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DISCLAIMER

The information in this document has been funded wholly or in part by the
United States Environmental Protection Agency. It has been subject to the
Agency’s peer and administrative review, and it has been approved for
publication as an EPA document. Mention of trade names or commercial products
does not constitute endorsement or recommendation for use by the U.S.
Environmental Protection Agency.

The Storm Water Management Model (SWMM) described in this manual must be
used at the user’s own risk. Neither the U.S. Environmental Protection
Agency, the State of Florida, the University of Florida, The State of Oregon,
Oregon State University, Camp, Dresser and McKee, Inc. or the program authors
can assume responsibility for model operation, output, interpretation or
usage.
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FOREWORD

As environmental controls become more costly to implement and the penal-
ties of judgment errors become more severe, envirommental quality management
requires more efficient management tools based on greater knowledge of the
environmental phenomena to be managed. As part of this Laboratory’s research
on the occurrence, movement, transformation, impact, and control of environ-
mental contaminants, the Assessment Branch develops state-of-the-art mathema-
tical models for use in water quality evaluation and management.

Mathematical models are an important tool for use in analysis of quantity
and quality problems resulting from urban storm water runcff 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) and its Extended Transport (Extran) Block. Detailed instructions on
the use of Extran are given, and its use is illustrated with case studies.

Rosemarie C. Russo, Ph.D.
Director

Environmental Research Laboratory
Athens, Georgia
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PREFACE

This decument is the user’s guide and program documentation for the com-
puter 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 alsc can be used for stream chan-
nels through the use of arbitrary cross sections or 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 equations for gradually varied flow (St.
Venant egquations) 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 S5-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
"link-node" concept which does not constrain the drainage system to a dendri-
tic form. This permits a high degree of flexibility in the type of problems
that can be examined with EXTRAN. These include parallel pipes, looped
systems, lateral diversions such as weirs, orifices, pumps, and partial sur-
charge 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, surcharging, or bifurcations) substantial savings in data prepara-
tion and computer solution time can be realized using the simpler routing
model.

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

*That is, the Runoff and Transport Blocks from the EPA SWMM computer program.
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- Headloss at manholes, expansions, contractions, bends, etc. are not
explicitly accounted for. These losses 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 contractions
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 inverts of connecting pipes are different
{({e.g., a drop manhole), computational errors will occur during sur-
charge periods if the invert of the highest pipe lies above the
crown of the lowest pipe. The severity of the error increases as
the separation increases.

—_— Computational instabilities 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.

- EXTRAN is not capable of simulating water quality. Any quality
information input 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 physically based, ap-
proximations in time and space are made in order to address real problems.
While the authors 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!

SPECIAL PREFACE TO OCTOBER 1992 PRINTING

This printing differs very little from the February 1989 second printing.
However, a few additional program options have been included that for the most
part are not documented in this User’s Manual. Instead, the user should refer
to documentation (.DOC) files for each SWMM block included on the distribution
disks. These contain annotated data input templates comparable to the data
preparation table (i.e., Table 2-1) found in this manual. These .DOC files
include modifications to identify changes in input requirements (e.g., op-
tional BB line). If an Extran user encounters an error message during the
data input process that appears to result from the need for an additional or
altered input parameter, this is most likely described in the EXTRAN.DOC file.

v 10/92




ABSTRACT

This report contains the documentation and user's manual for Version 4 of

the Extended Transport (EXTRAN) Block of the EPA 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 unsteady
flow. It represents the drainage system as links and nodes, allowing simula-
tion of parallel or looped pipe networks; weirs, orifices, and pumps; and
system surcharges. EXTRAN is used most efficiently if it is only applied to
those parts of the drainage system that 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 indepen-
dent model. Formulation of the input data is discussed in detail and demon-

strated by seven example problems. Typical computer output also is discussed.

Problem areas that the user may confront are described, as well as the theory
on which the EXTRAN model rests. The manual concludes with a comprehensive
discussion of the EXTRAN code.

This report was submitted in partial fulfillment of EPA Cooperative
Agreement No. CR-811607 to the University of Florida under the partial spon-
sorship 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 1987.
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CHANGES FOR FEBRUARY 1989 PRINTING

Several changes have been made to the text and tables since the first
printing of August 1988. The June 1988 Extran user’s manual (e.g., as sup-
plied by the NTIS) should still function, but it will not include a discussion
of some added features. Since additional pages have been added and the pages
have been renumbered, it is not possible to list every page with changes.
However, significant modifications to the user’s manual include the following:

- Discussion of alphanumeric input in Section 1.

- Reduction of maximum number of conduits and junctions to 175.

- Additional flow routing options in data group BO, indicated in Table 2-
1 and discussed in Appendix C.

— Ability to plot upstream and downstream heads simultaneously for
conduits, data group B8.

- Power function option for variable area junctions, group E2.
-~ Time series of orifice settings, group F2.
- Time series of boundary condition stages, group J4.

- Two additional examples illustrating variable area storage and pump
rating curves.

= Qutput from Section 3 examples altered slightly to correspond to
current program output.

~ Altered PARAMETER variables, Table B-4.
CHANGES FOR OCTOBER 1992 PRINTING

There are no changes to the main text of the manual. The only changes
are in the Title Page, Disclaimer and Preface (and this pagel).
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SECTION 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 interface file transfer from an upstream block (e.g., the Runoff
Block) and/or by direct user input. The model performs dynamic routing of
stormwater flows throughout 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 circular, rectangular, horse-
shoe, egg, and baskethandle pipes, trapezoidal, parabolic and natural chan-
nels. Simulation output takes the form of water surface elevations and dis-
charge at selected system locationms.

EXTRAN was developed for the City of San Francisco in 1973 (Shubinski and
Roesner, 1973; Kibler et al,, 1975). At that time it was called the San Fran-
cisco Model and (more properly) the WRE Transport Model. 1In 1974, EPA ac-
quired this model and incorporated it into the SWMM package, calling it the
Extended Transport Model - EXTRAN - to distinguish it from the Transport Block
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 an update of the 1981 User's Manual and Program Documen-
tation (Roesner et al., 1981) with refinements by Camp Dresser & McKee, Inc.
and the University of Florida. The documentation section (Chapter 5) in-
cludes discussions of program limitations, and the input data descriptions
have been revised to provide more guidance in the preparation of data for the
model. The program has been converted to optional metric units (used both for
input/output and internal calculations when employed), and input and output
have been enhanced to reflect a likely microcomputer environment. EXTRAN
input lines (or data groups) now have identifiers in columns 1 and 2, and all
input is free format.

The remainder of this chapter discusses program operating requirements

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




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.
Chapter 4 discusses typical problems that can occur with the use of the model
and what action should be taken tc correct them. A discussion of error mes-
sages contained in the program is also presented. Chapter 5 describes the
conceptual, mathematical, and functional representation of EXTRAN: the program
structure is discussed in Chapter 6.

CHANGES FROM SWMM VERSION 3

Several enhancements to EXTRAN have been accomplished since SWMM 3.0 was
released in 1981 (Roesner et al., 1981). These include:

1. Input and simulation of chammels with irregular cross-sections, using
either selected HEC-2 data lines or user-generated input lines (in HEC-2
format).

2. Power function cross sections for conduits (e.g., parabolic and ellip-
tic channels).

3. Variable-sized storage junctions, input as stage-area data.

4. Pump operating curves.

5. Use of different boundary conditions at each system outfall.

6. Interpolated stage time series boundary condition at an outfall.
7. Variable orifice discharge coefficient and orifice area over time.
8. Flap gates are possible in interior conduits.

9. "Hot start" input and output using saved files. This permits a
restart of EXTRAN from the "middle" of a previous run.

10. Optional metric units.
11. Calculation errors in rectangular conduits have been fixed.

12. Alphanumeric conduit and junction names (instead of pure numbers) are
optional in EXTRAN.

13. Output summaries and input error checking have been substantially
improved over version 3.0.

14. Inclusion of data group identifiers on data input lines and free-
format input. Minor editing of prior EXTRAN input files will be necessary
to run previous SWMM 3 data. -




15. Surcharged weirs are included in the surcharge algorithm.

16. Two additional flow solutions are now included in the model (see Ap-
pendix C).

FROGRAM OPERATING REQUIREMENTS

EXTRAN was originally programmed for the Univac 1108 in FORTRAN IV. 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, VAX, DEC 20, and several
other computers. The latest refinements to the model have been performed on a
Zenith Z-248 AT-compatible microcomputer in Fortran-77 using Ryan-McFarland
Professional Fortran. The program will run on both main-frames and microcom-
puters (IBM-PC compatible).

EXTRAN is presently sized to simulate drainage systems of up to 175 chan-
nels, 175 junctions, 20 storage elements, 60 orifices, 60 weirs, 20 pumps, and
25 outfalls. These limits may be easily altered (within the limits of com-
puter core capacity) through the use of the Fortran PARAMETER statement de-
scribed in Appendix B. The core storage and peripheral equipment to operate
this program are:

Main-frame:
High speed core: 1 Mb Virtual Storage
Peripheral storage: 3 disk files
One monitor
One line printer

Microcomputer:
IBM-PC compatible
512 K bytes
8087 or 80287 math coprocessor
(coprocessor emulator supplied with EPA SWMM release)
Hard disk recommended (necessary for EPA SWMM release)

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 CDM’'s prior experience in rumning the EXTRAN on both CDC 6600 and
Univac 1108 systems is presented graphically in Figure 1-1. Using the Univac
1108 operating data in Figure 1-1 as an example, it is estimated that the
total computation time for a network of 100 pipes, using a 10-second time-step
over a l-hour simulation 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 DEGC 20 computer and about 6
minutes on the Z-248 microcomputer. Note that the curves presented in Figure
1-1 become highly nonlinear for t < 10 seconds because of the increased fre-
quency of internal file transfers and output processing.

INTERFACING WITH OTHER SWMM BLOCKS

The EXTRAN Program is interfaced with the other SWMM Blocks through the
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Figure 1-1. Summary of EXTRAN Run Times.




Service Computational
Blocks Blocks
STATISTICS jeagm—m— e ‘
BLOCH RUNQOFF BLOCK
i
GRAPH
4L OCk.
TRANSFORT BLOCH
COMEINE S A o —
BLOCK R -
EXECUTIVE
RAIN BLOCK
BLOCK Ar———i-
EXTRAN BLOCHK
e S—
TEMF
BLOCK P
STORAGE/TREATMENT
[ ———— ELOCK
Figure 1-2. Relationship Among SWMM Blocks. Executive Block

Manipulates Interface File and Other Off-line Files.
All Blocks May Receive Off-line Input (e.g., Tapes,
Disks) and User Line Input (e.g., Terminal, Cards, etc.).




Executive Block. Figure 1-2 shows a schematic of the relationship to SWMM
system control and input data lines. The EXTRAN Block receives hydrograph
input at specific nodal locations either by interface file (e.g., disk, tape)
transfer from a preceding block, usually Runoff, or by line input, described
In Section 2. ("Line" input replaces the use of "card" input in previous
documentation in recognition of the fact that almost all user input will be
through the use of file generation using an editor at a terminal.) Users may
generate their own interface file using other programs; see Appendix B. An
output interface file, which contains hydrographs at all system outfall
points, can be generated if desired. This output file can then be used as
input to any subsequent SWMM Block or plotted using the Graph Block.

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. Further information on file generation and block
interaction is contained in Section 2 of the main SWMM user's manual {Huber
and Dickinson, 1988). Any alternative hydrologic program may be used to pro-
duce input data for EXTRAN by creating an interface file with the required
structure.

Although SWMM is designed to run successive blocks consecutively without
user intervention, it is gtrongly recommended that this option not be used
with EXTRAN. Simulation results should be examined before they are used as
input to EXTRAN; EXTRAN results should be reviewed, in turn, for reasonable-
ness 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 output data from a
preceding block.

STARTING UP EXTRAN

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

Data Group SW - Interface Files
SW = enter SW on columns 1 and 2.

NBLOCK

number of SWMM blocks in a run, e.g. 1 or 2 typically for an
EXTRAN simulation.

JIN = input interface file number from, typically, the Runoff Block
if Runoff hydrographs are to be used in simulation.

= 0 if input hydrographs are from data groups only (see Data
Groups K1-K3 in EXTRAN Block input data description).

JOUT - output interface file number that will be used to input outfall
hydrographs from EXTRAN into a subsequent block, such as Graph.

- 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 Runoff or Transport
be used for this purpose.

Data Group MM - Scratch file assignment

MM = enter MM in columns 1 and 2.
NITCH = number of scratch files. Extran may use up to two scratch
files.
NSCRAT(1)= scratch file used by Subroutine Qutput. REGUIRED.
NSCRAT(2)= restart file for "hot start."™ OPTIONAL.

Block Control - Block control line.
Enter $SEXTRAN in columns 1 - 7 to start the Extran Block.

Alphanumeric input option: To input conduit and junction names as alpha-
numeric variables (i.e., able to include letters and symbols as well as num-
bers), enter $ANUM in columms 1 - 5 before the $EXTRAN line. This means that
all references to junction or conduit "number/names" will now refer to alpha-
numeric variables and must be enclosed in single quotes. E.g., a junction
could be numbered 5405 and entered as an integer (the default condition) or
could be named N5405 and entered as 'N5405' (if $ANUM has been entered). Of
course, alphanumeric names can consist only of numbers if desired. The only
disadvantage of using alphanumeric names exclusively is the need to enter all
such values within quotes. If pure integer numbers are used (the default
option if $ANUM is omitted), then values are read as integers and the quotes
are not required. The alphanumeric option is available for the Runoff, Trans-
port, EXTRAN, Combine and Graph blocks. Note that when interfacing between
two blocks, both blocks must use the same option. That is, if Runoff is used
to generate an input file to EXTRAN, both blocks must either use the pure
number option or else both must use the alphanumeric option. Finally, if more
than one block (or EXTRAN run) is performed within onme input data file, the
$ANUM entry means that alphanumeric input will be used in all succeeding
blocks called; the program must be restarted to return to the default numeric
option,

As described at the beginning of Table 2-1, all input is free format. At
least one space should separate each data entry on a line. Comment lines may
be entered by entering an asterisk (*) in column 1. Subroutine STRIP removes
these lines from the input file before processing by EXTRAN. Comment lines
are very useful for documentation of input files. Full details of Executive
Block input are contained in Section 2 of the companion main SWMM User's Man-
ual (Huber and Dickinson, 1988).




SECTION 2

INSTRUCTIONS FOR DATA PREPARATION

INTRODUCTION AND SCHEMATIZATION

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 have been defined, the watershed is
subdivided into subareas in accordance with the guidelines presented in the
SWMM Runoff Block documentation. Figure 2-1 shows the South Boston combined
sewer system and its watershed subdivided into subbasins. Figure 2-2 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-chamnel grit chambers in the headworks that determine the
stage-discharge relationship at junction 60101 in the system.

Note that conduits are distinguished on Figure 2-2 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 simpler 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 as each:

-- Upstream terminal point(s) in the system,

-- Outfall and discharge point(s),

-- Ocean boundaries

-- Pump station, storage point, orifice and weir diversion,

-- Junction where inflow hydrographs will be input (either by
line input or from Runeoff),

-- Pipe junction,

-- Point where pipe size/shape changes significantly,

-- Point where pipe slope changes significantly, and
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-- Point where pipe inverts are significantly different.

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 short-
ened by adding intermediate junction points.

Keep in mind when setting conduits length (placing junctions) that the
time-step is generally controlled by the wave celerity in the system. To
estimate the time-step, first compute for wide open channels or circular
pipes:

Ate = L/(gb)1/? (2-1)
Or, compute for a general open channel or conduit cross section:
at, = L/(ga/T)1/2 (2-2)

where At, = time for a surface wave to travel from one

end of a conduit to the other, seconds,

conduit length, ft [m],

= gravitational acceleration = 32.2 ft/sec
diameter or depth, ft [m],

~ maximum cross sectional area, ft2 [mz],

full flow top width, ft [m].

2 2

or 9.8 m/sec”,

= Om
1

Use of the circular pipe diameter in equation 2-1 to compute the critical flow
velocity in the denominator corresponds to a ratio of depth to diameter of
about 85% (Chow, 1959). 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 5 te 10 second time-step is required. A time-step of 60 to 90
seconds should not be exceeded even in large open channel systems where the
celerity criterion is not violated with a larger time-step.

If an extremely short pipe is included in the system, as indicated by a
small Atc, 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 to each other:

(m/n AR/ 3s /2 = (myn )4 R 2/35 1/2 (2-3)

where m = 1.486 for U.S. customary units (ft and sec) and 1.0 for
metric units (m and sec),

= (subscript) actual pipe,

(subscript) equivalent pipe,

= Manning's roughness coefficient,

= cross-sectional area,

hydraulic radius, and

slope of the hydraulic grade line.

ik o
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Assuming that the equivalent pipe will have the same cross-sectional area and
hydraulic radius as the pipe it replaces results in:

5p1/2/“p - 5,/ /m, (2-4)

Now, since
S = hL/L ) (2-5)

where hy = the total head loss over the conduit length, and
L = conduit length,

and since the head losses are to be equal in both pipes, equation 2-3 can be
simplified to:

1/2 5 1/2
ng = myl, /2Lt (2-6)

where L, 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 At_ 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.

By coding NEQUAL = 1 on data group Bl the program will automatically
adjust the pipe or channel lengths using an equivalent longer length to
achieve a At_, in balance with the user-selected time-step (At). All pipes in
which At/At, exceeds 1.0 will be adjusted, with the new pipe/channel lengths
and roughness printed. When NEQUAL is greater than 1 an equivalent pipe or
channel length will be created based on NEQUAL in seconds. For example, se-
lecting NEQUAL = 15 will create an equivalent pipe based on a time step of 15
seconds. A before and after analysis of the full flow system volume is
printed by the program for NEQUAL values greater than 1. This enables the
user to estimate the effect of the increase in system volume from using equi-
valent pipes or channels.

At this point, the system schematic should be satisfactory 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 GROUPS

Specifications for input data preparation are contained in Table 2-1.

The table defines the input sequence and variable description and name. (In-
put is free format; specific column locations are not required.) Perusal of
Table 2-1 reveals that the input data are divided into 27 data groups. Data
groups Al and BO-B8 are control lines that identify the simulation, set the
time-step and start time, and identify junctions for line input hydrograph,
and junction and conduits for printing and plotting of heads and flows. The
identification of conduits and junctions is done in data groups Cl-C4 and D1,
respectively. Groups El-Hl identify storage and diversion junctions, while
groups I1-J4 identify system outfalls and boundary conditions at the outfalls.

12




Groups K1-K3 define line input hydrographs. Further descriptions of the data
to be entered in each data group are given below.

RUN IDENTIFICATION AND CONTROL

Data Group Al: Run Identification

Data group Al consists of 2 lines, each having 80 columns or less, which
typically describe the system and the particular storm being simulated. Re-
member to enclose all character data in single quotes for free-format input.

Data Groups BO, Bl and B2: Run Control

Routing options (group BO) are explained in Appendix C. Data group Bl is
a single line defining the number of time-steps (integration steps) in the
simulation period (NTCYC), the length of each time-step (DELT), the starting
time of day of the simulation (TZER0O), the time-step at which to begin print-
ing of intermediate output (NSTART), intermediate output print interval
(INTER), summary output print interval (JNTER), and information on saving or
using a saved run to start the present one -- the "hot start" capability
(REDO). Data group B2 is a second line defining the choice of U.S. customary
or metric units (METRIC), whether or not to modify short pipe lengths
(NEQUAL), the area of manholes (AMEN), and number of iterations (ITMAX) and
allowable error (SURTOL) during surcharge conditions and iterative calcula-
tions.

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 equations 2-1 and 2-2). The computer program will check each
conduit for violation of the surface wave criterion and will print the mes-
sage.

mm=> WARNING !! (C*DELT/LEN) IN CONDUIT IS rrr AT FULL DEPTH

where rrr is the ratio

rrr = At VgD/L (2-7)
for enclosed conduits, and

rrr = At YgA/T /L (2-8)
for open channels,

where t = the time-step,

g = gravity,

D = conduit height or pipe diameter,
A = maximum cross sectional area,

T = full flow top width, and

L

= conduit length.
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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 a downstream outfall). These restrictions are less stringent for
ISOL = 1 and ISOL = 2 solutions (see Appendix G).

The total simulation period is defined as the product of NTCYC and DELT.
This period may extend in time beyond the simulation period of any preceding
block. However, flow input into the junctions no longer occurs beyond the end
of the input interface file. Outfalls with tidal boundary conditions are
affected by the rise and fall of the tide during the entire simulation. Out-
falls with a stage history boundary condition use the first input stage value
until the simulation “"catches” up with the input time history (group J4). The
last stage value is used if the simulation continues beyond the last input
time.

The printing interval, INTER, controls the interval at which heads, velo-
cities, and flows are printed during the simulation (intermediate printout),
beginning at time step NSTART. (Surcharge information is also printed during
the simulation at these intervals.) Interval JNTER serves the same purpose
for the summary printout at the end of the run. Intermediate printout is for
all junctions and conduits, whereas the summary printouts are only for those
specified in data groups B4 and B5. The intermediate printout is very useful
in case an error occurs before the program reaches its desired simulation
length, but tends to produce bulky output. If intermediate printout is to be
avoided entirely, set INTER to a number greater than NTCYC, but be warned that
debugging may be more difficult. Subroutine OUTPUT prints nodal water depth,
elevation, conduit flow, and velocity. The output looks better if NSTART and
JNTER are selected so that the first and subsequent output occurs at an even
minutes or half-minutes. EXTRAN uses an off-line file, indicated by unit
number NSCRAT(1l), to store data for the summary printouts.

A "hot start” or restart capability is available for EXTRAN, governed by
parameter REDO on data group Bl. Basically, a file may be read and/or created
to establish initial conditions for a run. This may avoid re-running of, say,
dry-weather flow conditions prior to the start of a storm runoff simulation.
Another use would be with a run that fails late in the program. The initial
portion of the run could be saved and used as initial conditions for the lat-
ter portion during the debugging phase. If REDO is 0 then a "hot start" file
is neither read or created. Coding REDO as 1 will cause EXTRAN to read
NSCRAT(2) for the initial conduit flows and velocities and junction depths,
but a new restart file is not created. Coding REDO as 2 causes EXTRAN to
create a new "hot start" file, but the initial conditions are defined on data
groups Cl and D1. REDO = 3 reads the previously created "hot start" file for
the simulation initial conditioms, then erases the file to create a new re-
start file.

The input/output and computation units are governed by parameter METRIC
on data group B2; U.S. customary upits, typically ft, cfs and ft/sec are
METRIC = O, and metric units, m, m”/sec and m/sec, are METRIC = 1. Internal
calculations are also conducted in the chosen units.
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The user can modify the pipe length and roughness as in equation 2-3, or
if NEQUAL is set equal to 1, the program will automatically create an equiva-
lent longer pipe for pipes exceeding an rrr of 1.0. Equivalent pipes based on
time steps different from DELT can be created by coding NEQUAL greater than 1.

AMEN is the default surface area for all junctions that may be sur-
charged. The junction surface area is used in the junction continuity equa-
tion and is especially important during surcharge. If 0.0 is entered for AMEN
a 4 ft [1.22 m] diameter manhole is assumed.

The variables ITMAX and SURTOL control the accuracy of the solution in
surcharged areas; details of the computations are described in Section 5. In
reality, the inflow to a surcharged area should equal the outflow from it.
Therefore, the flows and heads in surcharged areas are recalculated until
either the difference in inflows and outflows is less than a tolerance, de-
fined as SURTOL (a fraction error) times the average flow in the surcharged
area, or else 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 to determine whether
or not the surcharge iterations are converging. Also, if there is more than
one surcharged section of the drainage system, special rules apply. More
details on checking convergence of the surcharge iterations are found in Sec-
tions 4 and 5. Appendix C explains ITMAX and SURTOL during iterative routing.

