummy conduit” is specified which
connects the old junction with pipes N-1 and N to the new junction which con-
nects to pipe N+l. The pipe diameter should be that of N+l and the length
selected to meet the stability criteria given by Equation 6. Ihe Manning n
for the "dummy pipe" is computed to reflect the energy loss that occurs during
surcharge as water moves up through the manhole and into pipe N+l1.

The "ground elevation“, GRELEV(J), is the elevation at which the assump-
tion of pressure flow is no longer valid. Normally, this will be the street
or ground elevation; however, if the manholes are bolted down, the GRELEV(J)
should be set sufficiently high so that the simulated water surface elevation
does not exceed it. When the hydraulic head must exceed GRELEV(J) to maintain
continuity at the junction, the program allows the excess junction inflow to
"overflow onto the ground” and become lost from the system for the remainder
of the simulation period.

QINST(J) is the net constant flow entering (positive) or leaving
(negative) the junction.

Card Group 10: Storage Junctions

Conceptually, storage junctions are tanks of constant surface area, over
their depth. A storage "tank" may be placed at any junction in the sytem,
either in-line or off-line. The elevation of the top of the tank is specified
in the storage junction data and must be at least as high as the highest pipe
crown at the junction. If this condition is violated, the system will go into

- simulated surcharge before the highest pipe is flowing full.

Card Group 11: Orifice Cards

EXTRAN simulates orifices as equivalent pipes (see Chapter 5). Data
entry is straightforward. For sump orifices, the program automatically sets
the invert of the orifice one diameter below the junction invert so that the
orifice is flowing full before there is any discharge (overflow) to conduits
downstream of the junction containing the orifice.

14



Card Group 12: Weir Cards

The definition sketch for weirs is illustrated in Figure 6. The
following types of weirs can be simulated:

e Internal diversions (from one junction to another via a
transverse or sideflow weir.

o Outfall weirs which discharge to the receiving waters. These
weirs may be transverse or sideflow types, and may be equipped
with flap gates that prevent backflow.

Transverse weir and sideflow weirs are d1st1ngu1shed in EXTRAN by the value
of the exponent to which the head on the w§1£ is taken. For transverse weirs,
head is taken to the 3/2 pog75 i.e., Qy ) while for sideflow weirs the
exponent is 5/3 (i.e., Q,H

When the water depth at the weir }unct1on exceeds YTOP (see Figure 6)
the weir functions as an orifice (Q,-H . The discharge coefficient for the
orifice flow condition is computed 1nterna11y in EXTRAN (see Chapter 5).

Stability problems can be encountered at weir junctions if the junction
surcharges during the simulation. If this happens or is suspected of happen-
ing, the weir 'may be represented as an equivalent pipe. To do this, equate
the pipe and weir discharge equations, e.g.:

L.69 pg2/351/2 ¢ /2 o

where:

Manning n for the pipe,
cross-sectional area,

hydraulic radius,

hydraulic grade line for the pipe,
head across the weir,

weir discharge coefficient,

weir length.

EOII VMO

In this equation, S = H/L where L is the pipe length, and A = WH. If R is set
at the value of the hydraulic radius where the head is half way between YCREST
and YTOP, and L is set in accordance with Equation 6, then n can be computed
as: 2/3

= £ (8)

n—
1/2
C.b

for the equivalent pipe.

Card Group 13: Pump Cards

Pumps may be of two types:

1. An off-line pump station with a wet well; the rate of pumping
depends upon the volume (level) of water in the wet well.
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2. An on-line 1ift station that pumps according to the level of
the water surface at the junction being pumped.

The definition sketch in Figure 7 defines the input variable for Type 1 pump.
For a Type 2 pump station, the following operating rule is used:
Y < VRATE(I,1) Qp = Junction inflow or PRATE(I,1),
whichever is less

VRATE(I,1) < Y < VRATE(I,2) Qp = PRATE(I,2)
VRATE(I,2) < Y = Gp = PRATE(I,3)

—

Note that for a Type-2 pump station VRATE is the water depth at the pump
junction, while for a Type 1 station it is the volume of water in the wet
well,

Note also that only one conduit may be connected to a Type 1 pump
station junction.

Card Group 14: Free Qutfall Pipes

Three types of outfalls can be simulated in EXTRAN:

1. A weir outfall with or without a flap (tide) gate (Card Group 12),
2. A conduit outfall without a flap gate (Card Group 14), or
3. A conduit outfall with a flap (tide) gate (Card Group 15).

“Under Card Group 14, enter the outfall junction number for outfall conduits
without flap gates.

Card Group 15: OQutfall Pipes With Flap Gates

Enter the outfall junction number for conduits with flap gates.

Card Groups 16, 17, and 18: Tidal Backwater Control Cards

Card Groups 16, 17, and 18 describe the single tidal backwater condition
which is applied at all outfalls in the drainage system. The tidal index,
NTIDE, is specified according to whether there is: (1) no water surface at
any outfall; (2) a water surface at constant elevation; (3) a tide whose
period and amplitude are described by user supplied tide coefficients; or (4)
a tide which will be computed by EXTRAN using Equation 37 which is based on a
specified number of stage-time points describing a single tidal cycle.

Card Groups 19 and 20: Initial Flows, Velocities, and Heads

Frequently, it is desired to initialize the drainage network with
starting values of flow, velocity, and water surface elevation which represent
either the dry weather or antecedent flow conditions just prior to the storm
to be simulated. Card Groups 19 and 20 are designed for the purpose of
supplying these initial conditions throughout the drainage system at the
beginning of the simulation. Card Group 19 contains discharge for each con-
duit in the same order as it is specified in Card Group 9. Note that initial
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discharge must be specified for all real conduits plus all internal links.
(There is one internal link for each orifice, weir, pump, and outfall in the
system. In a complex network, the total number of real plus internal conduits
is best determined from the conduit connectivity summary in a trial run with
EXTRAN.) As an example, in a system of 25 real conduits, 28 junctions, 2 ori-
fices, 3 weirs, and 1 free outfall, we have a total of 31 links.  The specifi-
cation of initial discharges in Card Group 19 requires a total of 8 cards with
4 conduits on each. For the case where all flows and heads are zero at the
start of the simulation, enter 99999, in columns 6 thru 10 of Card Group 19.

Similarly, initial depths of flow (not elevations) are keypunched
according to the instruction in Card Group 20. Again the initial heads are
supplied for all real and internal junctions. The latter are specified auto-
matically by the EXTRAN program for each weir in the system. Thus in the
example above, we would have a total of 31 junctions and the initial dry-
weather heads would be punched on four cards in the order the junctions appear
in Card Group 10.

Card Groups 21 and 22: Hydrograph Input Cards

EXTRAN provides for input of up to 20 inflow hydrographs by cards in
cases where it is desirable to run EXTRAN alone without prior use of the
Runoff Block or to add additional input hydrographs, either at the same or
different nodes, to those computed by the Runoff Block. The specification of
individual junctions receiving hydrograph input by cards is given in Card
Group 21. Note that multiple hydrographs coming into a given junction can be
indicated by repeating the junction number in Group 21 for each inflow
hydrograph. The order of hydrograph time discharge points in Card Group 22
now must correspond exactly with the order specified by Card Group 21. The
time, TEQ, of each discharge point is given in decimal clock hours; i.e.,
10:45 a.m. is punched as 10.75. Hydrograph time input points can be specified
at any convenient time as long as a point is included for each junction spe-
cified in Card Group 21. The hydrographs are then formed by interpolating
between consecutive time input points for each time step.
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TABLE 1. EXTRAN DATA REQUIREMENTS

Card Format Card Description Variable
Group Columns Name
TAPE UNIT NUMBERS
NOTE: ONLY INCLUDE CARD GROUP 1 IF EXTRAN
IS RUN STANDING ALONE. SKIP IF EXTRAN
IS CALLED FRQM THE EXECUTIVE BLOCK OF
SWMM,
1 215 1-5 Hydrograph input tape from Runoff N21
Block
6-10 Outfall hydrograph tape for input N22
to RECEIVE Block
RUN TITLE
2 20A4 1-60 Description of computer run ALPHA
(2 cards.) Will be printed on
output (2 lines).
RUN CONTROL PARAMETERS
3 15,2F5.0, 1-5 Number of integration steps or NTCYC
815,F5.0 time cycles desired
6-10 Length of integration step, DELT
seconds
11-15  Start time of simulation, TZERO
decimal hours
16-20 Number of junctions for detailed NHPRT
printing of head output (20 nodes
max.)
21-25 Number of conduits for detailed NQPRT
printing of discharge output
(20 pipes max.)
26-30 Number of junctions to be plotted NPLT
(20 max.)
31-35 Number of conduit flows to be - LPLT
plotted (20 max.)
36-10 First time-step to begin print cycle  NSTART
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TABLE 1. EXTRAN DATA REQUIREMENTS
(Continued)
Card Format Card Description Variable
Group Columns Name
W ==Y
3 (Continued) 41-45 Interval between print cycles INTER
(max. number of cycles printed is
NTCYC - NSTART
INTER
46-50 Number of input junctions, if card NJSW
input hydrographs are used (65 max.)
51-55 Maximum number of iterations to adjust ITMAX
head and flow of surcharged junctions
56-60 Segment of flow in surcharged areas SURTOL
to be used as the tolerance for ending
surcharge iterations
PRINTED HEADS
4 8110 1-10 First junction number for detailed JPRT(1)
printing
11-20  Second junction number, up to number  JPRT(2)
of nodes defined by NHPRT
PRINTED FLOWS
5 8110 1-10 First conduit number for detailed CPRT(1)
printing
11-20 Second conduit number up to number CPRT(2)
of nodes defined by NQPRT
PLOTTED HEADS
NOTE: IF NPLT = 0, SKIP THIS CARD GROUP
6 8110 1-10 First junction number for plotting JPLT(1)
11-20 Second junction number, up to JPLT(2)
number of nodes defined by NPLT
PLOTTED FLOWS
NOTE: IF LPLT = 0, SKIP THIS CARD GROUP
7 8110 1-10 First conduit number for plotting KPLT(1)
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TABLE 1. EXTRAN DATA REQUIREMENTS

(Continued)
Card Format .Card Description Variable
Group Columns Name
W
7 (Continued) 11-20 Second conduit number for plotting, KPLT(2)
up to number of nodes defined by LPLT
(This option is for conduit flow rate)
CONDUIT CARDS(1 CARD/CONDUIT, 187 MAX.)
8 415, 1-5 Conduit number (none greater than NCOND(N)
9F5.0 90000)
6-10 Junction number at upstream end NJUNC(N,1)
of conduit
11-15 Junction number at downstream end NJUNC(N,2)
of conduit
16-20 Type of conduit shape NKLASS(N)
1 = circular
2 = rectangular
3 = horseshoe
4 = egg-
5 = baskethandle
6 = trapezoid
21-25 Cross sectional area of conduit, AFULL(N)
sq. ft. (necessary only for types
3, 4, and 5) _
26-30 Vertical depth of conduit, ft. DEEP(N)
31-35 Maximum width of conduit, ft. WIDE(N)
Bottom width for trapezoid, ft.
36-40 Length of conduit, ft. LEN(N)
41-45 Distance of conduit invert above ZP(N,1)
junction invert at NJUNC(N,1)
46-50 Distance of conduit invert above ZP(N,2)
junction invert at NJUNC(N,2)
51-55 Mannings coefficient (includes ROUGH(N)
entrance and exit losses)
56-60 Slope of one side of trapezoid, STHETA(N)
(horizontal/vertical; O=vertical)
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TABLE 1. EXTRAN DATA REQUIREMENTS
(Continued)
ard Format Card Description Variable
roup Columns Name
8 (Continued) 61-65 Slope on other side of trapezoid, SPHI(N)

(horizontal/vertical; O=vertical)

(Last card must have 99999 in columns 1 to 5)

JUNCTION CARDS (1 CARD/JUNCTION, 187 MAX.)

9 [5, 1-5 Junction number (none greater than JUN(J)
3F5.0 90000)
6-10  Ground elevation, ft. GRELEV(J)
11-15 Invert elevation, ft. Z(J)
16-20 Net constant flow into junction, QINST(J)
cfs (may be a negative number)
(Last card must have a 99999 in columns 1 to 5)
STORAGE JUNCTIONS (1 CARD/JUNCTION, 20 MAX.)
NOTE: JUNCTION MUST BE IDENTIFIED IN JUNCTION
DATA _
10 15, 1-5 Junction containing storage facility JSTORE(I)
2F5.0
6-10 Junction crown elevation (must be ZCROWN(J)
higher than crown of highest pipe
connected to storage facility)
11-15 Storage volume per foot of depth ASTORE(T)
(surface area), cu. ft/ft.
(Last card must have a 99999 in columns 1 to 5)
ORIFICE CARDS (1 CARD/ORIFICE, 60 MAX.)
11 315, 1-5  Junction containing orifice NJUNC(N,1)
3F5.0
6-10 Junction to which orifice discharges NJUNC(N,2)
11-15  Type of orifice NKLASS(N)
1 = side outlet

2 = bottom outlet
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TABLE 1. EXTRAN DATA REQUIREMENTS
(Continued)
Card Format Card Description Variable
Group Columns Name
11 (Continued) 16-20 Orifice area in sq. ft. AORIF(1)
21-25 Orifice discharge coefficient CORIF(I)
-26=30 Distance of orifice invert above ZP(1)
junction floor (define only for
side outlet orifices)
(Last card must have 99999 in columns 1 to 5)
WEIR CARDS (1 CARD/WEIR, 60 MAX.)
12 315, 1-5 Junction at which weir is located NJUNC(N,1)
4F5.0
6-10 Junction to which weir discharges NJUNC(N,2)
NOTE: To designate outfall weir,
set NJUNC(N,2) equal to zero
11-15 Type of weir KWEIR(I)
1 = transverse
2 = transverse with tide gates
3 = side flow
4 = side flow with tide gates
16-20 Height of weir crest above invert, YCREST(I)
ft. )
21-25 Height to top of weir opening above  YTOP(I)
invert (surcharge level) ft.
26-30 Weir length, ft. WLEN(T)
31-35 Coefficient of discharge for weir COEF(I)
(Last card must have 99999 in columns 1 to §)
PUMP CARDS (1 CARD/PUMP, 20 MAX,)
NOTE: ONLY ONE PIPE CAN BE CONNECTED TO A
PUMP NODE
13 315, 1-5 Junction being pumped NJUNC(N,1)
7F5.0
6-10 Pump discharge goes to this junction NJUNC(N,2)
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TABLE 1. EXTRAN DATA REQUIREMENTS

(Continued)
Card Format Card Description Variable
Group Columns Name
m
13 (Continued) 11-15 Type of pump IPTYP(I)

1 = off-line pump with wet well
2 = on-line 1ift pump

-16=20 Initial wet well volume, cu..ft. VWELL(I)
(enter 0 for type 2 pump)

21-25 Lower pumping rate, cfs. PRATE(I,1)

26-30  Mid-pumping rate, cfs. PRATE(I,2)

31-35 High pumping rate, cfs. PRATE(I,3)

36-40 Wet well volume (or junction depth)  VRATE(I,1)
for mid rate pumps to start, cu. ft.
(or ft.)

41-45 Wet well volume (or junction depth)  VRATE(I,2)
for high rate pumps to start,
cu. ft. (or ft.)

46-50 Total wet well capacity, cu. ft. VRATE(I,3)
(enter 0 for type 2 pump)

(Last card must have 99999 in columns 1 to 5)

OUTFALL PIPES W/0 TIDE GATES
(1 CARD OUTFALL, 25 MAX.)

NOTE: ONLY ONE CONNECTING CONDUIT IS PERMITTED
TO A FREE OUTFALL NODE

14 I5 1-5 - Junction for free outfall JFREE(I)

(Last card must have 99999 in columns 1 to 5)

OUTFALL PIPES WITH TIDE GATES (1 CARD OUTFALL, 25 MAX.)

NOTE: ONLY ONE CONNECTING CONDUIT IS PERMITTED
TO OUTFALL NOOE

15 15 1-5 Junction at which gate is located JGATE(1)

(Last card must have 99999 in columns 1 to 5)
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TABLE 1. EXTRAN DATA REQUIREMENTS
(Continued)

Card Format Card Description Variable
Group Columns Name

m

1 CARD FOR TIDAL CONTROL

16 I5, 1-5 Tide index: NTIDE
8F5.0 1 = no water surface at outfalls
2 = outfall control water surface
at constant elevation, Al
3 = tide coefficients provided
4 = program will compute tide
coefficients
6-10 First tide coefficient Al
NOTE: COLUMNS 11-45 NOT REQUIRED UNLESS NTIDE = 3
11-15 Second tide coefficient ‘ A2
16-20 Third tide coefficient A3
21-25 Fourth tide coefficient A4
26-30 Fifth tide coefficient A5
31-35 Sixth tide coefficient A6
36-40 Seventh tide coefficient A7
41-45  Tidal period in hours W

REQUIRED IF NTIDE = 4

17 315 : 1-5 If one, there are four information KO
points, program will develop the
coefficients

6-10 Number of information points (4 if NI
KO above equals 1)

11-15 If one, will print information on NCHTID
tide coefficient development
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TABLE 1. EXTRAN DATA REQUIREMENTS
(Continued)

Card Format Card Description Variable
Group Columns Name

——
———— —

REQUIRED IF NTIDE = 4

18 8F10.0 1-10 Time, first information points TT(1)
“11-20 Tidal stage, at time above YY(1)
21-30 Time, second information points TT(2)

31-40 Tidal stage, at time above, up to YY(2)
number of points as defined by NI

INITIAL FLOWS
19 8F10.0 1-10 Initial flows (cfs) Q(1)
11-20 Initial velocities (fps) V(1)
21-30 NOTE: 1IF ALL INITIAL FLOWS, VELOC- Q(2)
ITIES AND HEADS ARE ZERO, PUNCH

31-40 99999. IN COLS. 1-10 OF FIRST CARD V(2)
FOR Q(1). NO OTHER CARDS REQUIRED

41-50
(4 conduits per card, up to NTL
conduits. Includes internal 1inks.)
INITIAL DEPTHS
20 8F10.0 1-10  Initial junction depth (ft.) Y(1)
11-20 NOTE: SKIP IF A 99999. HAS BEEN Y(2)

PUNCHED FOR Q(1) ABOVE.

(8 junctions per card up to NJ junc- Y(NJ)
tions. Includes internal junctions.)
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TABLE 1. EXTRAN DATA REQUIREMENTS
(Continued)

Card Format Card Description Variable
Group Columns Name
CARD HYDROGRAPHS
IF NJSW = 0, SKIP CARD GROUPS 21 and 22
21 1615 1-5 First input node for card hydrograph JSW(1)
6-10 Second input node for card hydrograph JSW(2)

L] »
* -

REQUIRED-IF NJSW > 1
22 8F10.0 1-10 Clock time, in decimal hours TEO

11-20 Flow rate, cfs., first input node, QCARD(1,1]
JSW(1)

21-30 Flow rate, cfs., second input node, QCARD(Z,I{
. JSW(2), up to NJSW nodes .

(1f more than one card is needed for
each time, the next QCARD(N,1) should
begin in Columns 1-10 of each subsequent
card, 8 QCARD(N,1) per card up to
QCARD(NJSW,1). Repeat with the same
number of cards for each TEQ with the
final TEO greater than the end time
of the run.)
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CHAPTER 3
EXAMPLE PROBLEMS

INTRODUCTION

Seven test runs of EXTRAN have been made and are included in this
report. They will demonstrate how to set up the input data sets for each of
the flow diversions included in the model. The complete or partial results of
these runs have also been included as an example of typical output and an aid
in interpreting EXTRAN results.

EXAMPLE 1: BASIC PIPE SYSTEM

Figure 8 shows a typical system of conduits and channels conveying
stormwater flow. In this system, which is used in all the example probiems
below, conduits are designated with four-digit numbers while junctions have
been given five-digit numbers. There are three inflow hydrographs, which are
read from cards, and one free outfall. Table 2 is the input data set for
Example 1.

The complete output for Example 1 is found in Table 3. The first sec-
tion is an echo of the input data and a listing of conduits created internally
by EXTRAN to represent outfalls and diversion caused by weirs, orifices, and
pumps.

The next section of the output is the intermediate printout. This
lists system inflows as they are read by EXTRAN and gives the depth at each
junction and flow in each conduit in the system at a user-input time interval.
A junction in surcharge is indicated by printing an asterisk beside its depth.
Also, if surcharge iterations are occurring at the time of the intermediate
printout, EXTRAN prints the flow differential over all surcharged junctions
and the number of iterations required. An asterisk beside a conduit flow
indicates that the flow is the normal flow for the conduit. l|he intermediate
print out ends with the printing of a continuity balance of the water passing
through the system during the simulation. Printed outflows from junctions
not designated as outfalls in the input data set are junctions which have
flooded. :

The final section of the output gives the time history of depths and
flows for those junctions and conduits input by the user, as well as a summary
for all junctions and conduits in the system. - The output ends with the user-
requested plots of junction heads and conduit flows.
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EXAMPLE 2: TIDE GATE

Figure 9 shows the system simulated in Example 2, which is the basic
pipe system with a tide gate at the outfall and a constant receiving water
depth of 94.4 feet Two changes to the input data set, shown in Table 4, are
required for this situation. These, shown in Table 4, are:

1. Placing the outfall junction number (10208) in Card Group 14; and
2. Changing NTIDE in Card Group 15 to 2 and inputing Al = 94.4,

The summary statistics for this run are in Table 5.
EXAMPLE 3: SUMP ORIFICE DIVERSION

Example 3 uses a two foot diameter sump orifice to divert flow to junc-
tion 15009 in order to relieve the flooding upstream of junction 82309. A
free outfall is also used in this example. Table 6 indicates that the sump
orifice is inserted simply by changing Card Group 10 as shown. A summary of
the results from this example is found in Table 7.

EXAMPLE 4: WEIR DIVERSION

A weir can also be used as a diversion structure to relieve the
flooding upstream of junction 82309, a shown in Figure 11. Card Group 11 has
been revised as shown in Table 8 in order to input the specifications for this
weir. Summary results are shown in Table 9.

EXAMPLE 5: STORAGE FACILITY WITH SIDE OUTLET ORIFICE

Inclusion of a storage facility requires several changes to the basic
pipe system. Figure 12 shows that a new junction, 82308, has been inserted to
receive the outflow from the orifice in the storage facility. Table 10 shows
that this requires a new junction in Card Group 8, the invert of which is set
to that of conduit 1602. This change, however, also requires that the invert
of junction 82309 be raised to that of conduit 8060. Table 2 shows that, for
the basic pipe system, conduit 8060 is 2.2 feet (ZP(N,2) above the invert of
junction 82309. Thus, the invert of 82308 is set at 112.3 feet (the original
elevation of 82309), the invert of 82309 is 114.5 feet, and ZP(N,2) for 8060
is 0.0. Card Group 9 is revised to show the size of the storage facility, and
Card Group 10 is changed to show the specifications of the two foot diameter
size orifice. Table 11 gives the results of this example.

EXAMPLE 6: OFF-LINE PUMP STATION

Inclusion of an off-line pump station requires the addition of a junc-
tion to represent the wet-well and a conduit to divert the flow to it, as
Figure 13 demonstrates. Examination of Card Groups 7 and 8 in Table 12 shows
the specifications for junction 82310 and conduit 8061. The length and
Manning's n of conduit 8061 shown here, though, have been altered for stabi-
lity purposes to those of an equivalent pipe to the actual 8061, which is 20
feet long with an n of .015. Chapter 2 gives the details of the equivalent
pipe transformation. Also, Card Group 12 now includes a card giving the pump
specifications. Results from this example are found in Table 13.
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EXAMPLE 7: [IN-LINE PUMP STATION

The pump in Example 6 can be moved to junction 82309 to simulate an
inline pump station. Figure 14 shows that this requires no alteration to the
basic pipe system of Example 1. The only change to the input data set, shown
in Table 14, is the pump card in Group 12. [t should be noted, though, that
the VWELL variables are now water elevations at junction 82309 rather than the
volume of a wet-well. Results are found in Table 15.
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TABLE 2

INPUT DATA SET FOR EXAMPLE 1
0 0
EXTRAN USER’S KAHUAL EXAMFLE PROBLEHM 1
RASIC PIPFE SY3TCLM FROM FIGUREZ 8
1440 20. .0 6 é & 6 AS AT 3 J0 0,08
80608 16009 15109 13009 82309 30408
1030 1630 1600 - 1602 1570 8130
80608 15009 16109 15009 82309 80408
1030 1630 1600 1602 1570 8130
80408040880408. ' 4.00 1800, + 0195
80608060882309 4,00 2073, 2.2 .015
81008100981307 4.350 5100, .015
81308130915009 4,50 3500. .015
10301030210208 4500, L0185 3.
15701500916009 5000. 01054
150014600914109 3500, +015
16301460091030¢9 300, L0010 2.
15028230716109 . 3000, 034
29999
£0408138,0124.6 0
80408135.0118.3
31009137.0128.2

81309130.0117.5
82309155.0112.3

10208100.0 37.9
16309111.0101.46
15009125.0111.3
16009120.0102.0
15109125.0102.8

ffffff

0N O e e s
~0
(=

- O

COOCO OO0 O-
OO OO OO0OO O

* & @ e * e e o

73999
19208
?IVGe
7?99

1
DP9
323098040881009
0.0 ' 0.0 0.0
0.2 40.0 45.0
3.0 40,0 45.0
3.25 ‘ 0.0 0.0
12.0 0.0 0.0

OO M Uo

e e OO

OO+ +» O
o O
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TABLE 3
QUTPUT FROM EXAMPLE 1
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ENVIROMENTAL PROTECTION AGENCY
WASHINGTONy D.C. na :

o - ANALYSIS MODULE

EXTRAN USER’S MAMUAL EXAWPLE PRODLEN 1
BASIC PIPE SYSTEM FROM FIGURE 8

INTEGRATION CYCLES 1440
LENGTH OF INTEGRATION STEP IS 20, SECOMDS

PRINTING STARTS [N CYCLE S AND PRINTS AT INTERVALS OF 43 CYCLES

"INITIAL TIME 0,00 HOURS
PRINTED QUTPUT AT THE FIRLONING & JUNCTIONS
80408 16009 18109 15009 82309
AND FOR THE FOLLOVING 4§ CONDUITS
1030 1630 1600 1602 1570

UATER SURFACE ELEVATIONS WILL BE PLOTTED FOR THE FOLLOWING

80408 16009 16109 13009 92309

FLOW RATE WILL 3E PLOTTED FOR THE FOLLOWING & CONDUITS

1030 1630 1600 1502 1570

)
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ENVIRGNMENTAL PROTECTION AGENCY 5353 EXTENDED TRANSPRT PROGRAY &3 WATFR RESOURCES DIVISION

VASHINGTON» 0.C. o 2- CAHP NRESSER ¢ HEXFE [NC.
e ANALYSTS MIDILE e ANMANDALE ) VIRGINIA

EXTRAN USER’S NAMUAL EXANPLE PROBLEN {

BASIC PIPE SYSTEN FROM FIGURE 8

COMDUIT LENGTH CLASS = AREA  AMNING #AX WIDTH DEPTH  ANCTIONS INVERT HEIGHT TRAPEZOID
NUMBER (FD (52 FT)  COFF, (FT) (FT) AT ENDS ABOVE JUNCTIONS SIDE SLore
t 8040 1800, 1 12,57 0.015 4,00 4,00 80408 80408
2 8060  2073. 1 12,87 0.013 4,00 4,00 80408 82309 0.00 2.20
3 8100 5100, 1 13,90  0.013 () 4,50 81007 81309
4 8130 3300, t 15.90  0.015 450 4,30 41309 (5009
3 1030 4500, s 3,0 0,018 0.01 9.00 10309 10208 3.00 3,00
8 1570 5000, 1 .76 0,018 5.50 3.5 15009 16009
7 1600 500, 1 8.2 0,015 8,00 5,00 16009 18109
8 1430 Jo0. 5 3.0 0,015 0.01 9.00 15009 10309 3.00 3.00
? 1602 3000, t 19.43  0.034 5.00 5.00 82309 18109

T332 UARNING $338 (CI0ELT/LEN) IN CONDUIT 1430 IS (.1 AT FULL DEPTH.
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ENWIROMMENTAL PROTECTION AGENCY s EXTENBED TRANSPORT PROGRAM 1132 WATTR RESOURCES DIVISION

VASHINGTOM» D.C. n t CANP DRESSER ! NCXEE INC.
un AMALYSIS NODULE nn AMNANDALE, VIRSINIA

EXTRAN USER’S MAMUMAL EXANPLE PROBLEN 1

BASIC PIPE SYSTEN FROM FIGURE 8

JNCTION  GROUE CROMN INVERT st COMECTING CONDUITS
NIDER ELEV. ELEV. BEV. (CF9)

1. 80408 138,00 128,40 120,60 0.00 8040

2 90408 1350 12,30 118.30 9.00 8040 8040

3 91009 137,00 132,70 128.20 0.00 8100

LI} 130,00 122,00 117.5 9.00 8100 8130

3 2 13,00 118,30 112,30 0.00 8060 1402

4 10208 100.00 78.90 89.90 9.00 1030

7 1039 111,00 - 110.40 101.60 0.00 1030 1630

8 15009 123,00 117,00 1% 0.00 8130 1570

? 16009 120,00 111.00 102.00 0.00 1570 1600 1630

10 16109 123,00  108.80 102,90 0.00 1400 1402
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EWIRONSENTAL PROTECTION AGENCY 13x EXTENDED TRANSPORT PROGRAM £33 VATFR RESDIRCES OIVISION

“WASHINGTON» 0.C. . s e CANP RESSFR § MOXEE IXC,
Lo ANALYSIS MODULE un1 ANKMIDALE ) VIRSTNIA

EXTRAN USER’S NAMML EXAMPLE PROBLEM |

BASIC PIPE SYSTEM FROM FIGURE 8

90010 10208 0
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ENVIROMMENTAL PROTECTION AGENCY 1mee  EXTENDED TRANSPIRT PROGRAN 323 VAT"R RESMRCES DIVISION

VASHINGTON» D.C. e s CANP DRESSER 1 NCXFE INC.
3 ANALYSIS MODIAE u3 ANNANOALF; VIRGINIA

EXTRAN USER‘S MAMUAL EXANPLE PROBLEN 1

BASIC PIPE SYSTEM FROM FIGURE 8

S eeceeeeeceecaaaco SR OF INITIAL HEADS, FLOVS AMD VFLOCITIES = = = = = = = = = = R

INITIAL HEABS, FLOWS ANB VELOCITIES ARE ZERD
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ENVIROMMENTAL PROTECTION AGENCY

VASHINGTOMy D.C. n un CAXP DRESSER & MEXFE INC.
s ARALYSIS MODULE nn ANNANDALS » VIRGINIA
EXTRAN USER‘S MAMUAL EXANPLE PROBLEN 1|
BASIC PIPE SYSTEM FROM FIGURE 8
$E3888 SYSTEN INFLOWS (CARDS) AT 0.00 HOURS FOR 3 JUNCTIONS
82309/ 0.00 80408/ 0.00 81009/ 0,00
SEEERe SYSTEN INFLOVS (CARDS) AT 0,03 HOURS  ( JUNCTION / INFLOWSCFS )
92309/ 40,00 20408/ 43,00 81009/ $0.00
£IRLEe SYSTEN INFLOMS (CARDS) AT 3,00 HOURS ¢ JUNCTION / INFLOW/CFS )
82309/ 40.00 80408/ 45.00 81009/ 50.00
CYAE 4§ TI¥E 0 RS - 13,00 NIN
JUNCTIONS / DEPTHS
80408/ 2,60 80408/ 1,70 81009/ 2.27 81309/ 0,33 809/ 2,23 10208/ 0.00 10309/ . 0.00 13009/ 0.00
16009/ 0.00 15109/ 0.17
CONDUITS / FLOWS
8040/ 42,76 8040/ 15.52 8100/ 15.81 8130/ 0.23 1030/ 0.00 1570/ 0,00 1500/ 0.09 1830/ 0.00
160 4,33 20010/ 0,00
CIE % TIE 0 HRS - 30.00 NN
JUNCTIONS / DEPTHS
80408/ 2,26 80608/ 3.82 81009/ 3.32 91309/ 2.12 82209/ 9.57% 10208/ 0.00 10309/ 0.08 13008/ 0.37

£33 EXTEMDED TRANSPORT PROSRAN 132 WATER RESOURCES DIVISION
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16009/ 0,53 16109/ 2.08

CONDUITS / FLONS

8040/ 45,013 8060/ 8,34 8100/ 444 8130/ 1333 1030/ 0,00 1970/ 1.088 1400/ 2074 1530/ .81
160/ 47,72 90010/ 0,00

(e 13 TIME 0 HRS - 45,00 NIN

JUNCTIONS / DEPTHS

80408/ 12,758 204087 16.708 81009/ 2,72 91309/ 3.48 80OV 21.458 10208/ 034 10309/ 2.6 15009/ 1.4
16009/ 2.48 16109/ 2.88

CONDUITS / FLOVS

8040/ 45,00 8040/ 28.02 8100/ 52,988 8130/ 44,19 1030/ 21.08 1570/ 18.93¢ 1400/ 49.12 1630/ £8.39
1602/ 48.02 90010/ 21.08

CYQLE 180 TIE L HRS - 0.00 MIN

JNCTIONS / DEPTHS » ’
BOAB/ 12,750 B0S08/ 1,708 81009/ 243 81309/ .48 82309/ 21658 10208/ 0.4 10309/ 341 15009/ 2.7
16009/ 310 16109/ 2.87

COMDUITS / FLNS

8040/ 45.00 8060/ Z.98 G100/ S48 G130/ SA.64 1030/ 68,44 1S0/ ABTIE 1400/ 4670 1430/ 98.88

180/ 67.98 90010/ 48.44

(lQLE 228 TIME 1 HRS - 15,00 NIN

JUNCTIONS / DEPTHS
80408/ 12,758 80408/ 16,708 81009/ 2,62 81309/ 3.25 82309/ 21.34% 10208/ 0.49 10309/ I.90 15008/ 2.80

16009/ 3.58 16109/ 3.3
. 40



COMDULTS / FLONS
8040/ 43,00 8040/ 29,32 8100/ 50,023 8130/ 53.80 1030/ 97.16 1300/ S2.17x 1400/ 47,35 1430/ 113.23

1607 §9.33 90010/ 97.16

DI I A A I R I I I A B A I I R I I BN A A I I R A A I IR I IR R I B A I K I R A I

Y 270 THE 1 HRS - 30,00 HIN

JMCTIONS / DEPTHS

90408/ 12,738 ©0408/ 15,708 91009/ 2.2 91309/ .41 879/ 21.488 10208/ 0.52 10309/ 41 15009/ 2,50
16009/ 3,76 18109/ 3.30 ~

CONDUITS / FLOMS

8040/ 43.00 8040/ 30.14 8100/ 50,008 8130/ S1.72 1030/ 112,28 1370/ 52,408 1500/ §9.26 1430/ 11%.11

1802/ 70,184 90010/ 112,28

[ (=1 S H TIE 1 HRS - 45.00 NIN.

JUNCTIONS / DEPTHS

80408/ 12,738 80408/ 15.708 81009/ 2,82 81309/ 3.06 82209/ A.468 10200/ 0.53 10309/ 419 15009/ 2,47
16009/  1.84 18109/ 31.37

CONDUITS / FLOWS

9040/ 43,00 8040/ 30.46 8100/ 50,008 9130/ $0.34 1030/ 118,23 1370/ 31,238 1400/ 70.16 1830/ 120,34

1802/ 70.48 90010/ 118,23

CYaE 30 TIE 2 HRS - 0,00 HIN

JUNCTIONS / DEPTHS
80408/ 12,738 80608/ 14,708 81009/ 2,62 81309/ 3.05 82309/ 21.45¢ 10208/ 0,83 103091 422 15009/ 2.45
16009/ 3.8 18109/ 3.39

CONDUITS / FLOWS
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8040/ 45,00 8040/ 30.36 8100/ 350,00t 8130/ 30,09 1030/ 120,08 1570/ 50.438 1500/ 70.48 1830/ 120.49

1602/ 70,5 90010/ 120.08

CYOLE 403 M 2 RS - 15,00 AIN

JUNCTIONS / DEPTHS
80408/ 12.733 90608/ 14,708 81009/ 2.62 81309/ 3.05 82309/ 21.458 10208/ Q.53 10309/ 4.2 13009/ 2.4

16009/ 3.87 18109/ 3.39

COMDUITS / FLOWS
8040/ 43.00 8040/ 30.38 8100/ 350.00% 8130/ 49.97 1030/ 120.51 1570/ 0,098 1400/ 70.57 1430/ 120.42

140/ 70.38 90010/ 120.51

...............................................................

CYQE 4% TIE 2 HRS - 30,00 MIN

JUNCTIONS / DEPTHS
80408/ 12,738 20408/ 16,708 81009/ 2,42 81309/ 3.0 82309/ 21.43¢ 10208/ 0.53 10309/ 4. 22 15009/ 2.4

16009/ 3.87 18109/ 3.39

CONDUITS / FLONS
8080/ 45.00 8060/ 30.59 8100/ $0.008 8130/ 49.97 1030/ 120,57 1570/ 49.99% 1400/ 70.89 1630/ 120,58

1502/ 70,89 90010/ 120.57

CYQE 493 TIE 2HRS - 43,00 NIN

JUNCTIONS / DEPTHS
80408/ 12,758 80408/ 14,708 81009/ 2.2 81309/ 3.05 82309/ 21.45% 10208/ 0.53 10309/ 4.2 15009/ 2.M
186009/  3.87 16109/ 3.39

CONDUITS / FLOWS

3040/ 45.00 8040/ 30.59 8100/ S50.003 8130/ 49.98 1030/ 120,57 1570/ 49.988 1400/ 70,59 1430/ 120,57
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1502/ 70.5y 90010/ 120,57

SEI3E8 SYSTEM INFLONS (CARDS) AT 3,25 HOURS  ( JUNCTION / DNFLOW,CFS )
82309/ 0,00 90408/ 0,00 . 81007/ 0.0

e 50 TIE 3RS - 0.00 6IN

JUNCTIONS / DEPTHS

80408/ 12,738 80508/ 15,708 81009/ 2.62 81309/ 3.05 82309/ 21.43% 10208/ 0.53 10309/ A2 13009/ 2.M
16009/ 3,87 18109/ 3,37 V

CONDUITS / FLOWS

8040/ 45,00 0060/ 30,59 8100/ S0.008 8130/ 4%.99 1030/ 120.57 1570/ 49.99% 1400/ 70.59 1430/ 120.58

107 70,39 90010/ 120,57

----------------------------------------------------------------

feeaey SYSTEM INFLOWS (CARDS) AT 12,00 HOURS  ( JUNCTION / INFLOWICFS )
82309/ 0,00 80408/ 0.00 #1009/ 0.00

e W TIE 3RS - 15,00 NIN

JURNCTIONS / DEPTHS

B0M08/ 0.89 80808/ 2,57 81009/ 1,85 81309/ 2,41 92309/ 5.89 10208/ 0.82 10309/ 41 15009/ 2,36
16009/  3.75 16109/ 3.12 ‘

CONDUITS / FLOWS

8040/ B8.388 8050/ 41,038 8100/ 20,518 8130/ 41,93 1030/ 111,44 1370/ A7.458 1500/ 48,45 1630/ 99.70
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107 47,22 70010/ 111,64

e &% TIE I HRS - 30.00 MIN.