Data Group B3: Number of Junctions for Printing. Plotting and Input

The numbers of junction numbers to be entered in subsequent data groups
for printing, plotting and user-input hydrographs (line-input hydrographs in
data groups K1-K3) are listed om this group. Regarding the latter, the NJSW
points are additions to input generated by an upstream block, or EXTRAN may be
run with only this user-supplied input.

Data Groups B4 and B5: Detailed Printing for Junctions and Conduits

Data group B4 contains the list of individual junctions (up to 30) for
which water depth and water surface elevations are to be printed in summary
tables at the end of the simulation period. Data group B5 contains the list
of individual conduits (up to 30) for which flows and velocities are to be
printed.

Data Groups B6, B7 and B8: Detailed Plotting for Junctions and Conduits

Data groups Bé and B7 contain, respectively, the lists of junctions and
conduits for which time histories of water surface elevations and flows are to
be plotted (up to 30 for each). Data group B8 plots selected upstream and
downstream conduit depths on the same plot.

15




CONDUIT AND JUNCTION DATA

Data Groups Cl-C4: Conduit Data

Regular Conduits --

Data groups Cl-C4 contain data input specification for conduits including
shape, size, length, hydraulic roughness, connecting junctions, initial flows
and invert distances referenced from the junction invert. Conduit shapes are
standard, except for parabolic, power function and irregular channels, The
latter is discussed subsequently. A parabolic or power function shape is an
open channel, defined by

WIDE = 2‘a°DEEP/T (2-9)

where WIDE = top width,
DEEP = depth when full,
n = coefficient (any positive value), and
a = coefficient.

The shape is defined by DEEP and WIDE entered on group Cl; parameter a is
not required. The factor of 2 in equation 2-9 accounts for the fact that the
half-width would actually be used in the calculation. A parabolic channel has
a exponent (n) of 2.

Most other input data parameters on data group Cl are self-explanatory,
with the exception of junction/conduit invert elevations. Basic definitions
of conduit invert distances ZP(N,1l) and ZP(N,2) are illustrated in Figure 2-3,
The junction invert elevation is specified in data group D1. The distance ZP
is the height of the invert of connecting conduits above the junction floor.
Note, however, that the lowest pipe conmected to the junction (pipe N in Fig-
ure 2-3) should have a 7P of zero. 1If it does not, the junction may behave

irratically, e.g., as a sink for water flowing into the junction. In general,
no conduit should have an invert above the crowns of all other pipes. A warn-
ing message is printed when a junction invert is below the invert of all con-
necting conduits and also when there is a drop between connecting conduits in
a junction. These situations are not fatal, but depending on the criti-
cal/subcritical decisions made by Subroutine HEAD in the assignment of junc-
tion areas, they may cause Instabilities and continuity errors.

Initialization of Flows --

Frequently, it is desired to initialize the drainage network with start-
ing flow values which represent either the dry weather or antecedent flow
conditions just prior to the storm to be simulated. QO(N) on data group Cl
supplies these initial conditions throughout the drainage system at the begin-
ning of the simulation. These in turn will be used to estimate initial depths
-- if initial heads are not entered in data group Dl. This is accomplished by
computing normal depth in each conduit. An initial flow for conduits with
initial upstream and downstream junction depths is not estimated in the model.
Alternatively, initial depths may also be entered (in data group D1), and the

16




"uoTIouUN[ 3dFd-s9ay] 10J SWISL UOTIBADTH JO UOTITUIIaq ‘£-7 aandtg

[ NOILINNC LY3IANI

3OS 0L LON T

(Z1-N)dZ
A

adid
|\ Et&s. o
(114N) d 2 i 1-N 3did

| / edid
14N 3/ 1N it /l 3M0TTV 10N

NOILvYYd3as SIHL

(9b.10y24ns j0 buiwubaq)

7 NOLLONNS
40 NMOHD
)
A
>
i
\us‘go\x jopou jo buruuibaq ) D
/ r NOILONOP /" NOLLINOP A
%\\\\\\\\\Q\S \\\\\\\\\\\\\\\ERRR\.@ER

AIF1T GNNOHY FOVAEHNS LFFYLS

17




model will begin the simulation based on these values, but unless they are
taken from a prior run, depths and flows input in this manner may not be
consistent, leading to irregular output during the first few time-steps.
Finally, constant inflows may be input using data group Dl to a dry system and
"initial conditions" established by letting the model run for enough time
steps to establish steady-state flows and heads. The "hot start" capability
may then be used to provide these initial conditions to other runs, or more
laboriously, heads and flows from the EXTRAN output may be entered in data
groups D1 and Cl.

Irregular Cross-Section Data --

Data groups C2, C3 and C4 define irregular (e.g., natural channel) cross-
sections. Irregular cross-section channels may be mixed with regular cross-
section channels, but the data for the irregular channels are grouped together
in the C2-C4 lines after all of the Cl lines are entered. The natural channel
data should be entered in the order in which they appear in the Cl data group.
Irregular cross-section data are entered in the same format as used in the
HEC-2 computer program. In fact, the relevant data may be extracted from an
existing HEC-2 input data file for use in groups C2 - C4. Some of the re-
quired parameters are illustrated in Figure 2-4 which also shows that a trape-
zoidal approximation may not be very good for many natural channels.

Elevations entered on data group C4 are used only to determine the shape
of the cross section. Invert elevations for EXTRAN are defined in the Junc-
tion Data (group D1) and the ZP parameter of group Cl. The total cross-
section depth is computed as the difference between the highest and lowest
points on the cross section. A non-zero value of the variable DEEP (group Cl)
may be entered to reduce the total cross-section depth if the maximum depth of
flow for a particular simulation is significantly less than the maximum cross-
section depth. This option increases the accuracy of the interpoclation per-
formed by EXTRAN. Data group C2 is the first entry for irregular cross sec-
tions and should be inserted again wherever Manning’s n changes.

Conduits Generated by the Program --

In addition to conduits, EXTRAN must compute a flow through all orifices,
weirs and outfalls. In order to maintain internal connectivities for all
flows, artificial conduits (labeled with numbers in the 90000-range or with
alphanumeric names if $ANUM is used) are generated for these elements. Some
have real conduit properties since they are used for routing (equivalent pipes
for orifices), while the others are inserted only for bookkeeping purposes.
The user should refrain from using conduit numbers betweeen 90001 and 90175 to
eliminate duplication. Any integer number is permissable but for printing
purposes numbers with nine digits or less (or names with nine characters or
less) produce better looking output.

Data Group Dl: Junction Data

The explanation of ground and invert elevations is alse shown in Figure
2-3, One junction data line is required for every junction in the network
including regular junctions, storage and diversion (orifice and weir) junc-

18




{N}d330

"UOTIV95-5501) IBTNEIIAT UB JO YOI9N§ UOTITUTIaqQ ‘-7 2an3g

YNX

INVEY3A0
LHOTY

3HILS

\

HINX

/" JINNVHD

NIVH

\

THILS

/

NK

ANYEHIA0
1431

NOI1D3S~SS04D

WAI0Z3dVdl 113 1538,

NOILJ3$~SS0¥I TYYNLYN

/

/

= N S/ ONTHNYM

19




tions, pump junctions, and outfall 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 will print a warning message:

===> WARNING !!! ALI. CONDUITS CONNECTING TO JUNCTION
LIE ABOVE THE JUNCTION INVERT

unless there is at least one pipe having a zero ZP at the Junction.

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 suycharpge except when the water sur-
face elevation exceeds the crown of the highest pipe connected to the junc-

tion. Pipe N+l in Figure 2-3 is too high. This junction would go into sur-
charge 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 is specified as shown in Figure
2-3 and the water surface rises above the crown of pipe N-1, the program will
print an error message:

=> ERROR !!! SURFACE AREA AT JUNCTION IS ZERO,
CHECK FOR HIGH PIPE

and will then stop. This situation can be modeled using two methods: (1) 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 connects to pipe N+1. The pipe diameter should be that of N+1
and the length selected to meet the stability criterion given by equations 2-7
and 2-8. The 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+l. (2) A positive value for the manhole surface area will allevi-
ate this problem and usually allow a drop to be simulated without a " dummy
conduit”,

The exceptions to this rule are storage junctions. Pipes connected to
storage nodes do not have to overlap if they are within the elevation of the
facility.

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 (but the "lost™ water is included in the final con-
tinuity check).

If an open chamnel (trapezoidal or irregular cross section) is connected
to a junction, EXTRAN will compute GRELEV(J). The elevation where surface
flooding occurs is set at the elevation where the HGL exceeds the defined
cross section. It is important that cross-sections are defined to be large
enough to convey the peak flow. The simulation will stop when the conduit
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depth exceeds the maximum open channel depth more than 100 times. Nodal
flooding of open-channel systems should only be allowed if the HGL elevation
cannot significantly rise above a certain elevation. Figure 2-5 is a defini-
tion sketch of junctions in an open-channel system.

Occasionally it is necessary to perform routing on the water that sur-
charges onto the ground. In this case, the ground surface (e.g., a street and
gutter system) must be simulated as a conduit in order to route the flows and
maintain continuity. In addition, manholes must be simulated as vertical
pipes in order to transport water to and from the surface channel. Since an
infinite slope (vertical) is not permitted, equivalent pipes are used for the
manholes. With this arrangement, water may surcharge (move vertically out of
a "manhole-pipe"”) and return to the sewer system at a downstream location
through another "manhole-pipe." Inflow constrictions by inlets etc. can be
simulated as orificies if their hydraulic characteristics are known. With
this extra effort, dual "major" (street surface) and "minor" (subsurface sewer
network) drainage systems can be simulated,

QINST(J) is the net constant flow entering (positive) or leaving (nega-
tive) the junction. Variable inflows must be entered using groups K1 - K3,

Initial heads at junctions are optional. If they are entered they will
be used to begin the simulation, in conjunction with initial flows entered in
data group Cl. If initial heads are omitted but initial flows are entered,
then initial heads will be estimated on the basis of normal depth in adjacent
conduits.

Data Groups E1 - E2: Storage Junctions

Constant Surface Area --

Conceptually, storage junctions are "tanks" of constant surface area over
their depth. A storage "tank" may be placed at any junction in the system,
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.

If ASTORE(I) is negative, then NUMST depth-area data points describing a
variable-area storage junction must be given for this junction immediately
following in data group E2.

If NUMST(Y) is -2, then a power function variable-area storage junction
is simulated using data immediately following in data group E2.

Variable Area Junctions --
Data group E2 is required if ASTORE(I) < O or NUMST = -2 on the preceding
line. The depth-area data are integrated to determine the depth-volume rela-

tionship for the junction. A variable-area storage junction is illustrated in
Figure 2-6. 1In group E2, a power function is given by
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AREASURF =~ QGURVE(N,1,1) DEPTHRCURVE(N,2,1) (2-10) —

where AREASURF = surface area, ac [ha],
QCURVE(N,1,1) = coefficient (appropriate units),
QCURVE(N,2,1) = exponent, and
DEPTH = depth above junction invert, ft [m].

DIVERSION STRUCTURES

Data Groups Fl1 and F2: Orifice Data

EXTRAN simulates orifices as equivalent pipes (see Section 5). Data
entry is straightforward. For sump orifices, the program automatically sets
the invert of the orifice 0.96 times the 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. Orifice settings
may be varied with time (F2 data group) to simulate external controls. Ori-
fice settings should not be closed "too fast" because this can cause numerical
instabilities that mimic hydraulic instabilities that would occur in the pPro-
totype.

Data Group Gl: Weir Data

The following types of weirs can be simulated in EXTRAN:

-- Internal diversions (from one junction to another via a transverse
or side-flow weir). .

-- Outfall weirs which discharge to the receiving waters. These weirs
may be transverse or side-flow types, and may be equipped with flap
gates that prevent back-flow. Outfall weirs must also have an
accompanying Il or I2 data group line with the appropriate boundary
condition for the outfall junction,

Transverse weir and side-flow weirs are distinguished in EXTRAN by the value
of the exponent to which the head on the wg}g is taken. For transverse weirs,
head is taken to the 3/2 pogeg (i.e., Q,~H )} while for side-flow weirs the
exponent is 5/3 (i.e., Q,~H / ) Weir parameters are illustrated in Figure 2-
7.

When the water depth at the weir iygction exceeds YIOP (see Figure 2-7)
the weir functions as an orifice (Q,~ ) The discharge coefficient for the
orifice flow conditions is computed internally in EXTRAN (see Section 5). An
equivalent pipe automatically replaces the weir for the duration of surcharge.

Stability problems can be encountered at weir junctions. If this happens
or is suspected of happening, the weir may be represented as an equivalent

pipe. To do this, equate the pipe and weir discharge equations, e.g.,

(m/n)aR%/3s1/2 = ¢ ym3/2 (2-11)
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1.486 for units of feet and seconds or 1.0 for units of
meters and seconds,

= Manning n for the pipe,

= cross-sectional area,

= hydraulic radius,

= hydraulic grade line for the pipe,

head across the weir,

= welr discharge coefficient, and

= weir length.

5
o
H
o
=
L

Séntr wm o
]

In this equation, § = 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 YIOP, and L is set in accordance with equations 2-7 and 2-8, then n can be
computed as

r2/3
n = —(-;—w-i-ﬂ-é— (2-12)
for the equivalent pipe.
Data Group Hl: Pump Data
Pumps may be of three types:
1. An off-line pump station with a wet well: the rate of pumping
depends upon the volume of water in the wet well.
2. An on-line station that pumps according to the level of the water
surface at the junction being pumped.
3. Either an on-line or off-line pump that pumps according to the head

difference over the pump, i.e., uses a three-point pump curve.

The definition sketch in Figure 2-8 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,1l),
whichever is less

VRATE(I,1) <Y

IA

VRATE(I,2) Q

p = PRATE(I,2) (2-13)

VRATE(I,2) < Y Q. = PRATE(I,3)

P
Note that for pump stations of type 2 and 3 VRATE is the water depth at the
pump junction, while for a Type 1 station it is the wvolume of water in the wet
well, Note also that only one conduit may be connected to a Type 1 pump sta-
tion junction.

A type 3 pump station in EXTRAN uses a storage junction upstream for a
wet well. (Multiple pumps with different characteristics may be connected to
the same storage junction to simulate more than one pump in a pumping sta-
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tion.) The dynamic head difference between the upstream and downstream nodes
determines the pumping rate according to a three-point head-discharge rela-
tionship for the pump. The operating condition (i.e., on/off) for the pump is
determined from the wet well elevation from the previous half-step computa-
tion, as shown in Figure 2-9. If the model detects that a pump is on (wet
well elevation above PON -- data group Hl), then its flow is computed from the
dynamic head difference based on a linearized pump operating curve shown in
Figure 2-10. The pump's operating range is limited to the range between
PRATE(1) and PRATE(3) regardless of the detected dynamic head. Pump rates
will remain fixed at either PRATE(l) or PRATE(3) until the system returns to
the normal operating range of the pump.

Data Group I1: Free Outfall (No Flap Gate) Pipes

Three types of outfalls can be simulated in EXTRAN:

1. A weir outfall with or without a flap (tide) gate (data group Gl),
2. A conduit outfall without a flap (tide) gate (data group Il), or
3. A conduit outfall with a flap (tide) gate (data group 12).

Note that outflows through any outfall junction can be saved on an inter-
face file if JOUT # O in Executive Block data group SW. These flows can then
be graphed (using the Graph Block) or input to a subsequent block. For exam-
ple, flows may be inmput to a subsequent Extran run in the event of disaggrega-
tion of a large drainage system. (The graphing option is an alternative to
that provided within Extran itself using data group B7.) An interface file
may be converted to an ASCII/text file using the Combine Block of SWMM. Such
a file can easily be read by other programs.

Under data group Il, enter the outfall junction number (JFREE) for out-
fall conduits or outfall weirs without flap gates and the boundary condition
number (NBCF) to which it applies. The boundary condition is indicated by the
sequence of J-group lines entered below. E.g., if NBCF = 3, junction JFREE is
governed by the third group of J1-J4 lines entered.

Data Group I12: Outfall Pipes With Flap Gates

Enter the outfall junction number (JGATE) and boundary condition number
(NBCG) for outfall conduits or outfall weirs with flap gates.

BOUNDARY CONDITIONS AND HYDROGRAPH INPUTS

Data Groups J1-J4: Boundary Condition Data

Up to five sets of data groups J1 - J4 are used to describe the boundary
conditions which may be applied to any outfall (identified in data groups Il
and I2) in the drainage system. The sequence of the J-data groups determines
the value of NBCF or NBCG on data groups Il and I2. Parameter NTIDE specifies
the type of boundary condition: 1) no water surface at the outfall (pipe or
weir discharges above any tail water); 2) a water surface at constant eleva-
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tion Al (data group J2); 3) a tide whose period and amplitude are described by
user-supplied tide coefficients (equation 2-14): 4) a tide for which coef-
ficients for equation 2-14 will be computed by EXTRAN based on a specified
number of stage-time points describing a single tidal cycle, or 5) a user-
input time series of tail water elevations with linear interpolation between
values. The functional form used for the tide in EXTRAN is

HTIDE = Al + AZ sin wt + A3 s=in 2wt + A4 sin 3wt
+ A5 cos wt + A6 cos 2wt + A7 cos 3wt (2-14)

where HTIDE = elevation of outfall water surface, ft [m],
t = current time, hrs,
w = angular frequency 2 pi/W, radians/hr,
W = tidal period, hrs, and
Al - A7 = coefficients, ft [m].

Typical tidal periods are 12.5 and 25 hours, although any value may be used.
A convergence value, DELTA, is used during the iterative fit of the function
of equation 2-14 to the data.

Data Groups K1-K3: Hydrograph Input Data

EXTRAN provides for input of up to 65 inflow hydrographs as input data
lines in cases where it is desirable to run EXTRAN alone without prior use of
an upstream (e.g., Runoff) block or to add additional input hydrographs,
either at the same or different nodes, to those computed by an upstream block.
The specification of individual junctions receiving hydrograph input by data
lines is given in data group K2. Multiple hydrographs coming into a given
junction can be indicated by repeating the junction number in group K2 for
each inflow hydrograph. The order of hydrograph time-discharge points in data
group K3 must correspond exactly with the order specified by data group K2.
The time of day, TEQ, of each discharge value is given in decimal clock hours:
e.g., 10:45 a.m. is entered as 10.75. Should the simulation extend beyond
midnight, times should continue beyond 24 (e.g., 1:30 a.m. would be 25.5 if
the simulation began the previous day). The first value of TEO should be >
TZERO (data group Bl).

Hydrograph time input points can be specified at any convenient time (not
necessarily evenly spaced) as long as a value is included for each junction
specified in data group K2 and parameter NJSW on data group B3. The number of
input times per line is defined by parameter NINC on data group Kl. The hy-
drographs at each time step are then formed by linear interpolation between
consecutive input values of the time series.
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Table 2-1. Extran Block Input Data
EXTRAN INPUT GUIDELINES

There have been many changes made to the input format of EXTRAN. Follow-
ing is a short list of the major changes along with explanations and guide-
lines.

1. Free format input. Input is no longer restricted to fixed columns. Free
format has the requirement, however, that at least one space separate each
data field. Free format input also has the following strictures on real,
integer, and character data.

a. No decimal points are allowed in integer fields. A variable is inte-
ger if it has a 0 in the default column. A variable is real if it has a
0.0 in the default column.

b. Character data must be enclosed by single quotation marks, including
both of the two title lines. Use a double single-quote (’') to represent
an apostrophe within a character field, e.g., USER’’S MANUAL.

2. Data group identifiers are a requirement and must be entered in columns 1
and 2. The program uses these for line and input error identification, and
they are an aid to the EXTRAN user. 99999 lines no longer are required to
signal the end of sets of data group lines; the data group identifiers are
used to distinguish one data group from another.

3. The data lines may be up to 230 columns long.

4. 1Input lines can wrap around. For example, a line that requires 10 numbers
may have 6 on the first linme and 4 on the second line. The FORTRAN READ
statement will continue reading until it finds 10 numbers, e.g.,

Z1 1 2 3 4 5 6
7 8 9 10

Notice that the line identifier is not used on the second line,

5. In most cases an entry must be made for every parameter in a data group,
even if it is not used or zero and even if it is the last required field on a
line. Trailing blanks are not assumed to be zero. Rather, the program will
continue to search on subsequent lines for the "last" required parameter.
Zeros can be used to enter and "mark" unused parameters on a line. This re-
quirement also applies to character data. A set of quotes must be found for
each character entry field. E.g., if the two run title lines (data group Al)
are to consist of one line followed by a blank line, the entry would be:

Al *'This is line 1.’
Al '’

6. See Section 2 of the SWMM User's Manual for use of comment lines (indi-
cated by an asterisk in column 1) and additional information.
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Table 2-1 (continued). Extran Block Input Data

Since EXTRAN is often run by itself as a "stand alone" model, necessary input
to the SWMM Executive Block is repeated here from the main SWMM User’'s Manual.

Executive Block Imput Data

1/0 File Assigmments (Unit Numbers)

sW Group identifier None
NBLOCK Number of blocks to be run (max of 25). 1
JIN(1) Input file (logical unit number) for the first block. 0
JOUT(1) Output file for the first block. 0
JIN&NBLOCK) Input file for thé last block. 0
JOUT(NBLOCK) Output file for the last block. 0

Seratch File Assignments (Unit Numbers)

MM Group identifier None
NITCH Number of scratch files to be opened (max of 6). 0
EXTRAN requires at least one scratch file.

NSCRAT(1) First scratch file assignment. 0
NSCRAT(NITCH) Last scratch file assignment. 0

Control Data Indicating Files To Be Permanently Saved (Optional)
REPEAT THE @ LINE FOR EACH FILE TO BE SAVED.
@ Group identifier None

FILENUM Unit number of the JIN, JOUT, or NSCRAT file to None
be permanently saved (or used) by the SWMM program.

FILENAM Name for permanently saved file. Enclose None
in single quotes, e.g. "SAVE.OUT'.

Enter $ANUM in columns 1-5 in order to use alphanumeric conduit/junction names

in this (and all fellowing) block(s).
Enter SEXTRAN in columns 1-7 to call the EXTRAN Block.




Table 2-1 (continued). Extran Block Input Data

VARIABLE DESCRIPTION DEFAULT
""""""""""""""""""" Run Title
Al Group identifier None
ALPHA Description of computer run (2 lines, maximum of Blank

80 columns per line). Both lines must be enclosed
in quotes. Will be printed on output (2 lines).

Optional Routing Solution Control Parameters
This data group is not a requirement and may be omitted.

BO Group identifier None

IS0L Selution technique parameter (see Appendix C). 0
= 0, Explicit solution of Section 5 (default),
= 1, Enhanced explicit solution,
= 2, Iterative explicit solution using variable
time-steps < DELT (group Bl). Iteration
limit is ITMAX and convergence criterion is
SURTOL (group B2).

KSUPER = 0, Use minimum of normal flow and dynamic flow 0
when water surface slope < conduit slope (default),
= 1, Normal flow always used when flow is supercritical,

First Group of Run Control Parameters

Bl Group identifier None
NTCYC Number of time-steps desired. 1
DELT Length of time-step, seconds. 1.0
TZERO Start time of simulation, decimal hours. Time zero 0.00

is midnight (beginning) of first simulation day.
NSTART First time-step to begin print cycle. 1
INTER Interval between intermediate print cycles during 1
simulation. Number of cycles printed is
{NTCYC - NSTART)/INTER,
JNTER Interval between time-history summary print 1
cycles at end of simulation. Number of cycles

printed is NTCYC/JNTER.
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Table 2-1 (continued). Extran Block Input Data

REDO Hot-start file manipulation parameter. 0
= 0, No hot-start file is created or used,
= 1, Read NSCRAT(2) for initial flows, heads,
areas, and velocities,
, Create a new hot-start file on NSCRAT(2),
, Create a new hot-start file but use the old
file as the initial conditions. The old file
is subsequently erased and a new file created.

=2
- 3

Second Group of Run Control Parameters
B2 Group identifier None

METRIC U.S. customary or metric units for input/output. 0
- 0, U.8. customary units,
= 1, Metric units.

NEQUAL Modify short pipe lengths using an equivalent pipe 0
to ease time step limitations (see equation 2-3).
= 0, Do not modify,
= 1, Modify short pipe lengths.