JMCTIONS / DEPTHS

80408/ 0.21 80608/ 0.33 51009/ 0.71 81309/ 1.6 8309/ .80 10208/ 0,49 10309/ 3.87 15009/ 1.93
160097 3.30 16109/ 2.8%

COBUITS /7 FLNS

8“0/ 0,438 8040/ .11 8100/ 4,328 0130/ 19.408 1030/ 93.20 1370/ 12,788 1400/ 40.76 1430/ 79.89
160/ 35,03 90010/ 93.20

CYQE 473 TIE 3RS - 43,00 AN

JUNCTIONS / DEPTHS

80408/ 0.10 80408/ 0.44 81009/ 0,43 81309/ 1.06 82309/ 2.32 10208/ Q.43 10309/ 3.4? 15009/ 1.42
15009/ 3,12 15109/ 2,41 |

CONDUITS / FLOWS

8040/ 0.118 8040/ 0.88 8100/ 1.53% 8130/ 8.628 103/ 72,38 1570/ lB.llﬂ 1600/ 22,00 1830/ $3.48

1507 19,298 90010/ 72.13

(e 720 TIE 4 HRS - 0,00 NIN

JRCTIONS / DEPTHS

80408/ 0.06 80608/ 0,33 81009/ 0,30 81309/ 0.7 82309/ 1.4 10208/ 0,41 10309/ 3.05 15009/ 1,07
16009/ 287 16109/ 1,93 ’

CONDUITS / FLOVS

8040/ 0,058 8080/ 0,45 8100/ 0728 8130/ 4338 1030/ S0.49 1570/ 10,218 1600/ 14.68 1630/ B

180 7.908 90010/ 350.49
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Qe 785 TIME 4 HRS - 13,00 NN

JUNCTIONS / DEPTHS

80408/ 0,04 80808/ 0.23 8100%/ 0.22‘ 81309/ 0,37 82309/ 1.01 10208/ 0.38 10309/ 2.4 1500/ 0.3
16009/ 2,28 1810 1.31 .

COBUITS / FLONS

8040/ 0,028 8040/ 0,24 3100/ 0,388 8130/ 2,42 1030/ A3 1570/ 4,108 1400/ %.14 1830/ 22,09

160/  3.90% 90010/ 34.73

CYQE 810 TIN 4 HRS - 30,00 NIN

JHCTIONS / DEPTHS

80408/ 0.03 90608/ 0.21 81009/ 0.17 81309/ 0.5 8209/ 0.6 10208/ 0,36 10309/ 2.30 15009/ 0.6
16009/ 192 16109 1,17

CONDULTS / FLOVS

8040/ 0,013 2060/ 0.14 8100/ 0,28 8130/ L.478 1030/ 2037 10/ L.B4E 1400/ 4,09 1630/ 15,28
162 2198 %0010/ 2037

(rae 88 TIME 4 HRS - 45,00 NIN

JUNCTIONS / DEPTHS

80408/ 0.02 80408/ 0.18 81009/ 0.14 81309/ 0.34 82309/ 0.0 10208/ 0.27 10309/ 2.02 15009/ 0.53
16009/ 1,45 16109/ 0.89

COMDUTTS / FLOVS

8040/ 0.018 9050/ 0.10 8100/ 0.188 8130/ 0.948 1030/ 14,78 1520/ 2,588 1800/ 4.12 1830/ 10.40

1807/ 1,338 90010/ 14,74

---------------------------------------------------------------

45



CYAE 900 TE I8

JUNCTIONS / DEPTHS

80408/ 0.01 80408/ 0.1

16009/  1.40° 16109/ 0.88

CONDUTTS / FLOVS

8040/ 0,018 8060/ 0.07

1907 0,873 90010/ 11.9%

CYQLE 943 TIE 3RS

JUNCTIONS / DEPTHS

80408/ 0.01 80408/ 0.14

16009/ 1.26 16109/ .31

COMDUITS / FLOWS

8040/ 0.008 8080/ 0.08

1807/ 0.598 90010/ 8.87

3 RS

JUNCTIONS / DEPTHS

80408/ 0,01 90408/ 0.12

16009/ 1.1 16109/ 0,38

CONDUITS / FLOWS
8040/ 0,008 8080/ 0.03

180 0,438 90010/ 4.73

CYOLE 1039 TIE 3RS

- 0,00 NIN

81009/ 0.2 SNV 0,30 RNV 049 10208/ 0.9 1009/ 1.8 15009/ 0,46

8100/ 0.118 8130/ 0.468 1030/ 11.96 1570/ 1,778 1800/ 2,85 1830/ 7.9

L R T I I IR R A e A I I I R R e R L I T I TN S

- XS.OO HII

81009/ 0,10 81309/ 0,25 82309/ 0.41 10208/ 0,14 10309/ 1.483 13009/ 0.39

8100/ 0,098 8130/ 0.478 1030/ 8.87 1570/ 1.29% 1800/ 2,02 1630/ .41

----------------------------------------------

- 30,00 NIN

81009/ 0.08 81309/ 0.22 82309/ 0,33 10208/ 0.1t 10309/ 1.48 13009/ Q.34

81007 0,073 8130/ 0.4 1030/ 46,73 1570/ 0.97% 1800/ 1.22T 1630/ 4.12

................................................

- 43,00 NIN
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JUNCTIONS / DEPTHS
80408/ 0,01 90608/
16009/ 0.98 18109/
CONDUITS / FLONS

9040/ 0,008 080/

160/ 0,328 90010/

JUNCTIONS / DEPTHS
80408/ 0,01 80406/
16009/ 0.87 18109/
CONDUITS / FLONS

9040/ 0,008 8040/

1607 0.3 90010/

CIQLE 1123 TINE

JUNCTIONS / DEPTHS
80408/  0.00 30408/

16009/ 0.77 18109/
CONDUITS / FLOWS
8040/ 0,008 8060/

1607 0.17 90010/

CYQLE 1170 TINE

JUNCTIONS / DEPTHS

0.1 81009/ 0,07 81309/ 0,20 82309/ 0,30 10208/ 0.08 10309/ 1.33 15009/ 0,30
0,30

0.04 8100/ 0,088 8130/ 0.258 1030/ S.04 1570/ 0.738 1600/ Q.78 1830/ .08
3.18

4 HRS - 0,00 NIN

0.10 91009/ 0.06 81309/ 0.18 82309/ 0.26 10208/ 0.06 10309/ 1.4 15009/ 0,26
0.28

0.03 3100/ 0.043 8130/ 0.208 1030/ 4.01 1570/ 0.56% 1500/ 0.51% &30/ 2.7

4,01

4 HRS - 15,00 NIN

0.09 81009/ 0.05 81309/ 0.16 82309/ 0.23 10208/ 0.05 10309/ .14 15009/ 0.24

0.2

0,03 8100/ 0,038 9130/ 0.17% 1030/ 3,47 1570/ 0.M% 1600/ 0,382 1630/ 1.8
3.1

5 HRS - 30,00 MIN
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80408/ 0.00 80608/
15009/ 0.48 18109/
COMUITS / FLONS

8040/ 0,008 3040/

187 0.13 001/

CraE 123 T

JUNCTIONS / DEPTHS
80408/ 0,00 80408/
16009/ 0.61 16109/
CONDUITS / FLONS

8040/ 0,008 9040/

10 0.11 90010/

Qe 1260 TIHE

JACTIONS / DEPTHS
80408/ 0,00 - 80408/
16009/ ° 0.55 15109/
CONDUITS / FLONS

8040/ 0,008 8080/

10V 0.09 90010/

------------

CYQLE 1305 TIKE

JUNCTIONS / DEPTHS

80408/ 0.00 80408/

0,08 21009/ 0.05 91309/ 0.14 82309/ 0.21 10208/ 0.04 10309/ 1.05 13009/ 0.2
0.19

0,03 8100/ 0,038 8130/ 0.158 1030/ 2.34 1570/ 0,338 1400/ 0.308 1830/ 1.50
20“‘

4 HRS - 43,00 NIN

0.08 81009/ 0.04 81309/ 0.13 82309/ 0.19 10208/ 0.03 10309/ 0.98 15009/ 0.20
0.17

0,02 8100/ 0.028 8130/ 0.138 1030/ 2.07 1570/ 0.31%8 1500/ O.24T 1830/ 1.4
2.07

7 HRS - 0.00 NIN

0.07 810097 0.04 81309/ 0.12 82309/ 0.18 10208/ 0.03 10309/ 0.91 15009/ 0.18
0.13

0.02 8100/ 0,028 8130/ O.11%8 1030/ 1.72 1570/ 0.27¢ 1600/ 0.208 1630/ 1.03
R

7 KRS - 13.00 MIN

0,07 81009/ 0.03 81309/ 0,11 82309/ 0.17 10208/ 0,02 10309/ 0.8 13009/ 0.1
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16009/ 0,30 16109/ 0.13

CONSUITS / FLOWS
8040/ 0,008 3060/ 0.02 8100/ 0,023 81N/ .03 1030/ 1.4 1570/ 0.23F 1600/ 017t 1830/ 0.87

1602/ 0,08 90010/ 1.44

EIE I IR R I I I A IR R I T S B S R S S S S IR I IR IR I TP N I R I I IR B SN R R R R R e

e 13390 THE 7 HRS - 30.00 NIN

JUNCTIONS / DEPTHS

80408/ 0,00 80608/ 0,06 81009/ 0,03 81309/ 0,10 82309/ 0.16 10208/ 0.02 10309/ 0,80 1009/ 0.13
16009/ 0.45 16109/ 0.12

CONDUITS / FLOWS

80407 0,008 8080/ 0.02 9100/ 0,013 8130/ 0.088 1030/ 1.2 1570/ 0.8 1500/ O.NI. 1630/ 0.24
1807 0,07 90010/ 1.20

CYQLE 1395 TIHE 7 HRS - 43,00 NIN

JUNCTIONS / DEPTHS

80408/ 0.00 80408/ 0.06 81009/ 0,03 8130;1 0,09 82309/ Q.15 10208/ 0,02 10309/ 0,76 13009/ 0.4
16009/  0.41 18109/ 0.11

couITS / AL

8040/ 0,008 3080/ 0,01 8100/ 0.013 8130/ 0.07¢ 1030/ 1,03 1570/ 0.188 1500/ 0.128 1430/ 0.8l

107 0,06 90010/ 1.03

CYQE 1440 TIE 8 HRS - 0.00 NIN .

JUNCTIONS / DEPTHS
80408/ 0,00 80408/ 0.05 81009/ 0.02 81309/ 0,09 82309/ 0.14 10208/ 0.01 10309/ 0.71 135009/ 0.13

18009/ 0,38 16109/ 0.10
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COMBUITS / FLOWS
8040/ 0,008 8040/ 0,01 8100/ 0.018 8130/ 0.07% 1030/ 0.88 1570/

160/ 0.08 90010/ 0.88

TOTAL SYSTER INFLOM VOLUME = 1438000, CU FT

JUNCTION OUTFLONS AND
STREET FLOGDING

JUNCTION  QUTFLON» FT3

80408 53,
80608 134037,
10208 1328008,
TOTAL 1444431, O FT
VOLUME LEFT IN SYSTEN = 7902, CU FT

ERROR IN CONTINUITY, PERCENT = -1,00

50
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16007  0.11t 1830/ 0.49%



ENVIRONMENTAL PROTECTION AGENCY 138 EXTENDFD TRANSPORT PROGRAW  $232

VASHINGTOMy 0.C. u ot
o ANALYSTS NODILE un

EXTRAN USER'S MAMUAL EXANPLE PRODLEM 1|

BASIC PIPE SYSTEM FROM FIGURE 8

VATFR RESOIRCES DIVISION
. 4 § HCXEE DMC.

MINANDALE, VIRGINIA

8832328888332 TINE HISTORY OF HoB.L, SE2SBEBISZE23233Z21232

(VALUES DN FEET)

JINCTIONG0508 JUNCTION1 4009 JNCTION16109 JUNCTIONIS009

e GRND 133,00 GRND 120,00 GRND 125.00 GRND 12%.00
R . KM BEY  DEPTH BEV  DEPTH ELEV  DEPTH ELEV  DEPTH

0.13 120,00 1.70 102,00 0.0 102,97  0.17 LR 6%
.30 12,12 .82 102,53  0.5% 104.85  2.08 111.82 0%
0.43 135,00 4,00 104,68  2.48 103,48  2.88 12,97 147
. 0 133,00 4.0 105.10  3.10 103.67 2.8 uL”7 27
1.15 135,00 4,00 105,55 1.53 103.93 3.3 114,00 250
1.30 135.00 4,00 103,76 3.7% 106,10 3.30 114,00 2%
1.4 {35.00  4.00 103.84 184 106,17 337 1,97 2.47
2,0 135,00  4.00 105.86  3.88 106,19 3.39 113.93 2,48
13 13300 400 103.87  3.97 106,17 3.39 113.94 2,44
2,30 133,00 4,00 105.87 3.87 106,19 339 113.94 2.4
2,43 135,00 400 105.97 3.7 108,19 3.39 1.9 2.4
30 135,00  4.00 105.87 3.8 106,17 3.3? 113.94 2.4
343 120,89 2,59 108,73 175 105,92 .12 13,9 2%
3.30 11943 0.83 103,50 3.5 103,45 2,85 {11343 1,93
3.45 118.74 0.4 103.42  I.12 105.21 2.4 112,92 1.42
&0 118,83 0.8 104,87 2,47 104,73 1,93 112,57 .07
413 118,35 0,25 104,26 2,26 104,31 1,31 12,33 0,13
4,30 118.31 0.2 103.2 1.7 103.97 .17 112,16 0.86
4,43 118,48  0.18 103,65  1.63 103.49  0.89 112,05 0.55
3.0 118.46  0.18 103,44 1. 44 103.48  0.48 111,96 0.4
3,13 118.44  0.14 103.26 1.26 103.31 0,81 111,89  0.39
S.30 118,42 0.12 103,41 LU 103.18  0.38 111,84 0.34
3.45 118.41 0.1 102,98 0.98 103.10  0.30 1.8 0¥
6 0 118.40  0.10 102,87 0.97 103.06  0.28 1128 0.2
8413 118,37 0.09 1.7 om? 103,02 o2 174 0
6.30 118,38  0.08 102,48  0.48 102,99  0.19 1.7z .2
5,43 118,38  0.08 102,61 0.8 102,97 0,17 111,70 0,20
7.9 118,37  0.07 102,55 0.55 102,93  0.43 {{1.68 0.18
7.13 118,37 0.07 102,50 0.50 102,93 0.13 111,67 0,17
7,30 118.36  0.06 102,45  0.43 102,92 0.12 111,65 0413
7.43 118,35  0.04 .4 4 102,91 0.18 1.4 0.4
8.0 18,33 0.08 102,38 0.38 102.90  0.10 111,83 0.13
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JNCTIONBZ309
GRND 153,00

BV DEPTH
s .3
12187 6,20
IR 620
1395 62
13384 6,20
1378 6,20
1376 6,20
IR 620
133,75 4,20
1375 620
1375 620
1375 6,20
1819 5.89
116,10 3.80
1.8 232
LA LM
1L 1.0
13,06 0.7
129  0.60
H279 049
u2n 0.
12,65 0.3
12,60 0,30
12,5  0.%
.8 0.3
12,51 0.2
12,49 0.19
12,48 0,18
12,47 017
112,46 0.16
1245 0.15
112,44 0.14

JUNCTIONS0408
GRND 138.00
ELEV  DEPTH
122,20  2.40
125,86 2.2
137, 400
13,33 400
137,33 4.00
137035 40“
137,33 400
132,33 4.0
7.3 40
12:.35 400
13703 ‘ON
137,33 400
125.49  0.39
124,88 0.2
12670 0.10
120,66 0.06
120,64 0,04
124,63 0,03
120,62 0.02
120,61 0.01
126,81 0.01
124,61 0.0
12081 0.0¢
124,61 0.01
126,60 0.00
124,60 0.00
124,60 0.00
124,60  0.00
124,60 0.00
124,60 0,09
12040 0,00
124,60 0.00



ENVTROMMENTAL PROTECTION AGENCY e EXTENDED TRANSPORT PROGRAM 1323 VATER RESOURCES DIVISION

VASHINGTONs D.C. an a1 CAP DRESSER ¢ NCKEE [NC.
: s ANALYSIS MODULE 1 AMNADALE: VIRGINIA

EXTRAN USER‘S MAMUAL EXAMPLE PRODLEM 1

BASIC PIPE SYSTEN FROM FIGRE 8

IIIIIIII-I'IIIIII SUHI‘RYST.TISTICSFURJUHC'IONS R A N N

‘ UPPERNOST MAXDUM T FEET OF FEET MAX. LENGTH
GROUND PIPE CROWM CONPYTED oF SURCHARSE OEPTH IS i

JNCTION: ELEVATION ELEVATION DEPTH  OCCURENCE AT NAX, BELOV GROWD SURCHARSE
MMDER F7) (F1) (FD W, KN DEPTH ELEVATION (51
80408 138,00 128,40 1340 0 32 9.40 0,00 153.0
80408 135,00 122,30 18,70 0 3 12,70 9,00 159.3
81009 137,00 132,70 3% 02T 0,00 5,44 0.0
81309 130.00 122,00 %8 o0 % .00 3,94 0.0
82309 155.00 119.5% 248 0B 15.48 21.02 13,3
10208 100,00 99,90 .83 3 1 0,00 9.57 0.0
10309 111.00 110.40 “w22 3 1 0.00 s.18 9.0
15009 125.00 117,00 28 1 2 0,00 10,99 0.0
16009 120.00 111.00 37 3 o0 0,00 14,13 0.0
16109 125,00 108.80 3 03 o 0.00 18.81 0.0
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ENVIROMENTAL PROTECTION AGENCY 5333 EXTENDED TRANSPORT PROGRAN  S333 WATER RESOURCES DIVISION
VASHINGTONe D.C. nr n CAMP DRESSER § WCXEE [NC,

a ANALYSIS MODILE un AANDALE, VIRGINIA
EXTRAN USER’S WAMUAL EXAMPLE PRONLEM L

BASIC PIPE SYSTEM FROM FIGURE 9§

tttll!!t!!tl!llATIHE HISTORY OF FLOW AND VELOCITY zssssststtszess

QUCFS)y VEL(FPS)
TIE  CONDUIT 1030 COMDUTT 1630 CONDUIT 1400 CONDUTT 1602 CONDUIT 1370 COMDUIT 8130
R, HIN FLON VEL AN W 21 IS L veL AN | ¥ VEL
0.15 0.00 0.2 0.00 0.2 0.07 0.6 533 16 0,00 0.3 0,23 1.0
0,30 0,00 0.3 0.31 1.3 0.4 43 .72 2.9 1.8 L1 1.3 3.8
0.43 21,08 3.3 88.59 $.0 69.12 5.4 68,02 1.9 18,93 2.2 44,19 3.0
1.0 48.44 A7 9838 3.4 §6.70 4.8 67,99 3.9 43.73 3.8 4.4 Gl
L13 97.16 S22 113.23 2.7 67,35 M2 6.3 3.9 217 1.7 .80 3.0
1,30 112,28 5.4 119.11 2.4 §9.26 4.0 70.14 3.9 2.40 3.8 R %0
.48 118,23 5.4 120,54 2.5 70.18 40 70,48 3.9 b) B2 S Y 0354 A9
2,0 120,08 5.4 120,69 2.8 70,48 3.9 70,38 3.9 50.43 3.4 009 49
218 120,51 5.3 120,62 2,3 70,57 3.9 70.58 3.9 30,09 3.6 9.97 49
2,30 12057 5.5 120.58 2.§ 70.59 3.9 70.58% 1.9 H.9 3.4 49.97 49
245 120037 5.3 120,57 2.4 70,59 3.9 70,59 3.9 49,99 1.4 9,98 49
L0 1205 §$ 120.58 2.4 70,59 3.9 70,59 3.9 0.9 3.4 49.99 A9
IS U164 53 9,70 2.4 48.48 2,9 2.2 02 47.48 1.5 473 &7
L0 9320 54 79.89 2.0 40.78 2,7 [.03 23 2.7 2.8 19.60 3.4
348 .18 A8 368 14 27.00 2.1 19.29 2.1 18,17 2.0 8.62 2.4
H 0 .49 44 .37 14 14.68 1.5 7.90 1.4 10,21 1.4 W8 1LY
418 W73 40 2.9 1.2 .14 1.2 3.9 1.0 8,10 1.1 242 1.3
430 .37 T 15,23 1. 5,02 1.0 2,19 0.8 1.84 0.7 1.47 1.3
443 186,76 33 10,60 1.0 412 0.9 1,33 02 2,58 0.7 0.94 1.1
5.0 1.9 3.0 7.57 1.0 2,85 0.8 0.87 0.7 L77 0.8 0:66 1.0
5.5 8.97 2.8 581 0.9 2,02 0.8 0.59 0.7 (.29 0.4 0.47 0.9
3.30 873 6 412 0.8 1.2 0.4 0.43 0.7 0.97 0.5 0.34 0.8
3.43 S.16 2.4 3.08 0.7 0.76 0.4 0.32 0.6 0.73 0.3 0,26 0.7
s 0 01 2,2 .37 W2 0.31 0.4 0.23 0.4 0.56 0.4 0.20 0.7
80135 317 221 1.88 0.7 0.38 0.3 0.17 0.3 044 0.4 0.17 0.2
4,30 254 20 1.5 0.7 0.30 0.3 0.13 0.5 0,35 0.4 0.15 0.7
6043 207 L9 1,28 0:¢ 0:24 0.3 0.11 0.5 0.31 0.4 0.13 0.4
7.0 72 1.8 1.03 0.4 0.20 0.3 0.0 0.4 0:27 0.4 0.11 0.4
7.13 L L7 0.87 0.4 0.17 0.3 0.08 0.4 0.23 0.4 0.09 0.4
7.30 LA 1.4 074 0.6 0.14 0.3 0,07 0.4 0.20 0.4 0.08 0.4
7.45 1,03 1.6 0.61 0.8 0.12 0.3 0.06 0.4 0.18 0.4 0,07 ¢.8
8.0 0,88 1.3 0.49 0.3 0.1 0.3 0.06 0.4 0.16 0.4 0.07 0.5
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ENVIROMMENTAL PROTECTION AGENCY 13z EXTENDED TRANSPORT PROGRAN 333 VATER RESOURCES DIVISION

WASHINGTON» 0.C. e s Ca 1 NCKEE INC.
e ANALYSIS MODULE un ANNANDALE ) VIRGINIA

EXTRAN USER'S MANUAL EXANPLE PROBLEN {
BASIC PIPE SYSTEN FROM FIGURE 8

A A A A A A A N N sun"ARY ST“TISTICS FOR co“uuxts [ A A A B Y A N A AN]

CONDUTT KAX TN TInE MAXTYUM TIE RATIO OF MAXTMUM OEPTH ABOVE

DESIGH DESIEN VERTICAL  CONPUTED oF CONPUTED oF MAX. TO  INVERT AT CONDUIT ENTS
coeuLY v VELOCITY DEPTH FLOW  OCCURENCE  VELOCITY OCCUREMCE DESTGM UPSTREAM  DCUNSTREAM
NRBER (CFS) (FPS) (M (CF8) W, HIN, (FPS)  HR, MIN. o (FT) (FD
8040 73.8 3.9 48.0 50.8 0 19 I 0 18 0.7 3.4 18,70
8060 RBJd 42 48,0 47,3 [ - 30 [ 0.9 16,70 19.48
8100 78.1 A9 4.0 81,0 o ¥ 3.3 0 0.8 3.36 3.3
9130 70,4 Le 34,0 3.9 1 4 3 [ 74 0.8 3,36 2.3
1030 3028.3 12,3 108.0 1206 3 3.3 3 2 0.0 L2 0.3
1570 123.4 3.2 56,0 2.7 1 22 3.9 t 10 0.4 2,31 3.87
1800 146.8 5.2 7.0 732 0 4 [ 0 0.5 3.32 3.87 -
1630 3132 9.3 108.0 120.7 $ -7 3.0 0 M 01 3.87 L2
1602 43.4 2.2 8040 706 2 40 40 0 8 1.4 .48 3.3
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ENVIROMENTAL PROTECTION AGEMCY $138  EXTENDED TRANSPORT PROSRAM 333 WATER RESOURCES DIVISION

WASHINGTONy 2.C. an n CANP DRESSER § MCKEE [NC,
une ANALYSIS MODIRE n AMNANDALE ) VIRGINIA

EXTRAN USER’S NANUNL EXANPLE PRODLEN |

BASIC PIPE SYSTEM FROM FIGRE §

135,000 1 DWWERT ELEV- 118,30 FEETIRSRSITIIIX

[ CROMN ELEV- 122,30 FEET t
[ GROUNB ELEV- 133.00 FEET L
! t t
14 t '
I 3 t
I s t
I s 3
I L 4
1 3 t
130.000 - 4 s
I 4 ¢
I 4 3
1 t 3
I L t
I 3 4
I ] 3
I 4 ]
4 t s
f 3 4
123,000 - 4 4
t 4 3
It t
JUNCTION ! 2 s
I s 3
WATR SR 1 1 t
1 s s
ELEV(FT) 1 3 4
I & 4
G | t S
120,000 - ¢ s
Is 4
1s m
it
!
I
I
I
1
I
115.000 1 1 2 I i I I { I I 1

0.0 0.8 1.4 24 3.2 40 48 3.4 54 7.2 8.0

CLOCK TIME (HOURS)
JUNCTION MMMBER 60408
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ENVIRONMENTAL PROTECTION AGENCY f12  EXTENDED TRANSPORT PROGRAM 213 VATER oIvISION
un ANALYSIS NODILE as ANNADALE, VIRGINIA

EXTRAM USER’S MANUAL EXAMPLE PROBLEN

BASIC PIPE SYSTEM FRON FIGURE 8

106,000 I INVERT E.EV- -102.00 FEET
1 CROWN ELEV- 111,00 FEETSIERTIIRIIIR

[ GROUND ELEV- 120.00 FEET 1
1 s 2 4
1 -] 4
1 3 ]
! 4 3
1 t 4
I s g
1 t 4
105.000 - 3 ‘
1 4 4
1 s t
I n L 4
1 3 L4
1 t 4
I 3 s
1 t 4
I 3 4
I 4 3
XM.M - b b
I ] 3
I t 3
JANCTION I t a
1 t t
VATR SR I t s
I s e
ELEV(FT) I H E
I t n
I ] <
103,000 - 4 n
1 4 m
I s e
I t e
I 4 un
1 t s
1 g s
I 3
[
1 3
102,000 Ias2: { 1 t i 1 1 I ¢ 1 1
0.0 0.8 1.4 2.4 3.2 40 4.8 5.4 bed 22 . a0
CLOCK TINE (HOURS)

JUNCTION MMBER 14009
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ENIROMENTAL PROTECTION AGENCY 33 EXTENDED TRANSPORT PROGRAN 2323 VATER RESOURCES DIVISION

UASHINGTONs D.C. s n CANP DRESSER § ACKEE INC.
n ANALYSTS NODIRE o ANNADALE) VIRGINIA

EXTRAN USER‘S NAMUAL EXANPLE PRODLEM |

BASIC PIPE SYSTEM FROM FIGRE 8

110,000 T [WERT ELEV= 102,80 FEET
1 CROWM ELEV- 108,80 FEET

ot ntitesiaaiil]
106,000 o n
n n . 4
3 12
JUNCTTON t t
t t
VAR SR t 4
t s
ELEV(FT) s 3
3 o
s s
104,000 4 tl
1 ”
) G m
| S s
It e
It feoaseresiiaaniiincententi ]
¢ ] s
1
1
I .
102,000 I 14 1 t I I 1 ¢ I 1§ I

0.0 0.8 146 24 3.2 4.0 4.8 b IY] b4 7.2 8.0

CLOCX TIME (HOURS)
JUNCTION MUMBER 15109
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ENVIRONMENTAL PROTECTION ASENCY 8313 EXTENDED TRANSPORT PROGRAN 313 WATER RESOURCES DIVISION

VASHINGTONy 0.C. nn na CAMP DRESSER & MCXEE INC.
" ANALYSIS MODULE s ANNANDALE, VIRGINIA

EXTRAN USER'S MAMUAL EXNMPLE PRODLEM |

BASIC PIPE SYSTEN FROM FIGURE 8

114,400 T [INVERT ELEV- 111,50 FEET
[ CROMN ELEV- 117,00 FEET
1 GROUMD ELEV- 125,00 FEET

113,400

% 0 op
»”»

112,800

" e 0 4o
»

JNCTION
VATR SIR

”e 0 o4 0% 00
o

t
!
14
¢
I
I
!
1
¢
t
4
{
1
t
14
14
!
!
1
1
I
I
ELEV(FT) I
1
1

112,000

|

l 4 mn

I 4 o

1 t SEITLTTTTXILLLLE

I 3 m
I
1

{

!

¢

—
-
-
-
-
-
-

111,200
0.0 0.8 1.4 2.4 3.2 4.0 48 3.4 (] 7.2 8.0

JUNCTION MRBER 13009
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ENVIROMMENTAL PROTECTION AGENCY 132 EXTENDED TRANSPORT PROSRAM  t113

VATER RESOURCES DIVISION

WASHINGTONs D.C. un un CAMP DRESSER & MCKEE INC.
u ANALYSIS MODILE nn AMADALE, VIRGINIA
EXTRAM USER’S MAMUAL EXAMPLE PROBLEM 1
BASIC PIPE SYSTEM FRON FIGURE 8
144,000 I IMVERT ELEV- 112,30 FEET
[ CROWM ELEV= 118,50 FEET
} GROUMD ELEV- 155,00 FEET
I
I
1
I
t
¢
136,000 -
. I
!
I fereceranaenatiaiiieiainntiiets
I t s
I s t
I 4 ]
1 g 4
14 3 z
I g t
128,000 - 3 z
1 L4 L
1 s t
JNCTION 1 t s
I t 3
WATR SR 1 s s
4 3 4
ELEW(FT) [ 4 t
¢ ] 3
I 3 4
120.000 - 4 4
¢ L4 s
I ¢
I s
I 3 g
| t
G | 12
I3 o
Is s
Is oseceoniocntasianiinciriocitrieceeiecsitterii]
112,000 I ¢ 1 I 1 1 1§ { I {
0.0 0.8 1.6 2.4 3.2 40 4.8 5.4 8.4 7.2 8.0
CLOCK TIME (HOURS)

JUNCTTON MUMBER 82309



ENVIROMMENTAL PROTECTION AGENCY 15t EXTENDED TRANSPORT PROGRAN  tx3% VATER RESOURCES DIVISION

VASHINGTON» 0.C. un un CAWP DRESSFR § NCKEE INC.
e ANALYSIS NIDIRE un AGKIOALE s VIRGINTA

EXTRAN USER’S MANUAL EXAMPLE PROBLEN {

BASIC PIPE SYSTEM FROM FIGURE 8

140,000 I DINVERT ELEV- 124,40 FEET
[ CROM ELEV- 129,50 FEET
1 GROBA V- 173,00 FEET

I
1
¢
1 4
)3 muruunrnInnnn
I 3 ]
1 3 ]
134,000 - t 3
! t 4
¢ 4 t
1 t s
¢ s 3
I 4 4
4 s t
I 3 t
I t ]
14 l t
132,000 - 3 3
1 g g
I s 3
JUNCTION 1 s 4
t t 3
WATR SIR 1 t 3
1 z 3
BLEVFT) 1 3 1
1 ] s
1 4 L
128.000 - 3 3
I t t
|G N 3
1118 t
It t
It 4
it 3
I t
I foeritarencttitdeiieainiianiacensaniasiiossitonetaiiiense
t .
124,000 1 1 1 ¢ t ¢ 1 ¢ ¢ 1 14

(] 0.8 Lé 2.4 3.2 4.0 4.8 5.8 L 7.2 8.0

CLOCX TIME (HOURS)
JUNCTION NUNBER 80408
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ENVIROMMENTAL PROTECTION AGENCY 1513 FXTENDED TRANSPORT PROGRAN 1338 WATER RESCURCES DIVISION

VASHINGTON» D.C. s s CAMP DRESSER L MCKEE INC.
u ANALYSIS NODULE e ANNANDALE, VIRGINIA

EXTRAM USER’S NANUAL EXAMPLE PROBLEM

BASIC PIPE SYSTEN FROM FIGURE 8

. 160,000 I

120,000

CONDUIT
FLov

IN CFS

" on 9 0 e
" " 0 o
"
”»

P et g et g S Pt b e 0 e 2 e P e 0t 0t B P 0t e PO e Dt e P b e P e 4 e e el e e
"% o % o

0.000 Issesgaz—-{ 14 1 13 { 1 I [ttt
0.0 0.8 1.4 2.4 3.2 4.0 4.8 3.4 5.4 72 3.0

CLOCX TINE (HOURS)
COMDUIT MBBER 1030
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ENIRGENTAL PROTECTION AGENCY

use  EXTENDED TRANSPORT PROGRAM  fa38

WATER RESOURCES NFVISION

VASHINGTOMy D.C. e 12 CAMP DRESSFR § MCKEE INC.
u AMALYSIS MODULE u ANNANDALEy VIRGINIA
EXTRAN USER’S MANUAL EXANPLE PROBLEN 1
BASIC PIPE SYSTEM FROM FIGURE 0
160,000 1
I
I
¢
1
¢
1
[
¢
1
120.000 - TEEEIIEEEIELILTINNLS
I " 4
H s 4
1 s s
1 t t
4 4 4
I t 4
I L 38 3 s
I L 3 s
I t s
80,000 - b} | 4
1 3 ]
1 s s
CoNDULY I 4 L]
I b4 3
2 1 t t
I 3 s
N CFS 1 4 3
I d s
4 z 13
40,000 - 3 - 3
I t 4
I 4 4
4 t 3
I 4 n
I s ¢
1 s n
4 t "
I ] s
I t esiadoress ]
0,000 [sEEREL—~] 1 I 1 I 1 I CRIITTTILLRTALIITINLLL
0.0 0.8 1.4 2.4 32 40 4.8 3.4 bed 7.2 8.0

CLOCK TINE (HOURS)
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ENVIROMMENTAL PROTECTION AGENCY 828 EXTENDED TRANSPORT PROGRAM  ta33

UASHINGTON, 0.C. an n CAMP TRESSFR § MCKEE INC.
1w ANALYSIS MODILE un ANNODALE, VIRGINIA
EXTRAN USER’S MANUAL EXAMPLE PROBLEN 1
BASIC PIPE SYSTEM FROM FIGURE 8
80,000 [
1
I
e s
[ n
L n esenseiniionieetiend
! L 3 e s
I $ 3
¢ 4 - s
1 s ]
50,000 - ] 1
I t t
I 4 4
1 s t
1 3 L 4
1 L 4 4
¢ s .
I 4 3
14 s 3
I t 3
40,000 - 4 4
I t 3
4 t 4
CONDULT 1 t s
I 3 g
N ) t 4 s
1 3 s
N P8 I 3 s
t s 4
I s s
20,000 - t 4
I 4 s
1 t t
14 s s
I 4 s
t 4 o
I L4 4
I s ne
I ¢ i
! g ocresess]
0.000 I3xx2 1 1 14 { ¢ 1 I I ISR

CLXK TIME (HOURS)
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VATER RESOURCES DIVISION
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ENVIROMENTAL PROTECTION AGENCY 113 EXTENDED TRANSPORT PROGRAN  t313 VATER RESOURCES DIVISION

VASHINGTON, D.C. n n CANP ORESFR § ACKEE INC.
un AMALYSIS MODILE unn ANNANDALE» VIRGINIA

EXTRAN USER‘S MAMUAL EXANPLE PROBLEM 1

BASIC PIPE SYSTEN FROM FIGURE 8

90,000 !
I
I
{
1
I I IITINILIE
1 mI 4
I 4 3
I 4 4
4 t t
40,000 - 4 3
¢ s s
4 t 1
1 4 ]
4 s s
I 4 t
I s t
I t 4
I s 4
! t 4
40,000 - b3 R
I s 3
I t s
CONDUTT I t
| S ¢ ¢
21} | S § 4
[ 4
IN OFS I 3
I L4
I 3 3
20,000~ 3 b3
I 3 4
I 3 4
I 4
1 ¢ t
1 3 t
[t t
It t
Is s
Is e
0.000 [ 1§ I 1§ 1 { I-
0.0 0.8 1.4 2.4 3.2 4.0 4.3 5.4 8.4 7.2 8.0
CLOCK TIME (HOURS)

CONDUIT MUMBER 1402
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ENVIROMMENTAL PROTECTION AGENCY

$Ix3  EXTENDED TRANSPORT PROGRAN #1112

VASHINGTONY 0.C. s i CANP DRESSFR § NCKEE INC.
un ANALYSIS MODIRE u ANMAMDALE» VIRGINIA
EXTRAN USER’S MANUAL EXAMPLE PRODLEN 1
BASIC PIPE SYSTEN FROM FIGURE 8
90,000 I
1
I
I
!
1
1
I
I
1
40,000 -
1
I
1
¢ s
I ] SRTLEERIITRINTNINE
! 3 3
I t 3
1 3 ¢
I : t
40.000 - ] |
I 3 t
! g 4
CONDULT 1 4 s
I s 3
L% { t 3
I t 4
IN CFS I 4 3
I s s
I t 13
20,000 - 3 4
14 3 3
4 H 4
I t 4
1 t 4
I z z
14 t o
I 3 o
H ] m
I 3 faseesiais]
0,000 I3SERR-——1 1 1 I 1 1 I TS TSRIEITITE LRSS
0.0 0.8 1.4 2.4 3.2 4.0 4.8 8.4 7.2 8.0

WATER RESOURCES DIVISICH

CLOCK TIME (HOURS)
CONDUIT MUMBER 1570
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ENVIRDMMENTAL PROTECTION AGENCY $313  EXTENDED TRANSPORT PROGRAM i1 VATER RESDURCES 0IVISTON
WASHINGTONy D.Co e 7 caw § NOEE INC,
e . ANALYSIS MODULE e AMNAGWLE s VIRGINIA
EXTRAN USER’S MANUAL EXAMPLE PROBLEN 1
BASIC PIPE SYSTEM FROM FIGURE 8
80,000 1
I
1
¢
¢
I
1
4
1
I
40,000 -
I
I s
I s
I 4 e
I ] BTSN
! t ]
I 3 1
1 3 3
I s 3
40,000 - ]
1 3 g
1 s s
conputt 1 2 t
1 3 s
L] ! t d
1 3 4
N CFS 4 4 t
. I s t
- 4 s 3
20,000 ~ 3 3
I g ]
I g s
1 s 4
1 s 4
1 4 | 4
I 4
1 .4
I n
I s mn
0,000 Ixz% 1 1 1 i e SIS ST A TR L LIS LILTRLLIALS
0.0 0.8 1.4 2.4 3.2 40 4.9 . L 7.2 8.0

CLOCK TIME (HOURS)
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Figuré 9. Basic system with tide gate.



TABLE 4
INPUT DATA SET FOR EXAMPLE 2

0 0
EXTRAN USER’S MANUAL EXAMFLE FROBLEM 2
BASIC PIPE SYSTEM WITH TIDE CATE FROM FIGURE 9
1440 20. « 0 6 4 5 6 A5 43 3 30 0.05
80608 16009 16109 15009 82209 80408
1030 1630 1600 1602 1570 8130
804608 16009 16109 15009 82309 80408
1030 1630 1600 1602 1370 3130
80408040880608 4,00 1800. «013
80608060882309 4.00 2075. 2.2 .015
81008100981309 4,50 5100, +015
81308130715009 4,30 3300. +015
10301030910208 4500. 016 .
15701300715009 5000, »0134
156001500916109 500, . 015
163015009210309 3Q00. +013 3.
16028230916109 5000, +034
99999
80408138,0124.,46 0
80608135,0118.3
81009137.,0128.2
81309130,0117.3
82309155.0112.3
10208100.0 839.9
10309111.0101.6
15009123.0111.5
16009120.0102.0
16109125.0102.8
29979
99999
29999
?P997
79999
?29999
10208

.....

2 ?4.4

0 O 190
Y * - >
o Owo

Gt e O e A e

- e e 2 O

COO OO OO OO
COOOOOOCOCO

* * o o e

823098040881009

0.0 0.0 0.0 0.0
0.25 40,0 45.0 50.0
3.0 40.0 45,0 50.0
3.23 0.0 0.0 0.0
12,0 0.0 0.0 0.0
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TABLE 5
OUTPUT FROM EXAMPLE 2

ENVIRONMENTAL PROTECTION AGENCY 1133 EXTENDED TRANSPORT PROGRAN  f33x WATER RESOURCES DIVISION
WASHINGTONs D.C. un n CAWP DRESSER U MCXEE INC.
iees ANALYSTS MODILE o AMNANDALEs VIRGINIA

EXTRAN USER’S MANUAL EXAMPLE PROBLEA 2
BASIC PIPE SYSTEM WITH TIDE GATE FROM FIGURE 9

[ N NN SUHHARYSTA\TISTICSFURJUNCTIONS N A A ]

UPPERMOST HAXINUN ™ FEET OF FEET M#AX, LENGTH
GROUND PIPE CROWN CONPUTED OF SURCHARSE DEPTH S oF

JUNCTION ELEVATION ELEVATION DEPTH  CCCURENCE AT MAX, BELOW GROUND SURCHARGE
NUMBER (FN (FN) (FTY  HR. NIN. DFPTH ELEVATION (MIN)
80408 138.00 128.40 . 3.4 0 32 9.40 0.00 183.3
80408 133,00 122,30 18:70 0 30 12,70 0.00 159.7
81009 137,00 132,70 3.3 o 0.00 S.44 0.0
81309 130.00 122,00 1036 -1 0.00 8,94 0.0
82309 133.00 118.50 21.48 0 15.48 24.02 185.3
10208 100.00 98.90 .30 0o 10 0,00 3440 0.0
10309 111.00 110,60 2,48 1 B 0.00 6,72 0.0
15009 123.00 117.00 2.8 {1 2 0.00 10.99 0.0
15009 120.00 111,00 109 ¢ 43 0.00 14,98 0.0
LY 0.00 19.13 0.0

16109 123,00 108.80 3.07
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TABLE 5
OUTPUT FROM EXAMPLE 2

(Continued) .
ENVIROWENTAL PROTECTION AGENCY 123 EXTENDED TRAVSPORT PROGRAM  txz VATER RESOURCES DIVISION
GASHINGTON D.C. nn 1m CAWP DRESSER § MOXEE [NC.
ua ANALYSIS NODULE s AMMWDALE» VIRGINIA

EXTRAM USER‘S MANUAL EXAMPLE PROBLEM 2
BASIC PIPE SYSTEM VITH TIDE GATE FROM FIGURE ¢

IIIII/IIIIIIIIIIIsunn“RYsTATISTICS FOR connutrs:1:1:/111'11111::

CONDUIT Nax Ty TINE RAXIXUM TINE RATIO OF MAXTMUM DEPTH ABOVE

DESIGN DESIGN VERTICAL  COMNPUTED oF CONPUTED OF MAX. TO  INVERT AT CONDUIT ENIS
CONDYIT FLOW veLocITy DEPTH FLO¥  OCCURENCE  VELOCITY CCCURENCE DESTGH UPSTREAM  DOWNSTREAM
NUNBER (tF9) (FPS) St1) (CFS)  HR. MIN, (FPS)  HR. NN, nov (FM (Fh

8040 736 5.9 48.0 30.8 0 19 6.4 0 18 0.7 13.40 16.70
8040 B3 4.2 8.0 4.3 ¢ x 5.0 0 0.9 14,70 19.48
8100 78.t 4.9 34.0 8140 0 5.8 0 3 0.8 3.3 3.56

8130 70.6 44 54.0 349 1 4 S 0 @ 0.8 3.36 251
1030 3028.3 12,3 108.0 12044 1 33 3.0 1 3B 0.0 2,68 4.5
1570 123,46 5.2 5640 52,7 1 2 4.5 t 3 0.4 2,3 3.09
1500 144.8 3.2 72,0 4.4 0 40 8.1 0 18 0.3 3.07 3.09
1430 U13.2 9.3 108.0 120.8 | S 3.5 ¢ 3 0.1 1.09 2,48
22 6040 690 0 %7 L) 0 28 1.6 21.48 3.07

1602 43.4

70
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1602 v 8060 8040

1630 1570 8130 8100

Figure 10. Sump orifice at Junction 82309..



TABLE 6
INPUT DATA SET FOR EXAMPLE 3

0 0
EXTRAN USER’S MANUAL EXAMPLE FRORILEM 3
RASIC PIPE SYSTEM WITH SUMP ORIFICE AT JUNCTION 32309 FROM FIG. 10
1440 20. »0 6 & é 6 A5 AS 3 J0 0.05
80608 16009 16109 13009 32309 80408
1030 1630 1600 1602 1570 8130
80608 16009 16109 15009 . 82309 80408
1030 1630 15600 1602 1570 3130
80408040880408 4,00 1800, +015
80460805088230¢9 4,00 20753, 2.2 .015
8100810098130°9 4,50 5100. +015
81308130915009 4.G50 3500. + 013
10301030910208 4500, 016 I
13701300716009 543 3000, 0154
160015600916109 6.0 300. »015
2.0
S

(&}

16301600710309 300. L0015 3. 3

16028230916109 . 3000, 034
99999
80408138,0124.6 0
80508135.,0118.,3
81009137.0128.2
831309130.,0117.5
82309155.0112.,3
10208100.0 89.9
10309111,0101.6
13009125.0111.3
15009120,0102.,0
16109125.0102.8
9999
99999
8230915009 2 3.14 .85
99999
99999
79999

10208
§2979
PR

1

79999
323098040881009
G.0 0.0 0.0 0.0
40.0 45.0 50.0
40.0 45.0 50.0
0.0 0 0.0
0.0 .0 0.0

- O
COOOOOO OO 0N A s O e b s b
0
.
o

COCOOOOO O O

* e+ * e o e o+ o

(4]

* &

el O

£ e o
1O 1

ouw

.
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TABLE 7
QUTPUT FROM EXAMPLE 3

ENVIRONMENTAL PROTECTION AGENCY ey FXTENDED TRANSPORT PROGRAM 1313 UATFR RESMIRCES DIVISION
WASHINGTON» D.C. an nn CAM® DRESSER § MCKEE INC.
1 ANALYSTS MQDULE 1 ANNANDALE; VIRGINIA

EXTRAN USER'S MANUAL EXAMPLE PROBLEM 3
BASIC PIPE SYSTEM WITH SUMP ORIFICE AT JUNCTION 82309 FROM FIS. 10

L A N A sunn“RYsrhr[sr[csFokJuncTIONS A A R A NN

1IPPERMOST MAXINN  TINE FEET OF FEET MAX, LEMGTH
GROUND PIPE CROWN CONPUTED oF SURCHARGE DEPTH IS o

JUNCTION ELEVATION ELEVATION DEPTH  DCCURFNCE AT MAX. BELOW GROUND SURCHARSE
NUNBER (FM tat] (F)  HR. NN, DEPTH 'ELEVATION 0]
80408 138,00 128,60 281 0 18 0.00 10,79 0.0
80408 135,00 12,30 g0 R 0,00 13,49 0.0
81009 137,00 132,70 348 00X 0.00 532 0.0
81309 130.00 122,00 2.8 0 B 0,00 9,44 0.0
82309 153,00 118,50 s36 0 59 0,00 35,54 0.0
10208 100,00 98.90 0.5 2 4 0.00 9,54 2.0
10309 111,00 110.40 40 2 4 0,00 5.00 0.0
15009 125,00 117,00 30 12 0,00 9,90 0.0
16009 120.00 111.00 WS 2 M 0.00 13,98 ' 0.0
16109 125.00 108.80 2 M 0,00 18.83 0.0
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TABLE 7
QUTPUT FROM EXAMPLE 3

(Continued)
ENVIROMMENTAL PROTECTION AGENCY 312 EXTENDED TRANSPORT PROGRAM 1333 VATFR RESOURCES DIVISTON
WIW! D.C. tm m CW m ‘ m Ilﬁ.
nn ANALYSIS MODILE n ANANDALE, VIRGINIA

EXTRAM USER’S MANUAL EXAMNPLE PROBLEN 3
BASIC PIPE SYSTEM WITH SUNP ORIFICE AT JUNCTION 82309 FROM F16. 10

rr P s b s s s rr s bl SUNNARY sr“rtsrxcsrak cannutrs A A A A N ]

CONDUTT MAXTMUN TIE HAX TN T RATIO OF MAXIMUM DEPTH ABOVE

DESIGN DESIGN VERTICAL  CONPUTED OF CONPUTED oF MAX, TO  INVERT AT CONDUIT ENDS

CONDUIT A VELOCITY EPTH FLOW  OCCUREMCE  VELOCITY OCCURENCE DESIGN UPSTREAN  DOUNSTREAM

NUMBER (CFS) (FPS) (IN) (CFS)  HR. HNIN. (FPS) MR, NINe Lo (FT) - (FN

8040 736 3.9 43.0 30.8 0 19 §.4 0 18 0.7 2,41 LA
8050 ‘3.3 4.2 48.0 4.5 ¢ 5.4 0 0.9 32 3.96
8100 78.1 W9 4.0 57,2 [ ) 3.5 0w 0,7 148 2.8
9130 7046 44 340 5146 0 <8 43 0 R 0.7 2.86 3.60
1030 3028.3 12,3 108.0 1350 2 W 3.8 2 Y 0.0 440 0.56
1570 1234 3.2 46,0 93.3 1 7 57 ) S 0.8 3.80 4,05
14600 146.8 5.2 72,0 47.4 2 U 3.3 0 90 0.3 .37 408
1630 3132 7.3 108.0 135.1 2 83 48 [ 0.1 4,03 4,40
1802 43.4 2.2 §0.0 7.7 1 3 2.8 [ L1 8.16 3.37
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Figure 11. Weir at Junction 82309.



TABLE 8
INPUT DATA SET FOR EXAMPLE 4

0 0
EXTRAN USER’S MANUAL EXAMPLE PRORILEHM 4
BASIC PIPE SYSTEM WITH A WETR AT JUNCTION 82309 FROM FIGURE 11
1440 20. .0 6 6 é 6 A5 AS 3 70 0.05
804608 . 16009 16109 13009 82309 80408
1030 1630 1600 1602 1570 8130
80608 16009 16109 15009 82309 80408
1030 | 1430 1600 1602 1570 8130
80408040880608 4,00 1800, ©,015
80408040882309 4,00 2075, 2.2 .015S
81008100981309 4.50 $100. A .015
81308130915009 4,50 3500, .015
10301030910208 9.0 4300. 016 3.
15701500916009 5.5 5000, .0154
15001500916109 6.0 500. L015
16301600910309 9.0 300, ,015 2,
14028230914107 S. 5000, ,034
99999 :
80408138,0124.6 0
80608135.0118.3
81009137.0128,2
81309130.0117.5
82309155.,0112.3
10208100.0 89.9
10309111.0101.6
15009125.0111.5
16009120,0102,0
14109125.0102.8
99999
99999
99999 :
8220915009 1 3.0 4,0 3.0 .80
99999
99999
10208
99999
99999
1
29999
823098040881009
0.0 0.0 0.0
0.25 40.0 45.0
3.0 40.0 45.0
3.25 0.0 0.0
12,0 0.0 0.0

- O R
[ s S R il

> * @
CO OO OC OO OO

COOCOOOO O O-

* o o e o

[o o)

cowuwo
+« OO~
C O+ O
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TABLE 9
QUTPUT FROM EXAMPLE 4

ENVIRGMMENTAL PROTECTION AGENCY 1132 EXTENDED TRAMSPORT PROGRAN  tx13 VATER RESOURCES DIVISION
VASHINGTONs D.C. un .- CA#®P DRESSER ¢ MLXEE INC.
i e ANALYSIS MODULE s ANNANDALE» VIRGINIA

EXTRAN USER‘'S MANUAL EXANPLE PROBLEM 4
BASIC PIPE SYSTEM WITH A VEIR AT JUNCTION 82309 FROM FIGURE if

R A A A ) su""hiysrhr‘srlcsrokJuucrlons'llllllllllllllll

UIPPERMAST MAXTNUM TINE FEET OF FEFT MAX, LENGTH
GROUND PIPE CROWN CONPUTED OF SURCHARSE DEPTH I8 OF

JUNCTION ELEVATION ELEVATION BEPTH  OCCURENCE AT ¥AX, BELOV GROWND SURCHARSE
MRBER (F (FT} (FT)  HR. HIN. DEPTH ELEVATION (LILY
80408 138,00 128,40 10.12 o 612 3.28 144.3
80408 133,00 12.30 13.32 0 18 9.32 3.38 153.3
81009 137.00 132.70 3.3 ¢ B 0.00 S.44 0.0
31309 130.00 12,00 114 0 & 0.00 9.3 0.0
82309 153.00 ©118.50 16.46 [ 10.28 26,24 160.7
10208 100,00 98,90 0.3 I 0.00 9.54 0.0
10309 111.00 110.40 440 I 1 0.00 5.00 0.0
15009 1283.00 117.00 3.13 t u 0.00 10.37 0.0
16009 120,00 111.00 4,05 I 0 0.00 13.9% 0.0
16109 123.00 108.80 J.46 3 0 0.00 18.74 0.0
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TABLE 9
QUTPUT FROM EXAMPLE 4

(Continued)
ENVIROMENTAL PROTECTION AGENCY 8333 EXTODED TRANSPORT FROGRAN 1338 VATFR RESOURCES DIVISTON
WASHINGTONs D.C. un nxn CAYP DRESSER { MCXEE DG,
n ANALYSTS NODULE s ANNANDALE s VIRGINIA

EXTRAN USER’S MANUAL EXAMPLE PROBLEM 4
BASIC PIPE SYSTEM WITH A VEIR AT JUNCTION 32309 FROM FIGURE 11

A A A A A A sunn‘kr sr‘rts'tcs FaR cannu[rs T A A A N N

coNpurT NAXTIOUM TN HAXTNUM TIE RATIO OF MAXIMA DEPTH ABOVE

DESTON DESIGN VERTICAL  COIPUTED oF CoNPUTED oF HAX. T0  INVERT AT COMDUIT DYUS
CoNUIT N VELOCITY DEPTH FLON  OCCURENCE  VELOCITY OCCURENCE DESTGN UPSTREAM  DOMMSTREAM
NUKBER (CFS) (FPS) 3¢ ) (CFS) HR. MIN, (FPS) HR. NIN. FLOW (FN (FT)
8040 73.4 3.9 8.0 30.8 0 19 [ 0 18 0.7 10.12 - 13.32
3060 3.3 4.2 48.0 47.4 0 23 5.0 0 0.9 13.32 14.28
8100 78.1 4.9 4.0 9.3 0 I8 5.5 0 0.8 3.38 3.14
8130 70.4 44 54,0 5.7 0 % 3.0 0 4 0.8 3.4 3.43
1030 3028.3 12,3 108.0 . 1335.0 3 5.4 I 1 0.0 440 0.3
1570 123.6 5.2 6.0 76,3 1 u 32 ¢ B 0.4 1.4 4.03
1500 144.8 3.2 72,0 82.3 ) 5.4 0 8 0.4 3.4 4.05
1830 3.2 2.3 108.0 13%.0. 3 0 3.2 [ 2 - ] 0.1 403 4,40
1602 43.4 2.2 80.0 81.2 I 0 3.6 02 1.4 16,48 3.46
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Figure 12. Storage facil{ty and side outlet orifice
at Junction 82309. -



0 0

INPUT DATA SET FOR EXAMPLE 5

TABLE 10

EXTRAN USER’S MANUAL EXAMFLE FPROBLEM S

STORAGE FACTILITY ANMD SIDE OUTLET ORIFICE AT JUNC. 32309 (FIG.

1440 20, .0
80608
1030
804608
1030

804080408804608.

806080460382307
81008100981309
81308130915009
10301030910208
15701300916009
16001600916109
163014600910309
15028230816109
99999
£0408138.,0124.,6
80608135.0118.3
21009137.,0128.2
81309130.0117.5
82309155.,0114.5
$2308155.0112.3
10208100.0 89,9
10309111,0101.4
15009125,0111,5
146009120.0102,0
16109125,0102.8
99999
32309
99999
8230982308 1
29999
99999
99999
10208
99999
99999
1
99999
£23098040881009
000

(4]

0.0
0.0

Ll OO
c OO
(o4 ]

.
.
.
.
2
&

é
16009
1630
146009
1630

= O e .

CO OO OOQ O

DI R T S I I =

CO O OO0 OCOOOO

40.0
40,0

6
3

1

é
6109
1600
4109
1600
4.00
4.00
4.30

L
A
o

o O (10
-

80

SO 1o

&

AD
13009
1602
15009
1602
18900.
2075.
5100,
3300,
4500,
5000,

300.
300,
5000.

AT

R/

82309
1570
82309
1570

0

+013
+ 015
« 013
2 Q15
+016
+0134
+015
+ Q1S
034

0.03
80408
8130
80408
8130

12)



TABLE 11
QUTPUT FROM EXAMPLE 5

ENVTRCMMENTAL PROTECTION AGENCY 71s  EXTEMDED TRANSPORT PROGRAN i3 WATFR SESOURCES DIVISTON
WASHINGTONy 0.C. un s CAWP DRESSER L MCKEE INC.
s AMLYSIS MODULE s ANNKDALE: VIRGINIA

EXTRAN USER’S NAUUAL EXAMPLE PROBLEN §
STORAGE FACILITY AMD SIDE QUTLET ORIFICE AT JNC. 82309 (FIS, 12)

L A A N sun"*"st‘rIsTIcsrok"u'cr‘ols AN

UPPERMOST HAXTMUN TIE FEET OF FEET MAX. LENGTH
GROUND PIPE CROMM COMPUTED of SURCHARSE DEPTH IS 1 ]

JUNCTION ELEVATION ELEVATION DEPTH  OCCURENCE AT MAX, BELOW GROUG SURCHARSE
NUMBER (FN (FT) (FT)  HR. NIMo DEPTH ELEVATION (NIN)
80408 118.00 128,80 13.0t 03 9.01 0.39 164.0
30408 133.00 2.3 15,70 6 B 12,20 0.00 7.3
81009 137,00 132,70 3.36 [ 4 0.00 344 0.0
81309 130.00 12.00 .83 0 3 0.00 .97 0.0
82309 15500 153.00 21.03 "B 0.00 19.47 0.0
82308 133,00 112,30 16,01 L 11,01 .49 163.0
10208 100.00 98.90 0.51 3 2 0.00 9.59 0.0
10309 11.00 110.60 4,08 3 2 0.00 5032 0.0
15009 120.00 111.00 .73 I 1 0.00 1427 0.0
16107 125.00 108,80 319 3 0 0.00 19,0t 0.0
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TABLE 11
OUTPUT FROM EXAMPLE 5

(Continued)
ENVIROMMENTAL PROTECTION AGENCY t328  EXTENDED TRANSPORT PROGRAM 1213 WATER RESOURCES DIVISION
BASHINGTON, D.C. an e CAMP DRESSER § MCXEE INC.
s ANALYSIS MODULE u ANNANDALE,» VIRGINIA

EXTRAN USER'S NAMUAL EXANPLE PROBLEM 3
STORAGE FACILITY AND SIDE QUTLET ORIFICE AT JUMC. 82309 (FIG. 12)

II'.Illlllllllllll sunnaars"artsr[cs FAR cunnl’lts P A A N N R R A A A ]

CoMutT HAXIMUM I MAXIMUN e - RATIO0 OF NAXIMUM DEPTH ABQVE

DESIGH DESIGN VERTICAL  COMPUTED oF COMPUTED OF MAX. TO  INVERT AT CONMUIT ENDS
CONDULT FLod VELOCITY DEPTH FLOW  OCCURENCE  VELOCITY OCCURENCE DESTGM UPSTREAN  DOUNSTREAN
NUMBER (CF3) (FPS) (I (CFS)  HR. NIN, (FPS)  HR. HMINo ALow (FN) (FD
8040 738 5.9 8.0 S2.4 0 19 b4 0 2 0.7 13.01 16,720
8040 3.3 4.2 48.0 2.2 o 2 3.8 0 3 0.9 16,70 .03
8100 78.1 4.9 54,0 81,0 (. 33 [ L) 0.8 3.38 3.3
8130 706 4 4.0 S4é L | 3 0 % 0.8 3.3 2,9
1030 3028.3 12,5 108.0 109.9 I 2 5.3 I 3 0.9 1.08 0.3
1570 123.4 3.2 86,0 52.6 1 2 A1 1 7 0.4 2.3 LW
1500 1468 | 3.2 72,0 85,2 0 &4 5.9 0 4 0.4 3.19 .73
1430 13.2 2.3 108.0 109.9 3 1 $.0 0 48 0.0 .73 4,08
1602 43.4 2.2 0.0 61,0 L) 3.9 0 2 L4 16,01 3.19
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Figure 13. Off-line pump station (activitated by wet
well volume) at Junction 82310.



TABLE 12
INPUT DATA SET FOR EXAMPLE 6

0 0
EXTRAN USER’S MANUAL EXAMPLE FROBLEM 4
OFF 1LLINE PUMP STATINON AT JUNCTION 82310 FROM FIGURE 13-

1440 20, .0 & é b -] AS A5 3 30 0.03
80608 16009 15109 15009 32309 80408
1030 1630 1600 1602 1570 8130
804508 16009 16109 15009 " 82309 30408
1030 - 1630 1600 1602 1570 8130
80408040880408 1 4,00 1800. +013
80608060882309 1 4,00 2075, 2.2 .015
81008100981307 1 4.50 5100. +015
80618230982310 1 4,0 300.0 +004
- 81308130915009 1 4.30 3300, + 013
10301030910208 6 2.0 4500, 016 T
1570135300915009 1 3.9 3000, 0154
1600146009156109 1 6.0 500, + 015
1583014600910309 b ?.0 300. 015 3.
15028230915109 1 3. - 3000, +034
29999

80408138,0124.,5 0,
82310155.0112.3 0
80608135.0118.3 0
81009137,0128.2 O
81309130.0117.3 O
82309188.0112.3 0
10208100.0 89.9 ©
10309111.0101.6 O
15009125.,0111.5 0
16007120.0102,0 O
16109125.0102.8 0
P99

93999

29999

99399

$231015009 1 60.0 &S.0 10.0 20.0200.,0600.01200,
P99

10208

P9999

29999

OO OO O OOOOOO

R ]
[S IR ]
~3
0

¢ RO OWO

22098040881009

0.0 0.0 0.0
40.0 43.0 350.0
40.0 45,0 50.0
0.0 0.0 0.0

0.0 0.0 0.0

4
8

&

= WO o
(L]

) o ¢ ¢ o
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TABLE 13
QUTPUT FROM EXAMPLE 6

ENVIRGMMENTAL PROTECTION AGENCY tIt  EXTENDED TRANSPORT PROGRAM  rexx UATFR RESOURCES OTVISTAN
WASHINGTON» D.C. o nn CANP DRESSER 1 MCXEE [NC.
4 ANALYSIS MODULE s ANNANDALE ) YIRGINIA

EXTRAM USER’S MANUAL EXANPLE PROBLENM 6
OFF LINE PUNP STATION AT JUNCTION 82310 FRON FIGURE 13

Illll’l'lllllllll SUHHARYSTQTISYICSFORJUNCTIONS P A A A )

UPPERNOST MAXTNUM TIE FEET OF FEET MAX. LENGTH
GRoe PIPE CROWN CONPUTED oF SURCHARGE DEPTH IS oF

JUNCTION ELEVATION ELEVATION DEPTH  QCCUREMCE AT MAX, SELOY GROUND SURCHARGE
NUMBER (Fh (FN (FT)  HR. HING DEPTH ELEVATION (MIN)
80408 138,00 128.40 13.19 0« 9.1¢ 0.2 137.7
82310 153,00 116,30 4,00 o 0.00 mn 0.0
80408 135.00 12,30 16,70 0 45 12.70 0.00 143,7
81009 137,00 132,70 3.4 [ 0.00 5.34 0.0
81309 130.00 12.00 .97 [ 0.00 9.43 0.0
82309 153,00 118,30 20.12 0 4% 13.92 2.5 151.7
10208 100.00 .90 0.56 I 1 0.00 9.54 0.0
10307 111.00 110.40 440 I 1 0.00 5.00 0.0
15009 123.00 117.00 .98 {19 0.00 10,52 0.0
15009 120,00 111.00 4,05 3 t 0.00 13.93 0.0
18109 125.00 108.80 3.49 I 0 0.00 18.7t 0.0
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TABLE 13
OUTPUT FROM EXAMPLE 6

(Continued)
EWIRONAENTAL PROTECTION AGENCY T3 CXTENDED TRAMSPORT PROSRAN  rx VATER RESOURCES DIVISION
VASHINGTOy D.C. un un CA® DRESSER § OKEE 1KC.
e ANLYSTS MIDULE un ANKANDALE s YIRGINTA

EXTRAN USER‘S MANUAL EXAMPLE PROBLEM &
OFF LINE PUMP STATION AT JUNCTION 82310 FROM FIGURE 13

[ A A A A A N ] su"”“R' s“.r!srtcs FuR co“nu!rsllIIIIIIllIlIIIIl

couuItT HAXTHUM TINE HAXTNUN TInE RATIO OF MAXTNUM DEPTH ABOVE

DESIGN  OESIGN  VERTICAL  COMPUTED oF CONPYTED oF MAX, TO  INVFRT AT CONDUIT ENDS
CONDUIT Loy VELOCITY DEPTH FLOV  OCCURENCE  VELOCITY OQCCURENCE DESTCN UPSTREAM  DOMNSTRFAM
NUMBER (CFS) (FPS) (I (CF3) MR, HIN, (FPS)  HR. MIN. FLOM (FT) (FN
8040 73.4 5.9 48,0 0.8 0 19 4 0 18 0.7 13.19 18,70
8060 3.3 42 48.0 0.4 0 B .1 0 30 0.9 15,70 17,92
8100 78.1 L9 54,0 7. 0 &2 55 o0 W 0.7 3.4 2.8
8041 0.0 0.0 48.0 1158 3 9 " 3 ¢ 0.0 20.12 e
8130 70.4 44 $4.0 20 0 % L9 0 S 0.7 2.87 2.98
1030 3028.3 12,8 108.0 13%0 3 S8 3 2 0.0 .40 0.5
1579 1234 %2 8640 708 L 19 S0 0 4 0.4 .98 4,03
1600 144.8 5.2 7.0 5.0 3 o &8 0 3 0.4 3.4 4,08
1830 23132 9.3 108.0 1350 2 5.2 0 4 0.1 403 4,40
1602 43.4 2.2 50,0 5.7 1 S 7 0w 1.5 2012 3.49
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TABLE 14
INPUT DATA SET FOR EXAMPLE 7

0 0
EXTRAN USER’S MAMUAL EXAMFLE FRORLEN 7
IN LINE FUMP STATION AT JUNCTION 32309 FROM FIGURE 14
1440 20, .0 6 & 6 & AS  AS I 30 0.0S
80508 15009 156109 15009 82309 30408
1030 1630 1500 1602 1570 8130
30608 15009 16109 15009 82309 30408
1030 1830 1600 1602 1570 21320
30408040880408 4,00 1800. 015
80608060882309 4,00 2075, 2,2 .01S
81008100981309 4,50 5100, 015
1308130915009 A.50 3500. 015
10301030910208 0 4500, L0163,
15701500916009 ] 5000, L0154
15001600915107 0 500. .015
143014600910209 0 300, .015 3.
15028230915109 5. 5000, L034
95999
B0408138,0124.5 0
80508135.0118.3
81009137.0128.2
231309130.0117.5
82309155.0112.3
10203100.0 89.9
10309111,0101.6
15009125,0111.5
16009120,0102,
14109125.0102.
99999
99999
PGSO
89999
830915009 2 0.0 5.0 10.0 20,0 £.0 25.0 0.0
79999
10208
95999
$9959
1
99999
223098040881009
0.0 0.0 0.0
2 40.0 45.0
0 40.0 45
25 0.0 0.0
2.0 0,9 0.0

O O e

(=]

* * & > ¢ @
CO O OOOOCO O

-

OO O OO OO O -~

* e

(o]
SO MU o
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TABLE 15
OUTPUT FROM EXAMPLE 7

ENVIRONMENTAL PROTECTION AGENCY nry  :XTENDFD TRANSPORT PROGRAY waxz UATFR RESOURCES DIVISTON
WASHINGTON» D.C. 113 s Ce § NCXFE INC,
s ANALYSIS MODILE un AMNANDALE ; VIRGINIA

EXTRAN USER’S HANUAL EXAMPLE PROBLEM 7
IN LINE PUNP STATION AT JUMCTION 82309 FROM FIGURE 14

L A A A A A ] SUHHQRYSTQTISTICSFORJUNCTIUNS A A A NN

lIPPERMCST HAXT MM TINE FEET OF FEET MAX, LEMNETH
GROUND PIPE CROWN CONPUTED oF SURCHARGE DEPTH 1§ oF

JUNCTION ELEVATION- ELEVATION DEPTH  CCCURFMCE AT MAX, BELOW GROUND SURCHARGE
NUMBER (FT) (FT) (FT)  HR. MIN. DEPTH ELEVATION © (NIW)
30408 138.00 128.40 13.40 [ 9.40 0.00 148.7
80408 133.00 122,30 16.70 0 12,720 0.00 155.3
31009 137.00 132,70 343 0 0.00 5.37 0.0
81309 130.00 12.00 7 - 0.00 .33 0.0
82309 133.00 118,50 20.93 0B 14.73 2.77 182,0
10208 100,00 98.90 0.53 I 1 0.00 7.5 0.0
10309 111,00 110.40 4,34 I 1 0.00 3.08 0.0
13009 125.00 117.00 473 t 2 0.00 10,73 0.0
16009 120.00 111,00 .79 I 0 0.00 14,01 0.0
18109 125,00 108.80 3.48 3 0 0.00 18.72 0.0
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TABLE 15
QUTPUT FROM EXAMPLE 7

(Continued)
ENVIROMMENTAL PROTECTION AGENCY 1533 FXTENDED TRANSPORT PROGRAM 1333 VATFR RESOURCES DIVISION
RASHINGTOM» D.C. n n CAMP DRESSER § MCXFE INC.
n ANALYSIS MODULE n ANNAHOALE, VIRSINIA

EXTRAN USER‘S MANUAL EXAMPLE PROBLEN 7
IN LINE PUIP STATION AT JUNCTION 92309 FROM FIGURE 14 L .

L R A A A A A ] sun”“RYsT“TIsTlcsFog co"nulrsIIIII)IIIIIIIIIII

CONDUIT HAXIMUN TINE HAXTHLR TIE RATIC OF NAXIMUM DEPTH ABOVE

DESIGN DESIGN VERTICAL  CONPUTED oF CONPUTED oF NAX. TO  INVERT AT CONDYIT XIS
CONDUIT FLOW VELOCITY 0EPTH U OCCURENCE  VELOCITY OCCURFHMCE DESIGM UPSTREAN  DOUNSTREAM
NUMBER (CF) (FPS) L)) (CF3)  HR. MIN. (FPS)  HR. HIN, Ao (FM (FT)
8040 3.4 3.9 48.0 30.8 o 19 b4 0 18 0.7 13.40 16,70
8060 3.3 4.2 48.0 48,3 o 3. 03 0.9 16,70 18.73
8100 78,1 4.9 3440 3%.3 ¢ w0 5.3 0 3 0.8 3.3 347
8130 70:6 Ad 4.0 8.4 t 3 3.0 0 54 0.8 317 r3yr]
1030 3028.3 12,3 108.0 129.8 It 3.8 L | 0.0 434 0.53
1370 123.6 3.2 8640 81,9 12 44 1 2 0.3 275 3.9
1600 146.8 5.2 .0 49.8 I 0 3.8 ¢ 18 0.3 3.48 1.7
1630 A13.2 7.3 108.0 129.8 I 0 5.2 0 43 0.1 3.99 434
1602 3.4 22 50,0 §9.8 I 0 3.9 [ 1.6 20.93 J.48
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CHAPTER 4
TIPS FOR TROUBLE-SHOOTING

In the preceding three chapters of this user’'s manual, we have
described in detail the individual data input elements for EXTRAN. We believe
that careful study of the data input instructions, together with the example
problems of the last section, will go a long way in answering the usual
questions of "how to get started” in using a computerized stormwater model as
intricate as this one.

Obviously, it is not possible to anticipate all problems in advance and
therefore certain questions are bound to occur in the user's initiai attempts
at application. The purpose of this section is to offer a set of guidelines
and recommendations for setting up EXTRAN which will help to reduce the number
of problem areas and thereby alleviate frequently encountered start-up pains.

Most difficulties in using the EXTRAN MODEL arise from three sources:
(1) improper selection of time step and incorrect specification of the total
simulation period; (2) incorrect print and plot control variables; and (3)
improper system connectivity in the model. These and other problems are dis-
cussed below:

e Numerical stability constraints in the EXTRAN Model require
that DELT, the time-step, be no longer than the time it
takes flow to travel the length of the shortest conduit in
the transport system. A 10-second time-step is recommended
for most wet-weather runs, while a 45-second step may be
used satisfactorily for DWF conditions. The numerical stability
criteria for the explicit finite-difference scheme used by the
model are discussed in Chapter 2.

o Numerical instability in the EXTRAN Block is signaled by the
occurrence of the following hydraulic indicators:

(1) Oscillations in flow and water surface elevation which
are undampened in time are sure signs of numerical in-
stability. Certain combinations of pipe and weir
structures may cause temporary resonance, but this
is normally short lived. The unstable pipe usually is
short relative to other adjacent pipes and may be
subject to backwater created by a downstream weir. (he
correction is a shorter time-step, a longer pipe length
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or combination of both. Neither of these should be
applied until a careful check of system connections on

- all sides of the unstable pipe has been made as suggested
below.

(2) A second indicator of numerical instability is a node
which continued to "dry up” on each time-step despite
a constant or increasing inflow from upstream sources.
The cause usually is too large a time-step and excessive
discharges in adjacent downstream pipe elements which
pull the upstream water surface down. lhe problem is
related to ftems (1) and (3) and may usually be corrected
by a smaller time-step.

(3) Excessive velocities (over 20 fps) and discharges which
appear to grow without limit at some point in the simula-
tion run are manifestations of an unstable pipe element in
the transport system. The cause usually can be traced to
the first source above and the corrections are normally
applied, as suggested in item (1) above.

(4) A large continuity error is a good indicator of either
stability or other problems. A continuity check, which
sums the volumes of inflow, outflow, and storage at the
end of the simulation, is found at the end of the inter-
mediary printout. If the continuity error exceeds + 10%,
the user should check the intermediate printout for pipes
with zero flow or oscillating flow. These could be caused
by stability or an improperly connected system.

Systems in surcharge require a special iteration loop, allowing
the explicit solution scheme to account for the rapid changes

in flows and heads during surcharge conditons. This iteration
loop is controlled by two variables, ITMAX, the maximum number
of iterations, and SURTOL, a fraction of the flow through the
surcharged area. It is recommended that ITMAX and SURTQL be

set initially at 30 and 0.05, respectively. 1he user can check
the convergence of the iteration loop by examining the number

of iterations actually required and the size of the net differ-
ence in the flows through the surcharged area, shown in the
intermediate printout. These are significant since the iter-
ations end when either SURTOL times the average flow through

the surcharged area is less than the flow differential discussed
above, or when the number of iterations exceeds I[IMAX. If ITMAX
is exceeded many times, leaving relatively large tlow differen-
tials, the user should increase ITMAX to improve the accuracy

of the surcharge computation. If, on the other hand, the user
finds that most or all of the iterations do converge, he may
decrease ITMAX or increase SURTOL to decrease the runtime of the
model and, consequently, the cost. lhe user should also keep an
eye on the continuity error to insure that a large loss of water
is not caused by the iterations.
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In some large systems, more than one area may be in surcharge
at the same time. If this occurs and the flows in these areas
differ appreciably, those areas with the smallest flows may
not converge, while areas with large flows will. This is
because both the tolerance and flow differential are computed
as sums of all flows in surcharge. It is possible, therefore,
to assume convergence has occurred even when relatively large
flow errors still exist in surcharge areas with small flows.
If the user suspects this situation exists, he can compute a
flow differential for any particular surcharge area by adding
the differences between inflow to and outflow from each node
in that surcharge area. Such information can be found in the
intermediary printout. Whenever the flow differential com-
puted in this way is a significantly large fraction of the
average flow in this area, inaccurate results may be expected.
To correct this, SURTOL can be decreased until the flow dif-
ferntial for the area in question decreases to a small value
over time. It should be noted, however, that large flow dif-
ferentials for a short period of time are not unusual provid-
ing they decrease to near or below the established tolerance
for most of the simulation.

The simulation period is defined by the product NTCYC x DELT
or the number of integration cycles times the length of each
cycle. If this product exceeds the simulation period of the’
inflow hydrograph tape, an illegal end-of-file is encountered
and execution stops. NTCYC must then be reduced to correspond
with this simulation period.

The length of all conduits in the transport system should be
roughly constant and no less than 100 feet. This constraint
may be difficult to meet in the vicinity of weirs and abrupt
changes in pipe configurations which must be represented in
the model. However, the length of the shortest conduit does
directly determine the maximum time step and the number of
pipe elements, both of which in turn control the cost of
simulation as indicated in Chapter 2. The use of longer pipes
should be facilitiated through use of equivalent sections and
slopes in cases where significant changes in pipe shape, cross
sectional area and gradient must be represented in the model.

In EXTRAN, printed output can be requested for a maximum of 20
nodes and conduits. In addition, the number of printed points
for a given node or conduit is automatically set at 100 regard-
less of the length of simulation. This requires that the print
frequency control variable INTER is defined strictly by the
criterion:

NTCYC - NSTART

INTER

where all variables are as defined in Chapter 2. If, for
example, NTCYC = 1600 and NSTART = 9, and we had selected
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INTER = 10 then the ratio (NTCYC - NSTART) - INTER = 159,
Because the 100-value printing arrays would then be filled
with 159 values, an overflow situation would occur thereby
producing output which is badly scrambled at best and unusable
at worst. Therefore, it is worthwhile to look closely at
INTER prior to any major EXTRAN run.

Prior to a lengthy run of EXTRAN for a new system, a short

test run of perhaps five integration cycles should be made to
confirm that the link-node model is properly connected and
correctly represents the prototype. This check should be made

on the echo of the input data, which show the connecting links at
each node. The geometric-hydraulic data for each pipe and junction
should also be confirmed. Particular attention should be paid to
the nodal location of weirs, orifices, and outfalls to ensure these
conform to the prototype system. In addition, the total number of
conduits and junctions, including internal links and nodes created,
can be determined from the Internal Connectivity Table. This infor-
mation is necessary for proper specification of initial heads and
flows at time zero in the simulation.

The introduction of a ZP invert elevation difference for all
pipes connecting a single junction will cause the junction
invert elevation to be incorrectly specified. This, in turn,
will create errors in hydraulic computation later in the simu-
lation. The junction invert must be at the same elevation as
the invert of the lowest pipe either entering or leaving the
junction or it is improperly defined. This problem is readily
corrected by checking the punched conduit data cards to deter-
mine where a non-zero ZP should be set to zero.
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CHAPTER 5
FORMULATION OF EXTRAN

GENERAL

A conceptual overview of EXTRAN is shown in Figure 15. As shown here,
the specific function of EXTRAN is to route inlet hydrographs through the net-
work of pipes, junctions, and flow diversion structures of the main sewer
system to the treatment plant interceptors and receiving water outfalls. It
has been noted in Chapter 2 that the boundary between the RUNOFF and EXTRAN
Models is dependent on the objectives of the simulation. EXTRAN must be used
whenever it is important to represent severe backwater conditions and special
flow devices such as weirs, orifices, pumps, storage basins, and tide gates.
Normally, these conditions occur in the lower reaches of the drainage system
when pipe diameters exceed roughly 20 inches (50 cm). The Runoff Model, on
the other hand, is well suited for the simulation of overland and small pipe

flow in the upper regions of the system where the kinematic assumptions of
uniform flow hold.

As shown in Figure 15, EXTRAN simulates the following elements -- pipes,
manholes (pipe junctions), weirs, orifices, pumps, storage basins, and outfall
structures. These elements and their associated properties are summarized in
Tables 16 and 17. OQutput from EXTRAN takes the form of 1) discharge hydro-
graphs and velocities in selected conduits in printed and plotted form; and
2) flow depths and water surface elevations at selected junctions in printed
and plotted form. This output is supplied by off-line storage (e.g., discs,
tapes) to a subsequent block, e.g., the Receiving Water Block.

CONCEPTUAL REPRESENTATION OF THE TRANSPORT SYSTEM

EXTRAN uses a link-node description of the sewer system which facili-
tates the discrete representation of the physical prototype and the mathe-
matical solution of the gradually-varied unsteady flow equations which form
the mathematical basis of the model.