AMEN Default surface area for all manholes ft2 [mZ]. 12.566
Used for surcharge calculations in Extran,
Manhole default diameter is 4 ft (1.22 m).

ITMAX Maximum number of iterations to be used in None
surcharge and iterative calculations (30 recommended).

SURTOL Fraction of average flow in surcharged areas None
to be used as convergence criterion for surcharge

iterations (0.05 recommended). Also, convergence
criterion during flow iterations, ISOL = 2 (Appen. C).

Third Group of Run Control Parameters
B3 Group identifier None

NHPRT Number of junctions for detailed printing 0
of head output (30 nodes max.).

NQPRT Number of conduits for detailed printing 0
of discharge output (30 conduits max.).

NPLT Number of junction heads to be plotted (30 max.). 0
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Table 2-1 (continued). Extran Block Input Data

VARIABLE DESCRIPTION DEFAULT
LPLT Number of conduits for flows to be plotted (30 max.). 0
NJSW Number of input junctions (data group K2), if 0

user input hydrographs are used (65 max.).

Note: For groups B4 - B8, enter each name in single quotes
if alphanumeric option is being used.

Printed Heads

Enter 10 junction numbers per line. Data group B4 is
required only if NHPRT > 0 on data group B3.

B4 Group identifier None
JPRT(1) First junction number/name for detailed printing. 0
JPRT(2) Second junction number/name, etc., up to number of 0

nodes defined by NHPRT.

Printed Flows

Enter 10 conduit numbers per line. Data group BS5 is
required only if NQPRT > 0 on data group B3.

B5 Group identifier None
CPRT(1) First conduit number/name for detailed printing. 0
CPRT(2) Second conduit number/name, etc., up to number of 0

nodes defined by NQPRT.

Plotted Heads

Enter 10 junction numbers per line. Data group Bé is
required only if NPLT > 0 on data group B3.

B6 Group identifier None
JPLT(1) First junction number/name for plotting. 0
JPLT(2) Second junction number/name, etc., up to number of 0

nodes defined by NPLT.
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Table 2-1 (continued). Extran Block Input Data

Plotted Flows

Enter 10 conduit numbers per line. Data group B7 is
required only if LPLT > 0 on data group B3.

B7 Group identifier None
KFLT(1) First conduit number/name for plotting. 0
KPLT(2) Second conduit number/name for plotting, etc., up to 0

the number of nodes defined by LPLT. This
option is for the conduit flow rate.

Upstream/Downstream Heads Plotted on Same Graph for Conduits

Enter 30 conduit numbers per line. Data group B8 is
optional and may be omitted,

B8 Group identifier None
NSURF Number of conduit upstream/downstream plots. 1
JSURF(1) First conduit number/name for plotting. 0
JSURF(2) Second conduit number/name for plotting, ete., up to 0

the number of conduits defined by NSURF.

Conduit Data (1 line/conduit, 175 Max.)

Ccl Group identifier None
NCOND () Conduit number (any valid integer), or 1

conduit name (enclose in single quotes). ‘Name '
NJUNC(N,1) Junction number at upstream end of conduit, or 0

junction name (enclose in single quotes).

NJUNC(N, 2) Junction number at downstream end of conduit, or 0
Junction name (enclose in single quotes).

QO(N) Initial flow, ft /s [m/s]. 0.0
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Table 2-1 (continued). Extran Block Input Data

NKLASS (N) Type of conduit shape. 1
1 = circular

= rectangular

= horseshoe

= egg

baskethandle

= trapezoidal channel

= parabolic/power function channel

= irregular (natural) channel

NI VR R X
[}

(Types 9 and 10 are used internally for orifice and weir connections.)

Note: A negative NKLASS(N) creates a flap gate that will only let water
move from the downstream (lower elevation) node to the upstream node.

AFULL(N) Cross sectional area of conduit, ft2 [m2} 0.0
enter only for types 3, 4, and 5. (Geometric
properties for types 3-5 may be found in Section
6 of the main SWMM User’s Manual.)

DEEP(N) Vertical depth (diameter for type 1) 0.0
- of conduit, ft [m]. Not required for type 8.

WIDE(N) Maximum width of conduit, ft [m]. 0.0
Bottom width for trapezoid, ft [m].
Top width for parabolic, ft [m].
Not required (N.R.) for types 1 and 8.

Note, bold face text below describes differences for type 8 channels.

LEN(N) Length of conduit, ft [m]. 0.0
N.R. for type 8. Enter in data group G3.

Note: A negative LEN(N) creates a flap gate that will only let water move
from the upstream (higher elevation) node to the downstream node.

ZP{N,1) Distance of conduit invert above Junction invert 0.0
at NJUNC(N,1), ft [m].

ZP(N,2) Distance of conduit invert above Jjunction invert 0.0
at NJUNC(N,2), ft [m].

ROUGH(N) Manning coefficient (includes entrance, exit, 0.014

expansion, and contraction losses). N.R. for
type 8. Uses XNCH in data group C2.
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Table 2-1 (continued). Extran Block Input Data

STHETA(N) Slope of one side of trapezoid. Required only for 0.0
type = 6, (horizontal/vertical; 0 = vertical walls).
For type 7, the channel exponent( 2.0, 3.0, etec.).

For type 8, the cross-section identification number
(SECNO, group C3) of the cross section used for

this EXTRAN channel. Unlike HEC-2, EXTRAN uses only

a single cross section to represent a natural

channel reach for type 8 channels. A negative
STHETA(N) will eliminate the printing of the dimension-
less curves associated with each natural channel or
power-function channel.

SPHI(N) Slope of other side of trapezoid. Required only for 0.0
type = 6, (horizontal/vertical; 0 = vertical walls).
The average channel slope for type 8. This slope
is used only for developing a rating curve for
the channel. Routing calculations use invert
elevation differences divided by length,

The C2 (NC), C3 (X1), and C4 (GR) data lines for any type 8 conduits follow as
a group after all Cl lines have been entered. The sequence for channels must
be in the same order as the earlier sequence of type-8 Cl-lines.

Data groups C2, C3 and C4 correspond to HEC-2 lines NC, X1 and GR. HEC-2
input may be used directly if desired. Lines may be identified either by
EXTRAN identifiers (G2, C3, C4) or HEC-2 identifiers (NC, X1, GR).

Channel Roughness

This is an optional data line that permanently modifies the Manning’s rough-
ness coefficients (n) for the remaining natural channels. This data group may
repeated for later channels., It must be included for the first natural
channel modeled.

C2 or NC Group identifier None

XNL n for the left overbank. 0.0
= 0.0, No change,
> 0.0, New Manning’s n.

XNR n for the right overbank. 0.0
0.0, No change,
> 0.0, New Manning’s n.
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Table 2-1 (continued). Extran Block Input Data

XNCH n for the channel. 0.0
= 0.0, No change,
> 0.0, New Manning's n.

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

Cross Section Data
Required for each type 8 conduit in earlier Cl data lines.

Enter pairs of C3 and €4 lines in same sequence as appearance
of corresponding type 8 conduit in earlier Cl lines.

€3 or X1 Group identifier None
SECNO Cross section identification number. 1
NUMST Total number of stations on the following 0

C4 (GR) data group lines. NUMST must be < 99.

STCHL The station of the left bank of the channel, 0.0
ft [m]. Must be equal to one of the STA(N)
on the C4 (GR) data lines.

STCHR The station of the right bank of the channel, 0.0
ft [m]. Must be equal to one of the STA(N)
on the C4 (GR) data lines.

XLOBL Not required for EXTRAN (enter 0.0). 0.0
XLOBR Not required for EXTRAN (enter 0.0). 0.0
LEN(N) Length of channel reach represented 0.0

by this cross section, ft [m].

PXSECR Factor to modify the horizontal dimensions 0.0
for a cross section. The distances between
adjacent C4 (GR) stations (STA) are multiplied by
this factor to expand or narrow a cross section.
The STA of the first C4 (GR) point remains the same.
The factor can apply to a repeated cross section
or a current one. A factor of 1.1 will increase
the horizontal distance between the C4 (GR) stations
by 10 percent. Enter 0.0 for no modification,
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Table 2-1 (continued). Extran Block Input Data

VARIAERLE DESCRIPTION DEFAULT
PSXECE Constant to be added (+ or -) to C4 (GR) 0.0
elevation data on next C4 (GR) line. Enter

0.0 to use C4 (GR) wvalues as entered.
Cross-Section Profile
Required for type 8 conduits in data group Cl.
Enter C3 and C4 lines in pairs.
C4 or GR Group identifier None
EL{1) Elevation of cross section at STA(l). May be 0.0
positive or negative, ft [m].
STA(L) Station of cross section 1, ft [m]. 0.0
EL(2) Elevation of cross section at STA(2), ft [m]. 0.0
STA(2) Station of cross section 2, ft [m]. c.0

Enter NUMST elevations and stations to describe the cross section. Enter 5
pairs of elevations and stations per data line. (Include group identifier, C4
or GR, on each line.) Stations should be in increasing order progressing from

left to right across the sectionm,

oriented locking downstream (HEC, 1982).

D1

JUN(J)

GRELEV(J)
Z(J)

QINST(J)

Junction Data (1 line/junction, 175 Max.)
Group identifier

Junction number (any valid integer), or
junction name (enclose in single quotes),

Ground elevation, ft [m].

Invert elevation, £t [m].

Net constant flow into junction, cfs [m3/s].
Positive indicates inflow.

Negative indicates withdrawl or loss,

Initial depth above junction invert elevation,
ft [m].

41

Cross section data are traditionally

0.0

0.0

0.0




Table 2-1 (continued). Extran Block Input Data

Storage Junctions (20 Max.)

Note: Each storage junction must also have been
entered in the junction data (Group D1).

El Group identifier None

JSTORE(I) Junction number containing storage facility, or 0
junction name (enter in single quotes).

ZTOP(1) Junction crown elevation (must be higher than 0.0
crown of highest pipe comnected to the
storage junction), ft [m].

ASTORE(J) Storage volume per foot (or meteg) of dgpth 0.0
(i.e., constant surface area) ft”/ft [m”/m].
Set ASTORE(J) < 0 to indicate a variable-
area storage junction,

NUMST required only if ASTORE < 0.

NUMST Total number of stage/storage area points 0
on following E2 data lines. NUMST < 99,
Enter a value of -2 for NUMST to generate are
vs. stage using a power function, A = a depth”.

Fellow E1 line with E2 line(s) only if ASTORE < O,
or NUMST equals -2 on line El,

Variable-Area Storage Junction, Stage vs. Surface Area Points
E2 Group identifier None
QCURVE(N,1,1) Surface area of storage junction at depth point 0.0
1, acres [hectares]. If NUMST equals -2 this is
the coefficient of the power functiomn.
QCURVE(N,2,1) Depth above junction invert at point 1, ft [m]. 0.0
If NUMST equals -2 this is the exponent of the
power function., This is the last value entered

if NUMST equals -2.

QCURVE(N,1,2) Surface area of storage junction at depth point 0.0
2, acres [hectares].
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Table 2-1 (continued). Extran Block Input Data

QCURVE(N,2,2) Depth above junction invert at point 2, ft [m]. 0.0

Continue entering total of NUMST (data group El) area-stage points.
Use only one E2 group identifier for the E2 data group. If more
than one line is required leave the first two columns blank.

Orifice Data (60 Max.)
F1 Group identifier None

NJUNC(N, 1) Junction number containing orifice, or Nomne
junction name (enter in single gquotes),

NJUNC(N,2) Junction number to which orifice discharges, or None
junction name (enter in single quotes),

NKLASS (N) Type of orifice. 1
1 = side outlet,
2 = bottom outlet,
-1 = time-history side outlet orifice,
with data entered on data group F2.
-2 = time-history bottom outlet orifice,
with data entered on data group F2.

AORIF(I) Orifice area, ft [m?]. 0.0
CORIF(I) Orifice discharge coefficient. 1.0
ZP(I) Distance of orifice invert above junction 0.0

floor (define only for side outlet
orifices), ft [m].

Time-History Orifice Data
Each F2 line follows the appropriate Fl1 line.
F2 Group identifier None

NTIME Number of data points to describe the time 1
history of the orifice (50 max.).
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Table 2-1 (continued). Extran Block Input Data

VORIF(I,1,1) First time, hours, that the orifice discharge 0.0
coefficient and area change values from intial
settings of group Fl above. Time zero refers to
beginning (midnight) of beginning day of simulation.
E.g., VORIF(I,1,1) = 22.0 means first change in
orifice setting occurs at 10:00 p.m. on first day of
simulation. Increase hours past 24 (e.g., 25, 26)
for multi-day simulations.

VORIF(I,I,Z) First new value of orifice discharge coefficient. 0.0

VORIF(I,1,3) First new value of orifice area. 0.0

Enter NTIME values of time/coefficient/area. Only one F2 group
identifier is required, on the first data line. Subsequent
lines (if required) should not include F2 identifier,

Weir Data (1 line/weir, 60 Max.)
Gl Group identifier None

RJUNC(N, 1) Junction number at which weir is located, or 0
junction name (enter in single quotes).

RNJUNC(N, 2) Junction number to which weir discharges, or 0
junction name (enter in single quotes).
Note: To designate outfall weir, set NJUNC(N,2)
equal to zero or ' * (one space between quotes),

KWEIR(I) Type of weir. 1
1 = transverse,
2 = transverse with tide gate,
3 = side flow,
4 = side flow with tide gate.

YCREST(I) Height of weir crest above invert, ft [m]. 0.0

YTOP(I) Height to top of weir opening above invert 0.0
(surcharge level) ft [m].

WLEN(I) Weir length, ft [m]. 0.0

COEF(I) Coefficient of discharge for weir. 1.0




Table 2-1 (continued). Extran Block Input Data

Pump Data (1 line/pump, 20 Max.)
Note: ONLY ONE PIPE CAN BE CONNECTED TO A TYPE 1 PUMP NODE.
H1 Group identifier None

IPTYP(I) Type of pump. 1
1 = off-line pump with wet well (program will
set pump junction invert to -100),
2 = in-line 1lift pump,
3 = three-point head-discharge pump curve.

NJUNC(N, 1) Junction number being pumped, or 0
junction name (enter in single quotes).

NJUNC(N, 2) Pump discharge goes to this junction number, or 0
junction name (enter in single quotes).

PRATE(I,1) Lower pumping rate, ft>/s [m>/s]. 0.0

PRATE(I,2) Mid-pumping rate, ft3/5 [m3/s]. 0.0

PRATE(I, 3) High pumping rate, ft3/s [md/s]. 0.0

VRATE(I,1) If IPTYP = 1 enter the wet_wel]l volume for 0.0

mid-rate pumps to start, ft” [m”}. If IPTYP = 2
enter the junction depth for mid-rate pumps to
start, ft [m]. If IPTYP = 3 enter the head
difference (head at junction downstream of pump
minus head at junction upstream of pump)
associated with the lowest pumping rate, ft [m].
(This will be the highest head difference.)

VRATE(I, 2) If IPTYP = 1 enter the wet wgll golume for 0.0
high-rate pumps to start, ft~° [m”]. If IPTYP = 2
enter the junction depth for high-rate pumps to
start, ft [m]. If IPTYP = 3 enter the head
difference associated with the mid-pumping rate,
ft [m].

Non-zerc VRATE(I,3) and VWELL(I) required only if
IPTYP = 1 or 3.
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Table 2-1 (continued). Extran Block Input Data

VRATE(I,3) If_IP = 1 enter total wet well capacity, 0.0
ft3 [(m®]. 1If IPTYP = 3 then enter the head
difference associated with highest pumping rate,
ft [m]. (This will be the lowest head difference.)

VWELL(I) IfBIP = 1 then enter initial wet well volume, 0.0
ft” [m”]. If IPTYP = 3 then enter the initial
depth in pump inflow junction, ft [m}.

Enter PON(I) and POFF(I) if IPTYP = 2 or 3.

PON(I) Depth in pump inflow junction to turn pump on, 0.0
ft [m].

POFF(I) Depth in pump inflow junction to turn pump 6.0
off, ft [m].

Note: for groups Il and I2, enter junction name in single quotes if
alphanumeric option is being used.

Outfalls Without Tide Gates (1 line/outfall, 25 Max.)

Note: ONLY ONE CONNECTING CONDUIT IS PERMITTED
TO AN OUTFALL NODE.

Il Group identifier None

JFREE(I) Number/name of outfall junction without tide gate 0
(no back-flow restriction).

NBCF(I) Type of boundary condition, from sequence of 1
data group J1 - J4,

Outfalls with Tide Gates (1 line/outfall, 25 max.)

Note: ONLY ONE CONNECTING CONDUIT IS PERMITTED
TO AN OUTFALL NODE.

12 Group identifier None

JGATE(I) Number/name of outfall junction with tide gate 0
(back-flow not allowed).

NBCG(I) Type of boundary condition, from sequence of 1
data groups J1 - J4.




Table 2-1 (continued). Extran Block Input Data

Boundary Condition Information

Note: Repeat sequence of data groups J1-J4 for up to 20 different boundary
conditions. Appearance in sequence (e.g., first, second,.. fifth...)
determines value for NBCF and NBCG in data groups Il and I2.

J1 Group identifier None

NTIDE(I) Boundary condition index. : 1
1 = No water surface at outfalls (elevated discharge),
2 = Controlling water surface at outfall
at constant elevation Al (group J2), ft [m],

Types 3, 4 and possibly 5 are used for tidal variations at outfall.

3 = Tide coefficients (group J2) provided by user,

4 = Program will compute tide coefficients,

5 = Stage-history of water surface elevations input
by user., Program uses linear interpolation
between data points.

Stage and/or Tidal Coefficients

Note: NOT REQUIRED (OMIT) IF NTIDE(I) = 1 OR 5 ON DATA GROUP J1.

J2 Group identifier Nomne
Al(TI) First tide coefficient, ft [m]. 0.0
wW(I) Tidal period, hours. 0.0

Required only if NTIDE(I) = 3 or 4.
Note: NEXT SIX FIELDS NOT REQUIRED UNLESS NTIDE(I) = 3

See equation 2-14 for definition of coefficients.

A2(D) Second tide coefficient, ft [m]. 0.0
A3(I) Third tide coefficient, ft [m]. ¢.0
AL(D) Fourth tide coefficient, ft [m],. 0.0
AS5(I) Fifth tide coefficient, ft [m]. 0.0
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Table 2-1 (continued). Extran Block Input Data

VARIABLE DESCRIPTION DEFAULT
AB(I) Sixth tide coefficient, ft [m]. 0.0
A7(I) Seventh tide coefficient, ft [m]. 0.0

Tidal/Stage Information

REQUIRED ONLY IF NTIDE = 4 OR 5

J3 Group identifier None
KO Type of tidal input.
= 0, Input is in the form of a time series 0

of NI tidal heights. This parameter is not
used if NTIDE equals 5.

= 1, Input is in the form of the high and low
water values found in the tide tables, (HHW,
LIW, LHW, and HLW). NI must be 4.

NI Number of information peints. 4

NCHTID Tide information print control. 1
= 0, Do not print information,
= 1, Print information on tide coefficients
or stage history.

DELTA Convergence criterion for fitting of tidal 0.005
function, ft [m]. Not required for NTIDE = 5.

Time and stage information
REQUIRED IF NTIDE = 4 OR 5

J4 Group identifier None

TT(1l) Time of day, first information point, hours. 0.0
(Increase hours past 24 if necessary.)

YY (1) Tide/stage at time above, ft [m]. 0.0
TT(2) Time of day, second information points, hours, 0.0
YY(2) Tide/stage, at time above, up to number 0.0

of points as defined by NI, ft [m].

Note: Enter 5 pairs of time and stage information per data line.
(Repeat group identifier on each line.)




Table 2-1 (continued). Extran Bloeck Input Data

User Input Hydrographs

IF NJSW = O (GROUP B3), SKIP DATA GROUPS K1, K2 AND K3

Kl Group identifier None
NINC Number of input nodes and flows per line 1
in group K3.

Hydrograph Nodes
K2 Group identifier None

JSW(1) First input node number for line hydrograph, or 0
node name (enter in single quotes).

JSW(2) Second input node number for line hydrograph, or 0
node name (enter in single quotes).

Enter NINC nodes per line until NJSW nodes are entered,
(Repeat group identifier on each line.)

User Input Hydrographs

K3 Group identifier None

TEO Time of day, decimal hours. 0.0

QCARD(1,1) Flgw ratg for first input node, JSW(1), 0.0
ft°/s [m”/s].

QCARD(2,1) Flgw ratg for second input node, JSW(2), 0.0
ft?/s [m'/s].

Enter TEO plus NINC flows per line until NJSW flows are entered. Enter
TEO only on first of multiple ("wrapped around") lines and do not include
group identifier K3 on lines that are "wrapped around.™ Repeat the sequence
for each TEQ time. Times do not have to be evenly spaced; linear interpola-
tion is used to interpolate between entries. The last K3 line will signal the
end of the user hydrograph input. The last TEO value should be > length of
simulation. Increase TEOQ past 24 for multi-day simulations.




END OF EXTRAN DATA INPUT
Control now returns to the Executive Block of SWMM.

If no more SWMM blocks are to be called, end input with $ENDPROGRAM
in columns 1-11.
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SECTION 3

EXAMPLE PROBLEMS

INTRODUCTION

Ten test runs of EXTRAN are described in this report. (Additional exam-
pPles are included on the program distribution disks.) 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 in-
cluded as an example of typical output and an aid in interpreting EXTRAN re-
sults. (Complete sets of input and output files are included in the distribu-
tion disks for EXTRAN.) Output values for these examples differ slightly from
SWMM Version 3 EXTRAN output (Roesner et al., 1981) due to slight changes in
coefficients affecting upstream junctions during surcharging (see Section 5).

EXAMPLE 1: BASIC PIPE SYSTEM

Figure 3-1 shows a typical system of conduits and channels conveying
stormwater flow. 1In this system, which is used in all the first seven example
problems below, conduits are designated with four-digit numbers while junc-
tions have been given five-digit numbers. There are three inflow hydrographs,
which are input in data group K3, and one free outfall. Table 3-1 is the
input data set for Example 1.

The complete output for Example 1 is found in Table 3-2. The first sec-
tion is an echo of the input data and a listing of conduits created internally
by EXTRAN to represent outfalls and diversions 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 junc-
tion in surcharge is indicated by printing an asterisk beside its depth. An
asterisk beside a conduit flow indicates that the flow is set at the normal
flow value for the conduit. The intermediate printout ends with the printing
of a continuity balance of the water passing through the system during the
simulation. Printed cutflows 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 3-2 shows the system simulated in Example 2, which is the basic
pipe system with a tide gate at the outfall and constant receiving water depth
of 94.4 feet. Two changes to the input data set, shown in Table 3-3, are
required for this situation. These, shown in Table 3-3, are:

1., placing the outfall junction number (10208) in data group Il, and
2. changing NTIDE in data group Jl to 2 and inputting Al = 94 4,

The summary statistics for this run are in Table 3-4.
EXAMPLE 3: SUMP ORIFICE DIVERSION

Example 3 uses a 2-foot diameter sump orifice to divert flow to junction
15009 in order to relieve the flooding upstream of junction 82309. A free
outfall is also used in this example. Table 3-5 indicates that the sump ori-
fice is inserted simply by changing data group D1 as shown. A summary of the
results from this example is found in Table 3-6.

EXAMPLE 4: WEIR DIVERSION

A welr can also be used as a diversion structure to relieve the flooding
upstream of junction 82309, as shown in Figure 3-4. Data group Gl has been
revised as shown in Table 3-7 in order to inmput the specifications for this
weir. Summary results are shown in Table 3-8.

EXAMPLE 5: STORAGE FACILITY WITH SIDE QUTLET ORIFICE

Inclusion of a storage facility requires several changes to the basic
pipe system. Figure 3-5 shows that a new junction, 82308, has been inserted
to receive the outflow from the orifice in the storage facility. Table 3-9
shows that this requires a new junction in data group D1, 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 3-1 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. Data group El is revised to show the size of the storage
facility, and data group Fl1 is changed to show the specifications of the 2-
foot diameter orifice. Table 3-10 gives the results of this example.

EXAMPLE 6: OFF-LINE PUMP STATION

Inclusion of an off-line pump station requires the addition of a junction
to represent the wet-well and a conduit to divert the flow to it, as Figure 3-
6 demonstrates. Examination of data groups Cl and D1 in Table 3-11 shows the
specifications for conduit 8061 and junction 82310. However, the length and
Manning‘s n of conduit 8061 shown here have been altered for stability pur-
poses to those of a pipe equivalent to the actual 8061, the real dimension of
which is 20 feet long with an n of .015. Section 2 gives the details of the
equivalent pipe transformation. Also, data group Hl now includes a line giv-
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ing the pump specifications. Results from this example are found in Table 3-
12,

EXAMPLE 7: IN-LINE PUMP STATION

The pump in Example 6 can be moved to junction 82309 to simulate an in-
line pump station. Figure 3-7 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 3-13, is the pump data in group Hl. It 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 3-14.

EXAMPLE 8: DEMONSTRATION OF ALL CONDUIT TYPES

All eight conduit types are illustrated in Example 8, the schematic of
which is shown in Figure 3-8. Two natural channels are placed at the down-
stream end of the system to represent a "natural" receiving stream.

In order to produce an initial flow of 20 e¢fs in the natural channels,
the "hot start” mechanism is used. A first run is made with the only inflow
being a constant flow of 20 cfs to junction 3008l (input data are shown in
Table 3-15). At the end of the 1-hr simulation, the flow is approximately 20
cfs in channels 10081 and 10082 (Table 3-16). A possibly unexpected result of
the initialization run is that water flows upstream into channel 10006 since
its downstream invert elevation is the same as chamnnel 10081. The flow in
channel 10006 tends to "surge" in positive and negative directions while fill-
ing.

Input data for the main simulation are shown in Table 3-17, and partial
output is shown in Table 3-18. This run uses the previously generated file
(EX8.HOT) to initialize heads, areas, flows and velocities. The natural chan-
nels produce additional output describing their geometric and hydraulic pro-
perties.

EXAMPLE 9: VARIABLE STORAGE ARFA WITH METRIC EXTRAN

This example illustrates variable storage areas and metric conduit and
junction values. A side outlet orifice connects variable storage junction
3001 and junction 3002 (see Figure 3-9). This problem was solved in Bedient
and Huber (1988, p. 378) and the maximum depth in junction 3001 should be
about 6.95 meters at 4 hours and the peak orifice flow should be 0.42 m’/sec
at 4 hours. The input data for this simulation are shown in Table 3-19 and a
partial output listing is presented in Table 3-20.

EXAMPLE 10: THREE-POINT PUMP CURVE STATION

This example illustrates the third type of pump station in EXTRAN. Five
pumps are used to pump water 50 feet up a hill from an upstream storage junc-
tion to a downstream storage junction (see Figure 3-10). Each pump has a
different operating curve. The input data for this simulation are shown in
Table 3-21 and a partial output listing is presented in Table 3-22,
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Table 3-1. Input Data for Example 1.

sS4 1 ¢ 0
MH 3 16 11 12
$ELTRAN

Al TEATRAN USER’S MANUAL EXAMPLE 1°
41 7 BASIC FIPE SYSTEM FROM FIGURE 3-1°
¥ NTCYC DELT TZIERD NETART INTER INTER REDQ

Bl 1440 20,0 0.6 43 43 45 ¥
| METRIC NEGUAL AKEN ITMAX SURTOL

B2 G ¢ 0.0 36 06,085

% NHFRT N@PRT NPLT LPLY NJBW

“HB3 & & & & 3

¥ FRINT HEADS

B4 80608 15009 16109 13009 BZ3IGY BGAGE
¥ PRINT FLOKS

ET 1030 1630 1600 14602 1570 8130

t PLOT HEADS

Bé  BOAOB 16009 16109 15008 B2309 BOAOH
b1 PLOT FLOWS

E7 1030 1430 14600 1602 1574 BI3O

% CONDUIT DATA

Cl  8¢40 80408 80608 0.0 1 0.0 4.0 ¢,0 1800, 0.0 0.0 0.0613 0.0

C1 B0&D BOADE B23I09 0.0 § ¢.0 4.0 0.0 2073, 0.0 2.2 0,013 ¢.0

Ci{ B10G S1009 81309 0,0 1 0.0 4.5 0.0 5100, 0.0 0.0 0,013 0.0

C1 8170 B1309 15009 0.0 t 4.0 4,5 0.0 3500. 0.0 0.0 0.015 0.0 0.
C1 1030 10309 10208 €,0 & 0.0 9.0 0.0 4504, 0.6 0.0 ¢.016 3.0 :
L1 15870 15009 16009 .0 I 6.0 5.5 4.0 30006, G.0 0.0 01534 0.0

Cl1 1600 14009 14109 0.0 1 0.0 4,0 0.0 3500, 0,0 0.¢ 0,013 0.0

Cl 1630 14009 10309 0.0 5 0,0 9.0 0.0 300, 0.0 0.0 0,013 3.0

C1 1407 82309 16109 0.0 1 0.0 5.0 0.0 3000, 0.0 ©,0 G034 0.0

1 JUNCTION DATA

Dt BO40B i36.0 1Z4.6 0.0 0.0
D! EUos0R  135.0 118,37 6.0 O.¢
D1 81909  137,¢ 128, 0,0 4,0
b1 g130% 130.0 117.3 0.0 ©.0
b1 B220% 150.9 §12,3 0.0 .0
b1 10208 10G.0 B89.9 0.0 G.0
D 13309 111.0 0.6 0.0
Bi 15009 125.0 111,95 €.0 4.0
b1 1600 120.0 102,.0 ¢.0 @90
b1 1616%  125.0 102.8 0.0 €.0
Iy 1o2ad 1

Ji ot

Ki 3

kK2 B2309 BO49E gioos

K3 o.¢ 0.0 6.0 0.0

K3 9.25 40¢.0 45.0 56,0

K3

Ll o b

_
-
L oo 0

o o

L0 40,0 45,0 30,0
K3 3.2% 0.9 0.0 ¢.C
K3 12,9 4.0 6.0 0.9
$ENDPROGRAM
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Table 3-. Output for Example 1.

D e T e e
s ERVIRONNENTAL PROTECTION AGENCY *

¥ STORM KATER WAWAGEMENT MODEL ¥
¥ VERSION 4.03 *

FHEEE R OO R O R R R X

DEVELOPED BY

SRR RO R SR R F R REH
* HETCALF & EOIY, INC.
¥ UNIVERSITY OF FLORIDA
¥ WATER RESDURCES ENGINEERS, INC.
¥

SEPTEMBER 1970
FHHHHHHHHHHHERHHHHHHHHHHEHEHEHEHHH

L I

UFDATED BY

SHHHEHHEHHHHHEHHHRH OO
¥ UNTYERSITY OF FLORIDA

¥ CANP DRESSER & NUKEE, INC.

¥

¥ KRGE 01 NGYENBER 1977
¥ NOVEWBER 198! JANGARY 1989
BRI

EHEEHHHEEEHRRREHH OO R RHHEHAE

¥ THIS IS A NEW RECEASE OF Skiw. IF MY #
¥ PROBLENS OCCUR IN RUNNING THIS MODEL ¥
¥ CONTACT MAYNE RUBER *
¥ URIVERSITY OF FLORIDA ¥
¥ PHONE 1-304-292-0846 ¥

B R R R

B
¥ THIS IS AX IMPLENENTATION OF EPA SKMK 4.03 ¥
¥ RATURE IS FULL OF INFINITE CAUSES WHICK  #
¥ HA/E NEVER OCCURED IN EXPERIENCE® da Vinci ¥
T HHEHHHEHHEF R

OO
¥ DISK OR TAPE ASSIGNNENTS BY BLOCK *
¥ JIN =) INPUT TO A BLECK o
¥ JOUT =) QUTPUT FRON A BLOCK '
R O R

BLocke 1 JIC L 0 Jorre 1 9
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FEHHH RO
¥ SCRATCH DISKS OR TAPES ¥

¥ THESE CAW BE USED BY ANY BLOCK *
Ll

KSCRAT(1} NCSRAT(2) HSCRAT(3} HSCRAT(4) NSCRAT(S) NSCRAT(S) NSCRAT(T)
1 1 12

FHHEHHEHEHHHHHHHEHHHHEHHEHHHEAHHROHHUHHERROHHH LR

¥ PARAMETER YALUES ON THE TAPES COMNON BLOCK ¥
R

NUMBER OF SUBCATCHMENTS IN THE RUNOFF BLOCK (WW).... 130
KU¥BER OF CHANKEL/PIPES IN THE RUNDFF BLOCK (WG).... 130
NUMBER OF ELEMENTS IN THE TRAMSPORT BLOCK (MET)..... [T%
NUNGER OF INPUT NYDROGRAPHS IN TRMNSPORT (WTH)...... &0
NUNBER OF ELENENTS IN THE EXTRAN BLOCK (NEE)........ IS
NUNBER OF GROUNDNATER SUBCATCHNENTS 18 RUNOFE (Wou}. 100
WUNBER OF INTERFACE LOCATIONS FOR ALL BLOCKS (RIE).. ITS
NUNBER OF PUNPS 1N EXTRAR (KEP)seessverivrersrareser
NUMBER OF ORIFICES IN EXTRMN (NEQ)s.sssssssasassaans
NUNBER OF TIDE GATES/FREE QUTFALLS IN EXTRAK (NT8)..
KUNBER OF EXTRAN WEIRS (WEW)sessasesescasnssisessass
HUNBER OF EXTRAK PRINTEUT LOCATIONS (KPD)...oeuevsas
NUWBER OF TIDE ELEMENTS IN EXTRAK (NTE).evsssevossas
KUNBER OF NATURAL CHANNELS (WKC).sivesvosonssrnanss
NUNBER OF STORMGE JUNCTIONS IN EXTRAR (NVSE).....ess
FUNBER OF DATA POINTS FUR VARIABLE STORAGE ELEMENTS
TN THE EXTRAN BLOCK (RVST)uesasscrasnsasaseansassens
NUWBER OF INPUT HYDROGRAPHS IN EXTRAN (NEW)iserossves

Sy IRz

L T T e T e T T B
¥ ENTRY WADE TG EXTENDED TRANSPORT MODEL (EXTRAK)

¥ UPDATED BY THE UKIVERSITY &F FLORIDA (UF} AWD

® AP DRESSER AT NOKEE IMC. (CDN), JAMEARY, 1989.

$

¥ *Sncoth rums the water where the brook is deep.”

# Shakespeare, Henry ¥1, I1, 111, 1
R HA A RN R

W M e K N WM
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COKTROL INFORMATION FOR SINULATION

INTEGRATION CYCLES.s.evuvaanaves e 1840

LENGTH OF INTEGRATION STEP IS...... 20, SECOWDS
DO NOT CREATE EQUIV. PIPESINEQUALI. 0

USE 0.5, CUSTOMARY UNITS FOR 1/0... 0

PRINTING STARTS 1N CYClfeeirrrvrraae €5
INTERNEDIATE PRINTOUT INTERVALS OF, 45 CYCLES
SUNHARY PRINTOUT INTERVALS OF...... 45 CYCIES
HOT START FILE KAXIPULATIONREDO).. 0

BITIM T eessarincnnsecsiesene 0,00 HOURS

ITERATION YMRIABLES: ITHAX....000e 30
SURTOL. 20 eeaa0.0900

DEFAULT SURFACE AREA OF JUNCTIONS.. 12.57 CUB FT.

EXTRM VERSION 3.3 SOLUTION, (IS0L = 07,
SUH OF JUNCTION L0V IS ZERD DURING SURCHARGE,

NORMAL FLOW GPTION WHEW THE KATER

SURFACE SLOPE IS LESS THA THE
GROVND SURFACE SLOPE (KSUPER=0)....

70U TULITT UVNONAS BN THUATIAMS )

PRINTED DUTPYUT FOR THE FOLLONING & JUNCTIONS
BOc0E  1800%  I6I0F 15009 82309 80408
PRINTED DUTPHT FOR THE FOLLONTKG 6 CONDUITS
1030 1630 1600 1402 1510 8130
NATER SURFACE ELEVATIGNS WILL BE PLOTTED FOR THE FOLLONING & JUNCTIONS
BOS08 16005  fel0%  1S009 82309 MO8
FLO¥ RATE RILL BE PLOTTED FOR THE FOLLONING 6 CONDUITS

1630 1630 1600 1602 1570 8130
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EXTRAN USER'S WANUAL EXAXPLE PROBLEN 1
BASIC PIPE SYSTEM FRON FIGURE 3-1

FHHHHEHHHHEHHHHHEHAHHEE RO

¥ CONDUIT DATA ¥
MR EHHHE O
INP CONDHIT  LEWGTH CONDUIT  AREA  NANNING BAX NIDTH  DEPTH JUNCTIONS INVERT HEIGHT  TRAPEIDID
KK NUWBER  {FT) Ciass (@ fFT)  COEF. (FT) (fF1) AT THE ENDS  ABOVE JUNCTIONS  SIDE SLOPES
i 8040 1800, CIRCULAR 12.51 001500 4,00 4.00 80408 BOKOB
? 8080 2075, CIRCULAR 1.7 0.01500 .00 4,00 BOLOE  823F 000 X
3 8100 5100. CIRCULAR 1590 0.01500 430 45  Bl00% 813
4 BI30 1500, CIRCULAR 15.%  0.01500 L] 450 B3 15009
s 1030 4500, TRAFEZOED  243.00  0.01500 0.01 9.00  1030% 10208 .00 300
é 1570 5000, CIRCULAR .76 0.01540 5.50 5,50  1500p  J4005
? 1660 500, CIRCULAR 2.1 0.01500 6.00 6.00 16008 L4109
] 1830 100. TRAPEZDIR 43,00 0.01500 .01 .00 16008 10309 L0 300
7 1602 3000, CIRCULAR 1963 0.03400 8.0 5.00 8209 16108
==z) NARNING /! THE UPSTREAK AND DOMNSTREAM JUNCTIONS FOR THE FOLLONING CONDUITS
YAVE BEEW REVERSED TO CORRESROND TO THE POSITIVE FLON AMD DECREASING
SLOPE EXTRAY CONYENTION. A NEGATIVE FLON IN THE DYTPUT Tifys WEAMS
THE FLOW WAS FRON YOUR ORIGINAL UPSTREA¥ JUKCTION TO YOUR ORIGINAL
DONNSTREAR JUKCTION, AWY INITIAL FLON NAS BEEX NULTIPLIED BY ~{,
1. CONDUIT 4... 1600 HAS BEEW CHANGED,
BRI A
¥ JUKCTION DATA ¥
TR HEHEHEHHHHHEHHHE R
I8P JURCTION  GROUND  CRONN  INVERT  QINST INITIAL  COMNECTING CONDUITS
WU MUWBER  ELEY.  ELEY,  ELEV. CFS DEPTR(FT)
1 BO408 13800 120.60  124.60 000 0.0 8040
7 80608 f3.00 12230 118 0.00 0.00 840 8080
I 81009 1300 13270 18,20 .00 0.00 B10%
4 8139 1000 12200 1150 0.00 0.00 g100  BIY
§ 82309 1800 1830 112,30 0.00 (N7 8066 1602
& 10208 00,00 9850  B89.90 0.00 0.00 103
7 10309 11LG0  110.60  fot.e0 &.00 0.00 1030 1630
8 18009 1.0 HIO0 1LY 0.00 0.00 8130 1570
9 008 120,00 JHLO0 M0L00 0.00 0.00 1570 1600 1630
0 1608 125,00 108.80 102,80 0.00 0.00 1800 1602
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ENVIRONNENTAL PROTECTION AGEHCY
HASHIKGTON, D.C. s

¥y EXTENDED TRANSPORT FROGRAN  wai¥

M MALYSIS MODULE

S HHHHHHHHEEHHHHHHHHHEBHHBHHEHOHHHEHHRHHEH

¥ FREE OUTFALL DATA (DATA GROUP 11} %
* BOUNDARY CONDITION O DATA GROUP J1  #
SRR O R

OUTFALL AT JUNCTION.... 10208 HAS BOUNDARY CONDITION NUMBER...
SRR RO
¥ INTERNAL CONNECTIVITY INFORMATION *

SR R HHFHEHHHOHERHRHEHE S

CONDUIT  JURCTION  JURCTIGK

0010 10208 0

RO
¥ BOUNDARY CONDITON INFORMATION ¥
¥ ¥

DATA GROUPS J1-i¢
R HHHEHOHHHEHEHHHHH

BC #MWBER., 1 §AS N CONTROL WATER SURFACE.

R
& JHITIAL MODEL COMDITIOR &

¥ JHITIAL THEE = 0.00 HDURS %
FEEEEEH

JUNCTION 7 DEPTH ! ELEWATION  =ec) "* JUNCTION 1S SURCHARGED.

80408/ 0.00 / 124,60 80608/ 0,007 118,30 81009/
81303/ 000/ 117,50 8238/ 0,00/ 123 10208/
10308/ 000/ 105,80 15008/ 000/ UL 16008/

16108/ 0.00 7 102,80

Co¥ourT/ FLON  ===) *»* CONDUTT USES THE NORNAL FEOW DPTION.

8040/ .00 8060/ 0.00 8100/ 0.00
103/ 0.00 15701 0.00 16007 0.0
1602/ .00 80010/ 0.00

[osDUIT!  VELDLITY
8040/ 0.00 80607 0.00 8100/ 0.06
1030/ .00 15704 0.00 1600/ .00
1602/ .00

60

1

0.00 /
0,00 /
0.00 /

8130/
18304

B30/
1630/

WATER RESQURCES DIVISION

L] CANP DRESSER & MCKEE INC,

. AWANDALE, VIRGINIA

128,20
89.%¢
102,00

.00
0.00

OQW
0.0




==2) SYSTEN INFLONS (DATA GROUP K3) AT 0.00 HOVRS ( JUNCTION / INFLON,CFS §

82305/ 0.06-01  B0408/ 0.06-01 81009/ 0,060

e e I e T T T T T T

=z=) SYSTEN INFLONS (DATA GROUP K3} &T  0.25 HGURS { JUNCTION / INFLOK, CFS )

B2309/ 406401 BOMOBY 4.5E#01 810097 5.0E#0!

L 4 TINE O HRS - 15,00 NI¥

JUNCTION / DEPTH [ ELEVATION  ===) *¥* JUNCTION ]S SURCHARGED.
BOHB/ 2,871 177.41 80608/ 126/ 1195  BI00S LT/ 130.€
B 0351 17.85  6BW! 2121 11442 10208/ 0.00/ §9.9
10309/ 0,00/ 10180 IS009/ 0.00 / L1150 16005/ 0.00 7 10200
1108/ 0.16 /  102.9

CoNDEIT! FLON  ===) "&* CONDYIT USES THE NORNAL FLOY OPTION,
8040/ .98 8060/ 8.63 8100/ 5.n 81301 0.2
1030/ 0.0 15701 0.00 1600/ 0.08 1630/ 0.0
16021 5.7 90010/ 0.00

el B B B T R T T T

==2) SYSTEM INFLONS (DATA GROYP XK3) AT 3.00 HOURS ( JUNCTION / INFLOK,CFS )

B2103/ 4.0E401 G006/ 4.5E401  BI009/ 5,064

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

Oriie %0 TIEE O KRS - 30.00 Mk

JUBCTION { DEFTH 1 ELEVATION ===} %" JUNCTION 1S SURCHARGED.
BB/ 2,261 126,88  60G0B/ 2787 126,08 G109/ 332/ 1.5
B39/ 2027 11962 BB/ 600/ 18,30 10008/ 0.00 / 89.90
1038/ 0057 100,65 15008/ 0.7/ (1167 16009/ 0.4 102,42
16108/ 1511 104.37

CoNDEIT/ FLOW === *%* CONDUIT SES THE KORWAL FLOW OPTION,
8040/ £6.09 8080/ .05 8100/ .5 130! 13.3
1030/ 0.00 Ex )] .08 1600/ 11.87 1630/ 0.23
160 3,51 50010/ 0.00

fYLE 135 TIEE 0 HRS - 45,00 XIN

JUNCTION / DEFTH 1 ELEVATION ===} *¥* JUNCTION IS SURCHARGED.
8005/ 12,7/ 131,35 OG0B/ 16.70M/ 13500  BIOON 2727 130.97
B8/ 3471 10.97 82308/ 2.46%/ 13396 1028/ 1.3/ SLX
10309/ 1587 10319 15009/ 1477 11297 16008/ 2757 304,75
18109/ 2871 105.67
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CoNpyIT! FLOW =22 “¥" CONDYIT USES THE ORMAL FLON GPTIDN.
8040/ 45.00 8060/ 2.00 8100/ 32.99% 8130/
1030/ 23.68 1570/ 19,14 1600/ 70.31 1630/
1602 68.00 80010/ 23.88

CUSUCATIVE OVERFLOW VOLUNE FRON NODE 80608 1.03E+04 CU.FT. FLOOD FLOW =
(YCLE 180 THNE 1 KRS - 0.00 AI¥

JUNCTION / DEPTH / ELEVATION ===} *x* JUNCTION IS SURCWARGED.
BMOB/ 12,75 13135 G008/ 16.70%/ 13500 81005/ 263/
BRI 3.47 1 12097 82009/ 2.66M 1339 102081 a0/
10003 2,60/ 10421 IS008/ 2711 ULTT 16009/ .87
16108/ .86 | 105.66

CoxpuIT/ FLON  ===) *x* CONDUIT HSES THE WORNAL FLO¥ OPTION.
B8040/ .00 8060/ .93 810/ 30.24% 8130/
10304 94.59 15704 £3.75% 1600/ 67,91 1630/
18024 67.93 90010/ 94.58

CUSLATIVE DVERFLOW VOLUNE FRON NODE 80608 2.57E+04 CU.FT. FLORD FLOX =
(YCLE 225 TINE 1 HRS - 15.00 #IN

JUNCTION ! DEPTH 1 ELEVATION  ===) ** JUNCTION 1S SURCHARSED,
M08/ 12.75¢ 13135 S0408/ 16,705/ 13500 81008/ 2.62 /
BI30%/ 3251 IWIS B0 A.SM 13S5 10208/ 2,46/
10309/ 2.80 / 10440  IS009/ 249/ 11399 16005/ 2.94 )
16109/ 2.88 7 105.68

ooyt FLO  =e=) *¥* CONDUIT USES THE NORNAL FLOW OPTION.
8040/ .00 8060/ 2.0 8100/ 50.02¢ 8130/
03/ 115,37 15704 52, 14% 16004 67.86 16304
1602/ 68,01 soter 37

CUNSLATIVE OVERFLOW YOLUME FROK NODE 80608 4.105#04 CU.FT. FLo0D FLOH =

K TI#E [ HRS - 30.00 #IW

JURCTION / DEFTH /| ELEVATION  ===) "s* JUNCTION IS SURCHARGED.
BO40B/ 12.75%1  IFT.IS BOSOS/ 18708/ 135.00  BINS/ 2.2 /
BL30% 3117 120.61  B0M 2.465% 1395 10008/ .51/
10308/ 2.8 7 10644 15009/ 250/ 114.00 16009/ 295/
18381 2,88 1/ 105.69

CoNDyIT/ FLON  ===) *s" LONDUIT USES TWE MORRAL FLON DPTION.

8040/ 45.00 8060/ 28.08 8106/ 50.00% 8130/

i 120,11 1570/ 52.36% 1600/ 68.04 1630/
1602/ 68,06 s0010/  120.11

62

4.2
74.78

17.0 CFS AT HOUR 0,75

130.83

.17
104.85

“Iw
109.42

17.1 CFS AT KOUR 1,00

13.82

92.3
104,94

W77
8.1

17.0 0FS AT #0UR  1.25

130.62

8.4
104,95

L1
120.49

.