As shown in Figure 16, the conduit system is idealized as a series of
links or pipes which are connected at nodes or junctions. Links and nodes
have well defined properties which, taken together, permit representation of
the entire pipe network. Moreover, the link-node concept is very useful in
representing flow control devices. The specific properties of links and nodes
have been summarized in Table 17.
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GEOMETRIC DATA

o System Geometry

o Pipe sizes, shapes & slopes
QUTFLOW ° Location of inlets, diversions
HYDROGRAPHS FROM & overflows ’

SURFACE RUNOFF MODULE
OPERATION RULES
o Pumps
. ° Offline storage
Q ' ° Regulated flow
. T : / diverters

DRAINAGE SYSTEM
FLOW ROUTING
MODEL

Hydrographs at

System Qutfalls Time History of
Heads and Flows
in the System

f(HEAO
Q - FLOW
/[ PRINTED
_ >T OUTPUT
INPUT TO :

RECEIVING WATER
FLOW ROUTING MODEL

Figure 15. Schematic illustration of EXTRAN
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TABLE 16

CLASSES OF ELEMENTS INCLUDED IN
THE TRANSPORT MODEL

Element Class Types

Conduits or Links Rectangular
Circular
Horseshoe
Baskethandle
Eggshape
Trapezoid

Junctions or Nodes {Manholes) = -----

Diversion Structures Orifices

Transverse weirs
Sideflow weirs

Pump Stations On-1ine or off-line pump station
Storage Basins On-line {enlarged pipes or tunnels)
Qutfall Structures Transverse weir with tide gate

Transverse weir without tide gate
Sideflow weir with tide gate
Sideflow weir without tide gate
OQutfall with tide gate

Free outfall without tide gate

TABLE 17

PROPERTIES OF NODES AND LINKS IN
THE TRANSPORT MODEL

Properties and Constraints

NODES
Constraint &Q = change in storage
Properties computed at Yolume
each time-step Surface area

Head

Constant Properties Invert, crown, and ground elevations

LINKS

Constraint Qin = Qout

Properties computed at Cross-sectional area

each time-step Hydraulic radius
Surface width
Discharge
Yelocity of flow

Constant Properties Head loss coefficients

Pipe shape, length, slope, roughness,
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Links transmit flow from node to node. Properties associated with the
links are roughness, length, cross-sectional area, hydraulic radius, and sur-
face width. The last three properties are functions of the instantaneous
depth of flow. The primary dependent variable in the links is the discharge,
Q. It is assumed that Q is constant in the link, while velocity and the
cross-sectional area of flow, or depth, are variable in the link. In the
_early development of EXTRAN, a constant velocity approach was used, but this
was found later to produce highly unstable solutions.

Nodes are the storage elements of the system and correspond to manholes
or pipe junctions in the physical system. The variables associated with a
node are volume, head, and surface area. The primary dependent variable is
the head, H, which is assumed to be changing in time but constant throughout
any one node. Inflows, such as inlet hydrographs, and outflows, such as weir
diversions, take place at the nodes of the idealized sewer system. The volume
of the node at any time is equivalent to the water volume in the half-pipe
lengths connected to any one node. The change in nodal volume during a given
time step, At, forms the basis of head and discharge calculations as discussed
below.

BASIC FLOW EQUATIONS

The basic differential equations for the sewer flow problem come from
the gradually varied, unsteady flow equations for open channels, otherwise
known as the Saint-Venant or shallow water equations. The equation for '
unsteady spatially varied discharge can be written: '

0 - gas, + 2B« yER gl (9)
where
Q = discharge through the conduit
V = velocity in the conduit
A = cross-sectional area of the flow
H = hydraulic head
Sg = friction slope

The friction slope is defined by Manning's equation, i.e.

k
Se = ————— le
Fogar?/3 | (10)

where k = g(n/1.49)2. Use of the absolute value sign on the velocity terms
makes S¢ a directional quantity and ensures that the frictional force always
opposes the flow. Substituting in equation 9 and expressing the finite dif-
ference form gives:

A,-A Hy-H
= Q, - —Kat AA 2 "2
Qerat = Q¢ = g7 TW Qpepy + Vg a8 + V" == ot - gA e (D)
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Solving equation 11 for Qe+ 4t gives the final finite difference form of the
dynamic flow equation as:
i 1 _ 7 BN R
Qint = Tkt Q + 2T A+ TS st - A S at | (12)
Rl

R .
In equation 12, the values ¥, R, and A are weighted averages of the conduit
end values at time t.

The_basic unknowns in equation 12 are Qt+,t, Ho and Hy. The variables
¥, R, and A can all be related to Q and H. We, %here ore, require another
equation relating Q and H. This can be obtained by writing the continuity
equation at a node. ‘

. z
_ t
or in finite difference form
thAt
ferat = Hp ¥ 78— (14)
t

SOLUTION OF FLOW EQUATION BY MODIFIED EULER METHOD

Equations 12 and 14 can be solved sequentially to determine discharge
in each link and head at each node over a time-step at. The numerical inte-
gration of equations 12 and 14 is accomplished by a modified Euler method.

The results are accurate and, when certain constraints are followed, stable.
Figure 17 shows how the process would work if only the discharge equation were
involved. The first three operations determine the slope 3Q/3t at the "half-
step" value of discharge. In other words, it is assumed that the slope at
time t + At/2 is the mean slope during the interval. The method is extended
easily to more than one equation, although graphic representation is then very
difficult. The corresponding half-step and full-step calculations of head are
shown below:

Half-step at node j: Time t + at/2

(e + 80) = Hy(8) #5052 [ale) + Qe + D)7 + 5 (e + Ly/as;(t)

J (15)
conduits diversions
surface runoff pumps
outfalls
Full-step at node j: Time t + at
]
Hi(t + at) = Hy(t)* otlzE @) + Q(t + at)] + £ Q(t + a8)]/AS (¢) 16)
conduits diversions
surface runoff pumps
‘ outfalls
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ACTUAL
4 VALUE

VALUE

t+%£ t+at

TIME ——»

(:) Compute (%%) from properties of system at time t
t

(:) Project Q(t+ ) as Q(t+—— = Q(t) + ( ) At

2

: At

<:> a. Compute system properties at t+2—

- b. Form (aQ) from properties of system at time t+é£
ot/ At 2
t+—
2
. 3
Project Q(t+at) as Q(t+at) = Q(t) + (gof)tJrAt At
>

Figure 17. Modified Euler solution method for discharge
based on half-step, full-step projection.
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Note that the half-step computation of head uses the half-step compu-

tation of discharge in all connecting conduits. Similarly, the full-step com-
putation requires the full-step discharge at time t + st for all connecting
pipes. In addition, the inflows to and diversions from each node by weirs,
orifices, and pumps must be computed at each half and full-step. The total
sequence of discharge computations in the links and head computations in the
nodes can be summarized as:

1. Compute half-step discharge at t + 4%t/2 in all links based
on preceding full-step values of head at connecting junctions.

2. Compute half-step flow transfers by weirs, orifices, and pumps
at time t + At/2 based on preceding full-step values of head
at transfer junction.

3. Compute half-step head at all nodes at time t + At/2 based on
average of preceding full-step and current half-step discharges
in all connecting conduits, plus flow transfers at the current
half-step.

4. Compute full-step discharge in all links at time t + at based on
half-step heads at all connecting nodes.

5. Compute full-step flow transfers between nodes at time t + at
based on current half-step heads at all weir, orifice, and pump
nodes.

6. Compute full-step head at time t + 2t for all nodes based on
average of preceding full-step and current full-step discharges,
plus flow transfers at the current full-step.

NUMERICAL STABILITY

The modified Euler method yields a completely explicit solution in
which the motion equation is applied to discharge in each link and the con-
tinuity equation to head at each node entirely without implicit coupling. It
is well known that explicit methods involve fairly simple arithmetic and re-
quire little storage space compared to implicit methods. However, they are
generally less stable and often require very short time-steps. From a prac-
tical standpoint, experience with EXTRAN has indicated that the program is
stable numerically when the following inequalities are met:

Conduits:
L (17)
Ati /QT

where L is the pipe length in feet, g is gravity (ft/sec ), D is the pipe
depth, and At the time step in seconds.

Nodes: .
AL < ¢ As Hmax
- zQ (18)
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where C' is a dimensionless constant determined by experience to be approx1-
mately 0.10, Hpax is the maximum water-surface rise in time-step at, Ag

the correspondxng surface area of the node, and £Q is the net inflow to the
Jjunction.

Examination of inequalities 17 and 18 reveals that the maximum allow-
able time, A4t, will be determined by the shortest, smallest pipe having high
inflows. Based on past experience with EXTRAN, a time-step of 10 seconds is
nearly always sufficiently small to produce outflow hydrographs and state-time
traces which are free from spurious oscillation and also satisfy mass con-
tinuity under non-flooding conditions. In most applications, 15 to 30 second
time-steps are adequate; occasionally time steps up to 60 seconds can be used.

Equivalent Pipes

An equivalent pipe is the computational substitution of an actual
elément of the drainage system by an imaginary conduit which is hydraulically
identical to the element it replaces. Usually, an equivalent pipe is used
when it is suspected that a numerical instability will be caused by the ele-
ment of the drainage system being replaced in the computation. Short conduits
and weirs are known at times to cause stability problems and thus occasionally
need to be replaced by an equivalent pipe. (Orifices are automatically con-
verted to equivalent pipes by the program; see the description below.)

The equivalent pipe substitution used by EXTRAN involves the following
steps. First the flow equation for the element in question is set equal to
the flow equation for an "equivalent pipe". This, in effect, says that the
head Tosses in the element and its equivalent pipe are the same. The length
of the equivalent pipe is computed using the numerical stability equation 17.
Then, after making any additional assumptions which may be required about the
equivalent pipe's dimensions, a Manning's n is computed based on the equal
head 1oss requirement. In the case of orifices, this conversion occurs inter-
nally in EXTRAN, but in those cases where short pipes and weirs are found to
cause instabilities, the user must make the necessary conversion and revise
the input data set. Chapter 2 of this report outlines the steps needed to
make these conversions.

SPECIAL PIPE FLOW CONSIDERATIONS

) The solution technique discussed in the preceding paragraphs cannot be
app11ed without modification to every conduit for the following reasons.
First, the invert elevations of pipes which join at a node may be different
since sewers are frequently built with invert discontinuities. Second, criti-
cal depth may occur in the conduit and thereby restrict the discharge. Third,
normal depth may control. Finally, the pipe may be dry. In all of these
cases, or combinations thereof, the flow must be computed by special tech-
niques. Figure 18 shows each of the possibilities and describes the way in
which surface area is assigned to the nodes. The options are:

1. Normal case. Flow computed from motion equation. Half
of surface area assigned to each node.
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Figure 18. Special hydraulic cases in EXTRAN flow calculations.
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2. Critical depth downstream. Use lesser of critical or normal
depth downstream. Assign all surface area to upstream node.

3. Critical depth upstream. Use critical depth. Assign all
surface area to downstream node.

4, Flow computed exceeds flow at critical depth.
Set flow to normal value. Assign surface area in usual
manner as in (1).

5. Dry pipe. Set flow to zero. If any surface area exists,
assign to downstream node.

Once these depth and surface area corrections are applied, the computations of
head and discharge can proceed in the normal way for the current time-step.
Note that any of these special situations may begin and end at various times
and places during simulation. EXTRAN detects these automaticaliy.

HEAD COMPUTATION DURING SURCHARGE AND FLOODING

Another hydraulic situation which requires special treatment is the
occurrence of surcharge and flooding. Surcharge occurs when all pipes
entering a node are full or when the water surface at the node iies between
the crown of the nighest entering pipe and the ground surface.

Flooding is a special case of surcharge which takes place when the
hydraulic grade line breaks the ground surface and water is lost from the
sewer node to the overlying surface system. While it would be possible to
track the water lost to flooding by surface routing, this is not done in the
present version of EXTRAN.

During surcharge, the head calculation in equations 15 and 16 is no
longer possible because the surface area of the surcharged node is zero.
Thus, the continuity equation for node j at time t is

zQ(t) = 0 {19)

where £Q(t) is all inflows to and outflows from the node from surface runoff,
conduits, diversion structures, pump, and outfalls.

Since the flow and continuity are not solved simultaneously in the
model, the flows computed in the links connected to node j will not satisfy
equation 19. However, computing 3Q/3H; for each link conected to node j, a
head adjustment can be computed such that the continuity equation is satis-
fied. Rewriting equation 19 in terms of the adjusted head gives:

s(0(t) + 4L an(1)) = 0

) Hj (20)
which can be solved for aHj as
s (t) = -sa(t)/z ZREL (21)
J
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This adjustment is made by half-steps during surcharge so that the half-step
correction is given as:

.

® i

. at |
) = Hj(t) + kAHj(t + 2) (22)

{

H, (t +

>
et

where Hj(t + 4t/2) is given by equation 21, while the full-step head is
computed as:

Hy (6 + at) = Hy(t + %) +k o (t) (23)

where AHj(t) is described by equation 21. The value of the constant k theo-
retically should be 1.0. However, it has been found that equation 22 tends to
overcorrect the head; therefore, a value of 0.5 is used for k in the half-step
computation which gives much better results. It has also been found that
oscillations are triggered at upstream terminal junctions when these values

of k are used. Therefore, to eliminate the oscillations, values of 0.3 and
0.6 are automatically set for k in the half-step and full-step computations,
respectively, at these nodes.

Use of BQ(t)/BHj, as mentioned above, satisfies continuity. Unfortu-
nately, though, the explicit solution technique cannot meet the physical
constraint of the inflows to surcharged areas of the system equaling the out-
flows. Because of this unmet constraint, the surcharge heads fall below
their actual physical values. In order to boost these heads to their expected
values, the full-step computations of flow and head in surcharge areas are
repeated in an iteration loop. The iterations for a particular time-step con-
tinue until one of the following two conditions is met:

1. The net differance of inflows to and outflows from all nodes
in surcharge in less than a tolerance, computed every time-
step as a fraction of the average flow through the surcharge
area. The fraction is input by the user.

2. The number of iterations exceeds a maximum set by the user.
The jteration loop has been found to produce accurate results with little
continuity error. The user may need to experiment somewhat with the user
input values in order to accurately simulate all surcharge points without
incurring an unreasonably high computer cost due to extra iterations.

For various types of links connected to a node, 3Q/3H is computed as
follows:

Conduits

) L L gy (.—g——A,_t)). (24)
j
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where

2

K(t) = -at igiilljcz; [v(t)]

2.208 R
At = time interval
A(t) = flow cross sectional area in the conduit
L = conduit length
n = Manning n
R = hydraulic radius for the full conduit
V(t) = velocity in the conduit

System Inflows

—QL—” t = (25)

Orifice, Weir, Pump, or Qutfall Diversions

Orifices are converted to equivalent pipes (see below); therefore,
equation 24 is used to compute 3Q/3H. For weirs, 3Q/3H in the weir link is
taken as zero, i.e., the effect of the flow changes over the weir due to a
change in head is ignored in adjusting the head at surcharged weir junctions.
(The weir flow, of course, is computed in the next time-step on the basis of
the adjusted head.) As a result, the solution may go unstable under surcharge
conditions. If this occurs, the weir should be changed to an equivalent pipe
as described in Chapter 2, under Card Group 12.

3Q/3H for pump junctions is also taken as zero. For off-line pumps
(with a wet well), this is a valid statement since qum is determined by the
volume in the wet well, not the head at the junction. Eor in-1ine pumps,
where the pump rate is determined by the water depth at the junction, a
problem could occur if the pumping rate is not set at its maximum value at a
depth less than surcharge depth at the junction. This situation should be
avoided, if possible, because it could cause the solution to go unstable if a
large step increase or decrease in pumping rate occurs while the pump junction
is surcharged.

For all outfall pipe, the head adjustment at the outfall is treated as
any other junction. OQutfall weir junctions are treated the same as internal
weir junctions (3Q/3H for the weir link is taken as zero). Thus, unstable
solutions can occur at these junctions also under surcharge conditions.
Converting these weirs to equivalent pipes will eliminate the stability
problem.

Because the head adjustments computed in equations 22 and 23 are
approximations, the computed head has a tendency to “"bounce" up and down when
the conduit first surcharges. This bounding can cause the solution to go
unstable in some cases; therefore, a transition function is used to smooth the
changeover from head computations by equations 15 and 16 to equation 22 and
23. The transition function used is:

_ 30(t)
aH;(t) = GENoM (26)
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where A
DENOM is given by

Y. - D,
peMon = 2B 4 (as (¢) - 2QLt)) ayp(- E(_l__i)) (27)
aHj j aHj 0,
and
AS = the nodal surface area at 0.96 full depth

pipe diameter
water depth.

o
. o
0 uau

The exponential function causes equation 27 to converge within two percent of
equation 21 by the time the water depth is 1.25 times the full flow depth.

Finally, it is noted that when flooding of the node above the ground
surface is detected, EXTRAN automatically resets the water surface at the
ground elevation of the node. Water rising above this level under flooding
conditions is then lost from the system and does not return to the EXTRAN in
the present version of the program.

FLOW CONTROL DEVICES

The Tink-node computations can be extended to include devices which
divert sanitary sewage out of the storm drainage system or relieve the storm
load on sanitary interceptors. In EXTRAN, all diversions are assumed to take
place at a node and are handled as internodal transfers. The special flow
regulation devices treated by EXTRAN include: weirs (both sideflow and trans-
verse), orifices, pumps, and outfalls. Each of these is discussed in the
paragraphs below.

Storage Devices

Storage devices in-line or off-1ine act as flow control devices by pro-
viding for storage of excessive upstream flows thereby attenuating and lagging
the wet weather flow hydrograph from the upstream area. The conceptual repre-
sentations of a storage junction and a regular junction are illustrated in
Figure 19. Note that the only difference is that added surface area in the
amount of ASTORE is added to that of the connecting pipes. Note also that
ZCROWN(J) is set at the top of storage "tank". When the hydraulic head at
junction J exceeds ZCROWN(J), the junction goes into surcharge.

Orifices

The purpose of the orifice generally is to divert sanitary wastewater
out of the stormwater system during dry weather periods and to restrict the
entry of stormwater into the sanitary interceptors during periods of runoff.
The orifice may divert the flow to another pipe, a pumping station or an off-
1ine storage tank.
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Figure 19. Conceptual representation of a storage junction.



Figure 20 shows two typical diversions: 1) a dropout or sump orifice,
and 2) a side outlet orifice. EXTRAN simulates both types of orifice by con-
verting the orifice to an equivalent pipe. The conversion is made as
follows. The standard orifice equation is:

Qy = C, Ar2gh (28)

where C, is the discharge coefficient (a function of the type of opening and
the length of the orifice tube), A is the cross-sectional area of the orifice,
g is gravity, and h is the hydraulic head on the orifice. Values of C, and A
are specified by the user. To convert the orifice to a pipe, the program
equates the orifice discharge equation and the Manning pipe flow equation,
i.e.,

1'—‘;9- ar2/3 sl/e . C AVZER (29)

The orifice pipe is assumed to be nearly flat, the invert on the discharge
side being set 0.0l feet lower than the invert on the inlet side. In addi-
tion, for a sump orifice, the pipe invert is set by the program 0,960 below
the junction invert so that the orifice pipe is flowing full before any
outflow from the junction occurs in any other pipe. For side outlet orifices,
the user specifies the height of the orifice invert above the junction floor.

If we write S as H¢/L where L is the pipe length, Hg will be iden-
tically equal to h when the orifice is submerged. When it is not submerged,
h will be the height of the water surface above the orifice centerline while
Il will be the distance of the water surface above critical depth (which will
occur at the discharge end) for the pipe. For practical purposes, we can
assume that H. = h for this case also. Thus, letting s = h/L and substituting
R = D/4 (where D is the orifice diameter) into equation 29 and simplifying, we
have:

The length of the equivalent pipe is computed as the maximum of 200 feet or

L = 2atvgd (31)

to insure that the celerity (stability) criteria for the pipe is not violated.
n is then computed according to equation 30. This algorithm produces a solu-
tion to the orifice diversion that is not only as accurate as the orifice
equation but also much more stable when the orifice junction is surcharged.

Weirs

A schematic illustration of flow transfer by weir diversion between two
nodes is shown in Figure 21. Weir diversions provide relief to the sanitary
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Figure 21. Representation of weir diversions.
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system during periods of storm runoff. Flow over a weir is computed by the

equation: s

2
= yya v
0 = G, Ll + 5507 - () ] (32)
where

Cyw = discharge coefficient

Ly = weir length

h = driving head on the weir

v = approach velocity

a = weir exponent; 3/2 for transverse weirs,

5/3 for sideflow weirs

Both Cy and Ly are input values for transverse weirs. For sideflow weirs,

Cy should be a function of the approach velocity, but the present version of
the program does not provide for this because of the difficulty in defining
the approach velocity. For this same reason, v, which is programmed into the
weir solution, is set to zero prior to computing Qy.

Normally, the driving head on the weir is computed as the difference
h = Y1-Yc, where Y1 is the water depth on the upstream side of the weir and
Yc is the height of the weir crest above the node invert. However, if the
downstream depth Yp also exceeds the weir crest height, the weir is submerged
and the flow is computed by equation 33.

_ 3/2
Qv = Csus CwLw(Y1°Yc) (33)

where Cgyg is a submergence coefficient representing the reduction in driving
head and all other variables are as defined above.

The submergence coefficient, Cgyg, is taken from Roessert's Handbook of
Hydraulics by interpolation from Table 18, where Cparig is defined as:

Y2'Yc :

c = 34
RATIO = V7=V, (34)

and all other variables are as previously defined.

The values of CpaTio and Cgyg are computed automatically by EXTRAN and
no input data values are needed.

If the weir is surcharged it will behave as an orifice and the flow is
computed as:

Qw = CSuR Lw (YToP - Y¢) Y2gh" (35)
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TABLE 18
VALUES OF Cgyg AS A FUNCTION OF DEGREE OF WEIR SUBMERGENCE

CRATIO CsuB
0.00 1.00
0.10 0.99
0.20 0.98
0.30 0.97
0.40. 0.96
0.50 0.95
0.60 0.94
0.70 0.91
0.80 0.85
0.85 0.80
0.90 0.68
0.95 0.40
1.00 0.00

where
YTop = distance to top of weir opening shown in Figure 6
h' = Y1 - maximum (Yo, Ye)
Csyr = weir surcharge Coefficient

The weir surcharge coefficient, Cgyr, is computed automatically at the begin-
ning of surcharge. At the point where weir surcharge is detected, the pre-
ceding weir discharge just prior to surcharge is equated to Q, in equation 34
and equation 35 is then solved for the surcharge coefficient, Cqyr. Thus, no
input coefficient for surcharged weirs are required.

Finally, the present version of EXTRAN detects flow reversals at weir
nodes which causes the downstream water depth, Y, to exceed the upstream
depth, Yi. A1l equations in the weir section remain the same except that
Y1 and Yy are switched so that Y remains as the "upstream" head. Also, flow
reversal of a sideflow weir causes it to behave more like a transverse weir
and consequently the exponent as in equation 32 is set to 1.5

Weirs With Tide Gates

Frequently, weirs are installed together with a tide gate at points of
overflow into the receiving waters. Flow across the weir is restricted by the
tide gate, which may be partially closed at times. This is accounted for by
reducing the effective driving head across the weir according to an empirical
factor published by Armco(3):

DL 42 -l.15v 16
h' =h - v exp(/—ﬁ—— ) (36)
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where h is the previously computed head before correction for f]ap gate and
v is the velocity of flow in the upstream conduit.

PUMP STATIONS

A pump station is conceptually represented as either an in-line lift
station, or an off-1ine node representing a wet-well, from which the contents:
are pumped to another node in the system according to a progammed rule curve.
For an in-line 1ift station, the pump rate is based on the water depth at the
pump junction:. The rule is as follows:

Ry for0 <Y <Y
Rz Yl <Y < Y2
R3 Y<Y3

Pump Rate

nonn

For Y = 0, the pump rate is the inflow rate to the pump junction.

Inflows to the off-line pump must be diverted from the main sewer
system through an orifice, a weir, or a pipe. The influent to the wet-well
node must be a free discharge regardless of the diversion structure. The
pumping rule curve is based on the volume of water in the storage junction.
A schematic presentation of the pump rule is shown in Figure 22. The rule
operates as follows:

1. Up to three wet-well volumes are prespec1f1ed as input
data for each pump station: Vi < V3, where V3 is
the maximum capacity of the wet we]?

2 Three pumping rates are prespecified as input data for
each station. The pump rate is selected automatically
by EXTRAN depending on the volume in the wet-well, as
follows:

Ry for the volume in wet-well < Vy
Ro for Vy; < volume in wet-well < Vp
R3 for Vo < volume in wet-well < V3

3. A mass halance of pumped outf]dw and inflow is performed
in the wet-well during the model simulation period.

4, If the wet-well goes dry, the pump rate is reduced below
rate Ry until it just equals the inflow rate. When the
inflow rate again equals or exceeds Ry, the pumping rate
goes back to operating on the rule curve.

5. If V3 is exceeded in the wet-well, the inflow to the storage
node is reduced until it does not exceed the maximum pumped
flow. When the inflow falls below the maximum pumped flow, the
inflow "gates" are opened. The program automatically steps
down the pumping rate by the operating rule of (2) as inflows
and wet-well volume decrease.
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OUTFALL STRUCTURES

EXTRAN simulates both weir outfalls and free outfalls. Either type may
be protected by a tide gate. A weir outfall is a weir which discharges
directly to the receiving waters according to relationships given previously in
the weir section. The free outfall is simply an outfall conduit which
discharges to a receiving water body under given backwater conditons. The
free outfall may be truly "free" if the elevation of the receiving waters is
low enough, or it may consist of a backwater condition. In the former case,
the water surface at the free outfall is taken as critical or normal depth,
whichever is less. If backwater exists, the receiving water elevation is
taken as the water surface elevation at the free outfall.

When there is a tide gate on an outfall conduit, a check is made to see
whether or not the hydraulic head at the upstream end of the outfall pipe
exceeds that outside the gate. If it does not, the discharge through the out-
fall is equated to zero. If the driving head is positive, the water surface
elevation at the outfall junction is set in the same manner as that for a free
outfall subjected to a backwater condition.
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CHAPTER 6
PROGRAM STRUCTURE OF EXTRAN

GENERAL

The EXTRAN Block is a set of computer subroutines which are organized
to simulate the unsteady, gradually-varied movement of stormwater in a sewer
network composed of conduits, pipe junctions, diversion structures, and free
outfalls. A program flowchart for the major computation steps in the EXTRAN
Block is presented in Figure 23. A full listing of the program, together with
key variable definitions, is contained in Table A-3, Appendix A.

The EXTRAN Block contains 13 subroutines in addition to the main
program which controls execution. The organization of each subroutine and its
relation to the main program has been diagrammed in the master flowchart of
Figure 24. A description of each subroutine follows in the paragraphs below.

SUBROUTINE EXTRAN

EXTRAN is the executive subroutine of the EXTRAN Block. It sets the
unit numbers of the device containing the input data and the device where
printed output will be directed. The device numbers of the input and output
hydrograph tapes, if used, are also set here. Then the first two lines of the
input hydrograph tape, if required, are read and this information is written
on the output hydrograph tape, if used. Finally, subroutine TRANSX is called
to perform the computations of the EXTRAN Block.

Presently, subroutine EXTRAN is set up to run the EXTRAN Block indepen-
dently of the SWMM model. It can easily be changed to operate within SWMM by:

1. Removing the comment marks (C/////) from the first
line of the program, leaving SUBROUTINE EXTRAN;

2. Changing the first executable line of the program
from ISKIP=1 to ISKIP=0; and

3. Removing the comment marks (C/////) from the
RETURN statement at the end of the subroutine.

SUBROUTINE TRANSX
TRANSX is the main controlling subprogram of the EXTRAN Block which

drives all other subprograms and effectively controls the execution of EXTRAN
as it has been presented graphically in the flowchart of Figure 23.
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Principal steps in TRANSX are outlined below in the order of their execution:

1. Call INDATA for reading all input data cards defining the
length of the transport simulation run, the physical data
for the transport system, and the instruction for output
processing.

2. Initialize system flow properties and set time = TZERO.

3. Advance time = t+At and begin main computation loop
contained in steps 4 through 10 below.

4. Select current value of inflow hydrographs for all
input nodes by call to INFLOW, which interpolates
runoff hydrograph records either on tape unit N21
supplied by the RUNOFF Block or on data cards.

5. For all physical conduits in the system, compute the
following time-changing properties based on the last
full-step values of depth and flow:

e Hydraulic head at each pipe end;

o Full-step values of cross-sectional area, velocity,
hydraulic radius, and surface area corresponding to
preceding full-step flow. This is done by calling
subroutine HEAD;

o Half-step value of discharge at time t=t+at/2 by
modified Euler solution;

o Check for normal flow, if appropriate;

o Set system outflows and internal transfers at
time t+At/2 by call to subroutine BOUND. BOUND
computes the half-step flow transfers at all
orifices, weirs, and pumps at time t=t+At/2. It
also computes the current value of tidal stage
and the half-step value of depth and discharge
at all outfalls.

o Average flow in all pipes connected to junctions
in surcharge. A fraction of this value is used
as the tolarance of the surcharge iteration Toop.

6. For all physical junctions in the system, compute the
half-step depth at time t=t+at/2. This depth compu-
tation is based on the current net inflows to each
node and the nodal surface areas computed previously
in step 5. Check for surcharge and flooding at each
node and compute water depth accordingly.
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7. For all physical conduits, compute the following

properties based on the last half-step values of
depth and flow (repeat step 5 for time t+at/2):

¢ Hydraulic head at each pipe end;

o Half-step values of pipe cross-sectional area,
velocity, hydraulic radius, and surface area
corresponding to preceding half-step depth and
discharge;

e Full-step discharge at time t+At by modified
Euler solution; -

¢ Check for normal flow if appropriate;

o Set system outflows and internal transfer at
time t+At by calling BOUND.

8. For all junctions, repeat the nodal head computation
of step 6 for time t+dt. Sum the differences between
inflow and outflow for each junction in surcharge.

9. Repeat steps 7 and 8 for surcharged links and nodes
until the sum of the flow differences from step 8 is
less than the tolerance from step 5 or a maximum number
of iterations is exceeded.

10. Store nodal water depths and water surface in junction
print arrays to be used later by OUTPUT. Also, store
conduit discharges and velocities for later printing.
Print intermediate output.

11. Return to step 3 and repeat through step 10 until the
transport simulation is complete for the entire period.

12. Call subroutine QUTPUT for printing and plotting of
conduit flows and junction water surface elevations.

SUBROUTINE BOUND

The function of subroutine BOUND is to compute the half-step and full-
step flow transfers by orifices, weirs, and pump stations. BOUND also com-
putes the current level of receiving water backwater and determines discharge
through system outfalls. A summary of principal calculations tollows:

1. Compute current elevation of receiving water backwater.
Depending on the tidal index, the backwater condition
will be constant, tidal or below the system outtralls
(affectively non-existent). The tidaliy varied back-
water condition is computed by a tourier series about
a mean time equal to the first coefticient, Al.
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2. Compute depth at orifice junction for sump orifice
flowing less than full.

3. Compute discharge over transverse and sideflow weirs.
Check for reverse flow, surcharge, and weir submergence.
If weir is surcharged, compute flow by orifice-type
equation. If weir is submerged, compute the sub-
mergence coefficient and re-compute weir flow. If a
tide gate is present at weir node, then compute head
loss, reduce driving head on weir and re-compute weir
discharge.

4. Compute pump discharges based on current junction or
wet-well level and corresponding pump rate. If wet-well
is flooded, set pump rate at maximum level and reduce
inflow.

SUBROUTINE DEPTH

Subroutine DEPTH computes the critical and normal depths corresponding
to a given discharge using the critical flow and Manning uniform flow equa-
tions, respectively. Tables of normalized values for the cross-sectional
area, hydraulic radius and surface width of each pipe class are taken from a
Block Data element to speed the computations of critical and normal depth.
Subroutine DEPTH is used by subroutines BOUND and HEAD.

SUBROUTINE HEAD

Subroutine HEAD is used to convert a nodal water depth to the depth of
flow above the invert of a connecting pipe. Based on the depths of flow at
each pipe end, HEAD computes the surface width and assigns surface area to the
upstream and downstream node according to the following criteria:

1. For the normal situation in which both pipe inverts are
submerged and the flow is sub-critical throughout the
conduit, the surface area of that conduit is assigned
equally to the two connecting junctions. '

2. If a critical flow section is detected at the downstream
end of a conduit, then surface area for that conduit is
assigned to the upstream node.

3. If a critical section occurs at the upstream end, the
conduit surface area is assigned to the downstream node.

4. For a dry pipe (pipe inverts unsubmerged), the surface
area is zero. The velocity, cross-sectional area and
hydraulic radius are set to zero for this case.

5. If the pipe is.dry only at the upstream end, then all
surface area for the conduit is assigned to the
downstream junction.
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Note that adverse flow in the absence of a critical section is treated as in
(1) above. If a critical section occurs upstream, then all surface area for
the adverse pipe is assigned downstream as in (3). The assignment of nodal
surface area, based on the top width and length of conduit flow, is essential
to the proper calculation of head changes computed at each node from mass con-
tinuity as discussed in Chapter 5. Following surface area assignment, HEAD
computes the current weighted average values of cross-sectional area, flow
velocity, and hydraulic radius for each pipe. Subroutine HEAD is called by
program MAIN and it in turn uses subroutines DEPTH and HYDRAD in its surface
area computations.

SUBROUTINE HYDRAD

The function of subroutine HYDRAD is to compute average values of
hydraulic radius, cross-sectional area, and surface width for all conduits in
the transport system. Based on the current water depth at the ends and mid-
point of each conduit, HYDRAD computes from a table of normalized properties
the current value of hydraulic radius, cross-sectional area, and surface
width. HYDRAD is used by subroutine HEAD for computing nodal surface areas as
described above. It is also called by BOUND for computing the cross-sectional
area and average velocity of flow in the outfall pipe protected by a tide
gate.

SUBROUTINE INDATA

INDATA is the principal input data subroutine for the EXTRAN Block
which is used once at the beginning of subroutine TRANSX. Its primary func-
tion is to read all input data specifying the links, nodes, and special struc-
tures of the transport network. It also establishes transport system
connectivity and sets up an internal numbering system for all transport ele-
ments by which the computations in TRANSX can be carried out. The principal
operations of INDATA are listed below in the order they occur in the program:

1. Read first two title cards for output headings and
run control card specifying the number of integration .
cycles, the length of the time-step, TZERO, and other
parameters for output and run control.

2. Read external junction and conduit numbers for detailed
printing and plotting of simulation output.

3. Read physical data for conduits and print a summary
of all conduit data.

4. Read physical data for junctions and print summary
of all junction data.

5. Set up internal numbering system for junctions and
conduits and establish connectivity matrix. This
matrix shows the connecting nodes at the end of
each conduit and conversely the connecting links for
each node in the transport system.
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8.

9.

10.

11.

12.

13.

14.

Read orifice input data and print summary. Assign
internal link between orifice node and node to
which it discharges.

Read weir input data and assign an internal link
and node to each weir in the system. Print
summary of all weir data.

Read pump data and assign an internal link number
to each pump node. Print summary of all pumping
input data. Set invert elevation and inflow index
for pumped node.

Read free outfall data and print a data summary for
outfalls. Assign an internal link for each free
outfall in the internal numbering system.

Read tide-gated (non-weir) outfall data from cards
and print a summary of tide gate data. Assign an
internal link for each free outfall in the internal
numbering system.

Print a summary of internal connectivity information
showing the internal nodes and connecting links
assigned to orifices, weirs, pumps, and free outfalls.

Read tidal boundary input data. Depending on the
tidal index, one of the following four boundary
conditions will exist:

¢ No control water surface at the system outfalls;

e All outfall control water surfaces at the same
constant elevation, Al;

o Tide coefficient read in by cards;

e Tide coefficients Al through A7 will be generated
by TIDCF which are printed in subroutine TIDCF.

Print summary of tidal boundary input data, including
the tide coefficients generated by TIDCF which are
printed in subroutine TIDCF.

Set up print and plot arrays for output variables in
the internal numbering system.

Initialize conduit conveyance factor in Manning equation.
Also, read input data defining the initial conduit flows,
velocities, and junction depths at TZERO corresponding to
DWF or some antecedent flow condition.
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15. Read in initial system information on tape unit N21
generated by the block immediately preceding the
EXTRAN Block, usually the RUNOFF Block.

16. Read first two hydrograph records either from tape
unit N21 or from data input cards.

17. Write out initial transport system information on
tape unit N22 which will contain the hydraulic output
from the EXTRAN Block supplied as input to any sub-
sequent block.

SUBROUTINE INFLOW

Subroutine INFLOW is called from Subroutine TRANSX on each time-step to
compute the current value of hydrograph inflow to each input node in the sewer
system. INFLOW reads current values of hydrograph ordinates from tape unit
N21 if the RUNOFF Block (or any other block) immediately precedes the EXTRAN
Block, or from card input runoff hydrographs in cases where no other block is
used as a pre-processor to EXTRAN. INFLOW performs a linear interpolation
between hydrograph input points and computes the discharge at each input node
at the half-step time, t+at/2.

SUBROUTINE TIDCF

Subroutine TIDCF is used on a one-time basis by subroutine INDATA to
compute seven tide coefficients, Al through A/, which are used by subroutine
BOUND to compute the current tide elevation according to the rourier series:

Hripe = AL + A2 sin T + A3 sin 2T
+ Agq sin 3wl + Ag cos wT (37)
+ Ag c0s 2uwT + A7 cos 3wl

where

current time in seconds

2r radians/tidal period in seconds. The tidal period
is 25 hours = 90,000 sec.

—
"

The coefficients A through A7 are developed by an interactive technique in
TIDCF in which a sinusoidal series is fitted to the set of tidal stage-time
points supplied as input data by subroutine INDATA.

SUBROUTINE OUTPUT

Subroutine OUTPUT is called by subroutine TRANSX at the end of the
simulation run to print and plot the hydraulic output arrays generated by the
EXTRAN Block. Printed output includes: 1) the water depths and water surface
elevations at each junction, and 2) the discharge and flow velocity in each
system conduit. The plotting of junction water surface elevation and conduit
discharge is carried out by a printer-plot package labelled CURYL which is
called by OUTPUT after printed output is complete.
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SUBROUTINES CURVE, PINE, PPLOT, SCALE

. The above subroutines form a general printer-plot package which is used
in the EXTRAN Block to plot water surface elevation at selected nodes and
conduit discharge in selected Tinks. Subroutine CURVE is the executive
program driving the other three subroutines of this package. CURVE is called
at the conclusion of transport system simulation by QUTPUT. Inclusion of
these subroutines in the EXTRAN Block allows EXTRAN to stand on its own as
well as function with SWMM. .
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ENGLISH/METRIC CONVERSION FACTORS

A11 references in this manual, as well as all inputs to, outputs from,
and calculations in the EXTRAN Block are in English Units. The following
conversion factors will allow the user-to determine the equivalent Metric
unit.

0.3048 meters

0.0929 square meters

0.0283 cubic meters

0.3048 meters/second

0.0283 cubic meters/seconds
2.54 centimeters

1 foot

1 square foot

1 cubic foot

1 foot/second

1 cubic foot/second
1 inch
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APPENDIX A
PROGRAM LISTING AND KEY VARIABLE DEFINITION

This Appendix- is comprised of three tables. The first, Table A-1,
consists of the Data Input Forms for EXTRAN. Each sheet represents one card
group of the input data, as outlined in Table 1 of Chapter 2.

i The second table, Table A-2, is a definition of the key variables in
the EXTRAN Block. They are listed in the alphabetical order of the Common
Blocks in which they are contained.

Finally, Table A-3 is a program listing of EXTRAN. The Executive
Subroutine EXTRAN, which also doubles as the main program of EXTRAN when it is
revised to stand alone from SWMM, is printed first. Subroutine TRANSX, which
serves as the main controlling program of the EXTRAN Block, is printed next,
followed by all other subprograms in alphabetical order.
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TABLE A-1
DATA INPUT FORM
EXTRAN
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Input and Output Hydrograph Tape Identification
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Title cards (2 cards)

Card Group 2 of 22
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Run control card

15, 2F5.0, 815, F5.0
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Junction print control (8 junctions per card)

Card Group 4 of 22:
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Conduit print control (8 conduits per card)
Format: ’

Card Group 5 of 22:
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Junction pldt control (8 junctions per card)

Card Group 6 of 22:

: 8110
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/

JPLT (8)

)

Y

JPLT (7)

JPLT (6)

JPLT (5)

JPLT (&)

H

— N N s
T B 1
B S - -

T 2
{ 3
{ 3
f :

|- 3

- - 3

§

s

e - .

= L

I : I

B O —7

N DR I B — - | J?