CUMULATIVE OWERFLOW VOLLNE FROM HODE  B0608 5.43E+04 CU.FT. FLOOD FLOW =
CYCLE 315 TINE 1 HRS - 45.00 XIN

JUNCTION / DEPTH [ ELEVATION  =s=) "%* JUNCTION IS SURCHARGED.
80408/ 12.75% 137,35 80408/ 16708/ 13500  BI009/ 2,62/
81303/ 3.06 7 120,56 62309/ .64 13395 10a8/ 2N/
10309/ 2,84 1 10444 15008/ 2471 UIST 160091 2941
161081 2.887 105.68

CONDYIT/ FLOX  ===) *&* CONDUIT USES THE NORWAL FLON DFTION.
8040/ 6.0 8060/ 2.0 8100/ 30.00% 8130/
1030/ 19,8 1570f §1.28 1600/ 68.07 1630/
1602/ 68.05 Y0010/ 119.81

CURULATIVE OVERFLOW YOLUME FRON #ODE 80608 7,16E+04 CU.FT. FLOOD FLON =
CrCiE Wb TIME 2 BRS ~ 0,00 MI¥

JURCTION 7 DEFTR / ELEVATION  #=e) *¥* JUNCTIOH IS SURCHARGED.
80408/ 12.75% 1335 BOG08s f6.70%1 13500 81008/ 2.62/
Q135/ 3.05/ 120.55 82309/ .65 L3195 1008 .50/
10008/ 2.837 104,43 15008/ 2457 11395 160097 2.94 /
16108/ 2,881 105.68

CoupuIT/ FION  ===) *x* CONDYIT USES THE WORNAL FLOW DPTION.
80401 £.00 B0s0/ 2.04 8100/ 50.00% 8130/
1030/ 118.88 1870/ 50.43% 1600/ 68,06 1630/
1602/ 68.04 90010/ 118.88

CUNGLATIVE OVERFLON YOLVNE FRON NODE 50508 8.68£404 CU.FT. FLDOD FLON =
CYCLE 405 TINE 2 HRS - 15.00 #IN

JUNCTION / DEFTN / ELEVATION  ===) %" JUKCTION IS SURCHARGED.
80408/ 12.75% 11735 80608/ 16.70%/  1NS.00  BI0O8/ 2621
81309/ 3.05/ 12055 82309/ 2.45¢ 13395 10208/ 2.4/
10309/ 283/ 1443 5008/ .47 NS¢ 16009/ 2931
16109/ 2.88 7 105.68

Lonut! FLON  ===) "x* (ONDVIT USES THE NORMAL FLOX DPTION.
8040/ 44.00 8080/ 2.04 8100/ 30.00¢ 8130/
1030/ 18,3 1970/ $0.09% 1600/ 68.04 1630/
1602 £8.04 s0000/ 118,31

63

16.9 CFS AT BOUR 130

130.82
92.40
i R

0.4
119.4%

16,9 CFS AT BOUR LTS

130.82

$2.4
104.9¢

50.09
$18.61

17,0 (S AT HOUR  2.00

130.82
92,79
104.93

#.97
118,18



CHMULATIVE OVERFLOGN VOLUME FRO¥ HODE

G080E  §,020405 CUFT. FLOOD FLOW =

{YCLE 450 TIME 2 HRS - 30.00 MIK
JUSCTION / DEPTK / ELEVATION  ===) "%* JUNCTIOK IS SURCHARGED.
80408/ 12.75%/ 137.35 80408/ 15.70% 13500 BIOOS/ 2.2/
81303/ 3.05/ 120,55 82309/ 20,65 13395 10208/ 2.4%
10309/ 2,831 104,43 15009/ 2.4/ MIH4 16008/ 293/
18108/ .88 1 105,68
LoNpEIT! FLON ===} *%* CONDUIT USES THE HORMAL FLOM OPTION.
8040/ £3.00 8060/ 2,03 8100/ §0.00% 8130/
1036/  118.08 1570 49.95% 1660/ 68.04 1830/
1602/ £8.02 90010/ 118.08
CUNULATIVE OYERFLON VOLUNE FRON NODE  BOS0B 1.17E#05 CU.FT., FLOOD FLOW =
(YCLE 495 TINE 2 HRS « 43,00 KIN
JUNCTION / DEPTH 7 ECEVATION  ===) *¥" JUNCTION IS SURCHARGED.
BOM0B/ 12.75%1 13035 B060B/ 16.70%f  135.00  BLOOS/ 2.62/
81309/ .05/ 12.55 8209/ .68 13395 10208/ 2.4/
10309/ 2837 10443 15008/ .47 113.9¢ 16003/ 2937
16108/ 2,887 109.68
conpuIT/ FLO¥  ===) *s* COKDUIT VSES THE NORWAL FLON OPTION.
8040/ $.00 8080/ 28.03 8100/ 50.00% 8130/
0% 11802 1570/ 47,98 1600/ 68,03 1630/
1602/ 68.03 S0010)  118.02
CUNGLATIVE OVERFLON VOLUNE FROM NODE 80608 1.J3E+05 CULFT. FLODD FLOW =
CYelE 540 TIHE T RS - 0.00 KIN
JUNCTION / DEPTE 1 ELEVATION ===} "s* JUNCTION IS SURCHARGED.
80408/ 1275 137,35 00608/ 16.70%/ 135.00  BLO08/ 2.62/
BI30%/ 3057 120.85 2308/ 2088 W95 108/ 2.4/
10303/ 2837 J04.43 15009/ 2441 11394 160091 293¢
161087 2.88 1 105.68
LONITY FLOW ===} *»* (ONDUIT USES THE WORKAL FLOW DPTIOH.
8040/ 43.00 8080/ 28.03 Bibo/ 50.00% 8130/
1030 8.0 1570/ 49.9% 1800/ £8.03 1630/
1602/ £8.03 so010/ 158,02

CUSULATIVE QVERFLOX VOLYNE FROY NODE

82309/ 0.0£-01

0408/ 0.0E-01

81008/ 0.06-01

BOS0B  1.48E+05 CU.FT. FLODD FLON =

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

sz} SYSTEN INFLONS (DATA BROUP X) AT 3.25 HOURS ( JUNCTION / INFLOH.CFS )

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

17.0 CF5 AT KOUR

L5

130.82
92,39
104.93

.97
118,04

17.0 CFS AT HOUR 2,50

130.82

92,39
104,93

.98
118,02

17.0 OFS AT BOUR 2,75

130.82

92,38
10493

4.9
118.02

17.0 OFS AT HOUR 3,00




CYCiE 585 TI®E 3 HRS - I5.00 KIN

JURCTION 7 DEPTH [ ELEVATION  ===) "% JUKLTION 1§ SURCHARGED.
80408/ 050 / 12550  B0608/ 2,70 £ 1200 BIOOSS L.S6 7 1NTE
p130s/ 2617 0.1 B308r 594/ HB.4 10208/ 2,40/ 9230
10308/ 276/ 104,36 15008/ 2.3/ 3.8 16084 2.77 7 10477
163087 2.4 1 105.26

LovIT! FLBH  ===) *5" CONDUIT USES THE WORMAL FLON OFTION.
8040/ B.69¥ 8060/ .71 8100/ 20.52% 8130/ 41.94
03 10882 1570/ 47,464 1600/ 48.69 63/ 100,63
1802/ .67 90616/  108.62

===} GYSTEW INFLONS (DATA GROUP K3) AT 12.00 BOURS ( JUNCTION / INFLON,(FS )

82309/ 0.0(-01 80408/ 0.0E-01 D100/ 0.0E-0I

B o Em o EEeE W e W W meOEmOEeEEmeEemd Ml AW R W W m e e ® o m e =

CYCLE 630 TINE 3 MRS - 30.00 XI¥

JUNCTION / DEFTH [ ELEVATION  ===) *¥* JUNCTION IS SURCHARGED.
80408/ 0,227 12482  B0G0R) 065/ 119.15  BIO08/ 0781 IS
81303/ L0 1.1 8238/ 4017 lle41 102081 .20/ %10
10309/ .55/ 10415 15008/ 1837 113,40 160097 2521 1M.92
161081 2.16 1 104.96

CanpiIr/ FLO¥  ===) *»* CONDUIT USES THE NORMAL FLOW OPTION.
8040/ 0. 4% 8060/ 3.3 8100/ 4.3 8130/ 19.62%
1030/ §7.33 15704 .77 1600/ 38.47 1630/ .3
1602/ 32.8 90010/ 87.33

[n {71 S Y4 TISE 3 HRS - 45.00 MIW

JUNCTION [ DEPTH / ELEVATION === *%* JUNCTION IS SURCHARGED.
80408/ 0117 1471 G040B/ 044 1 LIB.T4 81009/ 0.4 1 1.4
81309/ 1.06 1 1185 8% L7 (5.0 10208/ 1917  9LBI
10308/ 2,267 103.86 15008/ L4207 112,92 16008/ .07/ 107
161087 1741 104.54

CONNITI FLOW  ===) *x* OOMDYIT USES THE NORWAL FLOW DPTION.
80401 0,52 8060/ 1.3 8100/ 1,95 81301 B8.6%
1030/ $1.599 15704 18,108 1600/ 25,65 1630/ .47
180Y 19.04 0010/ 61.59

Yeie 720 TINE 4 HRS - 0.00 #IN

JUNCTION / DEPTH / ELEVATION  ===) “#" JUNCTION IS SURCHARGED,
80408/ 0,06 7 J24.66  BOSOB/ (I3 118,63 81008/ 0.3 /1 128,50
1309/ 075/ 11825 87303/ 1.7/ IM.7 L0208/ 1.0/ 915D
10309/ 1,547 103,54 15005/ 106 7 J1ZE 16009/ L8217 10182
16109/ L3211 1412
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CONBUTT! FLOW ===} "% [ONDUIT GSES THE HORMAL FLON DPTION.
BO4o/ 0.05% 8060/ 0.45 BiOO/ 0.72%
1030/ 40.95 15704 10,13% 1600/ 15.%
1802/ 9.80 0010/ 40.05

Ve 785 TINE 4 HRS - 15.00 MK

JUNCTION / DEFTH / ELEVATION  ===) *&* JUNCTION IS SURCHARGED.
80408/ 0.04 1 124,64 BOSUS! 0.27 1 118.5T 61008/
BI303r 0.57 1 MB.07 8235/ L33/ 1363 10208/
10308/ L6617 10326 15008/ 0.827 1232 18003/
w131 0987 10378

LONDYIT/ FLOW  ==3) *s* CONDYIT USES THE NORMAL FLOW OPTION.
8040/ 0.03¢ 8060/ 0.32 8100/ 0.38%
1030/ 5.5 1570 ¢.00¢ 1600/ B.60%
1602/ .19 20010/ .53

Cylle  8i0 TINE 4 #RS - 30.00 XN

JURCTION { DEFTH [ ELEVATION ===} *%* JUNCTION IS SYRCHARSED,
BO40B/ 0037 124,43 80408/ 0,23/ 118,53 S1009/
BI3S/ 0.45/ 11795 835/ L0170 UZY 10208/
0300/ 5421 103.02 15008/ 0.66 1 1206 16009/
16109/ 0.76 1 103,56

CoNDUIT/ FLOK ===} *%* CONDUIT USES THE WORNAL FLON OPTION,
840/ 0.01% 8060/ 0.19 8100/ 0.22%
1030/ 16.7¢ by ) 3.75% 1600/ S.07%
1602/ .09 0010/ 16.76

CYCLE 895 TIHE 4 HRS - 45.00 KIN

JUNCTION / DEPTH 1 ELEVATION  ==x) *¥* JUKCTION 1S SURCHARGED,
80408/ 0.02 / 124,62 80608/ 021/ 11851 1009/
81309/ 0.3/ UT.B BN 0797 13.% 10208/
10305/ L2371 102,83 15009/ 0.5/ 1204 15009/
16109/ 0.6 1 103.4}

coxpuItT/ FLON  ===) *x CONDUIT USES THE NORMAL FLOX OPTION.
B8040/ 0.01% 8040/ 0.04 8100/ 0. 16+
1030/ 0.5 13701 2.50% 1600/ 3,20
16024 1.8 20010/ 16.91

LYCLE 900 TIE 5 KRS - 0.00 ¥

JUNCTION 7 DEPTH 1 ELEVATION  ===) *x* JWCTION 1S SURCHARGED,
BO408/  0.01 7 124.6)  BOROS/ 015 1 11840 1008/
81308/ 0,30 1 W7.80 82308/ 0.65/ 18295 10208/
103087 109 7 102.6% 15008 045/ 11495 16003/
16103/ 0.50 4 103,30
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LoRDuIT!

FLOK  ===) ** (QNDUIT USES THE WORMAL FLOW OPTION.

B8040/ 0.01% 8060/ 0.1 8106/ 0.12¢
1030/ 71.67 15704 1.7t 1600/ 2.10%
16024 1.2 20010/ 7.67
LYCLE 945 TIAE 5 HRS - 15.00 NIX
JUNCTION / DEPTR [ ELEVATION  ===) *¥* JUNCTION IS SURCHARGED,
80408/ 0,017 14,61 BOSOS/ 01T 118,47 BINS/
BI30%/ 0267 MI.76 808/ 0541 1284 N8/
10303/ 0.9/ 102.5 15008/ 0.3/ 11189 1e00%!
161097 0.2/ 103.22
coNuIT! FLOW ===} *#" CONDUIT USES THE NORWAL FLOX QPTION.
8040/ 0.00% 8060/ 0.09 8100/ 0.09%
1030+ 5.62 57 1.25% 1600/ 147
1602/ 0.85 ¥0010/ S.62
CYCLE 990 TIRE 5 WRS - 30.00 NIK

JUNCTION / DEPTR | ELEVATION

ssz}  “¥* JURCTION IS SURCHARGED.

80408/ 0.01 7 124.65  BOGOB/ 0.6 1 1iB.46  B100Y/
81308/ 022/ 172 8BB4 1276 10208/
10309/ 0.8 7 102,46 15008/ 031/ 1i5.83 16008/
161097 0.3/ 103.16

conoutr! FLDK  ===) *w* CONDYIT YSES THE NORHAL FLOW OPTION.
8040/ 0.00% 8060/ 0.07 8100/ C.0r¥
1030/ .85 170/ 0.93+ 1600/ 106
1602/ 0.0 90010/ 1.8

CYCLE 1035 TINE 5 HRS - 45.00 NIN

 JURCTION / DEPTH / ELEVATION

==

“** JUNCTION IS SURCHARGED.

pos08/ 0,01 / 12461  B060B/ Q.14 / 118.44 81009/
81303/ 0201 17.70 82309/ 040/ L2709 J0X08/
10308/ 073/ 1023 1008 0.X7 11179 16008/
161081 0,317 103.41
COXKPUIT/ FLOR  ===) "s* CONDUIT USES THE NORMAL FLON DFTIGN,
6040/ 0.00% 8080/ 0.06 8106/ 0.05%
1030/ .94 15704 0.70% 1600/ 0.78¢
1602/ 0.4 80010/ 2.9
CYCLE 1080 THE & HRS = 0.00 HIN
JURCTION J DEFTH [ ELEVATION ===} *%* JUNCTION IS SURCHARGED.
80408/ 0,01 /124,61 80608/ 0137 11843 8I00N
81309/ 008/ U168 8% 0.3/ NLE 10208/
03w 0734 102,33 15008 0,264 LILTE 18008
161094 0.7 7 10307

67

0,66%
S.4ex

8130/
1630/

128.3
80.63
102.82

0.10 7
0.73 1
0.82 /

8136/
1630/

0.47%
3.98%

0.08 /
0.60 /
673/

126.28
90.50
102.73

8130/
1630/

0. 34+
2.80¢

007 1
0,92/
0.66 /

a0
80.42
10268

B30/
183/

0.26%
2.1%

0.0 1
0.4/
0.60 /

18,2
%0.57
102,60




CoRDUIT/ FLOR === *&" CONDUIT YSES THE NORNAL FLOH OPTION.
8040/ 0.00% 8080/ 0.05 8100/ 0.04% 813/ 0.20%
1930/ 2.3 bETH 0.5 1600/ 0.58% 1830/ 1.69¢
1802/ 0.35 80010/ .33
CYELE 1135 TIKE 6 HRS - 15,00 KK
JUNCTION / DEPTH / ELEVATION  ===) *¥* JUNTION IS SURCHARGED.
80408/ 0.00 /524,60 80608/ 0121 118.42 81003/ 005/ 18.255
81308/ 0.06 1 117.66 82308/ 0.32/ f(12.62  10MB/ 0.4/ S0.M
10309/ 0.68 4 102.28 15009/ 0237 ML7Y 0 160091 055 10255
16105/ 0.4/ 103.04
CONDEIT/ FLON  ===) "x* CONDVIT USES THE NORNAL FLOW OPTION.
8040/ 0,008 8080/ 0.05 81004 (.03 BId/ 0.47%
1030/ 1.88 1510 0.42¢ 1500/ 0. 45+ 1630/ 1,3
1602/ 0.7 50010/ .88
CYCLE 1170 TINE 6 KRS - 30.00 42K
JUNCTION / DEPTH [ ELEVATION  ===> *%* JUNCTION IS SURCHARGED.
BO40B/ 0.00 / 124,60 80608/ 0,11/ 118.41  BI0O%/ 0.0/ 13805
DRI 004/ MI.e4 82X/ 0287 112,58 10208/ 0.41 0 90.3
10303/ 0.62/ 02,2 15008 0,217 ATI O 6008F 050 1 102,50
w8 627 1050
ConuIT/ FLOW  =s=) *¥* CONDUIT USES THE NORKAL FLOW OPTION.
040/ 0.00% 8060/ 0.04 8100/ 0.03% 8130/ 0.15
1030/ 1.5 15704 0. 34% 1600/ 0.37¢ 1630/ 1.0
166 6.2 $0010/ 1.5
CYCLE 121§ TINE 6 HRS - 45.00 NI¥
JUNCTION / DEPTH / ELEVATION ===} *s* JUNCTION 13 SURCHARGED.
80408/ 0.00 / 124,60  BOSOB/ G.11 1 118.41  BIOOR/ 004/ 12824
81308/ 043/ 17.63 82308/ 0.6/ 112.% 10208/ 038/  90.28
1033/ 0.587 102,18 19009/ 009/ 1169 16008 0411 102.47
161081 0,19 1 102.99
oIt/ FLOK  ===) *¥* CONDYIT USES THE NORNAL FLON QFTION.
8040/ 0.00% 8060/ 0.04 8100/ 0.0 8130/ 0.13%
1030/ L. 570/ .30+ 16004 0.31» 1630/ 0.89¢
1602/ 0.17 %0010/ Ly
CYCLE 1260 TINE 7 HRS - 0.00 MIN
JUNCTION 7 DEFTH / ELEVATION ===} *s* JUNCTION IS SURCHARGED.
80408/ 0,00 / 124,60 80608/ 0.10/ 118.40 8108/ 0.04 1 128,24
81308/ 0,124 1762 82308/ 0.4/ WAS5¢ 102087 0371 90.77
10308/ 0517 10213 15009/ 0,081 11468 16009 0447 102,44
16109/ 0071 10287
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CORDSIT/ FLOK  ==z) *s* CONDUIT USES THE MORMAL FLDW DPTION,

B0/ 0. 00% BOs0/ 0.03 LA 0.0
1030/ 1.07 1570 0.26% 1600/ 0.26%
1602/ 014 00104 1.07

CYCLE 1305 TIRE 7 HRS - 15,00 WIX

JUNCTION 7 DEPTH / ELEVATION  ===) *¥" JUNCTION 1S SURCHARGED.
BO0B/  0.00 1 124,60 B0s0B/ 009/ 118,39 8005/
8308/ 0417 MI.81 B9 0.; 1 1252 10208/
038 0.50 7 10210 15008/ 0.6 111,66 160087
8108/ 0.16 1 102.96

conpynys FLOV =2z} *x* CONDUIT USES THE NORNAL FLON OPTION.
8040/ 0. 00% 8060/ 0.03 8100/ 0.0
1030/ 0.7¢ 135200/ 0.23# 1600/ 0.2
1602/ 0.1 300104 0.76

Crile 1350 TIEE 7 KRS - 30,00 WIN

JUNCTION / DEFTH / ELEVATION  ===) *%* JURCTION IS SURCHARGED,
0408/ 0.00 / 124,80 80608/ 0,09/ 1183  Bl009/
BI39/ 0100 117.66 82309/ 0,20/ 112.50 10208/
038/ 0.4 1 102,09 15009/ 0.15! $11.65 16009/
16108/ 0.4 7 102.9¢

conpyITs FLOK  ===) “w* CONDUIT USES THE HORMAL FLOW OPTIOH.
B8040/ 0.00% 8060/ 0.03 8100/ 0.01%
1030/ 0.63 1520/ 0. 20% 16001 0,19
1602/ 0.40 50010/ 0.63

CYCLE 1395 TINE 7 HRS - 45.00 MIH

JUBCTION / DEFTH [ ELEVATION  ===) “¥* JUNCTION IS SURCHARGED,
8408/ 0.00 / 12460  B0s0B/ 0,08/ 11838 81009/
BI3% 0.08 1 WY &M8/ 0191 11249 10208/
10309/ 0.487 102,08 15009/ 0.4/ 11884 18008/
6109/ 0.13 1 10293

conurys FLO¥  ===) *s* CONDUIT USES THE NORWAL FLON OPTION.
8040/ 0.00% 8060/ 0.03 8100/ 0.01¥
1030/ 0.5% 5701 0. 16% 1600/ 0. fe#
le02/ 0.0% 0010/ 0.55

CYCLE 1440 TIEE B MRS - 0.00 WI¥

JUNCTION / DEFTH [ ELEVATION  ===) *%* JUNCTION IS SURCHARGED.
B0408/  0.00 7 124.60  800B7 0.08/ 11838 81008/
81309/ G.09 7 107.5%  82MR/ 0187 11248 10208/
1039/ 0471 102,07 15009/ 0437 111,63 16008/
i 0427 100,92

69

8130/ 0.11%
1630/ 0.76%

0037 12823
0.5%7 50,19
0421 1004

8130/ 0.09%
130/ 0.65%

.03/ 1223
0.4/ 0,14
0.3% 7 1003

8130/ 0.06%
1630/ 0.56%

0.0/ 188
8.201  90.14
6.3/ 102,38

8130/ 0.07%
1630/ 0.49¢

.02/ (w22
0.197  %0.09
0.3/ 102.3




conpyTY/ FLOK ===

" CONDUIT VSES THE NORMAL FLON OPTION,

8040/ 0.00% 8060/ 0.02 8100/ 0.01%

1030/ 0.4 1570/

0.16% 1600/ 0.1

1602/ 0.08 0010/ 0.4

FHEEERHHEHHEEHHEER S HHHHHHHHHOHE

¥ FINAL MODEL CONDITION

¥

* FINAL TIHE = 8.00 HOURS #
FHHERRER OO

JUNCTION / DEPTH / ELEVATION
8408/ 0.00 1 [4.80
st 008/ 11L.W
103081 0.4 1 102.07
181084 0.12 1 102.92

z==) "% JUNCTION 15 SURCHARGED.

80608/ 0.08 / 118.38 81009/
82308/ 0.8 1 1248 10X08/
15009/ 0137 11163 1800%/

CoNDyIT! FLOW  ===) ™" CONDUIT USES THE MORWAL FLOX OPTION,
8040/ 0.00% 8080/ 0.02 8100/ 0.01%

1030/ 0.4 1570/

0.16% 1600/ 0.14

1602/ 0.08 30010/ 0.4%

CONDEITY  vELBLITY

8040/ 0,01 8060/

0.48 8100/ 0.17

1030/ -3 570 0.3 16001 0.4

1602 &4

CORDUTTI CROSS SECTIONAL AREA
BO40/ 0.4 Boéo/

0.05 8100/ 0.07

1036/ 0.3 1570/ 6,40 1600/ 0.41

802! 5.2

CONDUIT/ HYDRAULIC RADIVS

8040/ 0.M 8os0/ 0.4 8100/ 0.0
1030/ 0.1 1570/ 0.1¢ 1600 0.1

1802/ 0.10

CONDUTT/ UPSTREAM! DONNSTREAN ELEVATION

8040/ 124.607 118,38
8130/  117.%%/ 1114
1600/ 10294 102,36

8060/ 118,38/  114.51 B109/
1030/ 102,617 30.0% 1’10/
18367 102,36/ 102,07 1602/
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8130/ 0.07%
16304 0.43%

6021 18.22
.9/ %00
0.3/ 10,3

8130/ 0.074
1630/ 0.43¢
8130/ 0.52
1630/ 0.83
8130/ 0.13
16301 .52
8130/ 0.07
1630/ 0.20

w22 17.%
1183 102.3%
2480 10292




1

!