! ’

3

3

H

JPLT (3)

JPLT (2)

D RN AR IR RN )

JPLT (1)

47 WHIL 12 1) 4 1S K 17 e 1P N1 22 23 24 25 26 17 28 29 JORA0 32 1) 34 35 34 )7 38 39 w4l 42 4) as 45 48 47 48 o9 SOFSU 32 5] 34 33 38 37 34 5% eOfei 42 o) o4 43 66 &7 48 6% OF ¢ 7237 e S 76 7 N
T T Y T T

b —f—— —— e

2 1 4 S fas

12 0 sfsa]? 3 miit a2 1) a1y M

138




8110

Conduit plot control (8 conduits per card)
Format:

Card Group 7 of 22:
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Conduit cards (1 card per conduit)
kis, 9F5.0

Format:

Card Group 8 of 22:
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Last card must be 99999 in columns 1-5

NOTE:



Junction cards (1 card per junction)
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Card Group 9 of 22
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Last card must be 99999 in columns 1-5

NOTE



Storage cards (1 card per junction)

Card Group 10 of 22:

15, 2F5.0
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Last card must be 99999 in columns 1-5

NOTE:
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Orifice cards (1 card per orifice)

315, 3F5.0

Format:

Card Group 11 of 22:
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Last card must be 99999 in columns 1-5

NOTE:



Welr cards (1 card per welr)

Card Group 12 of 22:

315, 4F5.0
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Last card must be 99999 in columns 1-5

NOTE:



Pump cards (1 card per pump)

Card Group 13 of 22:

315, 7F5.0
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Last card must be 99999 in columns 1-5

NOTE:



Free outfall cards (1 card per outfall)

Card Group 14 of 22:

: 15
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lumns 1-5

In co

-

Last card must be 99999

NOTE



Vi
O 3
;

O S

: .15

Outfalls with tide gates (1 card per outfall)
Format '

!

Card Group 15 of‘22
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Last card must be 99999 in columns 1-5

NOTE



8F10.0

315

15,8F5.0
Format:

Format:

Format:

rol card (1 card)
utation card (1 card)

%

Tide con
Tide com
Tide sta

Card Group 16 of 22:
Card Group 17 of 22
Card Gropu 18 of 22:

% &

-

e card (4 points per card)
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t

8F10.0

initial flows and velocities (4 conduits per card)
Format: o

7 .
"

Card Group 19 of 22:
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If initial condition is zero flow throughout entire system,

No other cards required.
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punch 93999, for Q,.

NOTE :



Initial heads (8 junctions per card)

Card Group 20 of 22

: 8F10.0

Format
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If Q(1) is 99999. indicating zero flow, skip Card Group 19.

NOTE



Card Group 21 of 22:

Hydrograph input control cards (16 ,input nodes per card)
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1615
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Hydrograph inflow cards (7 flows per card at time TEO)

8F10.0

Format:

QCARD(7)

L
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o8 &% /OB 22]°) 74 Y e
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If more than one card is required to list flows for all input nodes, QCARD(N) for all subsequent

cards should begin in columns 1-10, 8 QCARD(N) per card.

NOTE:



TABLE A-2
DEFINITION OF KEY VARIABLES IN EXTRAN

Variable
Name

Description

Units

e

ANORM
HRNORM

TWNORM

JFREE
JGATE
JTIDE
NFREE
NGATE
NTIDE

COMMON/BD/

This common is used in the following subroutines

BLOCK DATA
BOUND
DEPTHX
HYDRAD
INDATA
TRANSX

Matrix of normalized wet cross-sectional area of
of conduit, based on shape and depth

Matrix of normalizd hydraulic radius of conduit,
based on shape and depth

Matrix of normalized conduit width at flow line,
based on shape and depth

COMMON/BND/

This common is used by the following subroutines

BOUND
INDATA
TRANSX

Node for free outfall

Node for non-weir tide gate

Not used at this time

Number of free outfalls

Number of non-weir tide gates

Indicator for outfall tide level control

1.
2.

3.
4.

No water surface at outfall

Qutfall control water surface at
constant elevation, Al

Tide coefficient provided

Program will compute tide coefficients
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TABLE A-2 SR
(Continued) N
P Oy
% o
Variable ’Qﬁé
Name Description q%,<p
x4
K
YT Depth of water at a node at half integration step Fe ‘%%
. Ll
Z Elevation of node invert Feet
ZCROWN Elevat%on of uppermost conduit crown at a node,
defined as node crown elevation Feet
COMMON/LAB/
This common is used by the following subroutines
BLOCK DATA
CURVE
INDATA
QUTPUT
PINE
PPLOT
HORIZ Horizontal label of curve : None'
TITLE Title printed out on curve None
VERT Vertical label None
XLAB Numerical scale labels for X ’ None
YLAB Numerical scale labels for Y None
COMMON/ORF/
This common is used by the following subroutines
BOUND
INDATA
AORIF Cross-sectional area of orifice Square Feet
CORIF Orifice coefficient None
LORIF Internal orifice 1ink number None
NORIF Number of orifices Nane
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TABLE A-2

(Continued)
Vagi;i]e Description Units
NTC Number of nodal links including internal links None
NTCYC Number of integration cycles None
TIME Time counter for hydrograph input Seconds
TIME2 TIME - DELT2 Seconds
TZERO Zero time for the simulation Hours/Seconds
W Fundamental frequency of daily tidal cycle Rad Per Sec
COMMON/ELEV/
This common is used in the following subroutines
OUTPUT '
PINE
PPLOT
IPLT Plot control integer None
ZCRN Plot variable, highest crown elevation at a node Feet
ZGRND Plot variable, ground elevation Feet
ZINVRT Plot variable, node invert elevation Feet
COMMON/FILES
This common is used in all subroutines of the
EXTRAN Block
IDATEZ Date (yr-mo-da) on which the simulation begins None
LOCNOS Array containing junction numbers of any outflow
point in the system None
N5 Input unit number None
NLOCAT Number of outflow junctions None
NPOLL Number of pollutants recorded on the input
hydrograph tape N21 None
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TABLE A-2

(Continued)
Vaa;;gle Description ‘ Units
N6 Output unit number None
N21 Unit number for input hydrograph tape generated
by preceding SWMM Block None
N22 Unit number for output hydrograph tape to be used
as input to subsequent SWMM Block None
QCONV Factor for converting flows on input hydrograph
tape to cfs Vary
TRIBA Tributary area drained by the system being simulated Acres
COMMON/HYFLOW/
This common is used in the following subroutines
INDATA
INFLOW
TRANSX
ISW Hydrograph input node number from tape None
JSW Hydrograph input node number from cards None
NIREC Counter for hydrograph input from tape None
NSTEPS Number of input records on input hydrograph file None
QCARD Rate of inflow, from cards cfs
QTAPE Rate of inflow, from tape cfs
TE Time of inflow for card input Hours/Seconds
TEO Previous value of TE Hours/Seconds
TIMEO TEO Seconds
TP TZERO Seconds
T2 Time of inflow for tape input ' Seconds
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TABLE A-2

(Continued)

Variable ‘ s ,
Name Description Units
T20 Previous value of T2 Seconds
WATSH Not used at this time None

COMMON/JUNC/
This common is used in the following subroutines
BOUND
HEAD
INDATA
INFLOW
OUTPUT
TRANSX
AS Surface area of a node Square Feet
ASFULL Surface area of a node when it enters surcharge Square Feet
GRELEV Ground elevation at a node Feet
JSKIP Internal integer control, to skip nodal None
head computation
JUN External node number None
NCHAN Conduits connecting to a node None
QIN Flow into a node from an outside source cfs
QINST Dry weather flow into a node from an outside source cfs
Qou Flow from a node cfs
SUMAL Sum of aQ(t)/aHj, for all pipes at node Feet
SUMQ Difference between the average inflow and
outflow for a node over a time-step cfs
SUMQS Difference between the instantaneous inflow
and outflow for a node cfs
Y Depth of water at a node at full integration step Feet
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TABLE A-2

(Continued)
Variable . L. )
Name Description Units
YT Depth of water at a node at half integration step Feet
Z Elevation of node invert Feet
ZCROWN Elevation of uppermost conduit crown at a node,
defined as node crown elevation Feet
COMMON/LAB/
This common is used by the following subroutines
BLOCK DATA
CURVE
INDATA
QUTPUT -
PINE
PPLOT
HORIZ Horizontal label of curve None
TITLE Title printed out on curve None
VERT Vertical label None
XLAB Numerical scale labels for X None
YLAB Numerical scale labels for Y None
COMMON/ORF/
This common is used by the following subroutines
BOUND
INDATA
AQRIF Cross-sectional area of orifice Square Feet
CORIF Orifice coefficient None
LORIF Internal orifice link number None
NORIF Number of orifices None
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TABLE A-2

(Continued)
Vaagggle Description Units
COMMON/OUT/
This common is used in the following subroutines

INDATA

QUTPUT

TRANSX
CRPT Conduit numbers for detailed printing None
IcoL Not used at this time None
IDUM Dummy array None
INTER Number of integration cycles between print cycles None
[PRT Not used at this time None
JPLT Node numbers for plotting None.
JPRT Node numbers for detailed printing None
KPLT Conduit numbers for plotting None
LPLT Number of conduits for detailed printing None
LTIME Counter for printed output None
NHPRT Number of nodes for detailed printing None
NPLT. Number of nodes to be plotted None
NPRT Not used at the time .None
NPTOT Total number of plot data points None
NQPRT Number of conduits for detailed printing None
NSTART First cycle where saved printing array will begin None
PRGEL Print matrix, ground elevation Feet
PRTH Print matrix, water surface elevation Feet
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TABLE A-2

(Continued)
Variable o .
Name Description Units
PRTQ Print matrix, flow cfs
PRTV Print matrix, velocity fps
PRTY Print matrix, water depth at node Feet
QPLT Matrix of flow values cfs
TPLT Time used for plotting Hours
YPLT Matrix of water surface elevations Feet
COMMON/PIPE/
This common is used by the following subroutines
BOUND
DEPTHX
HEAD
HYDRAD
INDATA
QUTPUT
TRANSX
A Full-step wetted cross section Square Feet
AFULL Full cross-sectional area of conduit Square Feet
AT Half-step wetted cross section Square Feet
DEEP Vertical dimension of conduit Feet
H Depth of flow at conduit ends Feet
LEN Conduit 1ength Feet
NCOND External conduit number None
NKLASS Conduit shape classification None
1. circular

2. rectangular
3. horseshoe
4. eggshape
5. baskethandle

-
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TABLE A-2

(Continued)
Variable s )
Name Description Units
NJUNC External nodes at each end of conduit None
Q Flow in conduit at full integration step cfs
Qo Saved flow values at beginning of each integration
step cfs
QT Flow in conduit at half integration step cfs
RFULL Hydraulic radius of conduit when full Feet
ROUGH Manning coefficient
) Velocity in conduit at the full integration step fps
VT Velocity in conduit at the half integration step fps
WIDE Width of conduit Feet
ZP Height of conduit invert above node jnvert Feet
COMMON/PUMP/
This common is used in the following subroutines
BOUND
INDATA
IPTYP Type of pump None
1 = 0ff-line pump - operates on wet-well volume
2 = In-line pump - operates on head at junction
JPFUL Internal integer switch for full wet-well None
0 = full
1 = not full
LPUMP Internal pump 1inkage None
NPUMP Number of pumps. None -
PRATE Pumping rate ' cfs
VRATE Volume for changing pump rates Cubic Feet
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TABLE A-2

(Continued)
Variable s .
Name Description Units
VWELL Starting volume of pump wet-well, also current
wet-well volume after pumping starts Cubic Feet
COMMON/ EXSTAT
This common is used in the following subroutine
OUTPUT
TRANSX
DEPMAX Maximum depth reached at a junction Feet
IDHR Hour at which maximum depth reached Hours
IDMIN Minute at which maximum depth reached Minutes
IQHR Hour at which maximum flow reached Hours
IMIN Minute at which maximum flow reached Minutes
[VHR Hour at which maximum velocity reached Hours
[WMIN Minute at which maximum velocity reached Minutes
QMAXX Maximum flow reached in a conduit cfs
SUMQIN Total system inflow volume during simulation Cubic Feet
SURLEN Period during which junction surcharged Minutes
VLEFT Volume left in the system at the end of the
simulation Cubic Feet
VMAXX Maximum velocity reached in a conduit Feet/Second
COMMON/STORE
This common is used in the following subroutines
INDATA
QUTPUT
TRANSX
ASTORE Storage volume per foot of depth (storage facility

surface area) Square Feet
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TABLE A-2

(Continued)
Variable s .
Name Description Units
JSTORE Junction number containing storage facility None
NSTORE Number of storage facilities in system None
ZT0P Elevation of the top of the storage facility Feet
COMMON/SURCHG
This common is used in the following routines
INDATA
TRANSX
ITMAX Maximum number of iterations for surcharge
computations None
SURTOL Fraction of surcharge flow used as tolerance
on surcharge iteractions None
COMMON/TAPES
This common is passed from the SWMM executive program
and is only used in subroutine EXTRAN in the EXTRAN Block
INCNT Counter for the JIN array None
I0UTCT Counter for the JOUT array None
JIN Array countaining input hydrograph tape unit numbers
for all SWMM Blocks accessed during simulation None
JOUT Array containing output hydrograph tape unit numbers
for all SWMM Blocks accessed during simulation None
NSCRAT Unit number of the scratch file None
COMMON/TIDE/
This common is used by the following subroutines
INDATA
TIDCF
AA Tidal curve fit coefficients during least
square process None
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TABLE A-2

(Continued)
Variable s )
Name Description Units
SXX Matrix used by least square process None
SXY Vector used by least square process None
TT Clock time of tidal stage Hours/Seconds
XX Vector used in Teast square tide fit None
YY Stage of tidal input corresponding to TT Feet
COMMON/TRAP/
This common is used in the following subroutines
DEPTHX
HEAD
HYDRAD
INDATA
TRANSX
STHETA Side slope 1 of a trapezoidal channel None
SPHI Side slope 2 of a trapezoidal channel None
COMMON/WEIR/ -
This common is used in the following subroutines
BOUND
INDATA
COEF Coefficient of discharge for weir None
COEFS Coefficient of discharge for surcharged
condition computed internally None
KWEIR Type of weir None
1. transverse
2. transverse with tide gate
3. sideflow
4, sideflow with tide gate
LWEIR Internal link number for weir None
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TABLE A-2

(Continued)
Variable . .
Name Description Units
NWEIR Number of weirs None
WLEN Weir length Feet
YCREST Height of weir crest above node invert Feet
YTQP Distance of top of weir opening, above invert Feet
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PROGRAM LISTING
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NTRNJA FORTRAN V.3A(621) /KI/C/L 20-MAY-81 15:57

C/////SUBROUTINE EXTRAN

C========================:==============================================
c
E EXTENDED TRANSPORT HO%EL UPDATED APRIL, 1981
c CAMP DRESSER AND MCKEE INC.
C : LARRY A, ROESNER
C ROBERT P, SHUBINSKI
g JOHN A. ALDRICH
C=:==============================::=====================================
COMMON/TAPES/INCNT s IOUTCTyJINC10),JOUT(10)sNSCRAT(S)
COHHON/FILES/NS:N&:NQIyNZZrNPULL)NLOCATvQCONUvIDATEZ
1,LOCNOS(100)sTRIRA
DIMENSION TITLEZ(40)
c INTEGER IFNAM(3)»OFNAM(3) s THFNM(3),» INQTN(I)
Ckxxx TO CHANGE THIS SECTION FROM THE MAIN PROGRAH OF EXTRAN STANDING
C ALONE TO SUEBRQUTINE EXTRAN OF EPA SUWMM
c 1, REMOVE C///// FROM FIRST LINE (SUBROUTINE EXTRAN)
C 2., SET ISKIP=0 IN THE NEXT EXECUTABLE LINE BELOW
E 3. REMOVE C///// FROM RETURN STATEMENT AT END OF SUBROUTINE
ISKIP=1
IF(ISKIP) 10510,20
C///7//7// EPA SuMM 1/0 CONTRDL 111077777777
Cxxxx SET_UP TRANSFER TAF
10 INCT=INCT+1
IDUTCT=I0UTCT+1
N21=JIN(INCT)
N22=JOUT(ICOUTCT)
NG=3
Né=6
0 10

. G 30
%///////////////////////////////////////////////////////////////////////

Cs777/777 DEC20 I/0 CONTROL////7/7777777
EXTRAN STAND ALONE

Cxxxxx SET UP TRANSFER TAFES
20 CONTINUE

o

103 FORM
101 FORM
102 FOR

)
E?FER INPUT FILE SPECIFICATIONS!’,

TER OUTPUT FILE SPECIFICATIONS:’»$)

$
DE ICE"DSh’vﬁCCESS= SEQIN’,DIALOG=
DEVICE="DSK’»ACCESS="SEQCOUT’ ,DIALOG
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MAIN,

00057
00058
00059
00060
00061
00062
00063
00064
000635
00066
00047
00048
00069
00070
00971
00072
00073
00074
00073
00076
00077
v0073
00079
00080
00081
00082
00083
00084
0008S
00086
00087
06088
0008%

NTRNJA FORTRAN V.5A(621) /KI/C/L 20-MAY-81 15137  PAGE -t

WRITE(I3+109)

109 FORMAT(1X, 'ENTER INPUT HYDROGRAPH FILE SPECIFICATIONS:’»$)
READ(S5s101)IHF
OPEN(UNIT=N21,DEVICE="DSK‘»ACCESS="SEQIN’»DIALOG=IHFNM)
REWIND N21

110 IF(N22.LE.0)G0 TO 30
WRITE(S,s111)

111 FORMAT(1X,’ENTER FILE SPECS FOR SYSTEM INFORMATION INPUT',

1/ TO RECEIVING WATER MODEL:’s$)
READ(5»101) INGTHM
g%%?&%NﬁLiNZ-rUEVICE"DSK’1ACCESS"SEGOUT’9DIALOG‘INGTH)
CII71117 177000771777 7777777777008077777770707007777777770777777771777771777
C
CXxxx READ FIRST TWO LINES OF INPUT HYDROGRAPH FILE AND WRITE TO
Cxxxx RECEIVING WATER MODEL FILE
30 IF(N21) 50930,40
4G READ(N2L)(TITLEZ(I)»I=1,40)
REALC(NIL)IDATEZ, TZERD
90 IF(N22) 70970560
40 WRITE(N22)(TITLEZ(I)sI=1,40)
c WRITE(N22) IDATEZsTZERO
70 IF(ISKIP.EQ.OQ)WRITE(NS»100)
100 FORMAT(/»T2, ENTRY MADE TO EXTENDED TRANSPORT MODEL’,
1//s72,"UPDATED BY CAMP DRESSER AND MCKEE INC AFR. 1981)
CALL TRANSX
IF(ISKIP.EQR.,O) WRITE(N6,150)
150 FORMAT(//»T11,’% %X % % % EXTENDED TRANSPORT MODEL SIMULATION’,
1/ ENDED X % X X X'»//)
C/////RETURN
END
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00919

00034
00058
00054

NTRNJA FORTRAN V.35A(4621) /KI/C/L

o000 O

wlwlwliwl

20-MAY-B1 13157

SUBROUTINE TRANSX
THIS

MODIFIED EULER SOLUTION OF THE MOTION
AND CONTINUITY EQUATIONS

COMMON /BD/ANORM(265) s HRNORM(26135) s TUNORM(2615)
COMMON/BND/ NFREEsJFREE(25)»NTIDE,»JTIDE(2S)NGATE,» JGATE(2S)
COMMON/HYFLOW/ ISW(187),QTAPE(187+2),JSW(85)sQCARD(65+2)y

1 UATSH(187)rTEO;TPrT2;TEyT°0;TIHEO:NSTEPSrNINREC
COMMON/FILES/ NS»N69sN21sN22,NPOLL,NLOCAT,QCONV»IDATEZ,LOCNOS(100),

LTRIBA
COMMON/CONTR/ NTCYC:DELTQ’DELT UELT21T7ER0 ALPHA(40
1 NJsNCyNTCyNTL,I NJSWsMISH,TIN

N
£~ -
Z-
Py (Y]
-
W+ D
~CO B>~
~r e e
- — I
.= Ch
NI =
Lt I
220
-D-N&
—~= D
=0~
Qo~d -
AN TS
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e I> -

D e ND

o~ Opgo~ese
~e 25300 -

~
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L= —~ O~~~ R
oy 4 o

SN~ N
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1o D>
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o~

Zzm-—

o

~r

-

COMMON/TRAP/STHETA(200) ,SPHI(200)
COMMON/STORE/ NSTORE,»JSTORE(20)»ZTOP(20),ASTORE(20)
REAL LEN

COMMON/QUT/ NPRT,IFRT,NHPRT,JPR
ﬂQPRT;CFRT(”O)9PRTU(100120)1P
TIMEvNPLTrJPLT(”O);YPLT(I

02
(1 TOTsNSTARTs INTE
N/ ThT UMAXX(187)QMAX
EéTQHR(187)9IGHIN(1
SURCHG/SURTOL ITHAX
CFRT

DIMENSION ICHECK(187),JCHECK{137)»IND(2),Q0UT(100)
DATA INB/1H s1HX/

FREBEL(
» ICOL(
LT(102

(187},
7);oURLEN(187)1

20),
10)»
1200

)
)
0

STATS replaced
- GIrdre
COI s R

by EXSTAT

L
T
co
2TV
Su
ca
IN

EXECUTION

CHEXkxk%x INFUT DATA

Call INDATH
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TRANSX NTRNJA FORTRAN V.3A(621) /KI/C/L

00057

00058
00059
00060

00061
000642
00063
00064

00045 -

00066
00067
00068
00069
00070
00071
00072
00073
00074
00073
000746
00077
00078
00079
00080
00081
00082
00083
00084
00085
00084
00087

00088 -

00089
00090
00091
00092

Cxxxxxxxx INITIALIZATION

(e lwloriy i

ICYC=0

LTIME=0Q

NPTOT=0

NERROR=0
TIME=TZERD
IDATE=IDATEZ
TIMDAY=TZER0/35600.
DO 901 N=1,NC

VHAXX(N)=0,0
AMAXX(N)=0,0
IVHR(N)=0
IVHIN(N)=0
IQHR(N) =0
IOMIN(N)=0
9201 CONTINUE
SUMQIN = 0.
YLEFT = 0,
00 9211 J=1,NJ
SUMAsS (41 =0,
JCHECK(J)=IND(1)
SURLEN(J)=0,0
DEPMAX(J)=0.,0
IDHR(J) =0
{DMINCIY=0
qou(d) = 0,
211 CONTINUE

ZZZZANOOZ
TIrOIe » ~ 1t
e Y 4 = -
S+ 2Zx— -

=
AT e -
P N - | —

X

ITXLZ Z2—DOD
NN « O

~—~c ol n
Nt

170

- 20-MAY-B1

Xkxkxx INITIALIZATION FOR DRY WEATHER FLOWS
IS NOW DONE IN INDATA (BEFORE READRING INFLOW HYDROGRAPHS)

R.QT(N).EQ.0.) GO TO 20
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TRANSX NTRNJA FORTRAN V.35A(621) /KI/C/L 20-HAY-81 13157  PAGE 2

00097 CALL HEAD(NsNLsNHyHNLsHNHs QT (N) sAT(N) VT (N) HRAD s ANL s ANH,RNL s TZERO
00098 erl)

00099 20 CONTINUE

00100 D0 30 J=1sNJ

00101 YT(J)=Y(Jd)

00102 30 CONTINUE

00103 ¢

00104  CXXXtXxxx MAJOR PROGRAM LOOP THROUGH TIME
00105 HP=(NTCYC499)/100

00104 DO 760 MCY=1,NTCYC,HP

00107 NPTOTINPTOTHE

00108 10 440 MCYY=1,HP

00109 TINE ST INESDEL T

00110 TIME2=TINE-DELT

00111 TG AY T IRDAVEOEL T /3600,

00112 IF (TIMDAY-24,) 34,32,32

00113 32 TIMDAY=TINDAY-24,

00114 IDATE=IDATE+1

00115 34 ICYC=ICYC+HI

00115 ERROR=0

00117 IT=0

00118 TOL=1,

00119 NSUR=1

00120 C

00121  CXXxxxxxx SELECT INPUT HYDROGRAPHS

00132 CALL INFLOW

00123 ¢

00124  CXXXXXXXx STORE OLD FLOW VALUES

00125 DO 60 N=1sNTL

00138 60 QOCN)=Q(N)

00128  CXXkkxxxXx INITIALIZE CONTINUITY PARAMETERS
00129 D0 30 J=1sNJ

00130 AS(J)=0,

00131 SUMQ(J)=QINCJ)

00132 SUMAS(J)=RIN(J)

88%%3 80 SUMAL(J)=0.

00135  CXX®xxxx% FULL-STEP AREA, RADIUS : VELOCITY
00134  CHXXXXX¥X HALF-STEP FLOW

00127 90 00 120 N=1,NTC

00138 NL=NJUNC(Ns1)

00139 NH=NJUNC (Ny2)

00140 H(N» 1) =Y (NLY#Z(NL)

00141 H(N»2)=Y(NH)+Z (NH)

00142 CALL HEAD(NsNLyNHsH(Ns 1) vH(Ns2) »Q(N) yACN) sV (M) s HRAD s ANH s ANL y RNL s
00143 1TINE, ICYC)

00144 DELOA=FDELTZXY (N)XX2X (ANH-ANL) /LEN ()
00145 DELQZ=2, XV (N) K (A(N)-AT(N)

00144 DECAB = (HELT 2 ke DX (AN 2) -H Ny 1)) ZLENCHD ) %A ()
00147 ANEW=00(N)+DELQ2+IELA3+IELQA

001483 AKON=-DELT2%(ROUGH (N) /HRADKK1,IIII3)KABS (V)
00149 DELQ1=AKONXQNEW/ (1. -AKOM)

00150 QT(N)=QNEW+DELQL
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TRANSX NTRNJA FORTRAN V.S5A(621) /KI/C/L 20-MAY-81 1

00151  Cxxxxxxxx CHECK FOR NORMAL FLOW

00152 IF(H(Ns1) +GT. ZCROWN(NL)) GO TO 101

001353 BELH=H(Ns1)-H(N,2

00154 DELZP=ZP(Ns1)- ZP(N:;)

00133 IF(QT(N).LE,O0,) GO TO 101

88%%? 100 55625L202$%§S 9§335%311§°%P<N 2))/(LEN(N)XROUGH(N)))
[ X4 ? - y

00158 1 XANLXRNLX%X0,6667

00159 IF(ONORM.GT.QT(N)) GO TO 101

00160 QT(N)=ANORM

00141 Cxexxxxxx COMPUTE CONTINUITY PARAMETERS

00162 101 DQDH=1,/(1,-AKON)X32,2XDELT2XA(N)/LEN(N)

00143 SUMQ(NL)Y=SUMAR(NL)-0,3x(QT(N)+Q0(N))

00164 SUMAS (NL)=SUMAS(NL)-QT(N)

00163 SUMAL (NL)=SUMAL (NL)+DQDH

00144 SUMQ(NH)=SUMA(NH)+0.IX(QT(NI+Q0(N))

00167 SUMAS (NH)=SUMQS (NH)+QT(N)

00158 SUMAL (NH)=SUMAL (NH)+DIQDH

88%98 120 CONTINUE

00171 CEXxxxxxxx SET HALF STEP OUTFLOWS AND INTERNAL TRANSFERS

00172 CALL BOUNDLY,YT,QT,TINE2,DELT2,IT)

00173 Ni=NTC+1

00174 DO 130 N=N1sNTL

00173 NL=NJUNC(N,y 1)

00174 SUMQ(NL)=SUMR(NL) -0, 3X(AT(N)+Q0(N))

00177 SUMAS(NL)= SUHGS(NL) -AT(N)

00178 NH=NJUNC(N

00179 IF(NH.EQ.O)GO T0 130

00180 SUMQ (NH)=SUMQ(NH)+0.5X(QT(N)+QO(N))

00181 SUMAS(NH)=SUMAS(NH}+QT(N) :

00182 130 CONTINUE

00183 c

00184 Cxxxxxxxx HALF-STEP HEAD

001835 DO 320 J=1,NJ

00186 IF(JSKIP(J)) 140,140,300

00187 140 IF(AS(J).GT.0,0 .OR. Y(J).GE.,(ZCROWNC(JI-Z(J))) GO TO 133

00188 IF(NERROR,LE.10) WRITE(N6»2400) ICYC,»JUNCJ)

00189 2400 FORMAT(’ xXxXxXXx WARNING xXxxx ICYC=',I3,’ ZERQ SURFACE AREA COMPUT

00190 +ED AT JUNCTION’»I6»’ CHECK INPUT DATA FOR HIGH PIFE /)

00191 NERROR=NERROR+1

00192 YT(J)=0.0

00123 6 19 300

00194 135 CONTINUE

00193 YCROWN=0,94X(ZCROWNCI)I=Z(J))

00196 c IF(Y(J)-YCROWN) 240,240,260

00197

00198 Cxxxtxxxx COMPUTE YT FOR FREE SURFACE JUNCTIONS

00199 240 YT(J)=Y(J)+SUMQ(J)XDELT2/AS(J)

00200 IFCYT(D) LLT.0,) YT(4)=0,

00201 C***XXX UHEN JUNCTION SURCHARGESs ’ASFULL’ WILL BE THE LAST

00202 VALUE OF ‘A3’ UNDER FREE SURFACE FLQW

00203 ASFULL(J) = AS(J)

00204 60 TO 300

00205 C .

00204  Cxxxxkkxx ADJUST HEAD AT SURCHARGED JUNCTIONS
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CoevsoewssAPPLY 172 OF COMPUTED CORRECTION

260 ?E???J?Uﬁ"wswmouu NOM=SUMAL ( J) +(ASFULL (J) /DELT2-
xt-: i5 WN) /YCROWN) ~SUNALGJY)

X(Y(J)-YC
Cxxxx DECREA aD URR ON FACTOR FOR UPSTREAM TERMINAL JUNCTIONS
X

c
)
M

[y )]
Z<D/UOO
oOo-im~0

x

)ogﬁELEU(J) (D)
6R FLOW ERRORS IN SURCHARGED AREAS

m-~r-e.om -<v
Cm~-x00
CiI~a~Nil— 200
DI AADO- oM
< Mo

A ZNE
MO~ 0S

+0
Su
GT
WN
ER

[z Rl d
00

—E =<
:>z-|
'I'IOL_

E

(== rwloe ] o T R ]
oo N—M

IF (NCHAN(JyK)) 290,290,280
gegE;GAUE+ABS(Q(NCHAN(J;K)

QAVE=SURTOLXQAVE/K
TOL=(TOLX(NSUR-1)+QAVE)/NSUR
c NSUR=NSUR+1

Cxxxxxxxx INITIALIZE FOR FULL STEPF FLOWS
300 AS(J)=0,

[0 ]
[ve]
(=)
_
|

—
-

@

»

SuMQ(JI=QINCJ)
SUMQS(J)=QIN(JD)
SUMAL(J) =0,
c 320 CONTINUE
Cxxxxxxxk HALF-STEP AREA, RADIUS  VELOCITY
Cxxxxkxxx FULL-STEP FLOW
330 ERROR=0.,
D0 3460 N=1,NTC
NL=NJUNC(Ns1)
NH=NJUNC(N»2)
Cxxxx CHECK WHETHER SURCHARGE ITERATIONS OCCURRING
IF(IT) 3353359333
333 TF(JCHECK(NH).EQ.IND(2)) GO TO 335
IF(JCHECK(NL).NE.IND(2)) GO TO 360
335 H(N,1)=YT(NL)+Z(NL)
H(M»2)=YT(NH)+Z (N
CALL HEAD(N)NLsNH ’H(Nyl)yH(NvZ)»GT(N)1AT(N);VT‘N);HRAD ANH ANL »
IRNL, TIME, ICYC)
DELQ4=+DELTRVT (N) XX2X CANH=-ANL) FLEN(N)
DELAZ=4,KVT(NIX(AT(N)=A(N))
DELO2=~(DELTX32.2X(H(Ns2)-H(Ns 1)) /LENCN) )XAT (N)
GNEW=Q0(N)+DELO2+DELAI+DELQ4
AKON=-DELTX(ROUGH(N)/HRADXX1,33333)XARS(VT(N))
DELQ1=AKONXGNEW/ (1.,-AKON)
Q(N)=GNEW+DELQ]
Cxxxkkkxx DO NOT ALLOW A FLOW REVERSAL IN ONE TIME STEF
DIRAT=SIGN(1,sRT(N))
DIRQ=SIGN(1,sR(N))
IF(DIROT/DIRO LT+0.) Q(N)=0,001%DIRQ
Ckxxxxkkk CHECK FOR NORMAL FLOW
ICHECK (N =IND(1)
IF(H(Ny1) ,GT., ZCROWN(NL)) GO TO 341
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DELH=H(N»1)-H(N»2)
DELZP=ZP(Ns1)-ZP(N»2)
IF(Q(N).LE.0.) GO TO 341
IF(DELH- UELZP) 3405341,341
J40 QONORM=SQRT(32.,2X(ZP(Ny1)-ZP(N»2))/(LEN(N)XROUGH(N)))

O

METERS

CXEXXXXXX COHPUTE A
giAT(N)/LEN(N)

SUMA(NH) = SUMQ(

SUMQS (NH)=SUHQ

SUMAL (NH)=SUMA
350 CONTINUE

c

Cxxxxxxxx SET FULL STEP QUTFLOWS AND INTERNAL TRANSFERS
CALL BOUND(YT,YsQsyTIME,DELT,IT)
N1=NTC+1
DO 370 N=N1,NTL

Cxxxxxxxx DO NOT ALLOW FLOW REVERSAL IN ONE TIME STEF
DIRQT=SIGN(1.,QT(N))
DIRQ=SIGN(1.,,Q(N))

RAT/DIRG .LT. 0.) Q(N)=0,001%DIRQ

NL) - .5{(0(N)+00(N))

(NL)
AS(NL)Y-Q(N)

- Ad el 4=
CZrmzzZr-z
HNnoZNnx
N~ NS>

[}

o

(4]

o~

(=]
ommozo\,-u:_l- M~ -0

OO X~

"'O\| ~ o
<

DU!

C X
o o~

w4 w
—~ro ~
&~
L+

X(G(N)+Q0(N))
(N

370 CONTIN

C

CXkXkXkxx FUL HEAD
380,330,540
»0 JOR, YT(JD)
i?) WRITE(M&»

CJ(_..HU')

380 Gg ZCROWN\J) Z J¥yy GO TN I73

O MDe — i
e

375
+FEX(ZCRONNCI)=Z(J))
J)-YCROWN) 480+480,300

K WHETHER SURCHARGE ITERATIONS OCCURRING
480 IF(IT) 490,490,360

C
CXEXX¥kXX% COMFUTE Y FOR FREE SURFACE JUNCTIONS
490 Y(J)=Y(J)+SUNQCIIXDELT/AS(J)
JCHECh(J)-IND(l)
IF LT.0,) Y¢.
C#X*#X*x* AT I NCIFIENT

0 <Xo—--d-mnZp

3

)=G,
URCHARGE, ‘RAS(J)’ WILL BE THE ACTUAL

L-‘! [

174

PAGE 2-



(&)}
wn
~J

TRANSX NTRNJA FORTRAN V.SA(421) /KI/C/L 20-HAY-81 1 FAGE 2-4

00318 C VALUE OF ‘ASFULL’
00319 ASFULL(J) = AS(J)
00320 60 TO 560

00321 C

00322  Cxxxxxxxx ADJUST HEAD AT SURCHARGED JUNCTIO&S
0032 Cosnvrsa o APPLY 1/2 OF COMPUTED CORRECTION
00324 500 DENOM=SUMAL (J)

00325 IFCYT(J) LT 1, 25XYCROWN) DENOM=SUMAL(J)+(ASFULL(J)/DELT-SUMAL(J))
00326 ' EXP( 15.%X(YT(J)-YCROWN)/YCROWN)
00327 CORR=1.00

00328  Cxxxx DECREASE THE HEAD CORRECTIDN FACTDR FOR UPSTREAM TERMINAL JUNCTIONS
00229 - IF(NCHAN(J»2).,EQ.O)

00330 Y(J)=YT(J)+CORR*SUHQS(J)/UENOH

00331 IFCCY(J)+Z(J)) .GT,GRELEV(J)) Y(J)=GRELEV(J)-Z(J)

00332 IFCY(J)LT.YCROWN) Y(J)=YCROWN-0.001

00333 JCHECK(J)=IND(2)

00334  Cxxxx COMPUTE SURCHARGE FLOW ERROR IN JUNCTIONS NOT FLOODED
00335 IFCCY(J)+Z(J)) LT GRELEV(J)) ERROR=ERROR+5UMOAS(J)
Q0334 560 CONTINUE

00337  Cxxxx CHECK CONVERGENCE OF THE FLOW ERROR IN SURCHARGED AREAS
00338 IF(ABS(ERROR)~TOL) 5&5:565,361

00339 961 IT=IT+1

00340 IF(IT-30)562,362,5464

00341 Ckxxx INITIALIZE FOR NEXT ITERATION

00342 562 DO 563 J=1sNJ

00343 IF(JCHECK(J) ,EQ.IND(1)) GO TO 543

00344 YT(J)=Y(J)

0345 SUMA(J)=QIN(J)

00344 SUMQRS(J)=QIN(J)

00347 SUNAL (J)=0,

00348 363 CONTINUE

00249 60 10 330

00330 364 IT=IT-1

00351 C

88§§§ Cxxxxxxxx COMPUTE CONTINUITY PARAMETERS

o

00354 565 DO 950 J=1,NJ

00335 SUMQIN = SUMQIN + QIN(J)X IELT

00356 IF'Y(J) EG GRELEV(J)-Z(J)) QOUCS)=00UCd)+3UMAS(J)XDELT
00357 - 950 CONTIN

00358 NL = NTC 1

00339 “CX***X**X SYSTEM QUTFLOUWS

00360 I=

00341 UD 9560 N=NL)NTL

00362 J=NJUNC(N» 1)

00343 IF(NJUNC(M,2).NE.O) GO TO 940

003564 QOU(J)=Q0UCJ) +Q(N)XDELT

00363 I=1+1

003566 QouT(I)=q(N)

88%2; 960 CONTINUE

00269  Cxk¥xkkxx WRITE HYDRAULIC DATA FOR INFUT TO QUALITY TRANSFORT MODEL
00370 nDuM=0,

00371 MHOUR=TIME/3600,

00372 IF(N22,GT.0) WRITE(N22) NHO RsIDATE, H[AY

00373 QGUT(N)» IUMyN=19NLOCAT)
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00374
00375
00374
00377
00378
00379
00380
00381
00382
00383
00384
00385
003846
00387
00388
00389

CCOOCOO COODOOOD
COVOOOO OOOOCOOS

bbb bbb bbb oObLbL
FIEIFIFIFILIPD FIPIN-I = 1t bt bt bt pa
000 IO~ Ulds G PRI OO €O U s

c
CXXxxxxxx -CHE
TMIN=(TI
DG 902 N
IF(Q(N),
G0 TO 904
903 QHAXX(N)=QA(N)
IQHR (N) =NHOUR
IQMIN(N)=TMIN+0.5
904 IF(V(N).GT.VMAXX(N)) GO TO 905

GO 70 902
905 VMAXX(N)=V(N)
IVHR(N)=NHOUR
IVMIN(N)=TMIN+0.5
902 CONTINUE

c
Cxxxxxxxx CHECK FOR SURCHARGE AND MAXIMUM DEFTH AT JUNCTIONS

R MAXIMUM FLOW AND VELOCITY IN CONDUIT3
OUR%3600.)/60.