¥ SURCHAGE ITERATION SUMMARY

HACIHUN NUNBER OF ITERATIONS IN A TINE STEP.....
TOTAL NUMBER OF ITERATIONS IN THE SIM/LATION....
AVERAGE HUNBER OF ITERATIONS DURING SINULATION..
SURCHARGE ITERATIONS DURING THE SINULATION......

RAXIIUN SURCRARGE FLOW ERROR DURING SINULATION.. 2.95E400 CFS

TOTAL MIMBER OF TINE STEPS DURING SINULATION....

O
* CONDUIT COURMNT CONDITION SUMMARY ¥
¥ TINE 1N WINUTES DELT ) COURMNT TINE STEP ¥
R O
¥ SEE BELON FOR EXPLANATION OF COURMIT TINE STEP, %
¥ THIS TINE DOES MOT INCLUDE TINE THE CONDUIT IS &
¥ SURCHARGED OR USING THE WORMAL FLON OFTI0N.%
i T

CONDUIT # TINE(MM) CONDYIT & TINE(NR) CONDUIT & TINEONW) CONDUIT # TINECNM)

040 0.33 8040 0.00 8100
1030 .00 %0 0.00 1600
1602 0.1

AR
¥ CONDUIT COURMNT CONDITION SUMMARY  +
HEEE RO R
¥ COURMNT = CONIIT LEWGTH ¥
* TIHE STEP = ¥
¥ VELOCITY + SQRT (GRYTEAREA/IOTH) ¥
FHEHHEE O
¥ AVERAGE COURANT CONDITION TINE STEP{SECONDS) *
FHHE I

0.3
0.00

Lk
1630

0.0
0.00

'CGHNIT # TIME(SEC) CONDUIT ¥ TIME(SEC) CONDUIT # TINE(SEC) COMDUIT # TIME(SEC)

BH0 49492 Bsh  €13.%8
1030 638,86 579 906,84
1602 751,78
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BI0O  1169.55
13600 89.4]

83
1630

17.09
LN



¥ EXTRAN CONTINOITY BALANCE AT THE LAST TIME STEP #
JHHHHEHHEHHAE HHHHEHHEHHHHEHERHHHRE HHOHHHREHH R

L
* JURCTION INFLON, OUTFLOW OR STREET FLOODING »
T T e P P

JUNCTION  I¥FLOK, FT3

BO40B  4.8600E+05
BI00  5.4000E+05
82108 432006403

JUKCTION QUTFLON, FT3

Bo408
80408
10208

3. 74766502
1.4951E405
1, 30376406

JHHHHEHHHEHHHAHHEHE HHHHEHHOHHEHHHEHHRHHE S HEHH

* INITIAL SYSTEM VOLUME

¥ TGTAL SYSTEX INFLON YOLUNE

¥ INFLOW + INITIAL VOLUWE

.TTTSEH00 LU FT %
1.435808+06 LU £T ¢
1.4580E#06 CY FT *

" " wn

FHFHHHHHHHEHEHHHHEEHEHAHHHHHHE AR R

* TOTAL SYSTEW QUTFLON
¥ VOLUNE LEFT IN SYSTEM
* QUTFLON + FINAL VOLUWE

L 453TE+06 CU T #
6. 20066403 U FT #
14956406 C F7 %

1 1] " "

FEEHHHHHH O
& ERROR IN CONTINUITY, PERCENT =
HHHHEHHHEHEHHHHHHE M R

i i T T T e
A JUNCTION SURNARY STAVISTICS »
SR RO O

0.1

¥

UPPERNOST  NEAY NACINGN  TIME FEET OF  FEET MAX, LENGTH  (EKGTH  NAXINN

GROUND FPIPE CRONK JUNCTION OJUMCTION JUNCTION  OF  SURCHARGE  DEPTH IS oF o JUNCTION
JUBCTION ECEVATION ELEVATION  DEPTE  DEPTH  DEFTH  OCCURENCE AT NAY  BELOW GROUND SURCHARGE FLOODING AREA
M¥BER  (FT) {2)] (FT) COEF. VAR (FT) HR. MIN.  DEPTH  ELEVATION {KIN) (K (SQ.FT}
80408 138.00  128.60 62 LB B4 0 M .4 0.00 810 1.3 2.497E+4
Boe08 53500 12,30 5.64 L w7 0 = 12,70 0.00 15,0 145.0 1.0490%05
glo0s  1m.00 13070 1.3 LB L% 0 X 0.00 .44 0.0 0.0 LHM3EH4
B30 J30.00 12200 1% 0.9 L% 0 §I 0.0 8.9% 0.0 0.0 1.923E+04
B33 155,00 18,50 7.8 L2 A48 0 3B .48 20.02 164.0 0.0 1.9L6E+05
10208 100,00 8.9 1.7 067 25 u 0.60 7.5¢ 0.0 0.0 7.005E+04
10308 1100 110,60 1.5 0.66 284 | U 0.00 8,36 0.0 0.0 3.989E+04
15008 135,00 M7.00 I gee 281§ 2 0,00 10,59 6.0 6.0 2.1520%04
60W 120,00 1L0D 1S5 iy L8 1 % 0.8 15.05 0.0 0.0 L7ETEHM
IS 1500 kR LE S N B 8,08 9.9 0.0 0.0 L.2682+03




¥ TIRE HISTYORY OF THE R 6. L (Feeth s
SRR R

EXTRAN USER'S MAWUAL EXAMPLE PROBLEN !
BASIC PIPE SYSTEM FRON FIGURE 3-1

JURCTION 80608 JUNCTION 16009 JUNCTION

TINE GRND 13500 oRND 120,00 GRKD
HR:MI¥ ELEV  DEFTW ELEY  DEPTH ELEY
0:15 119.36 L% 10,00 0.00  102.96
0:30 21,08 278 102,42 0.8 1437
HH 15,00 1670 10475 7% 105.67
10 15,00 170 10485 285 105.46
] 138,00 K70 104,94 254 105.68
1:30 15,00 1670 10495 295 105.8
1145 135.00 1670 10494 29 105,68
&0 135,00 1670 104,54 2.9¢  105.68
215 13500 670 1493 .93 105.68
130 135,00 1670 10493 293 105.68
26 138,00 1670 1492 293 105.68
Lo 135,00 1670 104,93 231 109.68
35 1.0 270 10477 2T W%
3:30 9.5 0.8 1472 257 10496
145 118,74 0.4 LT 217 145
@0 118.63 0.3 1382 L8 R
£:15 1857 0.1 10381 .51 103,78
4:30 118.83 0.2 10L% L% 10356
4143 148,31 0.21 10307 Lo 14
§10 118,48 009  102.93 0.8 10330
§:18 ns.4 0.17  102.82 0.82 022
3:30 118.4 0.6 10273 071 10346
5:145 118.4 016 1028 0.86 10L11
6: 0 g4 0.13 102,60 0.60 10307
5 8.4 0.12 1025 0.5 10304
6:30 118.4 0,11 10430 0.50 103,02
6:45 118.4¢ 6.1 w024 0.47 10299
il 18.40 0.10 102,44 0.4 100,97
755 118.3% 0.8 102.42 0.2 102.%
1:30 1183 0.9 1003 0.3 10294
143 118.38 0.08 10238 0.38 10293
8: 0 118,38 0.8 1023 6.3 102,92
KA 123.94 564 103.55 1% 10417
NACINGY 13500 870 10495 2,95 105.81
HIRTHUN 118.30 o.00  102.00 0.00 102,80
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16109 JUNCTION

5.0 GRAD
DEPTH ELEV
056 1150
1.97  1LE7
2.8 U2
.06 137
28 139
269 1400
2.88 1397
L8 1L9
.88 1394
.88 11394
2.8 113,94
288 1139
2.46  113.86
216 113,43
LM 129
LR 1M
6.8 1R
0.7  H2.16
0.61 112,04
0.90 1149
0.2 1189
6.3 1183
0.3 11LT9
0.7 UL¥
0.4 LT
%22 LT
019 . 11189
0.7 111.68
e.06 11166
0.14 U168
0.3 lILé
0.12 1.8
LI 1.8
.01 11401
0.00 1L

15009 JUNCTION
125.00 GRYD
DEPTH ELEV
6y 11482
67 1830
L1 139
2.7 1L%
2.4 (3.9
2.5 139§
.41 1339
2.6 1L
4 139
2.4 1395
L4 133.%
2.4 13L95
2% e
1.8 1.4
L 1509
L0614l
0.82 113.83
0.66 133
0.4 L0
0.45 LAY
0,38 112.84
[ORE R ¥ ¥ /1
6.2% 11270
0.2 112.65
0.3 1182
0.2 1% -
0.19 1%
6.18 11234
g.d6  HL32
0.15 1.5
0.4 U249
0.3 1.4
1 120.3
251 1398
.00 112,30

Ny
155.00
DEPTH.
212
6.00
.66
21,86
A.6
A0
24,65
.88
21,63
21,69
24,65
.65
5.9
411
.m
1.8
L8
1.01
0.7
0.6%
0.54
0.4
0.4
0.35
0.2
0.28
0.2¢
o.M
0.22
0.2
0.19
0.18
1.83
21.68
0.00




¥ TINE RISTORY OF FLGM AKD YELOCITY
* QUCFS), VELLFPS), TOTAL(CUBIC FEET)  #
e D e e e T s

EXTRAN USER'S MANUAL EXAMPLE PROBLEY !
BASIC PIPE SYSTEW FRON FIGURE 3-{

TIE  CONDYIT 030 ConpuIY 1630 CONDYIT 1600 CORDUIT 602 CONDUIT 1570

HR:BIN FLON  VELOL, Fiow  VELOC, FLOK  VELOL. FLOW  VELOC. FLO®  FVELOC.
0:15 .00 0.00 0.00 0.00 0.08 0.63 576 151 0.00 0.2
0:30 0.00 .23 0.23 Lo L7 9 383 2.9 1.08 L3
0:4 23.58 L .78 s.08 70,4 J.45  48.00 L& 8.0 22
LR 94.58 5% 18.42 4.0 6193 11 .8 8 4N 4.02
L 15,37 52 18 4.81 678 500 e80! 3.8 L4 4.4
1230 1%.11 o8 1048 4.7 4804 4.9%  88.0¢ .8 S 4.4
145 115,81 .57 19.49 475 88.07 500 68.05 L& LA 4,40
30 118.88 5.9  118.61 4.7¢  £8.06 S.01 . 385 0.4 4,36
215 118.31 5.5 118.18 474 68,04 01 6804 .86 N0 4.3
2:30 118.08 5 1180 474 §8.04 5.00  é6.03 8 Hw 4
245 118.02 59 U8 474 68.00 .01 8.0 185 45.98 Lu
kIR 118.02 55 uem 4,74 £8.03 501 6803 LB 4% 44
K H) 108,82 .43 10063 4.3 48.69 £13 8. 2,67 4.4 3
J:30 §7.32 10 L I N & €02 B4 L s YR T R i 3.66
36 £1.99 L72 H.e 4 B.E L 9.4 o 1810 70
0 40.0 424 LI 295 15.% 2,62 %.80 1.2 Wl 2.04
403 2,583 in 1.0 .54 8.60 .07 5.19 1.%1 6,00 1.62
$3 16.76 1.4 1204 .22 5.07 1.60 3.0 L2 75 1.3
4:45 10.31 3.0 .00 2.00 L% 1.3t 1.86 1.1 2.30 114
20 7.67 2.8 5.4 1.78 2.10 1.6 L4 0.8 ! 0.98
Si13 5.62 2.5 3.88 1.63 1.4 0.93 0.8 0.87 1L.% 0.8
.30 3.8% 2.% 2.8 1.50 1.06 0.81 0.60 0.7 0.93 0.76
LY 2.94 2.0 .13 L3 0.78 0.71 0.45 0.72 0.70 0.68
60 2.3 .08 1.69 1.2% 0.58 0.61 0.35 0.8¢ 0.9 .60
b:5 1.68 157 L3 1.18 0.4 0.5 0.27 0.6 0.4 0.54
$:30 1.3 §.67 L0 1.1 ¢.37 LY 0.2 0.57 0.4 0,50
6143 L% 1.78 0.89 1.0 0.3 0.48 .17 6.5 0.30 0.48
7:0 1.07 171 0.7 1.0% 0.2 .44 0.14 0.50 0.% 0.4
18 0.7¢ 1% 0.6 1.02 0.22 0.41 0.12 .48 0.23 0.44
7:30 0.63 L& 0.6 0.95 0.4 0.39 0.10 0.4% 0.20 042
7165 0.55 IR 0.48 0.88 0.16 0.3 0,09 6.4 0.18 0.4
8: 0 0.4 1.3 0.4 0.83 &M .34 0.08 0.41 0.1 0.30
WEAN 6$.27 . 6.u 2,68  2.72 255 26.62 277 18.69 .09

FAIRE 120,24 .58 100.% 320 7.4 6,03  é874 LB L0 4,48

BIRINUE 0.00 0.00 0.6 0.00 0.00 0.60 0.00 0.00 0.00 0.00
TOTH  1.30E#06 IR L T.70E+05 1.67EH05 5.38E405
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SR HHAHHEEHHEEES S O R HREDHEHHHHEH

¥ CONDVIT SUMKARY STATISTICS +#
EHHEEHH O HHOROH

EXTRAR USER'S NAMYAL EXAMPLE PROBLEN 1
BASIC PIPE SYSTEN FROM FIEURE 3-1

CONDUIT  mAXIMU®  TIME BAXIHUK  TIME  RATIO OF  MAXINUM DEPTY ABOVE (CENGTH CONDUIT
DESIGK  DESIGN VERTICAL COMPETED oF ConPuTED oF KAX. Y& INV. AT CONDUIT ENDS OF SPL  SLOPE

CONDIT  FLON  VELOCITY DEPTH  FLOK  OCCURENCE  VELOCITTY  OCCURENCE  DESIGN UPSTREAW  DOWHSTREAM  FLOW
NUNBER  (CFS)  (FPS) (W) {CFS) KR, MK, {FPS)  HR. MIK. FLOK (F1} {FT) (11K (FTJFT)

840 7. 386401 .86 4000 MBI 0 R MLer 0 0 0.8 B0 16,76 289.7 0.00350
8060 5.33E+01 424 4800 4426000 0 X 482 0 7 083 1670 19.46 35.3 0.00183
8100 7.81E+01 491 W00 GuEer 0 X WL 0 0 078 LY 395 M7 0.00210
8130 7.04E401 44 W00 SeEH 1 3 4 ¢ % 078 L 280 .3 0.0017]
1030 3.0JEW3 1246 106.00 L20EX02 1 M 9.6 1 M 4 254 2.31 0.0 0.0020
1570 £.24E402 .20 8600 SERE 1 22 48 1 A 0.4 LH 295 £1.7 0.001%
1600 1.47E+02 518 .00 1M 0 & 603 0 B 48 Ll 295 M0.3 0.00i60
1630 2,31E+03 9.92  108.00 L2EW2Z 1 % w20 0 #8005 L9 284 1307 0.00133
1602 4. J4E#01 220 60,00 E87EX1 0 3 LB 0 0 LS8 2166 3.01 0.0 0.00190
S0010  UNDEF  UNDEF  UNDEF L20EW2 1 M
EREREHEHHH HHEHHHHHHHEHE
¥ SUBCRITICAL AND CRITICAL FLOW ASSUNPTIONS FROM 4
¥ SUBROUTINE NEAD. SEE FIGURE 5~4 IN THE EXTRAN %
¥ WANUIAL FOR FURTHER INFORNATION. ¥
HEEEHHEHHH RO
LENGTH  LENGTH LENGTH LENGTH
(12 o 0F UPSTR. DF DONNSTR. MEA TOTAL  RAXIWU®  HAXINGM
CONWIT DAY  SUBLRITICAL  CRITICAL  CRITICAL FLO¥ FLO¥ FION WYDRAILIC CROSS SECT
NUWBER  FLON(NIN) FLON(NIK)  FLOW(MIK)  FLON(NIN) (CFS) (C¥)  [UBIC FT RADIUS(FT)  AREACFT2)

8040 0.0 480,00 .00 0.00 16.9¢ 1.8 4.85626405 11669 12,5664
8040 0.3 206.00 0.00 273.61 11.3% L2 32703405 12040 12.5684
8100 0.00 ©0.00 0.00 0.00 18,94 1,25 §.4272E005 1,365 11.6707
8130 0.33 79.67 0.0 0.00 18.78 122 5.4080£+05 L7es 10.7807
1030 %.31 45367 ¢.00 0.00 £.27 142 1.3037E+04 L4 21,5588

1570 8.33 471.67 0.00 0.0 8.69 1.18 5.3628E405 L3653 117694
1600 0.1 479.67 0.00 0.00 26.72 113 T.6%51E+0% 14726 13.6490
1630 g.é7 1.8 0.0 0.00 L LI L3057t L% 25,2053
1602 0.0 480,00 000 0.00 26.42 114 T.6673E¢05 13951  17.8138

90010 UWDEFINED UMDEFINED  UNDEFINED  UNDEFINED £.27 1.7 13037406
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105,600 1 1 ] ] 1 1 1 1 1 1 1
i I

1 1

1 i

] 1

i I

) S 1

] et * I

104,800 - N 1] .
1 ¥ ] i

] ¥ ¥ 1

] ¥ £ ]

i ¥ ¥ H

I ¥ ¥ I

)] * * I

I ¥ ¥ ]

104,000 - £ ¥ -
1 ¥ ¥ I
JUNCTION 1 ¥ ¥ i
! ¥ * I

HATER SURF i ¥ £ 1
i ¥ ¥ !
ELEVIFT) )] ¥ * 1
I ¥ L !

103.200 - ¥ = -
I ¥ - I

1 ¥ » 1

i ¥ ¥ 1

1 ¥ L 1

1 ¥ EEE I

1 * HHE I

1 ¥ HHEHHHHES b
0240~ = R
i ¥ ¥

1 3 1

] ¥ 1

1 & i

Jeeex I

1 I

1 I

101,600 T 1 1 ] 1 ] 1 1 1 ] 1
6.0 6.8 1.6 2.4 3.2 4.0 4.8 LS 6.4 1.2 8.0

LOCATION XO. ¢

16008  CLOCK TINE I ROURS. PLOT OF JUNCTION ELEVATION

INVERT ELE¥ - 102,00 FEET
CROMN ELEY - 114,00 FEET
GROUND ELEY - 120.00 FEET
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105,400 1 1

g

ey

]

i I

i i

I I

] I

H ¥ )

1 " H

1 R R 1

105.600 - X ¥ -
I * ¥ )|

H % * 1

I ¥ £ i

b ¥ ¥ 1

I ¥ *% )

) $ ¥ 1

1 ¥ ¥ i
104,800 - * ¥ -
1 ¥ H 1
JUNCTION 1 % # 1
I ¥ H I

HATER SURF )] ¥ H 1
I ¥ % I
ELEVIFT) ] ] * 1
i ¥ % 1

104,000 - # # -
I ¥ ¥ )

1 » ] b

I % L ]

I % * ]

I & 2 )

1 + e 1

I % i I
103.200 - & P -
I ¢ HHEEE i

VI R 1

] * HHHE R ]

'R ;] ¥

Ja )

H )]

] I
102.400 1 ] ] ] 1 1 ] 1 ] ] ]
0.6 0.8 Lé 2.4 1.2 4.0 4.8 3.6 é.4 7.2 8.0

(RCATION %0, : 16109 CLOCK TINE IN HOURS.  PLOT OF JUMCTION ELEVATION

INVERT ELEV - 102.80 FEET
CRONN ELEY - 108.80 FEET
GROUND ELEV - 125,00 FEET
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140.000 1 ] T ] ] 1 1 1 ] ! 1
I i

I 1

b !

1 1

)] ¥ I

i ¥ 1

1 R ]

! ¥ ¥ 1

i ] ¥ I
136,000 - ¥ ¥ -
I * ¥ !

i % * i
JUNCTION I ¥ ¥ 1
! ¥ * I

WATER SUFF ] # ¥ I
1 $ % 1
ELEV(FT) i £ ¥ I
1 * ¥ 1

! ¥ ¥ 1
132,000 - ¥ * -
I ¥ ¥ I

I ¥ * 1

i ¥ ¥ I

1 ¥ £ I

I ¥ ¥ I

b % * by

! ¥ ¥ !

i ¥ * 1

1 ¥ ¥ I
128.000 - ¥ ¥ -
] & % ¥ 1

] & & ] 1

1% wex ¥ 1

Is # 1

I# 1

Is ¥ 1

Is *¥ !

I¥ HHEHEHHHHHEEHHHEHEHEEHHHHHEHHHH R

I I
124,000 1 ) ] 1 ] ] 1 I ] 1 ]

0.0 0.8 1.8 2.¢ 3.2 4.0 4.8 $.6 §.4 n2 8.0 -
LOCATION W0. : 80408  CLOCK TINE IN HOURS, PLDT OF JUNCTION ELEVATION
INVERT ELEV - 124,60 FEET

CRONK ELEY - 128,60 FEET
GROUND ELEV - 138.00 FEET
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166.400 1 ] ] 1 ] 1 ] 1 1 I 1
I I

I I

i i

1 )|

I * I

1 4] 1

! AR L b

105600 - LR ¥ -
] £ i

! * 1

1 ¥ ¥ I

l ¥ % 1

I ¥ ** 1

! # * 1

i ¥ ¥ i

104,800 - ¥ ¥ -
i ¥ ¥ i
JUNCTION ! ¥ * I
I H

HATER SURF ! ¥ 1
I ¥ H
LLEV(FT) )] ¥ i
F )

104.000 - ] ¥ -
i ¥ ¥ I

I | ] H

I * 1

I ¢ ¥ !

I ] 1

i+ 0] 1

J R H

103,200 - ¢ HEE -
I % FEREEN I

P HRHHHHEHER I

] * FHHEHEHEHEHEOHR |

] & ¥

ek I

1 1

I )

102,400 } 1 1 1 1 1 1 | 1 ] ]

oo
-
-

0.0 0.8 L.é 2.4 L2 4.0 4.8 3.6 8.4 7.2
LOCATION #0. : 16108  CLOCK TINE IN HOURS. PLOT OF JYNCTION ELEVATION
IRVERT ELEV - 102.80 FEET

CRONN ECEV - 106.80 FEET
GROUND ELEV - 125.00 FEET
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140.000 1 I ] ] 1 ] ] )\ ] 1 1
i I

i 1

I I

i ]

] ¥ I

1 ¥ H

1 SRR )|

b ¥ ¥ )

I ¥ % !

136.000 - ] ¥ -
! * ¥ I

i ] * 1
JUNCTI0% ! ¥ ¥ I
I ¥ # !

RATER SURF )| ¥ ¥ I
1 * i ]
ELEV(FT) H % ¥ I
] ¥ * 1

I ¥ ¥ 1

132.00¢ - * * -
I ¥ L I

! $ * I

I ] * 1

1 £ * I

I ¥ ¥ I

] * # 1

! ¥ * I

1 ¥ ¥ 1

1 ¥ ¥ 1
128,000 - ¥ ] -
] w & ¥ I

] & s # 1

Is #ex ¥ 1

I * 1

I¥ % I

I¢ ¥ I

Ix 1] I

Is SHHHHHHEHHEHHHEHHEHHHHABHBHHHEHHRHEHHHHH RO

I I
14,000 1 ] 1 1 ] )] ] ] 1 ] ]
0.2 0.8 Lé .4 3.2 4.0 4.8 3.6 £.4 7.2 8.0

LOCATION NO. :  BO408  CLOCK TIHE IN HOURS. PLOT OF JUKCTION ELEVATION
IRYERT ELEV - 124,60 FEET

CRONK ELEY - 128,60 FEET
GROUND ELEY - 13800 FEET
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115,200 1 1 1 ] I 1 1 1 I I )
1 I

I b

] I

1 1

b 1

1 I

I 1

114,400 ~ -
1 I

1 1

i S I

1 % FHHH I

i ¥ H !