€K
ME~-
=1,
GT.AMAXX(N)) GO TO 903

=z OZZ'“
OO

DO 906 J=1,NJ
IFC(Z(+Y(J)) GT.ZCROWNCJ) ) SURLEN(J)=SURLEN(JI+DELT/40.0
IF(Y(J),GT.DEFMAX(J)) GO TO 907
GO TO0 906
907 DEPMAX(J)=Y(J)
IDHR (J)=NHOUR
IDMINCI)=THINYO.S
906 CONTINUE
Cxxxxxxxx CHECK PRINTOUT REQUIREMENTS
Coevs INTERMEDIATE PRINTOUT
IF(HOD(ICYC;INTER) NE.Q) GO TO 570
WRITE(NG,1304
IFCIT) 566:5669568
366 WRITE(N651499) ICYC,)NHOUR»TMIN
1499 FORMAT(1X,’CYCLE ‘sIS»6Xs'TIME ‘»14»" HRS - ’,F5.2,
X MIN"»//D
GO TO 549
568 WRITE(N6,1500)ICYCyNHOUR,THMINSERROR,IT
1500 FORMAT(1Xs CYCLE ’1I576X1’TINE ‘11497 HRS = “4F3,2,
X’ MIN FLOW DIFFERENTIAL IN SURCHARGED AREA=’,F5.2,
X‘CFS ITERATIONS REQUIRED=',I2+//)
569 WRITE(N6y13501)
1501 FORMAT(1X, JUNCTIONS / DEPTHS ‘»/)
WRITE(N651502) ( (JUNCJ)»Y(J)»JCHECK(J))»J=1)NJ)
1502 FORMAT(2XsISs /" +F7.2+A1+7(2XyI5:7°/ ' +F7,24A1)/)
WRITE(N6+1503)
1503 FORMAT(/»1Xs/CONDUITS / FLOWS ’+/)
WRITE(N621502) ((NCOND(N)»Q(N)» ICHECK(N))»N=1)NTL)
1504 FORMAT(/+64(2H=- )»//)
570 CONTINUE
IF(ICYC-NSTART) 540,580,580
380 NSTART=NSTART+INTER
LTIME=LTIME+]
Cxxxxxxkx STORE HGL FOR PRINTOUT
00 500 I=1,NHFRT
J=JPRT(I)
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00430

00443
00466
00467

00470

00471
00472

00473
00474
00475
00476
00477
00478
00479
004890

NTRNJA FORTRAN V.5A(621) /K1/C/L 20-MAY-81

YMAX=ZCROWN(J) -Z(J)
PRTY(LTIME,»I1)=AMINI(Y(J)»YMAX)

400 PRTH(LTIME,I)=Y(J)+Z(J)

Cxxxxxxxx STORE FLOW % VELOCITY FOR PRINTOUT

DO 620 I=1,NQPRT
L=CPRT(I)
NL=NJUNCG(L,1)
NH=NJUNC(L+2)
PRTQ(LTIME,I)=Q(L)

620 PRTV(LTIME,I)=V(L)

640 CONTINUE

c
Cxxxxxxxx STORE HGL % FLOW FOR PRINTER PLOT ROUTINE

TPLT(NPTOT)=TIME/360Q0,
IF(NPLT) 700,700,460

15357

FAGE 2-6

660 DO 680 N=1,NPLT
J=JPLT(N)
680 YPLT(NPTOTN)=Y(+Z())
700 IF(LPLT) 760,760,720
720 DO 740 N=1,LPLT
L=KPLT{N)
740 QFLT(NPTOTN)=Q(L)
760 CONTINUE
Cxxxxxxxx COMPUTE WATER VOLUME LEFT IN STORAGE
IF(NSTORE.EQ,0) GO TO 801
DO 800 I=1,NSTORE
J=JSTORE(I)
800 VLEFT=VLEFT+Y(J)¥ASTORE(J)
801 CONTINUE :
D0 810 N=1,NC
NL = NJUNC(Ns1)
NH = NJUNC(N»y2)
Cxxxx YOLUME REMAINING IN CONDUIT WITH TIDE GATE NOT INCLUDED IN VLEFT
IF (NGATE) 807,807,803
803 DO 805 I=1,NGATE
IFC(JGATEC(T) JEQ.NH.ORVJGATE(T) ,EQ.,NL) GO TO 810
805 CONTINUE
807 Hi = Y(NL) + Z(NL)
H2 = Y(NH) + Z(NH)
CALL HEAD(NsNLyNHsH1yH2,Q(N)sA(N)»V(N)sHRADs»ANH »ANL,
XRNL»TINE,ICYC)

i ULEFT = VLEFT + O0.5%X(ANH + ANL)XLEN(N)
810 CONTINUE

C

Cxxxxxxxx PRINT x PLOT OQUTPUT
CALL 0UTPUT
sTOP

ENDI
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BLOCK DATA

COMMON /BD/ANORM(24+3)
COMMON/LAB/ TITLE(40), VERT(4)

c
Cxxxxxxxx NORMALIZED CROSS-SECTIONAL AREA
TA ANGRM/

A
.00009o0134vo03749006809o1033vo1423'o18451o2°921027599.3°4
+37369.4237+,4745,,52 55:.5763!.6"64106758,o7241:o7708908154v
v8376548967+.92320.96261.,986611,000,
+00005,04005.,0800s.,1200+.16007.,20005.,2400+,2800,,3200,.3600,
+4000+,44005,48005,52005,356007r.560005.64007.,68009.72009.,7600,
+8000y.8400,.88007,.,9200+,.94600+1.000,
+0000,.,0181+.,0508,.,0908y.13269.1757+.2201,.,24655,.,3118+.3587,
+4064,,45429,5023+.55061.39871.6462+.6931+.7387+.7829,.8253»
+86329.90229.93561.9645+.987351.000,
.00009.,0150,.0400/,.0550,.,08505,1200+,1555,.1900+.,22505.2750
+32009.37009,42009.4700».5150+.5700+.6200+.46800+9,7300y.7800,
083507 08850!09250’ 09550709800910000!
+0000,,0173,.0457,.08289,127149.,1785+.,2270+.2775,.3280,.3780,
v 42709 4,47651,52609,57401,62201.,66909.71605.76105.8030,.8390,
+87705.91109.,94105.9680,.,9880,1.000/

CUNLBGIFI = 0NN LGl
(=]

Cxkxxxxxkx NORMALIZED HYDRAULIC RADIUS

NI = 0N U W

Exxxxxxxx SECOND SHAPE IS RECTANGULAR - BUT DO NOT USE - CANNOT NORMALIZ

A GENERAL RECTANGULAR HYDRAULIC RADIUS
DATA HRNORM/
+01005,10489.2052,.,30159.39445.4824y.5664y.545
+85685.91761.973691.,024,1.070,1,110,1.144,1.17
0
0

- -

1,21791.,21591,20391.178+1.13251.000
+0000,,0400,.,0800,,1200+,156005.2000,.2400,.28
+40007+,44009,48009,52007.3540079.6000.6400+.68
+8000,.8400,,8800y.92009.960051,000,
+01009.,10409.,2065y.32439.4322,.5284,.6147+.6927,.
39+94179,990591,03691,07791,11351,143+,1.16991
1,206+1.199, 1 17091.,12691.000,
+09709.21605.30207,38609,48505.53609.61109.,67560,.7350»
+8540,.9040,,9410,1,008+1,04591.,07691.11551.14691.,142;
1,197+1,18691,162:1.,107+1,000,
+09329 418909 .27301.369079.48301.5600.45309.7430+.8220,
1+7490,.9990,1,053,1.095,1.141,1.161+1,188+1.206:1.204
1,20691.,205+1,19691,168+91.127+1.,000/

%)
4,
0y
0
7

PO OO Or
- -

- e

QO
7
kY

- e @ @ ‘e

»
CRExx¥xxx NORMALIZED SURFACE WIDTH

(= 000U L WP

DATA TUNGRM/
¢ 39195,39195,54261.6499+.7332,.8000,.89542,.89807+.93305.9400,
2 279819.99285.99925.9992,.99287.,9798,.9500,.9330,.8980,.8542,
+8000r.7332,.,64999.54261.3919+.391%,
1,000,1.000+,1.,000,1,000s1,000,1.,00051.,000+1,000+1,000+1,000,
1,000,1.000+,1.,000+1,000+1.000,1,000,1,000,1.000,1.000,1.000,
1,000s1, 000 1,000,1.,000,1.000+1,000,
, 5873 ,587 1.8’7 y,89600,902 31.91461.9“84;.94127.9540:.96687
.?7931.9?“87.7992!-?99";.?9”87‘97989 9400+.9330,.3980,.8532,
+30009,7322+,44995.54259.3919,.39219,
429805 ,298014,43309,50809.582019,64205,6960,.74809.7910+.8350>
,3668079.89609.92509,93507.9700,.985021.000+.9850+.9700,,9400,
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00057
00058
00059
00040
000461
00062
000463
00064

NTRNJA

ol N

FORTRAN V.5A(521) /KI/C/L 20-MAY-81 133137  PAGE 1-1

08960’08360707640’06420103100!031009

+49007,4900+,6670+.8200,,9300+1,000+,1.000+1.000,,9970+.9940>
+9880+.98209.9670».,9480+.92809.90409+.8740+.8420+.,7980+.7500,
+69709.6370945670+.46705.3420,.3420/

DATA VERT

END

/4HJUNC»4HTIONy 4HWATRr4H SUR»AHELEVs4H(FT)/
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00031
00032
00033
00034
00033
00034
60037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00030
00031
00052
000353
00054
00055
00036

NTRNJA FORTRAN V.3A(4621) /KI/C/L 20-M4AY-81 15157 FAGE 1

SUBROUTINE BOUND(YDEP,YDEPT:QPsT»DT,IT)
c
c THIS SUBROUTINE COMPUTES THE LINK FLOW ‘QP(LINK)‘ FOR
E EACH EXTERNAL ¥ INTERNAL NODE TO NODE TRANSFER
COMMON /BD/ANORM(2615) yHRNORM(2695) » THNORM (265 5)
COMMON/TRAP/STHETA(200) »SPHI(200)
1%2?32N/FILES/ NS»N69N21+N22,NPOLLyNLOCAT,QCONVIDATEZ,LOCNOS(100),
COMMON/CONTR/ NTCYC,DELTQ,DELTsDELT2,TZEROsALPHA(40),
1 NJsNCyNTCoONTL,ICYC/NJSWIMJISWsTIME, TIME2,AL11A25A3/A419A51A61A7 W
COMMON/JUNC/Y(187),YT(187) yNCHAN(187,+8),AS(187),Z(187),QIN(187),
1 QQUC187),QINST(187),GRELEV(187),JUN(187),ZCROMN(187) s JSKIP(187)
2 »SUMAL(187),SUMQ(187),5UMRS(187)»ASFULL(187)
COMMON/FIPE/LEN(187) yNJUNC(18752)sAFULL(187),AT(187),
1 Q(187)¢V(187)yVT(187)DEEP(187)sA(187)sWIDE(187)RFULL(187)
2 NKLASS(187),ZP(187+2),QT(187)+,R0(187)+H(187,2) sNCOND(187)»
3 ROUGH(187)
REAL LEN
DIMENSION YDEP(187),YDEPT(187),QP(187)
COMMON/STORE/ NSTORE,JSTORE(20),ZTOP(20),ASTORE(20)
COMMON/ORF/ NORIFsLORIF(60)sA0RIF(60)sCORIF(60)
COMMON/WEIR/ NWEIRSLUEIR(60)yKWEIR(A0)»YTOP(60)sYCREST(60),
2 WLEN(60),COEF(60)COEFS(40)
- COMMON/PUMP/ NPUMP,yLPUMP(20)sPRATE(20,3) s VRATE(20+3) yVNELL(20)»
1 JPFUL(20),IPTYP(20)
c COMMON/EBND/ MFREEsJFREE(25)NTIDE,JTIDE(25) »NGATEs JGATE(2D)
g EXECUTION
Cxxxx CHECK WHETHER SURCHARGE ITERATIONS OCCURRING
IF(IT)105,103,200 -
c 105 HTIDE=-9999.
C
Cxxxxxkxx COMPUTE NEW ELEVATION OF TIDE
GO TO (110,109,108,108), NTIDE
108 HTIDE AL+A2XSINCUXT) +ASKSIN(2 , KUXT) +A4XSIN(I . XWXT)
+ASKCOS(WAT) +ASXCOS(2. XWXT I +A7XKCOS(3  XWXT)
IF(HOD(ICYC:ZO).ER.O) WRITE(N&,1234) ICYC,HTIDE
1234 FORMAT(’ CYCLE’,»IS»’ HTIDE=',F10.2)
GO 10 110 :
109 HTIDE=A1

c 110 CONTINUE
C******** ASSIGN SURFACE AREA TO STORAGE JUNCTIONS

112

IF (NSTORE) 116s116,112
DO 114 I=1,NSTORE

= JSTORE(I)

S(J) = AS(J) + ASTORE(I)
ONTINUE

180
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116 CONTINUE
c
CEEXXXXXX COHPUTE HEAD AT JUNCTIONS WITH SUMP ORIFICES WHERE
c - DEPTH IS BELOW JUNCTION INVERT
IF(NORIF)200,200+120
120 DO 180 I=1,NORIF
LINK=LORIF(I)
JI=NJUNC(LINK,1)
JSKIP(J1)=0
IF (NKLASS(LINK) .ER. 7 .OR. YDEP(J1) ,GT. 0.,) GO TO 180
JSKIP(J1)=1
YNL=0.94%DEEP(LINK)+YREP(J1)
CALL HYDRAD(LINKsNKLASS(LINK)sYNL,RNL»ANLsBNL)
YDEPT(J1)=Y(J1)+SUMA(JL1)XDT/(BNLXLEN(LINK)/2,)
IFCYDEPT(J1),G6T.0,) YDEPT(J1)=0.001
c 180 CONTINUE
Cxxxxxxxx COMPUTE DISCHARGE OVER TRANSVERSE AND SIDEFLOW WEIRS
200 IF(NWEIR) S$80+580,220
220 D0 360 I=1,NWEIR
Cxxxx INITIALIZE
WK=COEF(I)
POWER=1.3
y2=0,0
LINK=LWEIR(I)
DIR=+1,
J1=NJUNC(LINK,1)
J2=NJUNC(LINK,2)
Y1=YDEP(J1)
IF(J2) 2405240260
240 Y2=AMAX1((HTIDE-Z(J1))sYCREST(I))
HEADW=Y1-YCREST(I)
IF(HEADW) 480,480,320
260 Y2=YDEP(J2)
HEADW=AMAX1(Y1,Y2)-YCREST(I)
IF(HEADW) 480,480,280
Cxxxx CHECK FOR BACKFLOW
280 IF(Y1-Y2) 300,320,320
300 DIR=-1,
Yi=Y2
Y2=YDEF(J1)
Ji=J2
J2=NJUNC(LINK»1)
Cxx%xx CHECK WHETHER SURCHARGE ITERATIONS OCCURRING
IF(IT)320+320,310
310 IF(YL1.GT.0.946x(ZCROWN(JL1)-Z(41))) GO TO 320
IF(YQ'LT.0o96¥(ZCROUN(J°) -Z(J2))) GO TO 5S40
Cxxxx CHECK FOR SURCHARGE
320 IF(YL1.,GT.YTOF(I)) GO TO 440
IF(DIR) 380,340,340
240 IF(KWEIR(I)-3) 380,360,360
Cxxkx WK IS A FUNCTION OF AFPROACH VELOCITY FOR SIDEFLOW WEIRS
150 WK=COEF(I)
V2=0,0
POWER=1.67
Cxxxx WEIR DISCHARGE

181
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380 QUEIR=WKXWLEN(I)X((HEADW+U2/64.,4)%XPOUER-(V2/64,4)%XXPOUER)
KW=KWEIR(I)
GO 70 (420,400,420,400)
CXXxx APPLY ARMCO TIDE GATE CDRRECTION
Cxxxx (ARMCO WATER CONTROL GATES CATALOG)

400 IF(HTIDE.GE.(YDEP(J1)+Z(J1))) GO TO 480
VEL1=COEF(I)XHEADUWXX(POWER-1,)
HLOSS=(4,/32,2) XVEL 1 ¥X2%EXP (-1, 15%XVEL1/SART(YTOP(I)-YCREST(I)))
HEADW=HEADW-HLOSS
IF(HEADW.LE,O0) GO TO 480
IFCCYCREST(I)+Z(J)+HEADW) . LE,HTIDE) GO TQ 480

c QWEIR=COEF (I)XWLEN(I)XHEADWXXPOWER
%xxxxxxxxx SUBMERGED WEIR COMPUTATIONS, DFK, 8/74

420 RATIO=(Y2-YCREST(I))/(Y1-YCREST(I))
IF((Y2-YCREST(I)).LE.O) GO TQ 500
IF(RATIO.LE.O0.3) GO TO 421
IF(RATIO.LE.Q.75) GO TO 422
IF(RATIO.LE.0.83) GO TO 423
IF(RATIO.LE.Q0.95) GO TO 424
CONST=0.4-0,3%(RATID-0.,95)70,05
GO0 T 430

421 CONST=1,

GO TO 430

422 CONST=1,0-0.1%(RATI0-0.3)/0.45
GO TO 439

423 CONST=0,9-0.1X(RATI0-0.73)/0.1
GO TO 430

424 CONST=0.8-0.4%(RATIO0-0.85)/0.1

430 ggE%g=g883T*COEF(I)XULEN(I)X(YI YCREST(I))XXx1.5

Cxxxx OQUTFLOW IN SURCHARGED CONDITION

440 IF(Y1-Y2) 48054809440

460 HEADW=Y1-AMAX1(Y2 rYCREST(I))
IF(COEFS(1),6T+0,0) GO TO 470
ARE=(YTOP(I)-YCREST(I))XWLENC(I)
COEFS(I)=ABS(QP(LINK))/(AREXSART (64, 4XHEADW+Y2))

470 83E%§=g88FS(I)*ULEN(I)*(YTOP(I) ~YCREST(I))XSART(64.4XHEADUWIV2)

430 QUEIR=0,

300 QP(LINK)=DIR¥QUWEIR
540 CONTINUE

c
EX*XX*#X* COMPUTE PUMP DISCHARGES
EXXXXXXXX NOTE -~ ONLY ONE INFLUENT PIPE CAN RE CONNECTED TO A PUMF NODE

580 IF(NPUMP) 920,920,600
600 D0 900

IPTYP(I)
Ckktkkxxx COM LOW TO WET WELL FOR GATES OPEN CONDITION

710 N=NCHAN

182
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QINJ=0QP(N)

JUP=NJUNC(Ny1)
IF(JUP.NE,J1) GO TO 711
JUP=NJUNC (N»2)
QINJ=-QP(N)
Cxxxx CHECK HHETH;R SURCHARGE ITERATIONS OCCURING .

711 IECIT) 715r 13,712
712 IF(Y(JUP) .GT.O.?&!(ZCRONN(JUP) -Z(JuP))) GO T0 715
IF(Y(J1) .LE.0.98X(ZCROWUN(JL1)-Z(J1))) GO TO 900
715 IF(QINJ.LT,0,) QINJ=0.
ALL DEPTHINsNKLASS(N); GP(N);YCRIT YNORM,TIME,ICYC)
Cxxxxxx SET CRITICAL DEPTH AT WET WELL FOR OFF-LINE PUMP
DEPT(J1)=AMINL(YCRIT, YNORN)
VWELL (I)=VHELL(I)+QINJXDELT2
Cxxxxxxxx SET PUMP RATE
20 Q0UT=0.,0
IFCVWELL(I)) 800,800,740
740 QOUT=PRATE(I,1)
IF(VWELLC(I)-VRATE(I»1)) 800,760,750
760 QOUT=PRATE(Is2)
IF(VWELL(I)-VRATE(I,2)) 800,780,780
780 QOUT=PRATE(Is3)
Crxsxxxxx COMPUTE NEW WET UELL VOLUME
800 UNEW=VWELL (I)-GQGOUTXD
Cxxxxxxxx CHECK FOR DRY UELL
IF (UNEW) 820,820,840
820 GOUT=UUELL(I)/DELT2
VWELL(I)=0.0
aP(LINK)=Q0UT
JPFUL(I)=1
GO TO 9200
Cxxxxxxxx CHECK FOR FLOODED WELL
840 IF(VRATE(I,3)-VUNEW) 840,860,870
860 DIFF=(VNEW-VRATE(I»3))/DELT2
VWELL(I)=VRATE(I,3)
ROUT=PRATE(I,3)
P (LINK)=Q0UT
N=NCHAN(J1,1)
Cv++oTHROTTLE PUMP STATION INFLOW
GP(N)=QP(N)-SIGN(DIFF,QP(N))
SUMR(JUP)=SUNQ(JUP)+0.SXDIFF
SUMQS (JUP)=SUMGS(JUP)+DIFF
G0 TO 900
CXRXXXXXX MORMAL WET WELL CONDITION

870 VUWELL(I)=UNEW
- QP (LINK)=Q0UT
GO TO 900

C
CRxxxxx SET PUMP RATE FOR IN-LINE PUMP
Ckxxx CHECK WHETHER SURCHARGE ITERATIONS OCCURRING

. 880 IF(IT) 874,875 872
872 IF(Y(J1).LE, 96#(ZCROUN(J1) -Z(J1))) GO TO 900

875 JSKIP(J1)=0
IF(YDEP(J1)-0,001) 882,882,885
882 QINJ=0.

183
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N=NCHAN(J1,K)
IF(N.GT.NC) GO TO 884
IF(NJUNC(N»2) .EQ, J1) QINJ=0INJ$+QP(N)
883 CONTINUE
884 QOUT=QINJ
GO TO 888
Cxxxxxx SET PUMP_RATE
85 QOUT = PRATE(I»1)
IF(YDEP(J1).,GT.VURATE(I,1)) QOUT = PRATE(I»2)
IFCYDER(J2) .GT,VRATE(I,»2)) QOUT = PRATE(I,3)
888 QP(LINK) = QOUT
c 900 CONTINUE
Ckxxxxkxx SET DEPTH AT FREE OUTFALL ¥ TIDAL NODES (ONE PIPE/NODE)
220 IF(NFREE) 980,980,940
940 DO 960 I=1,NFREE
J=JFREE(I)
N=NCHAN(Js1)
LINK=NCHAN(Js2)
QF (LINK)=QP(N)
Cevvs CHECK FOR QUTFALL PIPE ON AN ADVERSE SLOPE
IF(NJUNC(Ny 1) .EQ.J)AP(LINK)=-QP (LINK)
CALL DEPTH(NyNKLASS(N) s@P(N) s YCRIT, YNORM, TIME,ICYC)
EPT(J)=AMIN1(YCRIT,YNORM)
CX**X**** CHECK FOR_FULL PIPE OR SURCHARGE
IF(YDEPT(J) . GT.DEEP(N)) YDEPT(J)=DEEP(N)
C*****XXX CHECh FOR_TIDAL INFLUENCE
YRERPT(D+Z(J)) LT, HTIDE) YDEPT(J)=HTIDE-Z(J)
C-960 CONTINUE
Caxxxxxxx SET DEFTH AT TIDE GATE OR CLOSE GATE
980 IF(NGATE) 1080,1080,1000
1000 DO 1060 I=1sNGATE
J=JGATE(I)
N=NCHAN(Js1) :
LINK=NCHAN(J:2)
QF (LINK)=QF(N)
Cxxxx CHECK FOR OUTFALL PIFE ON AN ADVERSE SLOFE
JuP=1
JON=2
IF(NJUNC(Ns2).EQ. J) GO TO 1010
QP C(LINK)=-QP(LINK) -
JUp=2
JDN=1
1010 IF(H(N,JUP)~HTIDE) 1020+1020,1030
Crexxxxxx GATE CLOSED
1020 YDEPT(J)=H(N»JUP)-Z(J)
QPCLINK)=0.,0
IFCYDEPT(JY.LT.0.)YREPT(J)=0,
GO TO 10460
Chxxxkxkx GATE QPEN
1020 CALL DEFTHYN)NKLASS(N)QP(N)»YCRITYNORM» TIME,ICYC)
YDERT(J)=AHWINL(YCRIT,»YNORM)
Cxxxxxxxx CHECK FOR FULL FPIPE OR SURCHARGE
IF(YDEPT(J) . .GT.DEEP(N)) YREPT(J)=DREEF(N)
CX**X*X*X CHECK FOR TIDE ELEVATION
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IFCCYDEPT(J)+Z(J))JLTL.HTIDE) YDEPT(J)=HTIDE-Z(J)

1060 CONTINUE
1080 RETURN
' END

185
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CURVE

00001

00002
00003
00004
0000S
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o000

Nylivly) lwixly

oI00

100

120

140

160

20-MAY-B1 15357

SUBROUTINE CURVE(X,»Y,NPTsNCVsNPLOT)

COMMON/FILES/ NSsN6sN21,N22sNPOLL»NLOCAT,QCONVIDATEZ,LOCNDS(100),

1TRIBA
DIMENSION X(202+3),Y(20255)NPT(S)

1,DUMX(4),DUMY(4)

COMMON/LAB/ALPHA(40) » XLAB(11)yYLAB(4) yHORIZ(S) »VERT(4)

XMAX = -1,0E30

XMIN = 1,0E30

YMAX = -1,0E30

YNIN = 1.0E30

D0 100 K = 1, NCV

N = NPT(K)

DO 100 J = 1y N

IFC X(JrK) +GT. XMAX ) XMAX
IFC X(JoK) oLT. XMIN ) XMIN
IFC Y(JoK) +GT. YMAX ) YMAX
IFC Y(JsK) LT, YMIM ) YMIN
CONTINUE

DUMX(1) = XMIN

DUNX(2) = XMAX

CALL SCALE(DUMX»10.,052,1)
DURY(1) = YMIN

DUMY(2) = YMAX

CALL SCALE (DUMYs4.0+2s1)
B0 120 K = 1r NCV

N = NPT(K)

X(N+1,K) = DUMX(3)

X(N+2sK) = DUMX(4)

Y(N+1:K) = DUMY(3)

Y(N+2sK) = DUMY(3)
CONTINUE

XMIN= DUMX(3)

DELTX= DUMX(4)

XLAB(1)=XMIN

DO 140 I=1,10
XLAB(I+1)=XLAB(I)+DELTX
XSCAL=100,/(XLAB{11)=XNIN)
YMIN= DUMY(3)

UELTY= DUNY(4)

YLAB(S)=YMIN

D0 140 I=1,4
YLAR(S-1)=YLAR(6=1)+DELTY
YSCAL=40,/(YLAR(1)-YHIN)
NCD=100

186

SET UP X AND Y SCALES

X(JsK)
X(J+K)
Y(J!K)
Y(JsK)

FORM X LABELS AND FACTORS

FORM Y LABELS AND FACTORS

INITIALIZE FLOT OUTLINE

PAGE 1
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00057
00058
00059
00060
00061
00062
00063
00044
00065
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00047
00068
00049
00070
00071
00072
00073
00074
000735
00076
00077
00078
00079
00080
00081
00082
00083
00084
00085
00086
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(yligly]

e Ixly]

[swXorlerl

180
200

’1")0

240

CALL PPLOT(0s0,NCDsNPLOT)

YO = YT

CONTINUE
CONTINUE
K=K+1
CONTINUE

NC=99

CALL PPLOT(0s0sNCsNPLOT)
RETURN

END

187

20-4AY-81 15257

DRAW IN EACH CURVE

JOINING X0 YO AND XT YT

OQUTPUT FINAL PLOT

PAGE 1-1
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SUBROQUTINE DEPTHX(NsKLASS»@PO»YC»YNORM TIME,ICYC)

THIS SUBROUTINE FINDS THE CRITICAL DEPTH
AND THE NORMAL DEPTH CORRESPONDING TO TH

COMMON /BD/ANORM(2623) rHRNORM(24695) » TUNORM(26+3)

1%%?%0N/FILES/ NSsN6sN21,N22,NPOLL NLOCAT»QCONV, IBATEZ,LOCNOS(100),
COMMON/PIPE/LEN(187),NJUNC(187,2) »AFULL(187),AT(187

X
1 0(187)’0(187)r0 187)sDEEP(187)sA(187)WIDE(187) »RFULL
2 NK 87)»ZP(187,2)sQT(187)+Q0(187)»H(18752) yNCOND(1
3 OUGH( Z

R

OMMON/ 200)»5PHI(200)
IMENSI )

EAL LE

E FLOW QP

T(
S(187 18
187)
c TRAP/STHETA(
g SN KCRIT(187

EXECUTION

oo0m

QP=ABS(QP0D)

YC=0,

YNORM=0.,

IF¢QP, LE 0,) RETURN

NDIH-I

NTYPE= KLASS

IF(NTYPE.EQ.4) GO TO 440 -
Cxxxxxxxx SPECIFY NTYPE_FOR ORIFI

IF(NKLASS(N).EQ, 7 .OR. NKL
g*x*******INITIALIZE KCRIT

IF(ICYC.GT.1) GO TD 100
NDINM

CES
ASS(N).EQ. 8) NTYPE=1

-

I

I
20 CONTINg
100 QC0=0,

200 DELTA=(QGP-
YC=0,04X(F
GO TO 400

250 Qco=Qc

300 CONTINUE

Xxxxxxxx PIPE SURCHARGED AT THIS SECTION
YC=DEEP(N)

xxxxx SEARCH AREA X RADIUS TABLES FOR PROPER LOCATION

c
c
C
Cxxx

400 QNORMO=0.

b 3 ¢

)
+2.%(I-1)/25,%DEEP(N)
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QNORM=SQRT(32.2%(ZP(Ns1)-ZP(Ns2))/(LEN(N)XROUGH(N)))
1 _XAREARHRADXX0,6667
IF (GNORM-QP) 550+500+500
900 DELTA (ap- ONORHO)/(ONORH ANORMO)
YNORM=0,04%(FLOAT(I-2)+DELTA) XDEEP(N)
G0 TO 620
930 QNORMO=QANORM
600 CONTINUE
Cxxxxxxxx PIPE SURCHARGED AT THIS SECTION
YNORM=DEEP(N)

c
620 RETURN

c
CXXXX2xxx YC AND YNORM FOR TRAPEZOIDAL CHANNELS

c
Cxxxx COMPUTE YC
640 QCO0=0,

ARE

/2K (STHETA(M)+SFHI(NY))
HSROOTS)
2677
RETURN

675 QNORMO=QNORM
680 CONTINUE

Ckxxx PIPE SURCHARGED AT THIS SECTION

YNORM=DEEF(N)
RETURN
END

189

PAGE 1-1

1,+STHETA(N) X%2,)+SART (1. +SPHI(N)XX2.) Replace DTEMP
by YI

P

1=ZFP(Ns2))/(LEN(N)XROUGH(N) ) ) XAREAXHRADXXO,
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SUBROUTINE HEAD(NsNL)NH,HEAD1,HEAD2,QF yAREA,VEL  HRADsANHsANL »RNLy

c 1TINE,ICYC)
c THIS SUBROUTINE CONVERTS NODAL DEPTHS 70 PIPE DEPTHS
c IT ALSO ASSIGNS SURFACE AREAS TO THE PROPER NODES
g SURFACE AREA IS NOT ASSIGNED TO ORIFICE OR WEIR LINKS
COMMON /BD/ANORM(26+5) sHRNORM(2655) s TUNORM(26+5)
1$g?ggN/FILES/ N3yN6sN21»N22sNPOLL /NLOCAT»QCONV, IDATEZ,LOCNOS(100)
COMMON/TRAP/STHETA(200) sSPHI(200)
COMMON/JUNC/Y(187)»YT(187) yNCHAN(187,8) sAS(187)sZ(187)+QIN(187),
1 QOU(187)sQINST(187),GRELEV(187)sJUN(187),ZCROWN(187)yJSKIP(187)
2 »SUMAL(187),5UNQ(187),5UHAS(187),ASFULL(187)
COMMON/PIPE/LEM(187) yNJUNC(187,2)AFULL(187)sAT(187)
1 Q(187),V(187),VT(187)DEEP(187),A(187) yUIDE(187)RFULL(187),
2 NKLASS(187)+ZF(18792)sQRT(187),Q0(187)»H(187,2)NCOND(187)»
3 ROUGH(187)
c REAL LEN ‘
c EXECUTION
YNL=HEAD1-ZP(Ns1)
c YNH=HEAD2~ZFP (N»s2)
Cxxxxxxxx CHECK FOR DRY PIFE
IF(YNL.LE.O., ., AND.YNH.,LE.0,) GO TO 220
IF(YNL)10,10+20
Cxxxxxxxx YNL.LE.O» YMH.,.GT.0 (CRIT OR NORM UFSTRM OR STORAGE DWNSTRM)
10 IF(HEAD2-ZP(Ns1)) 240,415,155
135 IF(ZP(N,1),LELZ(NL)) GO TO 140
CSL%ODESgH(NrNKLASS(N)rGPvYC:YNORMyTIHE;ICYC)
6 2
CRXXXXXXX YNH LE 0y YNL GT Oy CRITICAL OR NORM DOWNSTREAM
20 IF(YNH) 23,25,30
25 IF(ZP(N,2),LE.Z(NH)) GO TO 140
CALL DEPTHINsSNKLASS(N)»QP»YC,»YNORM,»TINE,ICYC)
Y2=AMINL(YCs YNORM)
GO TQ 180
CXXXXkkkX YNL AND YNH GT 0
30 IF(QP) 35950550
Cxxeexxkx ADVERSE FLOW
35 IF(ZR(Ns1)-Z(NL)) 160,160,40
40 CALL DEPTHIMNyNKLASS(N) sQF»YC,»YNORM,TIHE,ICYC)
IF(YC-YNL) 160,160,200
CXxxxxxxx FOSITIVE FLOW
SO0 IF(ZP(Ns2)~Z(NH)) 160,160,353
55 CALL DEPTHYN»NKLASS(N),QF,YC,»YNORM,TIHE,ICYC)
Y2=AXMINL(YCs YNORM)
IF(Y2-YNH) 120,120,180
120 IF(YMH-AMAX1(YCsYNORM)) 140,140,140
140 FASNH=(YHNH-Y2)/ABS{YNORM-YC)
G0 TQ 145
C
Cxxxxxxxx NORMAL SITUATION’ HALF SURFACE AREA AT EACH EMD
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160 FASNH=1.0
165 YMID=0.3%(YNL+YNH)

IF (YMID,LE.0.0) YMID=0.0Q

CALL HYDRAD(Ns»NKLASS(N),YNLsRNLANL»BNL)

CALL HYDRAD(NsNKLASS(N),YMIDsRMIDs»AMID,BMID)

CALL HYDRAD(NsNKLASS(N) s YNH,RNH»ANHsBNH)

IF(NKLASS(N).GT. 6) GO TO 240

AS(NL)=AS(NL)+0,25% (BNL+BMID)XLEN(N)

AS(NH)=AS(NH)+0.,25%X (BMID+BNH) XLEN(N)XFASNH

GO TO 260

c*{§§*¢§§ SEITICAL SECTION DOWNSTREAM’ SURFACE AREA UFSTREAM

HEAD2=YNH+ZP(Ns2)

YMID=0,3X(YNL+YNH)

IF (YMIDJLE.O.,0) YMID=0,0 »

CALL HYDRAD(NsNKLASS(N)s»YNLsRNL)ANLsENL)

CALL HYDRAD(NyNKLASS(N) YMIDsRMIDsAMID,EMID)
ALL HYDRAD(NyNKLASS(N) s YNH,RNHyANH» BNH)

IF(NKLASS(N).GT. 4) GO TO 260

AS(NL)I=AS(NL) +0. 25X (BNL+EMID)YXLEN(N)

GO TO 260

c .
Cexxxxxxx CRITICAL SECTION UPSTREAM’ SURFACE AREA DCWNSTREAM
200 HEADLI=YC+ZP(Ns1)
YNL=YC
YMID=0., SX(YNL+YNH)
IF (YMIDJ.LE.0.0)

GG TO 260

c
CXxxxxxxx DRY PIPE’ NO SURFACE AREA FOR ENRS WITH NEGATI”E Y
220 HEAD1=HEAD2
YHID=0,
CALL HYDRAD(NsNKLASS(N) » YMIDRMID»AMIL,BMID)

IF
AS
230 IF
AS

c
Cxxxx¥xix DRY
240 HEAD1=HE/

TREAH’ SURFACE AREA UOWNSTREAM

e O und
=2l
row

191
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00113 YNL=0,
00114 YMID=HEAD2~0.3X(ZP(Ny1)+ZP(Ny2))
00115 IFCYMID.LT.0.) YMID=0, :
00116 CALL HYDRAD(NsNKLASS(N)»YNLsRNLsANLBNL)
00117 CALL HYDRAD(N»NKLASS(N) »YMID)RMIDsAMIDyBMID)
00118 CALL HYDRAD(N»NKLASS(N)»YNH»RNH;ANHs»BNH):
00119 AREA=0, 25X (ANL+2 . XAMID+ANH)
00120 VEL=0.0
00121 HRAD=0,5x(RMID+RNH)
00122 QO(N)=0,0
00123 IF (NKLASS(N),GT. &) RETURN
00124 AS(NH)=AS(NH)}+0,25% (BMID+ENH) XLEN(N)
00125 IFCZP(Ny1)=Z(NL)LT+0,001) AS(NL)=AS(NL)+,25K(BNL+BMID)}XLEN(N)
ggl%g c RETURN
12
00128  Cxxkkxxxx COMPUTE CROSS-SECTION AREA, VELOCITY x HYDRAULIC RADIUS
00129 260 AREA=0.25X(ANL+2.XAMID+ANH)
00130 VEL=0.,
00131 IF(AREA.GT,0,) VEL=QP/AREA
00132 HRAD=0,25% (RNL+2 *RHID+RNH)
00133 IF_(AREA.LE.0.,0) QO(N)=0.0
00124 RETURN
00135 END
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SUBROUTINE HYDRAD (NsKLASSsDEPTHsHRADsAREAsWIDTH)

THIS SUBROUTINE COMPUTES THE HYDRAULIC RADI
SURFACE WIDTH,» % CROSS-SECTION AREA FOR PIPE ‘N’

%g?ggN/FILES/ NS:N6!N21;N221NP0LLvNLOCAT!GCONVoIDATEZ;LOCNDS(100)9
COMMON /BD/ANORM(26+5)yHRNORM(26,5)» TUNORM(26+3)

COMMON/PIPE/LEN(187)sNJUNC(187,2 ULL(187) AT
1 0(187),0(187),VT(187)DEEP(187 87),WIDE(18
2 NKLASS(187),ZP(187,2),QT7(187), 7)2H(187+2)
3 ROUGH(187)

COMMON/TRAP/STHETA(200)»SPHI(20

REAL LEN

E EXECUTION

RIUSY
IPE

Ixlolyly

8

) s AF 187)»
sA(l YsRFULL(187)
018 NCOND(1B7)

)
Q
0)

8) NTYPE=l
120

E OF PROPERTIES

XFLOAT(I 1))/0.04
TWNORM(IsNTYPE)+(TWUNORM(I+1NTYPE)-TUNORM(I/NTYPE

ULL (NDX(CANGRM(I/NTYPE) 4+ (ANORM(I+1,NTYPE)-ANORM(I,NTYPE)
ULL(N)X(HRNORM(IsNTYPE)+(HRNORM(I+1,NTYPE)-HRNORM(I,NTYPE

I nZ mx 7ol
D> oS- ON~D<AX

LA
H)
N
SS
12
DE
TH
ER
X(
FD
W
A)
AF
)
RF
A)

»

r-3¢

Y3

O

. ko3
D XL D S 196 =t TV G g U et

MDD M )12 TIoO MUV~

=1 DM rape

am
Zr-h—ur
—

C
Crxxxxxxx FULL PIPE
160 WIDTH = 0.,
AREA=AFULL(N)
HRAD=RFULL(N)
RETURN
E******K* RECTANGULAR SECTION (SPECIAL CASE)

180 WIDTH=WIDE(N)

AREA=WIDTHXDE
HRAD=AREA/ (U]
HRAD=AMAX1(HR

c RETURN
CX XXkkxx TRAPEZOIDAL SECTION (SPECIAL CASE)
90 CONTINUE

DEPTT=LEPTH

FOEP=DEFTH~DEEP (N)

IF(FOEF) 19611962194
194 DEPTT=DEEP(N)

PTH
DTH+2,% EPTH)
AD,0.01
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00057

00058
00059
00040
00061
00062
00063
000464
000635

00066
00067

000648
00069
00070

196 CONTINUE

WIDTH=WIDE(N)+DEPTTX(STHETA(N)+SPHI(N))
AREA=DEPTTX(WIDE(N)+(DEPTT/2.)X(STHETA(N)+SPHI(N))) ’
WETPER=WIDE(N)+DEPTTX(SART(L,+STHETA(N)XX2, ) +SART (1, +SPHI(N)kX2,))
HRAD=AREA/WETPER

HRAD=AMAX1(HRAD,0.01)

RETURN

c
CXXXXXXXXx NEGATIVE DEPTH

200 WRITE(N&sS000) NCOND(N),DEPTH
5000 Eg%?ﬂIB'ONEGATIUE DEPTH ENTERED 70 HYDRADy COND.’»15:E156.4)
60 TO 100
END

194
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00001 SUBROUTINE INDATA

00002 C

00003 C THIS SUBROUTINE READS AND PRINTS _ALL INPUT DATA
00004 C EXCEPT FOR HYDROGRAPH CARDS IN ’‘INFLOW’

00005 C IT ALSO PERFORMS SOME INITIALIZATION

00006 C ALL NODE-CONDUIT LINKAGES ARE SET UP AND

8888% E CONVERTED TO THE INTERNAL NUMBER SYSTEM

00009 INTEGER IFNAM(3)sOFNAM(3)y IHFNM(3) s INATM(3)

888%? COMMON /BD/ANORM(25s5) »HRNORM(26+5) » TUNORM(26+3)

c
00012 lgg?ggN/FILES/ N3#N6s»N21yN22,NPOLL »NLOCAT»QCONV, IDATEZ +LOCNOS(100))

00014 COMMON/CONTR/ -NTCYC,»DELTQ»DELTsDELT2»TZERO»ALFHA(40),
00015 c 1 NJsNCsNTCHNTL,»ICYC/NJSWIMJISH TIME,TIME2,A1:A2:A37A41A51A469A7 1l

00014
00017 COMMON/ JUNC/Y (187) YT (187) yNCHAN(187,8) yAS(187)+Z(187)sQIN(187)
00018 1 Q0U(187) »QINST(187),GRELEV(187) s JUN(187)yZCROWN(187),JSKIP(187)
00013 2 »SUMAL (187) ,SUMQ(187) »SUMAS (187) 5 ASFULL ( 187)
00021 COMMON/PIPE/LEN(187) s NJUNC (18752) »AFULL (187),AT(187),
00022 1 0(187),V(187),UT(187) LEEF(137)sA(187) 1 WIDE(187) 'RFULL(187)s
00023 2 NKLASS(187)1ZF(187,2)10T(187)s00(187)sH(187+2) »HCONDCIB7) y
00034 3 ROUGH(187)
00025 COMMON/TRAP/STHETA(200) s SPHI (200)
00026 C
00027 . REAL LEN
00029 COMMON/STORE/ NSTORE, JSTORE(20),2T0P(20) , ASTORE (20)
00030 COMMON/ORF/ NORIF,LORIF(40)sAORIF(40)sCORIF
00031 COMMON/UE TR/ NUE TRy LUETR( 807 sRUETRCS0 ]y TTOF(40) » YCREST(60)
00032 2 WLEN(40)yCOEF (60) s COEFS(80)
00033 CONHON/PUNP/ NPUMPyLFUNF(20) s PRATE(20,3) s YRATE(2013) yVWELL(20)
00034 1_JPFUL(20) s IPTYP(20)
0g03s COMMON/BND/ NFREE, JFREE(25) yNTIDE,» JTIDE(25) s NGATE» JGATE (25)
00037 COMMON/QUT/ NPRT)IPRT,NHPRT, JPRT(20) ) PRTH(100120) s PRBEL (20),
00038 1 NGPRTsCPRT(20),PRTV(100,20)sFRTA(100,20), TDUM(12),ICOL{10) .
00039 2 LTIHE,NPLTyJPLT(20), YPLT(102520),LFLT,KPLT(20),GFLT(162,20)
00040 3 TPLT(102)/NPTOT/NSTART,INTER/PRTY(100,20)
00041 INTEGER CPRT :
8883% c COMMON/TIDE/ YY(S0) »TT(30) »AAC10)»XX(10)sSXX(10510)3XY{107
00045 COMMON/HYFLOW/ ISW(187),QTAPE(187+2)sJSW(45)sQCARD(6552)
0004¢ 1 WATSH(187),TEQ,TP,T2,TE,T20, TIHED,NSTEPS, NINREC
00048 COMMON/LAB/ TITLE(40)»XLAB(11)»YLAB(6) sHORIZ(S)sVERT(S)
00050 COMMON/SURCHG/SURTOL » ITHAX _
888§§ . DIMENSION OTYPE(2) EXTRAN(S)»SOURCE(S),Q0UT(100)

o
00054 DATA OTYPE/’SIDE’,SUMP’/
00055 DATA ENOTE/4HERROR »&HERRORS/
00054 DATA EXTRAN/AHEXTE)4HNDEDy4H TRA»4HNSPOs4HRT /
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c
c EXECUTION

NSTOP=0

NDIM=187

c -
%Xt#*!!!* HEADING (TITLE) CARDS

READ(NS»3040) ALPHA
3040 FORMAT(20A4) A
WRITE(N&,2999)

2999 FORMAT(’1’y64(2H-~)/’ ‘s ’ENVIRONMENTAL PROTECTION AGENCY’y13X,40HX
2Xxx  EXTENDED TRANSPORT PROGRAM X*X*;BX;'UATER RESOURCES DIVISI
3ON’/’ ' ’WASHINGTON: D.C, r16X;4HXX*Xv32X;4H¥¥¥¥»SX;
4’CAMP DRESSER & MCKEE INC.’/’ ‘4’ ¢
2§§X*v6X;’ ANALYSIS MODULE ‘s6Xr4HXXXX4BX»’ ANNANDALE; VIRGINIA

WRITE(N673060) ALPHA
c5060 FORMAT(" “920A4/° ’',20A4//)

EXXXX*XXX GENERAL CONTROL FARAMETERS
READ(NS,5080) NTCEC;DELT ' TZERD s NHPRT» NQPRTyNPLT»LPLT yNSTART s INTER

1 NJSWsITHAX»SUR
5080 FORMAT(IS12F5.0, BISvFJ.O)

DELT2=DELT/2,
IF(N22,EQ.0)HJSW=0
WRITE(N6,3100) NTCYC
5100 FORMAT (19HOINTEGRATION CYCLES»IS)
WRITE(N6sS5120) DELT
95120 FORMAT (3OHOLENGTH OF INTEGRATION STEP IS»F&6.098H SECONDS)
IF _(NSTART.LE.Q) MNSTART =
INTEMP=(NTCYC-NSTART) /100 1
IF (INTEMP.GE.INTER) INTER=INTEHP
WRITE(N&»5140) NSTART,INTER
5140 FORMAT(’OPRINTING STARTS IN CYCLE',ISs’ AND FRINTS AT INTERVALS OF
17214y’ CYCLES’) ’
WRITE(N4y3146Q) TZERO
51460 FORMAT _(13HOINITIAL TIME»F6.2,5H HOURS)
TZER0=34600.%TZERO

c
EXX*X#*#* FPRINT AND PLOT DATA
Cxxxxxxxx JUNCTION NUMBERS -FOR DETAILED PRINTOUT

READ(NS»5180) (JPRT(I),I=1sNHPRT)
3180 FURHQT(BIlO)
RITE(N6sS200)NHPRT s (JPRT(I)»I=1sNHPRT)
5200 F?§3§T9§§%N?PRINTED OQUTPUT AT THE FOLLOWINGsI3»10H JUNCTIONSs//
L4
C***X**** CONDUIT NUMBERS FOR DETAILED PRINTOUT
READI(NS,»5180) (CFPRT(I),»I=1yNQFRT)
WRITE(NSyS220)NAFRTy (CPRT(I)»I=1,NAFRT)
5220 FORMAT (/,11X, AND FOR THE FOLLOWING’»I3y’ CONDUITS //¢10Xs9112))
Cxxxxxxxx JUNCTION NUMBERS FOR FLOTTING
IF (NPLT.LE.,O) GO TO 100
READ (NSsS51B0) (JFLT(N)»N=1,NFLT)
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WRITE(NG,2999)

WRITE(N6,S5060) ALPHA
WRITE(N6+5300)

5300 FORMAT(1H 5’ CONDUIT  LENGTH  CLASS AREA MANNING

1  MAX WIDTH DEPTH  JUNCTIONS INVERT HEIGHT
2RAPEZOID’ /» . a FT)

27Xy ‘NUMBER (FT) : (S COEF. (F
3 (FT) AT ENDS ABDVE JUNCTIONS SIDE SLoOP

- 2
meo

R.0.,).AND. (ZP(N»2).EQ.0.)) GO TO 296

) WRITE(N6sSI20)NsNCOND(N) s LEN(N) s NKLASS(N)
rWIDE(N)yDEEP(N) » (NJUNC(NyK) yK=1+2)

(N69S321 )Ny NCOND( N LEN(N);NKLASS(N)v
Yy DEEP(N) » (NJUN )K=1,2)

LEN(N) s NKLASS(N)»

y
KYsK=192)»

EN(N):NhLASS(N):

1K=112)>

ZZ~
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v&vvo*
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=
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IOLATION OF WAVE TRAVEL/CONDUIT LENGTH RATIO

N)Xx32,2)XDELT/LEN
RITE(N&15335)NCON
WNING xxxx (CXDEL
S+19’ AT FULL DEP

~ W Ze D I DVC .~ TV~

e Ll ]

IF(
3335 FORMA

C'zzo'CUNTINUE
CREXKRKK JUNCTION DATA
DO 380 J=1,NDIM

—4HOX Z-
~ D

I
N CONDWIT/

- g~

"'l7’

ke L= Tt

—_N\

T Z o~

- M~
—

READ (N5,3340) JUNCJ)yGRELEV(J)»Z(J)»QINST(JD)
5340 FORMAT (IS5»3F3.0)
IF (JUN(J).GT.20000) GO TO 400
ZCROWN(J)=Z(J)
JSKIP(J)=0
C*X*X*tgé ?ET UP JUNCTION CONMNECTIVITY ARRAY FROM FIPE DATA
SUMAL(J) =0,
00 380 N=1,NC
00 360 K=1,2
TF(NJUNC(NsR)=JUNCJ)) 3603403460
340 NCHAN(J,LOC)=N

198
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LOC=LOC+1
360 CONTINUE

IF(LOC.GT.1) GO TO 380
WRITE(N6,5350) JUN(J)
9330 FORMAT(’OXxxx WARNING X%xx JUNCTION’sIés’ IS NOT ASSOCIATED WITH
' “ANY PIPE’)
JSKIP(J)=1
380 CONTINUE
c 400 NJ=J-1
CXXXkxkxx CONVERT CONDUIT CONMECTIVITY NUMBRERS TO INTERNAL SYSTEHM
CXXxxxXxxx ASSIGN POSITIVE DOWNSTREAM FLOW CONVENTICN
DO 400 N=1NC
DO 540 K=1,2
0 500 J=1,NJ
IF (NJUNC(NsK)-JUNCJ)) 500,520,500

900 CONTINUE
WRITE(NG695390) NJUNC(NsK) »NCOND(N)

5390 FORMAT(/QXx¥Xx ERROR kXXX JUNFTIDN 116, 7 ON CONDUIT’,I46s7 IS NOT
. "CONTAINED IM JUNCTION DATA’)
NSTOP=NSTOP+1

320 NJUNC(N»K)=J

540 CONTINUE
NL=NJUNC(Ns1)

NH=NJUNC (M, 2)

ZP(Nsl) = Z(NL) + ZP(Ns1)

IP(Ns2)=Z(NH)+ZP(N,2)

IF(ZP(Ny1)=ZF(Ns2)) 560+580,330
360 TEMP=ZP(Ns1)

ZP(Ny1)=ZP(Ny2)

LP(Ns2)=TENP

NJUMC(N»s1) = NH

NJUNC(N,2)=NL

NL=NJUNC(Ns1)

NH=NJUNC(N,2) :

380 IF((ZP(N»1)+DEEP( f)).GT.LCROUN(NL } ZCROWM(N L)=ZP(N71)+DEEP(N)
IFCCZP(Ns2)+DEEP(N) ) .GT . ZCROWN(NH) ) ZCROWN(NH)=ZF(Ny2)+DEEP(N)
IF(ZCROWN(NL) ,LE,GRELEV(NL)+0,001) GO TO 590
WRITE(N6,3395) NCOND(M) s JUMCHL)

ZC%%?N&%L% =GRELEY(NL)-0.,01

590 IF(ZCROWN (NH) LE.GRELEV(NH)$0,001) GO TC 5090

WRITE(N693395) NCOND(N)» JUN(NH)
5395 FORMAT(/OXxxx ERROR X¥xx CONDUIT’,I6,’ HAS CAUSED ZCROWN OF ¢
‘JUNCTION’»I6y’ TO LIE AROVE THE SPECIFIED GROUND ELEV.)
" ZCROWN(NH)=GRELEV(NH)-0,01
NSTOP=NSTOF+1
500 CONTINUE
Crkxxxxx¥ PRINT JUNCTION DATA
WRITE(NS,2999)
wRITE(N6,5060) ALFHA
RITE(N6,5340) .
3360 FORMAT(IH v 5€s " JURCTION GROUND CROWN THVERT QIHET
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SO OOO
COOOOCOO

OO0 OO COCOTO
SOOOOCOOOOOOOOOO
(2] € L G D

G2 G G4 G U Gl G G E G O G Gl L K

OO
(=l
(=]
OSBRI = OO B -

PO PITITIPIPIFIEI FIL-I bt bt pt s ot bt ot et

<3
L]
ol

3

1515Xy "CONNECTING CONDUITS’/7X, NUMBER’»7Xy‘ELEV,’+»5Xs ‘ELEV,"’

1/ELEV, “+5X»“(CFS) /)
J=1sNJ

CXXXXX

UNC(KI;I) EQ.J) JJ =1
+NEJ1) JJ = 2
1,J0).6T.Z(J)) NZP = NIF + 1

o

L b
&
(=X

Yo GRELEV(JIY yZCROWNCI) 2 ZCJYsOINST( D)
yFL1,29F10,2915X,8I7

[y

(4]}
(]
0
[}
SMNETIIAE OO M TR e XD 2 X5

Q2O+ COOTM AL OO N

w

(%]

(2]

(=3
HZZ ] D~ D ZZ e~ P~
AA-NHO OXAZTXCHA —A4NCZ 4

2
0
¥X%x% ALL CONDUITS CONNECTING'.
IE AROVE THE JUNCTION INVERT’)

»E

430

4560
480

5382 FORM

=QINST(J)XDELT

E00o002
DOO-OW
Pat 4

O ~\o-MM-~—m ZrO0rT 08 MM
Ira

—
n
-
~N
0
~
=z MAZCCLONN CAZe ~m2Z CCA
- Y
SBDIAZRON | R\~

H-=3)//)
IGH FIFE

Z= - T O
M~ 1’2 C 00
Q O DD

=
=
-
~0
wn
EARZ
- l__r-b DG e o

(J)) GO TO 493

)

T3 490

NEK.GTNC) G50 TO 495

lEQ WY Jd =1

ZP(NKK»JJ) + DEEP(NKK)) GO TO 495

ONDON) » JUNCJ)

RROR kxkxxxx THE INVERT OF 'y

ES AROVE THE CROWN OF ALL OTHER /.
TION'»I6)

IF (NRK,E

S STEIC) Fp—b
- v7 QCXZIZ il -
. e~
ﬂ'lt__"
s OZW0OMN
=

3
~a
(4]
I I
[yp

C
Cxx¥xxxxx STORAGE JUNCTIDN DATA
1o &40 I=1,20
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00333
00334

80332

00337
00338
00339
00340
00341
00342

00343

00344
00345

9391

640
6435

644

9398

CXXXXXRXX

548
$494

3399
444

READ(NS,S5391) JSTORE(I)rZTOP(I)yASTORE(I)

FORMAT(IS»2F10.0
égﬁ#%TORE(I) GT 90000) GO TO 445

NSTORE=I-1
IF(NSTORE) 64726471644
WRITE(NG12999)

6»%060) ALPHA

S
H

)
7(2H- )»’STORAGE JUNCTION DATA‘»27(2H -)+/)

2

9

STORAGE JUNCTION’»&X»’SURFACE AREA’y6Xr VOLUME’,
LEVATION 9 /928Xs " (FT2) /9 11Xs " (CF) /212X “(FTO ")
N
N
)

- X370 04 4,
w
'

ZO~Z~Z X

(
(N6»y
T(’0
(N4
T(1X
ROUWN
ONVE TQ INTERNAL NUMBER SYSTEM
TORE

JUNCJ)) 648+4650,448

) _JSTORE(I)
ERROR *xxx STORAGE JUNCTION ‘»I6y’ IS NOT
JUNCTION DATA)

D0 448 J=
IF(JSTORE
CONTINUE
WRITE(N
FORMAT(

R
DO 6446 I= %
(

It

(J)) GRELEY(J) = ZCROUWN(J) + 0.1

ASTORE(I) sCFsZTOPCI)
O0XsFb.2)

c
C*X#*X?*X INITIALIZE NTC AND NTL

c
Cxxxx

5400
690
599

790
597

NTC=NC
NTL=NC

Xxxxx ORIFICE DATA

DO 490 I=1,40

N=NTC+]

*Fégﬁﬂ(ff?rS‘lOO) (NJUNC(N+K)sK=1,2) » NKLASS(N)»AORIF(I)+CORIF(I))
(N»

FORMAT(3IS,3FS, Q)

IF(NJUNC(N»1).GE,.90000) GO TO 495

CONTINUE

NORIF = I-1

NTC = NTC + NORIF

NTL = NTL + NORIF

IF (NORIFY £9676961697

WRITE (N&s5420)

00 750 I=1,NORIF

N = NTC - NORIF + I _
WRITE(NS»5440) (NJUNC(NyK) sK=192) s NKLASS (N) » AORIF (1),
%CORIF (1) yZP(Ns 1)

‘\\\___Replace Ibyl
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00389  Cxxxxxxxx CONVERT TO INTERNAL NUMBER SYSTEM

00390 LORIF(I)=N

00391 - NCOND(N)=N+90000

00392 DEEP(N)=SQRT(4,%A0RIF(I)/3,14159)

00393 WIDE(N)=DEEP(N)

00394 AFULL(N)=AORIF(I)

00395 RFULL(N)=DEEP(N)/4,

00396 CLEN=2,.XDELTXSART(32,2XDEEP(N})

00397 LEN(N)=AMAX1(200,,CLEN)

00398 .- ROUGH(N)=1,49XRFULL (N)XX,67/(CORIF(I)XSART(LEN(N)%44.,4))
00399 NKLASS(N)=NKLASS(N) +4

00400 . C NKLASS(N)=1, NKLASS(N)=7 - SIDE OUTLET
00401 C NKLASS(N)=2, NKLASS(N)=8 - BOTTOM QUTLET (SUMF)
00402  Cxxxxxxxx SET ZP(Ns1) FOR BOTTOM QUTLET

00403 IF(NKLASS(N) .EQ., 8) ZP(Ns1)=-0.,946XDEEP(N)

00404 DO 770 K=1.2

004035 RO 700 J=1,NJ

00406 IFCNJUNCINSRY=JUNCD) ) 700,720,700

00407 700 CONTINUE i

00408 WRITE(N&6r5450) NJUNC(HsK)

00409 G450 FORMAT(’OxxkXx ERROR XxXkx ORIFICE JUNCTION’,»I&»‘ IS NOT CONTAINED ~
00410 . "IN JUNCTION DATA")

00411 NSTOP=NSTOF+1

00412 720 NJUNC(MsK)=J

00413  Cxxxxxxxx SET ZP(N»1) AND ZF(N»2) ELEVATIONS

00414 “IF(K.EQ.2) GO TO_ 723

00415 ZP(NsK)=ZP(N+sK)+Z(J)

00414 ZP(Ns2) = ZP(Ns1) = 0.1

00417 725 CONTINUE

00418 C

00419 C.s.. CHECK GROUND ELEVATION .

00420 IF(ZP(NsK)+DEEP(N).LY, GRELEV(J)) GO TQ 730

00421 WRITE(N695455) JUN(J)

00422 5455 FORMAT(’0%xxxx ERROR %%xx ORIFICE TOP LIES ARGVE GROUND ELEVATION'
00423 o/ AT JUNCTION’»17)

00424 NSTOP=NSTOP+1

00423 C

00424 730 CONTINUE

00427 DO 740 KK=1,8

00428 IF(NCHAN(J:hk)) 76097605740

00429 740 CONTINUE

00430 7560 NCHAN(JsKK)=N

00431 770 CONTINUE

00432  Cxxxxxxxx CHECK GRAVITY FLOW DIRECTION

00433 IF(ZP(Ns1) .G6T. ZP(N,2)) GO TO 780

00434 J2=NJUNC(N» 2)

00435 WRITE(NS,5458) JUN(J2)

00434 5458 FORMAT(/0xxxx ERROR ¥xxx ORIFICE OUTLET AT JUNCTION’,I7, ‘IS
00437 1HIGHER THAN INLET")

00438 NSTOF=NSTOP+1

00439 780 CONTINUE

00440 3420 FORMAT(70’,28(2H= )» 'ORIFICE DATA"+28(2H -)y/y

00441 14Xy " JUNCTION o183y “TYPE 20Xy "AREA’ s 13X, ' DISCHARGE " »
00442 X12Xy ‘HEIGHT ARCVE ' »/ 10X "FROM 29Xy TO 239Xy (FT2) "
00443 X18X, 'COEFF./»17Xy "JUNCTION')

00444 5440 FORMAT(PX IS 7X» IS+ 14XyT4»18XyF7,2:18X:F6 .4,



INDATA

004435
00444
00447
*00448
00449
00450
004351
00452
004353
00434
00435
00456
00457
00438
00459
004460
00461
004462
00453
004464
00465
00446
00467
00468
00449
00470
00471
00472
00473
00474
004735
00476

<
O
E
00 COCoOCo 00 Do

00500

NTRNJA FORTRAN V,3A{621) /KI/C/L 20-MaY-21 15:57  FAG

X18XsF64374XsF6.3)
696 CONTINUE

C
E*X*t#**t WEIR DATA

CXxxx THIS ROUTINE HAS BEEN MODIFIED TO TRANSFER
Ckxxx WEIR DISCHARGES_FROM NODE TO NODE RATHER
Cxxxx THAN FROM NODE TO CONDUIT

DO 82

1]
b
—

—

-
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SLDMEDC DZE~OL

S OTE - ZO)
Q

z
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OMEHOQCOXIZI =X ME
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3487

A= SO D~ M
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O
=0
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=
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e O
nOMOoTNoD
—— -~ ——
o ——42Z00Z 0
2 ONE Dt DM NN MM s D OO

5490 EORH
NSTO

=z
(g]
—

3

4 NCH
9 CONTI!
20 CONTINU

ZAZITHA N OAAZCOC U e ~ o~
CLC Z2ZTZzZ~2ZC2

Me mz:m—m

I=

SN0 I MO

E

NTL=NTL+NWEIR

C1040 CONTINU
C#*#**#Y* PUM

E
Fl

C**#K HOTE .-- ONLY ONE

00 1040

[y}
Pas]

1,60
S460) (NJUNC(NsK)vK=152) yKWEIR(I) s YCREST(I) s YTOP(I) s
, COEF (1)

15, 4F5.0)

(N+1),GE.50000) G0 TO 840

\ _

) 104010405860

15480)

/1707 +29(2H= )y "WEIR DATA’y29(2H =)s//)
TION’s17X7/LINK 11Xy TYFE’ 11X, /CREST 111X, 'WEIR' s
R7 19Xy’ DISCHARGE’ »/ 52Xy ' FRON’» 12X/ T0/ 113X
%Qgéy’HEIGHT(FT)'y?X;’TOF(FT)’;SXy'LENGTH(FT)’-
XvI15010X) 159 12Xe 150 11%Xs 125 12XsF5,2s10XsF5, 25
10X,F5,2)

1=1sNWEIR

=N1

)2900004N1

15487) (NJUNC (N17K) vK=112) s NCOND(NL) s KWEIR(I) s
)7YTOP (1) ULEN (1) s COEF (1)

=1l

(N13K)1EQ.0) GO TO 875

(N17K)+EQ.JUNCJ)) GO TO 371

»5490) NJUNC(N1+K)

OKKXy SRROR XXXX WEIR JUNCTION'»Is, IS NOT CONTAINED
TOP+1

1 K)=J

K=1,8

(JsEK)) 874,874,873
KK) = N1

NATA

INFLUENT PIFE MAY HE COMMECTED TD AM OFF-LINE
PURF_0DE
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NTRNJA FORTRAN V.5A(621) /KI/C/L 20-MAYT-31 133397  FAGE 2-

C
%X*Xt**t* OUTFLOW DATA FOR OUTFALLS WITHOUT TIDE GATES

DO 1280 I=1,25 =

READ(NS,5600) JFREEC(I)
9600 FORMAT(IS)

IF(JFREE(I).GE.?0000) GO TO 1300
1280 CONTIN

UE
1300 NFREE=I-1
CXxxxxxxx FRINT QUTFLOW NODES
IF(NFREE) 1400,1400,1320
1320 WRITE(N613616)
5614 FORHAT(//;’O’;??(ZH- Yo 'FREE CQUTFALL DATA’»27(2H -)//)
WRITE(NG,5620) (JFREE(I) I=1,HFREE)
3620 FORMAT (10X» /FREE OUTFLOW AT JUNCTIOMS’»4X,?17/(39Xy%917))
CxXxXxxxx CONVERT TO INTERNAL NUMBER SYSTEM
1340 DO 1390 I=1,NFREE
DO 1360 J=1sNJ
IF(JFREE(I)=JUNC(J)) 13460,138051340
1360 CONTINUE
WRITE(N6y5630) JFREE(I)
5630 FORMAT(’OXx%xx ERROR *x¥x FREE OUTFALL JUNCTION’sI&s° IS NOT ~
. ‘CONTAINED IN JUNCTION DATA’)
NSTOP=NSTOP+1
1380 JFREE(I)=J
N=NTL+1
NJUNC(Nr1)=J
NJUNC(N»2)=0
NCHAN(J»2)=N
NCDND§§;=T+90000

1390 CONTINUE
NTL=NTL+NFREE
1400 CONTINUE

EX*X***X# OUTFALL DATA FOR OQUTFALLS WITH TIDE GATES
DO 1420 I=1,25

READ(NI15640) JGATE(ID)
5640 FORMAT(IZ)
IF(JGATE(I).GE.90000) GO TO 1440
1420 CONTINUE
1440 NGATE=[-1
Cxxkxxx¥x FRINT TIDE GATE MNODES
IF{NGATE) 1320,1320,1450
WRITE(NS,5558)
5656 FORMAT(//,707+25(2H= ) 'TINE GATE OQUTFALL DATA’»2S(2H -)y//)
1460 WRITE(N6y3660) (JGATE(I)»I=1sNGATE)
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INDATA NTRNJA FORTRAN V.5A(421) /KI/C/L 20-MAY-81 13157  PAGE 2-8

00613 3660 FORMAT(10XsPIPE OUTFALLS WITH TIDE GATES AT JUNCTIONS',817/

00614 X(52X,817))
00613  Cxxxxxxxx CONVERT T% INTERNAL NUMBER SYSTEMN

004816 DO 13510 I=1,N
00617 DO 1480 J=1,NJ
00618 IF(JGATE(I)-JUNC(J)) 1480,1500,1480

00619 1480 CONTINUE

00620 WRITE(NG6,S6462) JGATE(I)

00621 56462 FORMAT(’OxxXxx ERROR Xkxx TIDE GATE JUNCTION’»Iés’ IS NOT
00622 ’ ‘CONTAINED IN JUNCTION DATA’)

00623 NSTOF=NSTOF+1

00624 1500 JGATE(D)=J

00625 N=NTL+I

00624 NJUNC(Ns1)=J
00627 NJUNC(Ny2)=0
00628 NCHAN(Js2)=N
00629 NCOND(N)I=N+50000
00630 JSKIP(J)=1

00621 1510 CONTINUE

00632 NTL=NTL+NGATE

00633 1520 CONTINUE
00634  CXX¥kxkxXx INTERNAL CONNECTIVITY INFCRMATION

004635 WRITE(N6s2999)
00636 WRITE(N6:5060) ALFHA
00637 WRITE(N6,3643)
00438 5663 FORMAT (/777707 923(2H~ )+ INTERMAL CONNECTIVITY INFORMATION',
00639 ¥23(2H =)//)
00640 RITE(N6+3670)
00641 3670 FORMAT (/ CONDUIT JUNCTION JUNCTION’ /)
00642 1=NC+1
00643 DO 1325 N=N1,NTL
00544 J1=NJUNC(Ns1)
00645 J2=NJUNC(Ns2)
00644 IF(J2,6T.0)_J2 = JUN(J2)
00647 WRITE(N6$5675) NCOND(MN) s JUNCJ1)»d2
00648 5675 FORMAT(4X,I11,2I13)
00649 1525 CONTINUE
00630 1527 CONTINUE
00631 IF(NJ.LE.NDIM) GO TO 1530
004312 WRITE(N6+35676)
00653 S676 FORMAT(/O%xxX ERROR #%XX TOTAL NUWBER OF JUMCTIONS(INCLURING WEIRS
00534 +) EXCEED PROGRAM DIMENSIONSs NJ=7sI14)
00555 NSTOP=NSTOF+1
00656 1530 CONTINUE
00657 IF(NTL.LE.NDNIM) GO 7O 1335
00638 URITE(N615677) NTL
006359 5677 FORMAT (/0XXXX ERROF XXXk TOTAL NUMBER OF LIMKS EXCEEDS PROGRAM DIM
00660 +ENSIONSNTL=",14
00661 NSTOP=NSTOP+1
004842 1335 CONTINUE
00643 C .
88624 EX**X*X** TIDAL BOUNDARY [ATA
665
00666 REATI(NS»5729) TIUE:AI;QE;AS,A4rhq;A6 A7 W
00647 5720 FORMAT (15,8F3.0)
006458 GO TO (1200+179C+1780+1750)yHTIDE
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00649 C

00670 C NTIDE=1 NO CONTROL WATERSURFACE AT THE OUTFALLS

00471 C 2 QUTFALL CONTROL WATERSURFACE AT CONSTANT ELEVATION=Al
00672 C 3 TIDE COEFFICIENTS READ IN

882;2 E 4 COMPUTE TIDE COEFFICIENTS

00675 - 1760 READ(N5,5740) KOsNIsNCHTID

00474 3740 FORMAT (JIS)

00677 READ (NS»5760) (TT(I)sYY(I)»I=1»NI)

00478 57460 FORMAT (8F10.0)

00579 CALL TIDCF(KOsNIsNCHTID)

004680 GO TO 13800

00681 1780 WRITE(Né+¢S78B0) A1»A2)A31A41ASI1A61A7 U

00482 W=2,%3,14159/U

00482 3780 FORMAT(/OTIDAL COEFFICIENTS.’s7F10,4//0TIDAL FPERIOD (HRS).’s FB8.2)
00434 GO TO 1800

00485 1790 WRITE(NA»3790) Al

00585 5790 FORMAT(/O0UTFLOW CONTROL WATER SURFACE ELEVATION IS’ F7.2y’ FEET)
00487 1800 CONTINUE

00688 W=W/34600.,

00689 C

00690 CxxxxxxxXx SET FRINT ! PLOT ARRAYS IN INTERNAL NUMBER SYSTEHM

00691 DO 1550 K=1sNQPRT

00692 DO 1540 N=1sNTC

00693 IF(NCOND(N)-CPRT(K)) 1540,1545,1540

00694 1540 CONTINUE

Q0893 WRITE(N&y5878) CFRT(K)

00696 S678 FORMAT(‘O0%%xx ERROR #xxx CONDUIT’,I4&y»’ REQUESTED FOR PRINTOQUT IS *
00497 N “NOT CONTAINED IN CONDUIT DATA’)

004698 NSTOP=NSTOP+1

00699 1545 CPRT(K)=N

00700 1350 CONTINUE

00701 IF(LPLT) 1640,1540,15460

00702 1560 DO 1620 K=1,LPLT

00703 0O 1580 N=1sNTL

00704 IF (NCOND(N)=-KPLT(K)) 1580+1500,1580

00705 1580 CONTINUE

00706 WRITE(N6,5480) KPLT(K)

00707 S680 FORMAT(’/O%¥XXx ERROR kxxx CONDUIT’/sI4s’ REQUESTED FOR FLOTTING IS5 °
00708 . "NOT CONTAINED IN CONTDUIT DATA”)

00709 NSTOP=NSTOF+1

00710 GO 70 1429

00711 1600 KPLT(K)=N

00712 1620 CONTINUE

00713 1640 D0 1640 I=1!NHPRT

00714 D0 1650 J=1sN

00713 IF(JUNCJ) - JPRT(I)) 153091635+1650

00714 1550 CONTINUE

00717 WRITE(N6+S690) JPRT(I)

00718 5490 FORMAT(’ 0**** ERROR %4%%% JUNCTION’,»I4,’ REQUESTED FOR FRINTOUT
00719 UT CONTAINED IN JUNCTION DATAY)

00720 "NSTOP= NSTOF

00721 1455 JPRT(I)=J

00722 1660 CONTINUE

00723 IF(NFLT.LE.Q) GO TO 1749

00724 DO 1720 N=1sNFLT
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00725 DO 1680 J=1sNJ
00726 IF (JUN(J).EQ.JPLT(N)) GO TO 1700
00727 1680 CONTINUE
00738 WRITE(N&»S5700) JPLT(N)
00729 5700 FORMAT(’OXXXX ERROR XXXX JUNCTION’,I&»’ REGUESTED FOR PLOTTING
00730 #1S NOT CONTAINED IN JUNCTION DATA’)
00731 "NSTOP= NSTOP+1
00732 60 T0 1720
00733 1700 JPLT(N) = J
00734 1720 CONTINUE
00735 1740 CONTINUE
00735 ¢
00737  CXXXXXXtX CONDUIT INITIALIZATION
00738 DO 1820 N=1,NTC
00739 1820 ROUGH(N)=32,2XROUGH(N)¥X2/2.208
00740 C1e°4 CONT INUE
00742  CXXXX READ AND WRITE INITIAL FLOWS,VELOCITIESs AND HEADS
00743 Cxxxx — FOR ALL CONDUITS AND JUNCTIONS (INCLUDING INTERNAL).
00745 WRITE(N672999)
00746 WRITE(N6,5060) ALPHA
00747 WRITE(N6s11)
00748 11 FORMAT(1X120(2H- )»’ SUMMARY OF INITIAL HEADSs FLOWS AND
00749 - X VELQCITIES ‘y22(2H- )+/)
00750 READ(N5s10) (Q(N) V(M) sN=1,4)
00751 IF (Q(1),LT.99999.,) GO T0 5
00753 00 7 1 =1, NTL
00753 Q(1)=0,
00754 Y(1)=0,
00755 7 CONTINUE
00754 008 J=195 NJ
00757 Y(J) = 0,
00758 8 CONTINUE
it
& R ce NTC by NTL
00761 5 CONTINQE¥/M” epla y
00762 IF(NTC.€Y.5) GO TO 6
00763 READ(NSs10) (Q(M)sVIN) +N=5¢NTL)
00744 6 READINS,10) (Y(J)yJ=1,HJ)
00765 10 FORMAT(8F10.0)
00744 WRITE(N6+12)
00767 12 FORMAT(1HOy ' CONDUIT NO,’»3Xy FLOW(EES) 23Xy 'VELOCITY(FES) ’s7Xy ' CON
00748 LDUTT NO.’ 13Xy ‘FLOWCCFS) 3%y ‘YELOCITY(FFS) 7+ 7Xs *CONDUIT NO.”3Xs °F
00769 2LOWCCFS) * 13Xy "VELOCITY (FFS) ///~mmmmmmmmmmmmmcmmmdmmmmcmmm et 22Dl
00770 Jm===1 7y mmmm e e m e e ‘e
00771 47Xy ! mmmmmmmmm e e 3
00773 D015 KKK=1sNTL,3
00773 KSTOP=KKK+2 ‘
00774 IF (KSTOF.GT.NTL) KSTOP=NTL
00775 15 URITE(N&s16) (NCONDCKK), QCKK) sY(KK) s KK=KKK KSTOP)
00773 18 FORMAT(AXrIS1BXrFS,199%XsFT01s14Xs1513XsFSs100XsF5e1114Xs 153X F5.1
00777 299X sFG.1)
00778 WRITE(N6»2999)
00779 URITE (N415060) ALFHA
00780 WRITE(N6,20)
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00781 20 FORMAT(1X»28(2H- )»’ SUMMARY OF INITIAL DEPTHS ‘»26(2H- )s/)
00782 WRITE(N6222)

00783 22 FORMAT(1HO»7Xs “JUNCTION NO,‘ 93Xy DEPTH(FT)’+7Xs’ JUNCTION NO.‘»
00784 X3Xy ‘DEPTH(FT) 97Xy JUNCTION NO.“ 33Xy DEPTH(FT)’ ¢ 7%

00783 X' JUNCTION NO.’»3Xs ‘DEPTH(FT)’ s/ 18Xy’ -====ccmmmmm

00786 Sttt R A 00 F R RYIZA

00787 DO 25 KKK=1:NJs4

00788 KSTOP=KKK+3

00789 IF(KSTOP.GT.NJ) KSTOP=NJ

00790 25 WRITE(NS»26) CJUN(KK) »Y(KK) s KK=KKKsKSTOF)

00791 26 FORMAT(A(L1XyIS99%XsFS,1))

00792 31 FORMAT(///+1Xs“INITIAL HEADS, FLOWS AND VELOCITIES ARE ZERQ’)
00793 32 CONTINUE

00794 C

00795  Cxxxxxxxx HYDROGRAPH INPUT INITIALIZATION

00796 TP=TZEROD

00797 TEO=TZERO

00798 . DO 1840 L=1sNDIN

00799 ISWw(L)=0

00800 DO 1840 K=1,2

00801 1840 QTAPE(L,K)=0,

00802 00 1841 L=1,20

00803 JSW(L)=0

00804 D0 1841 K=t

2
<
.

=1y
00805 ~ 1841 QCARD(L,K)=0

00806 €

88383 E*XXXX*!X INPUT HYDROGRAPH INFORMATION (TAFE)

00809 IF(N21) 1940,1940,1860

00810 1840 CONTINUE

00811 REWIND N21

00812 READ(N21) TITLE

00813 READ(N21) (SOURCE(I)sI=1,5)sNSTEPS,DUM,MJISUsNFOLL,TRIBA
00814 READ(N21) (ISW(L)rL=1sMJISW)

00815 READ(N21) (DUMsDUMy J= I;NPULL

00816 READN(NZ21) (DUMsDUMsJ=1,NFOLL)

00817 READ(NQl)(DUHrJ=17NP0LL)

00818 READ(N21) QCONV

00819 WRITE(NGy2999)

00820 WRITE(N&,5080) ALFHA

00821 WRITE(N6y3840)(SOURCE(I)»I=1,3)sMISW

00822 5840 FORHAT(’ TAFE INPUT HYDROGRAFHS FROM ‘»SA4,’ ELOCK AT 7/
00823 * JUNCTIONS)

00824 C*****X** CONVERT TO INTERNAL NUMBERS

00825 D0 1920 L=1,MJSW

00824 Do 1880 J=1,NJ

00827 IF(ISW(L)-JUNCJ)) 18B0,1900,1880

00828 1880 CONTINUE

00829 WRITE(N6,5820) ISUW(L)

00830 5820 FORMAT(/OFROGRAM CANNOT MATCH HYDROGRAFH AT NODE’, © TO JUNCTION
00831 1 DATA")

00832 NSTOP=NSTOP+1

00833 GO TO 1920

00834 1900 ISW(L)=J

00835 1920 CONTINUE

00836  C¥Xxxxxxx READ FIRST TWO HYDROGRAFH RECORDS
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00837

OO OOCUOOCOOIOO
COOLOCOOOOLOOOO
€000 G000 CO 00 0300 0O 000
[selosloriizala s RNANENENENENE NEN IS

<
<
e

E- Y RN OO NN Glor

READ(N21) T20,DUM»DUM» (GTAPE(L» 1) (DUMyJ=1sNPOLL) sL=1+HISK)
WRITE(NS6s5800) T20,MJSW

5800 FORMAT(’ OX#**XX SYSTEM INFLOWS (TAPE) AT 'vFB.‘;' HOURS FOR
I35’ JUNCTIONS'y/s30X,’/ JUNCTION/INFLOWCCFS)”
WRITE(N&/,5830) ((JUNCISW(L))sQTAPE(Ls1))sL= 11HJSN)

e

n

T2)DUH:DUH)(GTAPE(L;Z)r(DUﬁ1J=1vNP0LL);L=11MJSM)
DO 1930 L=1,MJSUW
00 1930 K=1,2
1930 QTAPE(L»K)=QTAPE(L,K)XQCONV
WRITE(N6yGB1D) T2
3810 FORMAT(’OXXXXX¥ SYSTEM INFLOWS (TAPE) AT ‘yF8.,2,‘ HOURS‘,
X’ ( JUNCTION / INFLOWy CF5)’4+/)
WRITE(N6+3830) ((JUNCISW(L)) QTAFE(Ls2))sL=1,MISW)
T2=T2%3400.
NINREC=2

C
E*X***X** INFUT HYDROGRAFH DATA (CARDS)’ TYPE L
1940 IF(NJSW) 2040,2040,1940

1950 READ(NS»SB40) (JSW(LI»L=1yNJSW)

3860 FORHQT&lbIS)
URITE(N6,2999)
WRITE(N6+35050) ALFPHA

Cxxxxxkkx CONVERT TO INTERMNAL NUMBERS
00 2020 L=1,NJSUY
DO 1980 J=1,MJ
IFCJSHILY-JUN(J)) 1980,2000,1780

1980 CONTINUE

WRITE(N§yT820) JSU(L)
NSTOP=NSTOF+1
60 TO 2020
2000 JSW(L)=J
2020 CONTINUE
Cxkxkxxkx READ FIRST TWO HYDROGRAFH RECORDS
AD(NTG»5900) TEQS(QCARD(L» 1) L=1 NISW)
5900 FORMAT(8F10.0)
WRITE(N&,3329) TEQ,NJSU
WRITE(N6s5820Y ((JUNCISWIL))»QCARD(L, 1)) L=1 rNJSU)
9829 FORMAT(/Qxkkkkkx SYSTEM INFLOWS (CaRDS sF8.2+7 HOURS’»
k' FOR’5I3s” JUNCTIONS’»//)

9830 FORMAT(1XsISy '/ 9F7,257(3%s 1397/ sF7.2))
READ(NT»5900) TE,(QCARD(L»2) L=1sNJSW)
WRITE(N&95831) TE

5831 FORMAT(/OXxxkkxx SYSTEM INFLOWS (CARDS) AT‘»F8,2,’ HOUR

3 ( JUNCTION /7 INFLOW,CFS ) s/

WRITE(N&,S820) ((JUNCJISH(L) ) yQCARD(LY2))sL=1,NJISW)
TEQ = TEQ%3400.
TE=TEX34600.