1 * ¥ )

i * ¥ I

113.@0 - ¢ * -
1 ¥ ¥ !

1 * % 1
JUNCTION I ¥ ¥ i
I % * 1

WATER SiiRs 1 ¥ ¥ i
i ¥ # 1
ELEVCFT) I * ¥ 1
I ¥ # i

I ¥ * I

112.806 - ¥ ¥ -
I ¥ ¥ I

b ¥ ] 1

I ¥ * 1

1 & * 1

i ¢ ¥ I

1 ¥ ¥ 1

i ¥ o I

1 1 ¥ 1

I ¥ M I

112.000 - * HH -
1 ¥ R 1

1 FHI 1

I« RS H

1 * S ]

I » H

Tiews i

) ]

111,40 1 ] ¢} ] ] ] ] I 1 1 1
0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2 g.

LOCATIEN KO, +

15008 CLBCK TINE IN WOURS. PLOT OF JUNCTION ELEVATION

TWVERT ELEY - 11150 FEET
CRONN ELEV - 117.00 FEET
GROUND ELEV - 25.00 FEET
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Table 3-3. Input Data for Example Z.

S 1 0 ¢
MM 3 10 1% 12
$SEXTRAN

Al EXTRAN USER’’S HMANUAL EXAMPLE 2’
A1 ' BASIC PIPE SYSTEM WITH TIDE GATE FROM FIGURE 3-2'
t NTCYC DELT TZERO NSTART INTER JINTER REDO

Bl 1440 20.90 0.0 43 500 45 0
¥ METRIC NEQUAL AMEN ITMAX SURTOL
B2 0 0 0.0 30 0.05

$ NHPRT NQPRT NPLT LPLT NJSW

BI 1 { { 1 3

t PRINT HEADE

B4 80608 16009 16109 15009 82309 80408
¥  PRINT FLOWS

B 1030 1630 1600 1602 1570 8130

¥ PLOT HEADS

B6 BOLOB 16009 16109 15009 82309 80408
¥ PLOT FLOWS

B7 1030 1630 1600 1602 1570 81390

¥ CONDUIT DATA

Ct 8040 B0408 80408
Cl 8060 80608 B2309
C1i 8100 B1009 81309
Cl B130 81309 15009
C1 1030 10309 10208
C1 1570 15009 146009
C1 1600 16009 16109
Cl 1630 16009 10309
C1 15602 82309 16109
] JUNCTION DATA
DI 80408 136.0 124.6
Dl 80408 135.0 118.3
b1 81009 137.0 128.2
Dl 81309 130.0 117.5
DI 82309 185.0 112.3
D1 10208 100.0 89.9
D1 10309 111.0 101.6
D1 15009 125.0 11,5
Dt 16009 120.0 102.90
Dt 16109 125.0 102.8
12 10208 1

di 2

d2 94,4

Kt 3

K2 8230% BO408 81009

K3 0.0 0.0 0.0 0.0
K3 0.25 40.0 45.0 50.90
K3 3.0 40.90 453.0 50.9
K3 3.25 0.0 0.0 0.0
K3 12.¢ 0.0 0.0 0,0
$ENDPROGRAYN

1800,
20735,
9100,
3500,
4500.
§5000.

500,

300.
5000,

-
COO0OODODODODOD OO
L]

COO0OO0OO0COOOO
S ODOoOOO0O0O
Lol » I < S
Do )0 5ot fab
® & = m =B g ® s =&
QOO OODOODOoOMNO
S OO COOMND

CO0COoOO0O0O0 00

oo ROUMOEO O
COOQOO0OOODOOQ
SO0 000000

SO0 DO 0Oo0
OO0 OD

* = & e @
OO0 OO0 0O0

OO 0000 OOO
C OO OCOQCOO0OO

- -
COOC0OoOOCOOOO
- - - | ] -
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Table 3-4, FPartial Gutput for Exasple 2.

SR REHHEHEHOE R OB HREHRHREHEHEHHEHEORH

* JUNCTION SUKKARY STATISTILS «
HRHEHHEHREREE RS RN

UPPERMDST  NEM KAINUN  TINE FEET OF  FEET XAX, (ENGTH  LEXGTH  MA(INOM
GROUND PIPE CRONX JUNCTION JUNCTION JUNCTION  OF  SURCHARGE  DEPTH IS oF oF JUKCTION
JUNCTION ELEVATION ELEVATION  DEPTH  DEPTH DEPTH  OCCURENCE AT XAX  BELON BROUND SURCHARGE FLOODING AREA
NUWBER  (FT) t3g] (FT) COEF. VAR (FT) MR, NIK. DEFTH  ELEVATION {HIK) R (5Q.FT)
80408 13800  128.60 4.21 LB B4 0 M 9,40 0.00 151.0 1.3 2.5006+04
8008 135.00 122,30 9.64 LMW 17 01 2.7 0.00 37,0 149.0 1.0508+05
BIOOS 13700 132.70 113 L.og ¥ o0 0.00 EX L 0.0 0.0 1.143E+04
81305 130,00  122.00 1.3 0.99 3% 0 4§l 0.0 8.94 0.0 0.0 1.921E+04
B30 185.00  118.50 & L2 1n48 008 15.48 4.0 64,0 0.0 L916E+D
10208 100.00 98.50 4.25 0.4 430 0 % 0.00 5.60 0.0 0.0 1.093EH05
10305 110,00 110.60 1.4 0.8 268 I M 0.0 &1 0.0 0.0 4.487E404
15008 15.00 1700 4.1 .68 23 1 2 0.0 10,99 0.0 0.0 2132t
16009 120,00 111.00 1.% 7 L2 0 W 0.00 14,88 0.0 0.0 1.783E+04
wW 15.00 10880 1.3 686 300 o0 B 0.00 19.20 0.0 0.0 32688405
EHRHERHEERRHHHEER R R SRR
¥ CONDUIT SUNKARY STATISTICS +»
R HHHOHE FHEERHEHEHEHEHEER
CONDYIT  NAINN  TINE NAIMSE  TINE  RATI0 OF  WAXINUR DEFTW ABDYE LEWGTH CONDUIT
DESIGN  DESIGN VERTICAL COMPUTED oF CORPYTED oF M. TO TNV, AT CODUIT EXDS OF SAC  SLOPE

CONDHIT  FLON  VELOCITY DEPTH  FLON  OCCURENCE  VELOCITY OCCURENCE DESIGN UPSTREAN DOWNSTREAY  FLOM

WUMBER  (CFS)  (FPR) (W) (CFS}  WR. NIN.  (FPS}  HR. MIN.  FLOW (F1i {F1) {MIN} (FTIFT)
8040 7.36E401 5.8 40.00 SOE%0 0 2 S0 0 0 0.8 14 1670 ¥9.7 0.003%
8060 5.33E+01 424 40,00 4420701 0 2% 482 0 U 08T 160 n.4 5.3 o.0083
8100 7.81E+04 491 5400 s JMWI 0 T S0 0 0 O0TR 33 3.5 M7 000210
8130 7.06E+01 44 M0 6B 1 34 0 % 078 LM 451 I3 0.00171
1030 303403 12.46  108.00 L2E+02 I M R B B X 450 4537 0.00260
1570 1. 4E+02 5.2 4.0 SN 1 2 W48 1 2 08 A3 L2 617 0.001%0
1600 1.47E+02 509 700 LIEH 0 M 602 0 ¥ 0% 00 12 H13 0.00160
1630 2, 316403 9.52  108.00 L2AfH2 I /B 81 0 32 o0 LI2 2,68 2000 0.00133
1602 4.34E401 221 60.00 £B7EROY 0 B S0 0 0 LB U 3.00 0.0 0.00190
90010  UNDEF  UNDEF  ONDEF L20E/D2 I M
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SW 1 0 o Table 3~-5. 1Input Data for Example 3.

MM 3 10 i1 12

$EXTRAN

A1 "EXTRAN USER’'S MANUAL EXAMPLE 3°*

Al * BASIC PIPE SYSTEM WITH SUMP ORIFICE AT JUNCTION B2309 FROM FIB 3-3°
1 NTCYC DELT TZERO NSTART INTER JINTER REDOQ

Bl 1440 20,0 0.0 45 45 45 ¢
¥  METRIC NEGUAL AMEN ITMAX SURTOL
B2 0 0 0.0 30 0.05

¥ NHPRT NGPRT NPLT LPLT NJISH

B3 & & & ] 3

¢  PRINT HEADS

B4 80608 16009 16109 15009 82309 80408
¥ PRINT FLOWS

BS 1030 1630 1600 1602 1570 8130

¥  PLOT HEADS

B6 B0L0B 16009 16109 15009 82309 80408
¢t PLOT FLOWS

B7 1030 1630 1600 1602 1570 B130

¥  CONDUIT DATA

Ci 8040 80408 80608 0.0 1 0.0 4.0 0.0 1800. 0.0 0.0 0.01{5 0.0 0.0
Cl 8040 80608 82309 0,0 1 0.0 4.0 0.0 2075. 0.0 2.2 0.015 0,0 0.0
€1 8100 81009 81309 0.0 1 0.0 4.5 0.0 5100. 0.0 0.0 0.018 0.0 0,0
Ci B130 81309 15009 0.0 { 0.0 4.5 0.0 3500. 0.0 0.0 0.015 0.0 0,0
Ci 1030 10309-10208 0.0 & 0.0 9.0 0.0 4500. 0.0 ¢.¢ 0.014 3.0 3.0
C{ 1570 15009 16009 0.0 1 0.0 S.5 0.0 S5000. 0.0 0.9 0154 0.0 0.0
C1 1600 16009 16109 0.0 1 0.0 6.0 0.0 509. 0.0 0.0 0.015 0.0 0.0
Cl 1630 16009 10309 0.0 & 0.0 9,0 0.0 300. 0.0 0.0 0.015 3.0 3.0
C1 1602 82309 16109 0.0 § 0.0 5.0 0.0 5000. 0.0 0.0 0.034 0.0 0.0

] JUNCTION DATA

DI 80408 138.0 124.4
D1 80408 135.0 118.3
D1 81009 137.0 128.2
D1 81309 130.0 117,5
3] 82309 155.0 112.3
Dt 10208 100.0 89.9
D1 10309 111.0 101.6
" 15009 125.0 111.5
D1 16009 120.0 102.¢
D1 16109 125.0 102.8 0.0
t SUMP ORIFICE AT JUNCTION 8230%
Fi B2309 15009 2 3.14 .85 0,0

It 10208 |

41 1

Kl 3

K2 82309 80408 81009

K3 0.0 0.0 0.0 0.0

K3 0.25 40.0 45.0 50.0

K3 3.0 40.0 45,0 50.0

K3 3.25 0.0 0.0 0.0

K3 12.0 0.0 0.0 0.0

$ENDPROGRAM

CO0OOCOOOO
COQ0CODCOOD

= & a & a

COO0OO0CO0OO0COoCOOO

COCOoCOoOCOOOO
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Table 3-6. Partial Gutput for Example 1.

¥ JUNCTION SUNNARY STATISTICS *
R

EXTRAR USER'S BANUAL EXARPLE 3

BASIC PIPE SYSTEN HIT4 SUNP ORIFICE AT JURCTION 62309 FRON FIG 3-3
UPPERMOST  MEAN NAXIHUN  TIME FEET OF  FEET WAL, LEWGTH  LEWGTH  MAXINUM
BROUND PIPE CRONN JUNCTION JUNCTION JUNCTION  OF  SURCHARGE  DEFTH IS o oF JUKCTION
JUNCTION ELEVATION ELEVATION  DEPTH  DEPTH DEPTH  OCCURENCE AT MAY  BELOV GROUND SURCHARGE FLOGDING MREA
KUNBER  (FT) (F1) (FT) COEf, ¥R (FT) HR. MK,  DEPTH  ELEVAFION (NI} (MIN)  (SQ.FT)
408 1300 126,40 0.91 L1 281 0 16 8.00 10.47 0.0 0.0 3.9+
80608 133.00 122,30 L3 Lz L1 0 & 0.00 13.51 0.0 0.0 6. [64E+4
8009 1302 13270 115 LE 4 ¢ » 0.00 .32 0.0 0.0 1.14E+M4
81309 130.00 122,00 .22 0.% 2.86 0 3@ 0.00 .64 0.0 0.0 1.919E+M4
82109 185.00 118,50 4.02 673 &7 2 W 0.0 36.45 . 0.0 11626405
10208 100,00 98.90 1.3 0.7 26 1 S8 0.00 7.48 0.0 0.C 7.3MBE¢0¢
1039 106 110.60 1.97 083 497 2 0 6.0 643 0.0 0.0 41650404
5o 1506 U700 Ln 0.9 L7 1 W 0.0 L7 0.0 0.0 2.135E+04
6o 12000 11,00 1.9 .74 08 1 N 0.0 4.9 0.0 0.0 1.781EHM
18108 125.0¢ 10880 1.9 Lo 4% 1 0¥ 0.00 19.62 0.0 0.0 1.827E+05

FHHHAHEHHEHHHHEHHHEHHHEHHHEHE R EHEHEHERHHHHHHHEHH

¥ CONDUIT SUNNARY STATISTILS +
FEEHE R O

CONDYIT  MAXTNEY
DESIGN  DESIGN VERTICAL COMPUTED

CONDOIT  FLOW  VELODCITY  DEFTH

TIKE
oF

LLge L
CONATED

TINE  RATI0 OF  NAXINYN DEPTK ABOVE LENGTW CONDYIT
BAX. TGN, AT CONDRIT EMDS OF SPC  SLOPE

oF

FLO¥  OCCORENCE  VELOCITY  OCCUREMCE DESIGN UPSTREAX  DONNSTREAX

FLOW

NUWBER  (CFS)  (FPS)  (IN}  (CFS)  HR. MIN, {FPS1 #R. WIN.  FiON (FT) {F1) {MIN) (FTIFT)

8040 7.38E+01 5.86 48,00 S.00e/01 0 22 64 0 W 0.8 293 L 457.3 0.00350
8060 3.33E40! 26 €800 5086400 0 44 S 0 4 095 LB 4.0% M7 0,00183
8100 7.81E+0! 491 .00 STAHI 0 4 545 0 T 013 L8 .66 429.3 0.00210
BI30 7.06EH)1 464 5400 S.6k401 0 8 34 0 5 073 2BE L7 418.0 000171
1030 3038403 12,46 108.00 L3EH2 1 N s 1B 6M W .62 0.0 0.00260
1570 1.246402 $.20 66,00 BOIEHI 1 W LI £ T B S S 7 ] 08 TLT 00019
1600 1478402 19 TAO00 48MHI 2 B 8 2 W 4l 2% .08 2433 0.00160
1630 2.31E403 9,52 108.00 LIEH2 1 a2 0 8 006 308 .91 1967 0.0133
1602 4, 4EA)! 221 6000 4.60F401 2 17 MB 0 5 L0 & .58 29,3 0.00190
F0010 3.03E¢01 0.68 3.9 390B%1 3 0 4 3 0 LB &n 4.88 0.7 0.00003
90011  GWDEF  UNDEF  OWDEF L33E#02 1 088
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Table 3-7. Input Data for Example 4.

SW 1 0 O
MM 3 10 11 12
$EXTRAN

A1 TEXTRAN USER’’S WANUAL EXAHPLE 4'
a1 ' BASIC PIPE SYSTEM WITH A WEIR AT JUNCTIGN 82309 FROM FI6 3-4’
] NTCYC DELT TZERO NSTART INTER JNTER REDO

B1 1440 20.0 0.0 45 500 43 0
] METRIC NEQUAL AMEN ITHAX SURTOL
B2 0 ¢ 0.0 30 0.05

t NHPRT NGPRT NPLT {PLT NJSW

83 i 1 1 i 3

% PRINT HEADS

B4 80608 16009 16109 15009 82309 80408
X PRINT FLOWS

B5 1030 1630 1600 1602 1570 8130

¥ PLOT HEADS

B6 BOSO8 1600% 14109 15009 82309 BO4CS
] PLOT FLOWS

B7 1030 1630 §1600 1602 1570 B130

t  CONDULT DATA

DHOOWOOOD
. . . -

Ci B8040 BO40B BO&0S 0.0 1 0.0 4.0 0.0 1800. 0.0 0.0 0.015 0.0
C1 8060 B0&0B 82309 0.0 § 0.0 4.0 0.0 2073, 0.0 2.2 0.015 0.9
€1 8100 81009 81309 0.0 1 0.0 4,5 0.0 5300. 0 0 0.0 0.015 0.0
Ci 8130 B1309 15009 0.0 1 0.0 4.5 0,0 3500. 0.0 0.0 0.015 0.0
C1 1030 10309 10208 0.0 & 0.0 9.0 0.0 4500. 6.0 0.0 0.016 3.¢
Ci{ 1570 15009 16009 0.0 1 0.0 5.5 0.0 5000. 0.0 0.0 .0154 0.0
C1 1600 16009 16109 0.0 1 0.0 6.0 0.0 3500. 0.0 ¢.0 0.015 0.0
€1 1630 16009 10309 0.0 & 0.0 9.0 0.0 300, 0.0 0.0 0.015 3.0
C1 1602 82309 16109 0.0 1 0.0 5.0 0.0 5000, 0.0 0.0 0.034 0.0
¥ JUNCTION DATA

Dt 80408 138.0 124.6 0.0 0.0

D1 80608 135.0 118.3 0.0 0.0

D1 81009 137.0 128.2 0.0 0.0

bl 81309 130.0 117.5 0.0 0.0

D1 82309 155.0 112.3 ¢.0 0.0

D1 10208 100.0 B9.9 0.0 0.0

Dl 10309 111.06 101,6 0.0 0.0

Dt 15009 125.0 111.5 0.0 ©.0

D1 16009 120.0 102.0 0.0 0.0

D1 16109 125.0 102.8 0.0 0.0

] TRANVERSE WEIR AT JUNCTION 82309

61 B230% 15009 1 3.0 4.0 3.0 0.80

It 10208 1

Jr

K1 3

K2 82309 80408 81009

K3 0.0 0.0 0.0 0.0

K3 0.25 40.0 45.0 50.0
K3 3.0 40.0 45.0 50.0
K3 3.25 0.¢ 0.0 0.0

K3 t2.0 0.0 0.0 0.0

$ENDPROGRAN
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Table 3-§. Partial Output for Example 4,

FEERE N EHOE R ER R R O

£ JUNCTION SUXNARY STATISTI(S »

EXTRAK USER'S MANUAL EXMAPLE 4
BASIC PIPE SYSTEN KITH A WEIR AT JUNCTION 82309 FRON F16 34

UPPERNOST  MEM KRy TINE FEET OF  FEET MAX, LEWGTH  LEWGTR  NAXINUM
GROUND PIPE CROMN JUNCTION JUMCTION JUNCTION  OF  SURCRARBE  DEFTH IS oF :3 JUNCTZOW
JUNCTION ELEVATION ELEVATION  DEPTH  DEFTH  DEPTH  OCCURENCE AT MAX  BELON GROUND SURCHARGE FLODDING MREA
NiWBER (D) {f1) (F7) COEF. VAR  (FT} HR. WIK,  DEPTW  ELEVATION (K1) Ny (S0
80408 138,00  128.60 276 LY 049 o @ 5.40 100 240 0.0 2.512+04
80608 135.00 122,30 443 L3 B4 0 @ $.46 1M 154.0 0.0 6.535E+04
B0 1.0 13N LB Le ¥ 0 0.00 5.4 0.0 0.0 1.146E004
139 130,00 1.0 L% 097 LB 0 & 0.00 9.3 0.0 0.0 L.S24E+4
8309 155.00  116.30 575 LI 181 0 4 0.4 26.01 9.7 0.0 1.220E¢0%
028 100.00 #8.90 1.3 .77 283 1 & 0.0 1.4 6.0 0.0 7.338E04
10309 1509 110.60 1.5 068 298 1 1 0.0 642 0.0 0.0 4.176E+04
1nos 125,00 1100 1% DALY F A I (1 0.00 10.33 0.0 0.0 21576+
%08 120.00 11100 L8 0.3 108 I B 0.00 4.9 0.0 0.0 17316404
By 185,00 108.80 L3R 086 21 | B 0.00 5.4 0.0 0.0 2.099E405
SRR OSSR R
¥ CONDUIT SUMBNARY STATISTICS
AR O R HOHOHER
CONDYIT  NACINGM  TIME NAXINUR  TINE  RATID OF  MAXTRUN DEPTH ABOYE LENGTH COWDUIT
DESIGN  DESIGN VERTICAL COMAITED o CORPUITED oF KA TO INV. AT CONDUIT EXDS OF SPC  SLOPE

CONDUIT  FLON VELDCITY DEPTW  FLOW  BCCURENCE  WELOCITY  OCCURENCE  DESIGN UPSTREAY  DOWNSTREAX

FLOK

MUNBER  (CFS}  (FPS) (I (CFS)  BR. MIN.  (FPS}  HR. MIN. FLOW (kT3 (i1 (WIN) (FT/FT)
8040 7. 368401 5.8 48,00 506401 0 22 N 0 0 0.69 10.28 .4 X6.7 0.00350
8080 5.33E401 424 4.0 465041 0 4l 82 o0 LB 1141 1.4 350 0.00i83
8100 7.81E401 491 5400 599401 0 B N0 0 0 077 ¥ .09 417 0.00210
8130 7.06E401 44 00 XML 0 ¥ 8 0 & o LB 47 Q1.3 0007
1030 3036403 1246 108.00 J38Ee02 1 33 7% 1 2 0.4 2.98 2.63 0.0 0.0020
1570 1. 24602 5.0 6400 T.eéEM1 1 17 54 1 16 082 LY L3 IS0 0.00190
1600 1476402 5.09 T2L00 L0401 0 4 .52 0 0B 04 LT L0y 23.7 0.00160
1630 2.31E+03 9.52 10800 L¥EHRZ 1| 2 54 0 S50 006 109 2,98 1950 0.00413
1802 4.34E#01 228 60,00 G.0ME401 0 4 5060 0 0 LIB 1669 2.78 0.0 0.001%
%0010  UNDEF  UNDEF  UNDEF 2.61E#01 0 4l
90011  UNDEF  UWDEF - UWDEF L36E#02 1 3
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Table 3-9. Input Data for Example 5.