TIMED=TEQ
2040 CONTINUE

Chxyxakkx QUTPUT HYDROGRAFH IMITIALIZATION
IrfN_~.EG ) GO TO 2050
ITE( NQZ,QALFHA(I)11=1p4O)
Crxix DETER INE OUTFLOW NODES
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00893 N1=NTC+H+1

00894 1=0

00899 DO 2045 N=N1,NTL

00896 IF(NJUNCON»2) . ,NE.O) GO TO 2045

00897 I=I+1

00898 QOUT(I)=Q(N)

00899 LOCNOS(I)=JUN(NJUNC(Ns1))

00900 2045 CONTINUE

00901 NLOCAT=I

00902 IF (NLOCAT.LE.100) GO TO 2048

00903 WRITE(N6»S850)

00904 3850 FORMAT(1Xy'XXXXERROR--MORE THAN 100 OUTFALL JUNCTIONSKXXX')
00905 NSTOP=NSTOP+1

00906 2048 DUM=0,

00907 NDUN=0

00708 WRITE(NQ22) (EXTRANCI) yI=1+5)yNTCYCyDELTsMLOCAT s NOUM, TRIERA
00909 WRITE(N22)(LOCNOS(K) 1K=1,NLGCAT)

00910 WRITE(N22) DUM,DUN

00911 WRITE(N22) DUM,DUM

00912 WRITE(N22) DUH

00913 CONV=1,

00914 WRITE(N22) CONV

00915 NHOUR=TZERD/3500.

00916 WRITE(N22) HOUR IDATEZ »NHOUR» (QOUT(K) » DUMsK=1,NLOCAT)
00917 2050 IF(NSTOP.EQ.0) GO TO 2060

00918 YRITE(NSs3920)HSTOP

00919 3920 FORMAT(ZOxkkkx¥xx EXECUTION TERMINATED RECAUSE OF 7,
00920 kI2s’ DATA ERROR(S) XKXxXXx¥x’)

00921 STOP

00922 2060 CONTINUE

00923 C

00924 —— RETURN

00925 - END
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o
W

SUBROUTINE INFLOW

THIS SUBROUTINE SE THE INFUT HYDROGRAFH
ORDINATE FROM TAPE OR CARDS

7 PAGE 1

CUMHON/FILES/ NSsN6sN21yN22,NPOLL »NLOCAT,»QCONV IDATEZ,LOCNOS(100)

1TRIBA
COMMON/CONTR/ NTCYC»DELTQ,DELTyDELT2,TZERO»ALFHA(40)
1 NJsNCsNTCHNTL, ICYCoNJSUsMISUs TIME,TIME2,ALA2,AT144, A5+ 4

J2YT(187) »NCHAN(187,8)A5(187) Z 137),Q1
yQINST(187)GRELEV(187),JUN{187)»ZCROUN(137),JSK
(187),SUMBS(187) sASFULL(187)

—~~d

(1
ZC
87

s
[=2]
~N
A
-
w
C -
X~
[~

COMMON/HYFLOW/ ISW(187)sQTAFE(137.2 RD(65»2)9
’

27+2) 4 JSU(S
1 WATSH(187),TEQ,TPsT2,TE,T20,TIMEOSNSTEFS
EXECUTION

100 J=1,NJ
GIN(J) QINST(J)

C
Cayxexxkx TAPE VALUES FROM WATERSHED MODREL ARE INTERFOLATED

120

IF(HJSU) 280,280-120

CONTI
IF (TZERO -T2) 135,125,125

CXXxkxkxx NEW INPUT DATA KEQU IRED

128

370
2 CONTIN

CONTINUE

IJC

O~ M3 NN\ Z M ™ =M
-
fen
f=3
-
f\_‘/—\
Arara

T2,»DUH»DUM» (ATAPE(L 1)y (DUM» J=1,NFOLL) s L=1+HJZW)
1»MJSU
2)=QTAFE(Ls2)XQCONV

INREC+1
14999)

READ(NZ
o 133
QTAFE(
CONTIN
(
I
(
(

F2 )~

L
U
NINREC=

N
(
N
N
X3
1

H- Ye/7)
JUNCISW(L) }»QTAFE(L2))sL=1,MJSW)

-
ne—
>

O
o~
-9

743 0)
00,

L=

( (Ls10)/(T2-T2C!

212
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00057 01=QTAPE(L»1)+SLOPEX(TP~-T20)

00058 Q2=QTAPE(L,2)

000399 160 QIN(J)=QIN(J)+0.5%(Q1+Q2)%(T2-TP)

00040 120=T2

00061 TP=T20 -

00042 DO 180 L=1,MJSW

00063 180 QTAPE(Ls1)=QTAFE(L,2)

00064 IF(NINREC-NSTEFS) 200,220,229

00065 200 READ(N21) T2, (QTAPE(L,2)sL=1,HJISW)

00064 TPT=T2/3690.

00067 NINREC=NINREC+1

00048 WRITE(NS549799)

00069 WRITE(N6+5000) TPT

00070 3000 FURHAT(/r OXxxkxkx SYSTEM INFLOWS (TAPE) AT’»FB8.2s" HOURS',
00071 X’ JUNCTION / INFLOWs CES)’s/) _
00072 URITE(N6v5830)((JUN(ISN(L))vGTAPE(L:G))7L=1;NJSU)
Q0073 GO TO 120 .

00074  Cxxxxxxxk NO NEW INPUT DATA REQUIRED

00075 220 D0 _240 L=1,MJSY

00076 J=ISW(L)

00077 SLOPE=0,

00078 IF(T2,6T7.720) SLOPE=(QTAPE(Ls»2)-QTAFE(L,»1))/{(T2-T20)
00079 Q1=QTAPE(L,» 1) +SLOPEX(TF-T20)

00080 Q2=QGTAPE(L,1)+SLOFEX(TIME-T20)

00081 240 QINC(J)=QINCII+0.,3k(QI+R2IX(TINE-TF)

00082 TP=TIME

00083 C

00084  Cxxxxxxxx CARD INPUT’ VALUES ARE INTERFOLATED

00085 280 IF(NJSW) 420,420,300

00085 300 CONTINUE

00037 IF (TZERO-TE) 333,320,320

00088  CxXxxxxxxx NEW INFUT DATA REQUIRED

00089 320 CONTINUE

00090 TEOQ=TE

00071 TIMEQ=TEQ

00092 0 325 L=1»NJSUY

00093 323 QCARD(L,1)=RCARD(L,2)

00094 READ(NS»5020) TE»{QCARD(L,2)sL=1,NJSW)

00095 C

00096 WRITE(NG+4999)

00097 WRITE(N&,5831) TE

00098 5831 FORMAT(/OXXXXxXx SYSTEM INFLOWS (CARDS: AT »F8.2,’ ACURS’,
88?88 c X’ ( JUNCTIOM 7 INFLOQWsCFS )79/)

00101 WRITE(N6,5B30) ((JUNCJSW(L) ) »QCARD(L»2))sL=1,NJSW)
00102 9830 FORMAT(3IXsISs /" 9sF7.297(3Xs 1S9’/ 4F7.23)

00103 WRITE(N6+3832)

00104 5832 FORMAT(//)

00105 TE=3600.,%TE

00104 50 TQ 300

00107 335 CONTINUE

29108 IF (TIME-TE} 380,338,338

00109 338 CONHTINUE

00110 Lo ’40 L=1yNJSH

00111 J=J3 L

gott2 oLUFE COCARD(L»2)~ACARD(L, 1)) /(TE-TED)

213
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NTRNJA FORTRAN V.5A(621) /KI/C/L 20-MAY-81 15:57 PAGE 1
SUBROUTINE QUTPUT
C
c THIS SUBRQUTINE PRINTS QUTPUT
E . X CONTROLS THE PRINTER PLOT ROUTINES
l i?g?ggN/FILES/ NSsN6sN212N22sNPOLL NLOCAT,QCONV s IDATEZ»LOCNGS(100)»
COMMON/CONTR/NTCYC,DELTRDELT»DELT2,TZERQOALPHA(40)
c 1 NJ/NCsNTCsNTLsICYCsNJSWIMISHYTIME»TIME2,A1:A2,A37A4sAT51R69A7 s
COMMON/JUNC/Y(187)yYT(187) sNCHAN(18798)9sAS(187)Z2(187)»QIN(187)
1 QOU(187),QINST(187),GRELEV(187), JUN(187),ZCROWNC(187)sJSKIP(187)
c 2 »SUMAL(187),5UMQ(187),SUMAS(187)sASFULL(187)
COMMON/PIFE/LEN(187),NJUNC(187,2)»AFULL(187)+AT(187),
1 QC187),V(187),VT(187),DEEP(187),A(187)sWIDE(L187)sRFULL(187)
2 NKLASS(187)+ZP(187+2)sQT(187),Q0(187)sH(187+2)NCONII(187),
3 ROUGH(187) :
REAL LEN
COMMON/STORE/ MSTORE»JSTORE(20)ZTOFP(20)sASTORE(20)
COMMON/QUT/ NPRT»IPRTsNHPFRT»JFRT(20)sPRTH(100s20)PRGEL(20)»
1 NQPRT,CPRT(20), PRTV(lOOIZO)rPRTQ(IOOrQO)9IDUM(12)!IC0L(10);
= 2 LTIMEsNPLT»JFLT(20),YPLT(102520) LPLTsKPLT(20),QFLT(102+20),
v 3 TPLT(102) sNPTOT/NSTART, INTER,PRTY(100,20)
o COMMON/ELEY/ ZINVRTZCRNyZGRNDIPLT
Lo INTEGER CPRT
U <
i S COMMON/ TLE(40)»XLAB(11)»YLAB(S) s HORIZ(S) sVERT( &)
g E COMMON U"AXX(187) yQMAXX(187) yDEPMAX(187) » IVHR(187)
< T2IVMIN(LE QHR(187), IQMINC(187)» IDHR(137)»IDMIN(187 ) »SURLEN(137) )
c S'ZGSUHQIN VLEFT
DIMENSION VERTQ(S) :
DATA VERTQ/4HCOND»4HUIT »4H FLO»AHW s4HIN  »4HCFS /

C

c EXECUTION
E*X*XX*XX PRINT CONTINUITY SUMMARY
C

WRITE (N6y5002)

SOOZ*ggF(\'QaT(g/;;v’ 923(2H- )ys’ CONTINUITY BALANCE AT END OF RUN ’»
- o= ’

5001 FORMAT(’ TOTAL SYSTEM INFLOW VOLUME ='»F12.0+’ CU FT’4/)
WRITE(N&+5001) SUMQIN
KRITE(N6y5004)

5004 FORMAT(’ JUNCTION OUTFLOWS AND’s/»’ STREET FLOODING'»/)
WRITE(N653003)

5005 FORMAT(4X,  JUNCTION/»2X,/0UTFLOM, FT3/4/)
00 119 J=1,NJ
TF(QOUCI)Y.GT.0,) UWRITE(NE,S003) JUNCD)QOUCD)

5003 FORMAT(7Xs[3592X 2,00
SUMOUT = SUMOUT + Qouc¢d)

119 CONTINUE

WRITE(N6935007)
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00057 5007 FORMAT(13X,7(2H-~))

00058 WRITE(N6,5008) SUMOUT
00039 5008 FORMAT(13Xs'TOTAL #11XsF12.0¢° CU FT'4/)
00060 WRITE(N6,5009) VLEFT

00041 5009 FORMAT(’ VOLUME LEFT IN SYSTEM =’s5XsF12,05° CU FT's/)

00062 PCTERR = ((SUMQIN-SUMOUT-VYLEFT)/SUNGIN)X100.
00043 WRITE(N&+5004) PCTERR
00064 5006 FORMAT(’ ERROR IN CONTINUITYs PERCENT =',F4.2)
88862 Exxxxxxxx PRINT H.G.L. AND WATER DEPTH AT NODES
6
00067 NSTART=NSTART-LTIMEXINTER
00068 TIMEO=TZERO+FLOAT (NSTART) XDELT
00069 - D0 100 I=1,NHPRT
00070 HJPRT=JPRT(I)
00071 JPRT(I)=JUN(HJPRT)
00072 100 PRGEL(I)=GRELEV(MJPRT)
00073 5000 FORMAT(’ ‘,20A4/ ’+20A4//).
00074 DO 120 I=1,NHPRT+4
00075 WRITE(H6,2999)
00076 2999 FORMAT(’17,64(2H=-=)/ *,’ENVIRONMENTAL PROTECTION AGENCY’s13X,40HX
00077 2%x%  EXTENDED TRANSFORT PROGRAM  ¥¥X%,3%, WATER RESOURCES DBIVISI
00078 ION’/‘ *y’WASHINGTON, D.C. 15X AHKXKK y 32X 5 AHKEEX 13X
00079 4’CAMP DRESSER & MCKEE INC.’/’ /4’ *y 23X 1 4H
8883(1) g§§**y6X; ’ ANALYSIS MODULE “+6Xs4HXXXX,8X»  ANNANDALE, VIRGINIA
00082 WRITE(M4,5000) ALPHA
00083 WRITE(N6,5020)
00084
00085
00084 5020 FORMAT (1HO’ X X X X X X X X X X X X X %X X X X ¥ X ‘
00097 2’TIME HISTORY OF HeBe L XXX XXXXXGK,
90088 TN KX XK KKK XK X))
00089 WRITE(N&sS030) -
00090 5030 FORMAT (56X’ (VALUES IN FEET)’)
00091 1T=145 :
00092 IFCIT.GT.NHPRT) IT=NHPRT
00093 WRITE(N6s5040) (JPRT(L) L=I,IT)
00094 5040 FORMAT (1HO» 8X»5(7Xy JUNCTION’,IS))
00095 WRITE(NA15060) (PRGEL(L)sL=T,LT)
00095 5040 FORMAT(’ TIME’s 2Xs6(8Xs’ GRND’+F7.2)s/s" HR . MIN’»6(7X, ELEV
00097 1 DEPTH )+ /)
00098 LT=MINO(I45,NHFRT)
00099 00 120 L=1,LTIME
00100 TIME=(TIMEOFFLOAT((L-1)XINTER)XDELT) /3600,
00101 LTIMEH=IFIX (TIME)
00102 LTIMER=TFIX((TIME-FLOAT(LTIMEH))X40,040.5)
00103 120 WRITE(NG75080) LTIMEHsLTIMEM, (PRTH(LsK) »FRTY(LsK) sK=I,LT)
00104 5080 FORMAT (“"7/13:7.7/12/2X:6(F12,2,F8.2)
0010¢ Exxxxxxxx COMPUTE AND PRINT SUMMARY STATISTICS FOR JUNCTIONS
[
00108 00 700 J=1,NJ
¢0109 IF(J.EQ.1.0R, (J/39%39),EQ.J) GO TO 7901
00110 60 10 702
90111 701 URITE(N72999)
00112 TE(N215808) aLrHa
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QUTPUT NTRNJA FORTRAN V,35A(421) /KI/C/L 20-MAY-81 13137  FAGE 1-2

00113 WRITE(N6+7350) .
00114 750 FORMAT(//’ “916(2H’ )»2X»'S UMM ARY STATISTICS FO
001195 2R JUNCTTIONS »2Xs16(2H4 *)/77)
0 HRITE(N61751)
751 FORMAT(’ ‘936X»'UPPERMOST’»9Xs 'MAXIMUM’+5Xs» 'TIME' 911Xy 'FEET OF‘»
0 211X ‘FEET MAX. " 711Xy "LENGTH' /7 ‘720Xy’GROUND’»9Xy 'PIPE CROUN‘ 18X
0 3'COMPUTED ' »6Xs *OF / 711X;'SURCHARGE’:iOX;’DEPTH IS" 914Xy '0F" /7
0 42Xy  JUNCTION'»8Xy 'ELEVATION’ »9X» "ELEVATION’ 10Xy’ DEPTH’ »3X,y
0 S‘0CCURENCE’ »9X» ‘AT MAX.’»9X»'BELOW GROUND',8X»’'SURCHARGE’/’ ‘»
0 63Xy 'NUMBER’ »12Xs “(FT) " »2(13Xs " (FT) ')y 4X1'HR.'12Xr’HIN.’110Xr
0 7'DEPTH’ »12X, "ELEVATION» 11Xy’ (MIN) '/ : f92X98( =) 38X»9( =) s8X,
8 c 810(’-');8X;19(’-’);8X;9('-’)r3X:12(’ 7)18Xs9C'=")/1]
Cxxxxxxxx COMPUTE FEET MAXIMUM DEPTH IS BELOW GROUND ELEVATION
702 FIBLG= GRELEV(J)-(DEPMAX(J)+Z(J))
c IF(FTBLG.LE.0.,0)FTBLG=0.,
Cxxxxxxxx COMPUTE FEET OF SURCHARGE AT MAXIMUM DEPTH
SURMAX=DEPMAX(J)+Z(J)-ZCROWH(J)
c IF (SURMAX,LE.0.0) SURMAX=0.0
Cxxxxxxkx PRINT JUNCTION STATISTICS
WRITE(NS,7352) JUN(J)»GRELEV(J)»ZCROWNCJ) » DEFMAX(J) »IDHR(J)
2IDMINCJ) »SURMAXsFTBLG» SURLEN(J)
752 FORMATC(/ 748Xy I3y 10XsF7. 25110 F7 02, 10XsF6,2:3X 1353X5 12, 11XsF5. 2,
214X9sF35.2913XsF341) ~

c
EX*XXXX*X PRINT FLOWS ¥ VELOCITIES IN PIPES
DO 140 I=1,NGPRT

OSOO O (=]
GOOCOTOOOOCOOOVUOOTOOOTOOVOVOOOCTOO OO0 OO0 OD
L et ot el el el el el e el el el e e e e e e e e e e el el ol el al Sy A W I A W W I S S W W G S Pargrusiruy

OO~ O~ RO OO U U LI ATLACNCA LA B B b B 5 8 2550 B 03 G G GG G G GG GBI FIEI 1O FI FITI FA T PO =t s =
WONOCCIEWHII - OO0 NOU D WHEI= OOV ONO- N DWW OO0 SO D I+ S 00NN LN LI P - OO N O

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0 L=CPRT(I)

0 140 CPRT(I)=NCOND(L)

0 DO 160 I=1,NQPRT»é

0 WRITE(N6,2999)

0 WRITE(N6,5000) ALPHA

0 WRITE(N6y3100)

0 5100 FORMAT (125H0 X ¥ X ¥ X X X ¥ X X X X ¥ ¥ ¥ T I ME HI S T 0 R
0 1Y OF FLOW AND VELGCITY ¥ X% XXX X XX
0 1 X x  /,49%X,’Q(CFS)» VEL(FFS)’)

0 IT=I+5

] IF(IT.GT NQPRT) IT=HQFRT

8 WRITE(N6,S5120) (CPRT(L)»L=I,IT)

0 5120 FORMAT (1HOs’ TIME’»6(4Xy ‘CONDUIT »ISs4X)y/

0 1/ HR . MIN‘»6(2X,'FLOW  VEL )

0 LT=MINO(I+SyNQFRT)

0 DO 160 L=1,LTIME

0 TIME=(TIMEO+FLOAT((L-1)XINTER)¥DELT) /3500,

0 LTIMEH=IFIX (TIME)

Q LTIMEM=IFIX((TIME-FLOAT(LTIMEH))%60,040.3)

0 160 WRITE(NGs5140) LTIMEHLTINEM, (FRTQ(L h)vPRT”(Lrh) RK=IsLT)
0 5140 FORMAT (1H »I3» . 9 I292Xs6(F7.2+F5,198X))

0 C

8 E**X***X* COMPUTE AND FRINT SUMMARY STATISTICS FOR CONDUITS
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FAGE 1-3

15357

20-HAY-81

DUTPUT NTRNJA FORTRAN V.3A(421) /KI/C/L

=

(IN) " +3%s
x-S

A ~Z

33D X >
QS >~ <
~ w0+ _} =0 = =
N e DL DK~
WL~ & WIS MY .
b 4 S AWIO>S U~

X X O e
2DED DWW NS
- ED0b~ O e
[l =0 sE < u od L5 DA TR S

RY STATISTICS
c
4
7
M
2

-~ ~

-~ MO bl e |

= TCXXOFA KA o~
-~ ~ T~ ZWI~ N =«
o ~ E el ~e>X
Pt = DN XX O~ )
4 - e el -~
o>l N> «13< ~lds ~ X
~ Y aN)a N OS O e ~T
qT o s s el -
- = <COCs LIt g~
=Y OO s

—~ DO mp—-lis ~ L !
% s 4 e ™ e
ZOE OO D~
o 0ucIci oW

IT

ol XD~

XS AN s K- -

) AE XN~

Z et XIS DI~ e~
O w0 e i) S

« OO =y X as XX o |
-~ 2200~ LI >~
N WD -0z -0
~ Xt~ QFY—s a0~
— =L 1O .
XpI-wouoOzZw 3z ~

1:NC
‘$16(2H’
DU
A

/

M XD C~ .~
IO~ ~ ~ ~ 4
CAM T ONO O~

IF(N.EQ,1,0R.(N/39%39).EQ.N) GO TO 901

Go_T0 902

901 WRITE(N6:2999)
WRITE(N6,S000) ALPHA

WRITE(N»B0O) -

DO 900 N
800 FORMA

2F 0

C

N)
+2%SLOPE/ROUGH(N) ) XRFULL(N)XX0.6666667

) XUDSGN

1=ZP{Ns2)) /LEN(
(
Cxxxxxxxx COMPUTE RATIO OF MAX TO [DE

DESIGN VELOCITY AND FLOW IN CONDUIT

202

c

IGN FLOW IN CONDUIT

AMAXX(N) /QDSGN

0.

IF(QDSGN.GT.0.) QRATIO

QRATIO
Crxxxxxxx COMPUT

c

VE CONDUIT INVERT AT BOTH ENDS

wxacx

DMAXNL=DEPHM
DMAXNH=DEPHM
VHGHT=DEEP(

103X, 1353%rI2) 98X

AXNL y DMAXNH

HgXX(N);IQHR(N)y

TrQ
10,0
{rFS

LT{L1sND) > HPTOT o 15 NJUN)

N
TON NUMBER’,17)

' YP

NJU
UNCT
00,249

e
~72
-
~ >

220,220,180
1yNPLT

T3 ITIWUIOM

grrrrrrrr PRINTER PLOT PACKAGE
IF(NPLT)
180 DO 200 N=
)
(
0
E
(
v
’
0

C

MEINON OO AT OO O I TINON OO CIM T OO OO OIS IO OO it CAMY T
PNISASNASSNNOODMoI 0 DMV~ RO O OO0 OOO O rivird v vt vt vt 4 O CICICT
o v vl rd et rd et vl vt el vt A o v vt At A A et SHACLCI CA CICI O CACICI CLCICICI T CICICI CI O CICI CH S U
QOO OOVOOOLCO O OCOOCOOOOO OOV OOOOOCOO OO OO0 OO OODD
[=lelelalololelololajelalefalolelelv]iclelalalalolalalololelolaloloRolole ool alele R lolololalele e Lo Le o)
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CUTPUT NTRNJA FORTRAN V.54A(621) /KI/C/L

OO OOOO O
OCOOOOOSO O
I I PIFIPIPI 1D
GG I PIPIMIFI 1
CIrIr- O 0 WY~ N

4

002
00233

o

J
(&
>

240
260

280
3180
300

20-mAY-B81

DO 260 L=1+6

VERT(L)=VERTQ(L)
Dg 280 N=1,LPLT

PkT(irN);NPTOT:l;NKON)
UIT NUMBER'»I7)

219
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00

0

PP 35Ot s et et ek e A
O30~ P I

00037
20038
00039
00040
N0041
D042
0047
Q0044
{0045
200434
ADDE N
00043
Q0049
30050
30051
0052
L0083
003053
DD
DO0SE

NTRNJA FORTRAN V.5A(621) /KI/C/L 20-MAY-81 1

[erL o Yop]

100

OO0

180

200

wn

7 PAGE 1

wa

SUBROUTINE PINE(X1,Y1sX25Y2,NSYMsNCT)
COMMON/FILES/ NSsN6yN21,»N22,NPOLLNLOCAT»QCONVIDATEZ,LOCNOS(100)

TRIBA
COMMON/CONTR/ NTCYC,DELTQ,DELT,DELT2,TZERO,»ALPHA(40),

1 NJsNCyNTCyNTLsICYCyNJSWyMJSU I TIME, TIME2sAL1A2/A32A41ASIAG61AT 1

COMMON/ELEV/ ZINVRTsZCRNsZGRNDsIPLT
COMMON/LAB/TITLE(40) +XLAR(11)»YLAB(4) sHORIZ(5)yVERT(S)

aXA=X1
AXB=X2
AYA=Y1
AYR=Y2
IF((AXB.EQ.AXA) +AND, (AYR,.EQ.AYA)) RETURN

N=1

IF(ABS(AXR-AXA) .LT.ABS(AYB-AYA)) GO TO 150
SET FARAMETERS FOR X DIRECTION

IF’AXB GT.AXA) GO TO 100

¢ o o o
aaohen

DADC"J- o WD
O A+ DAMmr M 4+ M
cMm ~r O
X e -
~oO0
Fie =»
Koo
DDA
- o
g
< <2<
DD
- . -
ZmH
U ——
e «
e G o
- OO
4N e ]
[ep] ~

-
~ G
O

—
o4
Q

—
L b
O b
<D

B- AYA))/(AXB AXA)
A0,

ANZDUHD2ZT ANZ D 22D

P L 2l LI L s Ll e L s T B I TR TR B ST TR T

+IXE) G0 TO 120

A A -t~ O T D>
O <DXKODMTIO <KD -4~

"3

SET PARAMETERS FOR Y DIRECTION

CONTINUE

IF(AYR.GT,AYA) GO TO 180
AYB=Y1

AYA=Y2

AXB=X1

AXA=X2

CONTINUE

A unan

Pt 70—t bt

T.0.0R.IXA.6T.,100) GO TO 229
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FINE

00057
000358
00059
000560
00061
00062
00063
000464
00065

NTRNJA FORTRAN V.S5A(421) /KI/C/L

20-HAY-81

IFCIYA.LT.0.0R.IYA.GT.40) GO TO 220

CALL PPLOT(IXAsIYAsNSYMsNCT)
CONTINUE

1TA=IYA+L
XA=(NX(AXB-AXA))/(AYB-AYA)
IXA=XA+AXA+0.5

N=N+1 .

IF(IYA-IYB) 200,240,260
IXA = IXB

60 _TO 200

RETURN

END

221
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FRLOT

00001

00011

T

Lol Od GINOGI G GG
0O ~NJO LN & )

~C

NTRNJ

100
120

2999

7  PAGE 1

w
w

A FORTRAN V.3A(621) /KI/C/L 20-MAY-B1 1

SUBROUTINE PPLOT(IXs»IYsKsNCT)
DIMENSION A(31,101),SYM(?)

lgg?ggN/FILES/ NSyN6sN21sN22,NPOLL»NLOCAT»QCONV» IDATEZ,LOCNOS(100) )
COMMON/CONTR/ NTCYC,DELTQyDELT,DELT2,TZERO,ALPHA(40),
1 NJoNCHNTCHNTL, ICYC/NJSWIMISH» TINE, TINE2,AL,A21A39A4)A51A61A7 U

COMMON/ELEY/ ZINVRT,ZCRN»ZGRND)IPLT

COMMON/LAB/TITLE(40)+XLAB(11),YLAB(6)sHORIZ(S)»VERT(4)
1D§LA SYH / AHXXXX,4H++++s 4H7 77y 4HXXXXs 4H...4» 4H2222,

: y 4HIIIIs 4H=~-- /

IF(K=-99) 10051209240

A(41-1IY,IX+1)=SYM(K)

RETURM

CONTINUE

gio

WRITE(N6:2999)

FORMAT( ‘1’ +64(2H-=)/' 'y 'ENVIRONMENTAL FROTECTION AGENCY’»13X,40HX
RES &3 EXTENDED TRANSFORT PROGRAM Xxkx,3X, ‘WATER RESOURCES DIVISI
ION‘/’ 'y ’WASHINGTONs D.C. 318X AHXKKKX» 32Xy AHXX KK, BX

4/CAMP DRESSER & MCKEE INC.’/7 7»’ " 928Xy 4H
SEKKKy Xy’ ANALYSIS MODULE “»&8Xs 4HXXXX» 88X,y ‘ANNANDALE, VIRGINIA

5)
WRITE(N6s1300) ALFHA
DO 220 II=1»S

I=1+1

IFCIPLT.EQ,2)G0 TO 130

IF (II.NE,1) GO TO 130

WRITE(NSs1030) YLAB(II)sACLs1),ZINVRT(AC(L1sJ)sJ=299101)
WRITE(N&,1091) A(2+1)sZCRNy (A(25d)s J=29,101)
?RlTE(Né;lOSQ) A(3,1)yZGRND» (A(3,J) 5 Jd=29,101)
123

42=3

GO _T0 125

WRITE(N&»1100) YLAR(II)s(A(I»J4)ed=15101)
IF(I1,EQ.5) GO 7O 240

DO 200 JJ=J249

I=It+1

[F(I.NE,28) GO TO 140

WRITE(N&,1300) VERT(S)sVERT(8) s (A(Isd)r»d=1,101)
50 10 200 .

IF(I.NE.24) GO TOQ 140

WRITE(Néy1500) VERT(1),VERT(2)r(A(I»J)»J=1,101)
50 TO 200

IF(I.NE.25) GO TO 130

WRITE(NS91500) VERT(3),VERT(4)s(A(Isd)sd=1s101)
G0 70 200

WRITECN&,1000) (ACIJ)rd=1,101)

CONTINUE

Jz=1

CONTINUE

CONTINUE
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FPLOT

000357
00038
00059
00060
00061
00062
00063
00044

00063 .

00066
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090720
009071
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20074
20073
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20080
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COOOCOOMR OO
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3
<O W
< O

FORTRAN V.SA(621) /KI/C/L 20-MAY-81 153157

WRITE(N&,1200) XLAB
WRITE(N6y1400) HORIZ
FORMAT(18X,101A1)
FORMAT 1X191;2Xr’INUERT ELEV-'»F8.2s’ FEET’»7341)
2Xs»’ CROWN ELEV-’ 9F8.‘;’ FEET’+73A1)
§y’GROUND ELEV-'»FB.2y’ FEET’»73A1)
1

F
1
1
1 01 1)
2
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e e I P e DI
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—
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NTRNJA FORTRAN V.SA(421) /KI/C/L 20-4AY-81 13157 PAGE 1

SUBROUTINE SCALE (ARRAYsAXLENsSNPTS,INC)
1$OHH0N/FILES/ N3sN6sN21yN22»NPOLL yNLOCAT»QCONV» IDATEZ,LOCNOS(100)

RIB
DIMENSION ARRAY(NPTS)sINT(S)
BATA INT /254+5+8,10/
INCT=IABS(INC)

¢
% SCAN FOR MAX AND MIN
AMAX=ARRAY (1)
AMIN=ARRAY(1)
DO 100 M=1,NPTS»INCT
IF(AMAX.LT.ARRAY(N)) AMAX=ARRAY(N)
IFCAMIN.GT.ARRAY(N)) AMIN=ARRAY(N)
100 CONTINUE
c IF( AMAX - AMIN ) 180,120,180
E RESET MAX AND MIN FOR ZERO RANGE
120 IF( AMIN ) 140,320,140
140 AMIN = 0.0
AMAX = 2.0 % AMAX
GO TO 180
160 AMAX = 0.0
ARIN = 2,0 % AMIN
180 CONTINUE

C
E COMPUTE UNITS/INCH
. RATE=(AMAX-ANIN) 7AXLEN
¢ SCALE INTERUAL T0
¢ LESS THAN 10
ngLOGIO(RATE)
IF(A.LT,0) N=A-0,9999
RATE=RATE/ (10, XXN)
. L=RATE+1.00
g FIND NEXT HIGHER INTERVAL
200 DO 220 I=1,5
IF(L=INT(I)) 240,240,220
: 220 CONTINUE
¢ L IS NEXT HIGHER INTERVAL
E RANGE 1S SCALED BACK 7O FULL SET

240 L=INT(I)
RANGE=FLOAT(L)X10.%XN
IF(INC,LT,0) GO TO 300

SET UP POSITIVE STEFS

00
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NTRNJA FORTRAN V.3A(421) /KI/C/L 20-MAY-81 1

C
C
C

[l lyp]

OO0

7 PAGE 1-1

wy
.o
(&4}

CHECK FOR MAX VALUE IN RANGE

IF(AMAX.GT. (K+AXLEN)XRANGE) GO TO 260
I=NPTSXINCT+1

ARRAY (I)=KXRANGE

I=I+INCT

ARRAY (I ) =RANGE
RETURN

IF QUTSIDE RANGE RESET L AND N

t1
L.LT.11) GO TO 200

+1
T0 200

ZR~

L=
IF
L=
N=
GO

SET UP NEGATIVE STEFS

=AMAX/RANGE
MAX.GT.0.) K=K+1

MIN.LT.1§+AXL N)XRANGE) GO TO 260

1000)
/ 10Xs ‘RANGE AND SCALE ARE ZERO ON FLOT ATTEMPT’ )

DA D s Dy~~~ D
-

MDD TMEDD b4 T st 5
2ZmMoO2Om22 ) 2Dy Mo
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TIDCF  NTRNJA FORTRAN V.5A(421) /KI/C/L 20-MAY-B1 15137  PAGE 1
00001 SUBROUTINE TIDCF(KOsNI,NCHTID)

00002 C

00003 € THIS SUBROUTINE COMPUTES SEVEN COEFFICIENTS

88883 g FOR A FOURIER EXPANSION OF THE DIURNAL TIDE STAGE
88889 lgg?ggN/FILES/ NSsN6sN21,N22,NPOLL NLOCAT»QCONV IDATEZLOCNOS(100)
00008 COMMON/CONTR/ NTCYC,DELTO,DELT,DELT2yTZERD»ALPHA(40)y

00009 1 NJ/NCs/NTC/NTL,ICYC,NJSW)MISWs TIME, TIME2sA17A2,A31A49A51A81A7 Y
00010 C

888%% c COMMON/TIDE/ YY(3S0) »TT(S0) »AAC10),XX(10)+5XX(10,10),SXY(10)
00013 C TIDE COEFFICIENTS

00014 C TIDAL CURVE FITs 7 TERM

00015 C SINUSOIDAL EQUATION

00015 C

00017 WRITE(N&6r14G) KO»NIYNCHTID :

00018 140 FORMAT (7H0 KD IS,I3,1%H NUMBER OF SNINTS =,14,35H MAXIMUM NUMBER
888%8 c 1 OF ITERATIONS IS5 50,21H TIDE CHECK {TCH IS,I2)

00021 C IF .0 EQUALS ONE» FROGRAH WILL
00022 C READ FOUR POINTS OF INFORMATION
888%% % AND EXPAND THEM FOR A FULL TIDE
00025 C NT IS THE NUMBER OF INFORMATION
00025 C FOINTS

00027 C IF NCHTID EQUALS ONE» TIDAL
88833 E INPUT-0UTPUT YILL BE PRINTED
00030 C MAX1T IS THE MAXIMUM NUMBER OF
00031 C ITERATIONS

00032 C DELTA IS THE ACCURACY

00033 C LIMIT IN FEET

00034 €

00035 PERIOD = 235,

00036 MAXIT = 50

00037 DELTA = 0,005

00038 NTT=7

0039 W o= 2.%3.14159 /PERIOD

000490 IF(RD.EQ.0) GO 7O 22%

00041 TT(30) =TT(1)+FERIOD

00042 TYC3I0)=YY(1)

00043 B0 220 1=1,4

00044 J=I+1

00045 IF (J.5T7.4) J=50

00045 NI=NI+1

00047 TTUND)=(3 KkTT(I)+TT(J)) /4,

00048 YY(NI)=0.,8333%YY(I}+0.,1465%YY(J)

00049 NI=NI+1

00050 TT(ND=(TT(I)+TT(J)) /2,

000351 YOI =YY (I +YY(J) /2,

20052 NI=NI+1

20053 TTNDY=(TT(II43.%TT () ) /4,

20034 YY(NI)=0,14863%YY(I)+0.8333%YY(J)

00095 220 CONTINUE

22036 225 CONTINUE

226
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IF (NCHTID.NE.1) GO TO 240

WRITE(N&s1464)
146 FORMAT (29H

29HO NO, TINE
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TXXCJ) *YY(I)

Vrd) EXXCK) XXX (D)

DELMAX ) DELMAX = DEL

MAXIT ) GO TO 440
GT.DELTA ) GO TO 280
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ALUE )
NI
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TIOCF NTRNJA FORTRAN V.3A(621) /KI/C/L 20-MAY-B1 15157 PAGE 1-2
00113 132 FORMAT (44HO TIME 0BSERVED COMPUTED DIFF )
00114 RES = 0.
00115 DO 520 I = 1,NI
20 UM = 0.
DO 500 J = 2,NTT
FJ1 = FLOAT ( J-1 )
FJ3 = FLOAT ( J=NJ2 )
IF ( JJ.LE/NJ2 ) GO TO 480
SUM = SUM +AA(J) XCOS(FJIXWXTT(I))
GO0 TO 500
480 SUM = SUM +AACJ) XSIN(FJIXUWXTT(I))
900 CONTINUE

SUM = SUM +AA(1)
DIFF = SUX -YY(I)
RES = RES + ABS(DIFF
WRITE(NG6,154) TT(D),
FORHAT < 4F12.4 )
URITE(Né 154) RES
HOTOTAL » 30X, F12,4 )

Y(I);SUM DIFF

L e
a3

FN K]
O B O

CONSTANTS FOR INFUT WAVE FORHN

Qoo

WRITE(NG69158)A1,A2,A25A
158 FORMAT(///46H COEFFICIE

1 Al A2

2A7 //7F

3N BY//92H H(J) = A1l + A

4COS(UWT) + A6XCOS(2KT) +

RETURN

END

S OOCOOTCLOUOCOLUTTOOCITS OO OCOOO
bt A et Pk b D d bk ek b et ek b et ek ket ek bk ok ek et s P e ok Pk

3 B B A NG s LN G FI TR 1 FIFIPI BRI PI Pt bt s =

COQOOCOOOCOCOTCOUSODOOCOOOOOO
it O 0O O- L 1o S0 WO DN IR+ O~O00 “J O~
' .

228