S 1 0 O
e 3 10 11 12
SEXTRAN

A1 "EXTRAN USER’'S MANUAL EXANPLE 35’
At ' STORABE FACILITY AND SIDE OUTLET ORIFICE AT JUNCTION 82309, FI6 3-%'
$  NTCYC DELT TZERD NSTART INTER JNTER REDD

Bl 1440 20.0 0.0 45 43 45 0
t  METRIC NEQUAL AMEN ITMAX SURTOL
B2 0 Y 0.0 30 0.05

t NHPRT NQPRT NPLT LPLY NJSH

BI & 6 & & 3

% PRINT HEADS

B4 BOL0B 14009 1610% 15009 82309 B04CE
¥ PRINT FLOWS

BS 1030 1630 1600 1602 1570 8130

¥ FLOT HEADS

Bé BO&OB 16009 16109 15009 82309 B040E
¥ PLOT FLOWS

B7 1030 14630 1400 1602 1570 8130

% CONDUIT DATA

€1 8040 BO408 80608 0.0 1 0,0 4.0 0.0 1800. 0.0 0.0 0.015 0.0 0.9
€1 8040 BO&OB 82309 0.0 1 0.0 4.0 0.0 2075. 0.0 2.2 0.013 0.0 0.0
C1 8100 81009 81309 0.0 1 0.0 4.5 0.0 5§00, 0.0 0.0 0.015 0.0 0.0
€1 B130 81309 15009 0.0 t 0,0 4.5 0.0 3500. 0.0 0.0 0,015 0.0 0.0
Ci 1030 10309 10208 0.0 & 0.0 9.0 0.0 4500. 0.0 0.0 0.016 3.0 3.0
Ct 1570 15009 16009 ©.0 1 0.0 5.5 0.0 5000. 0.0 0.0 .0i54 0.0 0.0
€1 1600 16009 16109 0.0 1 0.0 6.0 0.0 S500. ¢.0 0.0 0.015 0.0 0.0
C1 1630 16009 10309 0.0 & 0.0 9.0 0.0 300. 0.0 0.0 0.013 3.0 3.0
t NOTE, PIPE 1402 NOW CONNECTS TG JUNCTION 82308

Ci 1602 62308 14109 0.0 1 0.0 5.0 0.0 5000. 0.0 0.0 0.034 0.0 0.0
1 JUNCTION DATA

D! 80408 138.0 124.6 0.0 0.0

D! 80608 135.0 138.3 0.0 0.0

D1 81009 137.0 128.2 0.¢ 0.0

b1 81309 130.0 117.§ 0.0 0.0

Di 82309 155.0 114,5 0.0 0.0

£ NEW JUMCTION FOR ORIFICE CONNECTION

Dl 82308 155.0 112.3 0.0 6.0

0t 10208 100.0 B9.% 0.0 0,0

D1 10309 111.0 101.6 0.0 0.0

D1 15009 125.0 111.5 0.0 0.0

D1 16009 120,00 102.0 0.0 0.0

D1 16109 125.0¢ 10Z2.8 0.0 0.0

f STORAGE JUNCTION AT JUNCTIGN 82309

ES 82309 185.¢ 800.0 O

t SIDE-OUTLET ORIFICE AT JUNCTION 82309
Fi 82309 82308 1 3.t4 0.85 0.0

11 10208 |

J1

Kt 3

K2 82309 80408 81007

K3 0.0 0.0 0.0 0.0

K3 0.25 40.0 45.0 50.0
K3 3.0 40.0 45.0 50.0
K3 3.25 0.0 0.0 0.0

K3 12.0 0.0 0.0 0.0

SENDPROGRAN
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Table 3-10. Partial Qutput for Example 5.
FREHEHHHOOHHOHE RSO HHEHHEEHEO O SO

¥ JUNCTION SUBKARY STATISTICS #
BRI R R

EYTRAN USER'S NANUAL EXAWPLE ¥

STORAGE FACILITY AKD SIDE GUTLET ORIFICE AT JUNCTION 62308, FI6 3§

UPPERKDST  MEAN HA(INUK  TINE FEEY OF  FEET NAX. LENGTH  LENGTH  MAXINUM
OROUND PIPE CRONN JUMCTION JUNCTION JUNCTION  OF  SURCHARGE  DEFTH 1S o oF JURCTION
JUNCTION ELEVATION ELEVATION  DEPTH  DEPTH DEPTH OCCURENCE AT NAX  BELON GROUND SURCHARGE FLOODING AREA
KUMBER  (FT) i (FT) (OEF, VAR  (FT) WR. HIK. DEPTH  ELEVATIN (8IK) (AN (S.FT)
Bods 13800 128.40 44 L nsl 001 8.93 0.47 1643 0.0 2.368E+04
80608 135,00 12X 5.99 L2 160 08B 12,70 0.00 7.0 1507 L.34EW4
BI008 1300 1370 .13 L8 ¥ 07 0.0 .4 0.0 0.0 1143644
81307 130.00 132,00 1.% 09 LN 0 ¥ 8.00 8.97 0.0 0.0 1.923E+04
82307 195.00  195.00 1.4 by B¢ N B R .00 1%.47 0.0 0.0 5.279E%0)
82308 150 1.3 .73 L1z .03 0 3 11.03 2%.67 165.7 0.0 1 J3TEHS
10208 100.00 98.90 1.24 07 2 105 0.0 7.68 0.0 0.0 6763404
10309 11100 110.60 1.51 .65 27 I ¥ 0.00 6.4 0.0 0.0 3.869004
15008 125.00 117,00 Ll 088 281 1t X 0.00 10.99 0.0 0.0 2.15%+04
18009 120,00 111,00 L3 .70 28 I B 0.00 1.4 0.0 0.0 1.7806+04
16108 126,00 108.80 131 083 2% ¢ 4 0,00 19.30 0.0 0.0 18720405
R RO
¥ LONDUIT SUNNARY STATISTICS +
OO
CONDEIT  NA(IMGY  TIEE KACINUN  TINE  RATIO OF  WAXINUN DEPTH ABOVE LEMGTH CONDUIT
DESIGN  DESIGN VERTICAL COMPYTED (3 CONPYTED oF BAX. TO IV, AT CONDUIT EWDS OF SPC  SLOFE
CONDSIT  FLO¥  VELOCITY DEPTR  FLON  OCCURENCE  VELOCITY  OCOURENCE  DESIGN UPSTREAX  DOMWSTREAR  FLON
WHBER  (CFS)  (FPS) (1M (CFS} R, WIN.  (FPS}  MR. MIK.  FLOM (FF) {f1) NIN) (FT/FT)
8040 7.36401 586 400 SBEWI 0 0B N0 0 0 071 1% 16,70 28,3 0.003%0
8060 5.33E+01 424 48,00 83K 0 X 88 0 7 087 1.0 1.4 240 0.0018]
8100 7.81E401 491 5400 6, J0B%01 0 T S000 0 0 078 LY 353 4«7 0.000
8130 7.06E+01 44 5400 S.4ebs0t 8 3 58 0 % om 4N .51 9.3 0.00174
1030 3036403 1246 108.00 LJ0EW7 I 35 LM L K oM LR 2.4 ¢.0 0.00260
1§70 LuE+02 520 Bh00 SMEH 1 R 457 1t H & 23 286 4430 0.001%0
1800 1476402 S8 TR00 854401 0 & 589 0 4 04 2% 2.86  20.7 0.00160
1630 2,316+03 9.52 108,00 LuEBH? 1 % .05 ¢ 51 005 2.8 276 187 0.00133
1602 4.34E%01 220 80,00 6.10E401 0 3 94 0 3 L4 1603 2.9 0.0 0.00190
96010 3036401 0.68 2199 T.49EM 0 31 H48 0 M 254 26,04 13.64 5.0 0.00003
S0011  UNDEF  UNDEF  UNDEF LLMOEXOZ ! 3 .
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Table 3-11. Imput Data for Example 6.

SW 1 0 O

MH 3 10 11 12

SEXTRAN

A1 'EITRAN USER’’S MANUAL EXAMNPLE &’

at ' OFF-LINE PUMP STATION AT JUNCTION 82310 FROM FIGURE 3-6’
¥ NTCYC DELT TZERG NSTART INTER JNTER REDO

Bl 1440 20.0 0.0 45 45 45 0
t METRIC NEQUAL AMEN TTHAX SURTOL
B2 0 0 0.0 30 0.09

t NHPRT N@PRT NPLT LPLT NJSK

B3 & 5 b b 3

% PRINT HEADS

B4 80608 146009 14109 15009 82309 80408
3 PRINT FLOWS

B5 1030 1630 1600 1402 1570 8130

] PLDY HEADS

Bs 80608 16009 16109 15009 B2309 BO40B
t PLOT FLOWS

B7 1030 1630 1600 1602 1570 8130

t  CONDUIT DATA

Ci 8040 50408 80608 0.0 1 0.0 4.0 0,0 1800. 0.0 0.0 0.015 0.
€1 8040 80408 82309 0.0 § 0.0 4.0 0.0 2075. 0.0 2.2 0.015 0.
€1 B100 61009 81309 0.0 1 0.0 4.5 0.0 5100. 0.0 0.0 0.015 0.
t EXTRA PIPE FOR PUMP

Ci B80&1 82309 82310 0.0 1 0.0 4.0 0.0 300. 0.0 0.0 0.004 0.
£1 8130 81309 15009 0.0 § 0.0 4.5 0.0 3500. 0.0 0.0 0.015 ©.
Ct 1030 10309 10208 0.0 & 0.0 9.0 0.0 4500. 0.0 0.0 0.016 3.
Ci 1570 1500% 16009 0.0 { 0.0 5.5 0.0 S000. 0.0 0.0 .0154 0.
€1 1600 146009 16109 0.0 1 0.0 6.0 0.0 S00. 0.0 0.0 0.015 0
Ci 1630 14009 10309 0.0 & 0.0 9.0 ¢.0 300. 0.0 0.0 0.015 3,
Ci 1402 B2309 16109 0.0 % 0.0 5.0 0.0 5000. 0.0 0.0 0,034 0.

L] JUNCTION DATA
DI B040B 13B.0 124.6 0.0
t EXTRA JUNCTION FOR PUMP

(=]
.
<

b1 82310 155.0 112.3 0.0 0.0
D1 80408 135.0 118.3 0.0 0.0
D1 681009 137.0 128.2 0.0 0.0
Dt 81309 130.0 117.5 0.0 0.0
pi 82309 155.0 112.3 0.0 0.0
(i} 10208 100,0 89.9 0.0 0.0
Di 10309 111.0 10%.4 0.0 0.0
B1 15009 125.0 111.5 0.0 0.0
11 16009 120.0 102.0 0.0 0.0
D1 16109 125.0 102.8 0,0 0.0

t OFF-LINE PUNP

t IPTYP NJUNC1 NJUNC2 PRATEX - PRATEI VRATEL - VRATE3 VHELL
Wi t 82310 15009 5.0 10.0 20.0 200.0 &00.0 1200.0 &0.0
11 10208 1

N |

Kt 3

K2 82309 80408 81009

K3 0,0 0.0 0.0 0.0

K3 0.25 40.0 45.0 50.0

K3 3.0 40.0 45.0 50.0

K3 3.25 0.0 0.0 0.0

K3 12.0 0.0 0.0 0.0

$ENDPROGRAM
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Table 3-12, Partial Dutput for Exaaple 6.

RN R R R ORI
¥ JUNCTION SUMNARY STATISTICS #
B R OOV

EXTRAR USER'S NMNUAL EXANPLE 6
OFF-LIHE PUMP STATION AT JUNCTION 82310 FRON FIGURE 3-6
UPPERKOST  HEAN MAXIMUN  TINE FEET OF  FEET WAL LEWGTH  LENGTH  WAXINUY
GROUND PIPE CRONM JUNCTION JUNCTION JUNCTION  OF  SURCHARGE  DEPTH IS bF oF JUNCTIEN
JUNCTION ELEVATION ELEVATION  DEFTH  DEPTH DEPTH  OCCUREWCE AT WAY  BELON GROUND SURCHARGE FLOGDING AREA
NUNBER  (FT) {FT) (FT)  COEF. ¥AR  (FT} KR MIN, DEFTH  ELEVATION (KIK} IR} (507D
8408 13800  128.40 3.6 L4 1245 0 4 B.69 0.7§ 14.0 0.0 3.5476%04
B2 1N 116,30 L9 LI 40 ¢ 4 0.00 25160 0.0 0.0 1.257E#01
80808 135.00 12230 499 L.¥ 183 0 0 3 0.7 2.0 0.0 B.815E+04
Bl IIM0 132,70 1.14 L L& 0t & 0.00 S.H 0.0 0.0 1. 146E+4
By 13000 122,00 L2 096 286 0 98 0.0 §.64 0.0 0.0 1,923+
B33 155.00 118,50 6.25 L3 1381 0 92 13.41 25.08 149.0 0.0 1.963E405
10208 100.00 $8.90 1.5 679 26 1 ¥ 0.00 7.48 0.0 0.0 7.323E+04
039 MLO0 110,40 L7 0.9 %7 | ¥ 0.00 6.43 0.0 0.0 41685404
00y 1IN0 1.0 1.4 084 298 1 19 .00 10,52 6.0 0.0 21576404
16009 120.00 1100 1.% o e I B 0.60 14.92 0.0 0.0 1.T9ZEHM
1608 IN.00  108.80 1,22 09 287 1 U 0,00 19.33 0.0 0.0 31678405
s L e
¢ COKDUIT SUNNARY STATISYICS
SR AR RO
CONDYIT  WASIMUE  TINE BAXINGE  TINE  RATIO0 OF  NAXINUN DEPTH ABOVE (ENGTH CONDYIT
DESIGN  DESIGR VERTICAL COMPUTED oF CONFUTED oF KA. TO 1NV, AT CONDUTT ENDS OF SPC  SLOPE

CONDYIT  FLON  VELOCITY DEFTE  FLON  OCCUREMCE  VELOCITY  GCCUREWCE  DESIGN UPSTREAN  DOMNSTREMM

FLox

WUMBER  (CFS)  (FPS) (I} (CFS)  HR, MIN. (FPS)  #R, WIN. FLOW (F1} {(FT) (HIN} (FTSFT
B8040 7.36E401 5.86 48,00 S 000 0 2 .00 0 0 069 192 16,33 347 000350
B0s0 §.33E401 424 800 S.00EHF 0 W 97 0 H 09 16,3 17.41 20.0 0.00163
8100 7.8I1E+0! 481 H.00 SNEW 0 4 N6 ¢ 6 0.7 3.4 2.8 4.7 0.0020
8061 2708401 .00 4800 LISER2 3 9 a3 10 4B 9.4 1.58 6.3 0.00000
8130 7,06£401 444 5400 S.aeEW0I 0 0B 48 0 % 013 48 298 40.7 0.00171
1030 3.036+03 1246 08,00 L3MM2 1 U6 W1 0 287 .42 0.0 0.00260
1570 1. 24407 5.0 66,00 7.05K01 1 9 L7 ) I SR [ B A 8 3.08 4407 0.00190
1600 1476402 S8 TAM0 s5iMt 1 2 46 1 2 044 A8 L8 8.0 0.00160
1630 2.31E402 5,33 108.00 LIWA2 1 24 8B 0 5N L6 308 297 1847 0.00023
1602 4. 346401 24 8000 6520400 0 %% W0 0 0 L3O 15.8 287 1.7 0.00190
$0011  UMDEF  UNDEF  UWDEF 2008401 ¢ 13

90012  UNDEF  UWDEF DWDEF L.3SEW2 36
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EW t 0 0 Table 3-13.
MM 3 10 11 12

$EXTRAN

A1 'EXTRAN USER'?’S MANUAL EXAMPLE 7°
Al

o

Input Data for Example 7.

' IN-LINE PUMP STATION AT JUNCTION 82309 FROM FIGURE 3-7°

NTCYC DELT TZERD NSTART INTER JNTER REDO

B! {440 20.0 0.0 45
METRIC NEQUAL AMEN ITMAX SURTOL

%
B2

0 ¢

0.0

30

45

0.05

¥ NHPRT NQPRT NPLT LPLT NJSW

B3
]

B4
Y

BS
%

Bé&
1

B7
3

Ct
C1
Ci
c1
€1
Ci
C1
Ci
c1
£

D1
131
D1
D1
D1
D1
01
Di
1
D1

b &

-} 6

PRINT HEADS

80608 16009 16109 15009 82309 80408

PRINT FLOWS
1030 1430 1600 1602 1570 8130

PLOT HEADS

80608 16009 16109 15009 82309 80408

PLOT FLOWS

3

1030 1630 1600 1602 1570 8130
CONDUIT DATA

8040
80460
8100
8130
1039
15370
1600
1630
1602

80408
80408
81009
81309
10309
15009
16009
16009
82309

BO&OB
82309
81309
15009
10208
16009
16109
10309
16109

O OO0 OoOOD
— e e e O e e

SO0 OOOoOCO0

JUNCTION DATA

B0408
80408
gio09
81309
82309
10208
10309
15009
16009
16109

138.0
135.0
137.0
130.0
156.0
100.0
111.0
125.0
120.0
125.0

124.46
118.3
128.2
117.5
112.3

89.9
101.4
111.5
102.0
102.8

$ IPTYP NJUNC1 NJUNC2 PR

H1i
11
Jt
Ki
K2
K3
K3
K3
K3
K3

2 82309
10208 1
1

3
82309
0.0
.28
3.0
3.25

15009

5‘0

80408 81009

0.0 0.0 0.0
40.0 45.0 50.0
40,0 45.0 50.0
0.0 0.0 0.0

12.0 0.0 0.0 0.0
$ENDPROGRAM

o

MO OO OoOD0000

TOO0OOOOO0OOOCO

OO OOO0
[~ e B — R e B = B = R

COOOOO0OO0 OO0
[ I N R I )
coOowumomth o O

a =  ® & ® e =
O OO0OOODO OO

OO OOOCOOOO0

oo OO0 oo

45

0

1800,
2075,
S100.
3500.
4500,
5000,

500.

300.
5000,

i1 - PRATE3 VRATEI

0.0 20.0

100

8.0

CODOOOoO0 0o
OO0 OO0 O0

25.0

O OO OQDOOMNO

- = .

COODOCOONCD

VRATE
0.9

0.0135
0.018§
0.015
0.015
0.016
.0154
0.015
0.013
0.034

S HODOUHOOOO
L]

OO0 O000 00

DHWOOUHODOOO

3 VHELL
0.0

COO0OOoOO0 000




Table 3-14. Partial Dutput for fxample 7.

JRIHHHEHEHHBHHHOHHHEHUHEEHHEHHO B O HHRHREEHHHHEH

¥ JUNCTION SUNKARY STATISTICS #
R RO

EXTRAN USER'S MANUAL EXANPLE T
IN-LIHE PUNP STATION AT JUNCTION 82305 FRON FIGURE 3-7

UPPERNOST  MEMR RACINE  TINE FEET OF  FEET MAX, LENSTH  LEMETH  MAXIWD®

CROUND PIPE CRONN JUNCTION JUNCTION JUNCTION  OF  SURCRARGE  DEPTH IS oF 3 JUNCTI0H

JUNCTION ELEVATION ELEVATION  DEPTW  DEFTM DEFTH  OCCURENCE AT WAX  BELDW GROUMD SURCHARGE FLOODING AREA
KUNBER  (FT) (F12 (FT) COBF. VAR (FT) WR. WIS, DEPTH  ELEVATION (M N SRS

80408 138.00 128,60 4.15 L% 14 0 ¥ 3.4 0.00 . 148.7 1.3 10106004
80608 135.00 122,30 597 L wn 0¥ 1.7 0.00 1550 1460 1OR0EH0S
81009 17700 13270 .14 08 8 0B 0.00 537 a.0 0.0 1. 146EHM
81307 130.00 122,00 1.7 0.7 L7 0 R .00 9.1 0.0 0.0 1.926E+4
92308 155.00  118.%0 7.2 1.3 2% 0o W 16.7% 19.74 162,0 0.0 1.956E405
10208 100,00 98.50 1.28 0.7 2% ! ¥ 0.0 7.9 0.0 0.0 7.183#4
0309 111,00 130.60 533 .68 292 1 % ¢.00 £.48 0.0 0.0 4.089E+04
15000 15,00 117.00 1.5 082 7% I A 0.00 10,75 6.0 0.0 2.15TE+04
16008 120,00  111.00 1.5 .74 303 1 X 0.00 14.97 0.0 0.0 17%1EH04
16109 15,00  108.80 .4 098 2.8 [ & 0.00 15U 0.0 0.0 32696405

SEEHEHHHEHHAHHHHHHEHHHE R

¥ CONDYIT SUNMARY STATISTICS
HHEHHHHHHHHHHEHR R HEH

CONDHIT  NAXINUM  TINE NAIRUX  TINE RATID OF  RAXYWUN DEPTH ABOYE LEWGTH CONNIT
DESIGN  DESIGH VERTICAL CONRUTED o CONPUTED w BAL TO DNV, AT CONDUIT ENDS OF SPC  SLOPE

CONDUTT  FLOW WELBCITY DEPTA  FLON  OCCURENCE  VELOCITY OCCURENCE  DESIGN UPSTREAY  DOVHSTREAN  FLOW
BUKBER  ((FS}  -(FPS) (IN)  (CFS) WA, MIN,  (FPS} HR. MIN,  FLO¥ N (F1 (NIN) (FTIFT)

8040 7.36E401 5.6  48.00 S.06400 0 2 5000 0 0 089 1M 16,70 302.3 0.00350
8060 5.33E+01 424 4800 462K00 0 O 2 0 0¥ 08 70 2076 2.3 0.00183
8100 7.81£401 491 5400 S.OE401 0 40 0.0 0 0 076 34 L7 438.0 000200
8130 7.08E40! 444 5400 534401 1 3 500 0 S 076 L1 2,75 5.3 0.0007¢
1030 303403 12,46 108,00 LBEW2 1 B 547 1 M 004 292 2.51 0.0 0.00260
1570 1.24€402 5.20 66,00 6.a9E¢01 1 U 489 1 20 0% An .03 W30 0.001%
1600 1476402 509 72,00 e7iEw0l 1 & 561 0 4 04 2.8 .03 X281 0.00160
1630 2.31E+03 $.52 10800 1LBEM2 1 0% . 7 ¢ & 006 O3 292 1883 0.0013]
1602 4.346401 2,2 .00 811 0 4 e 0 32 L8 L% 2.89 3.0 0.00180
90010  UNDEF  UNDEF  UNDEF 1006401 0 32

90011  UNDEF  UNDEF  UNDEF L.2EW02 1 B




30001
l\’
9
S
S

30002

Figure 3-8. Schematic for Example 8.
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Table 3-15. Input Data for Example 8. Geveration of Hot Start File.

100
3001142

s NUST SAVE NSCRAT2 FOR FUTURE HOT START.

& 11 'Exs.ur

SEXTRAK

AL 'EXTRAN EXAMPLE SHONIKG NOST CONDUIT AWD DIVERSION TYPES’

Al CINCLUDE IN USER''S WAUAL AS EXANPLE §'

+ QUK FOR § UR TO USE A5 HOT START FOR MEXT RUN.

¥ WTCYC DELT TIERD NSTART INTER JNTER REDO

BIB0 20000 2 1 0 2

B2000.0 300,05

BI109224

B4 30001 30002 30003 30004 30005 30006 30007 30081 10082 30083

BS 1000 10002 10003 10004 10005 10006 10007 1008] 10082

B 30081 30082

87 1008 1008

# CONDYIT DATA

C1 10001 30001 30002 0.0 1 0.0 3.0 0.0 510, 0.0 0.0 0.015 0.0 0.0
£1 10002 30002 30003 0.0 2 0.0 3.0 3.5 520, 0.0 0.0 0.015 0.0 0.0
¥ GECNETRIC PROPERTIES OF WORSESHOE, E5G AND BASKET-HANDLE ARE I¥

¥ SECTION 6 OF MAIN SUNH AARUAL,

C1 10003 30003 30006 0.0 3 13.26 4,0 4.0 530. 0.0 0.0 0.015 0.0 0.0
C1 10004 30004 30005 0.0 4 8.17 4.0 2,67 540. 0.0 8.0 0.015 0.0 0.0
£1 10005 30005 30006 0.0 § 12,58 4.0 1.78 $50. 0.0 1.0 0.015 0.0 0.0
C1 10007 30007 30006 0.0 7 0,0 3.0 4,0 570. 0.0 2.0 0.018 0.0 0.0
£1 10006 30006 30081 0.0 6 0.0 5.0 8.0 560. 0.0 0.0 0.020 0.25 0.5
£1 10081 30081 30082 20. 8 0.0 5.0 0.0 1000, 0.0 0.0 0,00 91 0,00}
C1 10087 30082 30083 20. 8 0.0 5.0 0.0 1000, 0.0 0.0 0.00 52 0,002
& DATA FOR IRRECULAR (NATURAL CHANNEL) CROSS-SECTIONS

WM ONCY

£2 0.0 0,06 0,04

¥ SECND WUNST STCHL STCHR XLOBL XLOBR LENW PXCECR POXECE

3% 6 S0.0 110.0 0.6 0.0 1000. 0.0 799.0

¥ ELL STAI EL2 STA? ELY STAS £L¢ STM ELS S§TAS

C45.0 0.0 4.0 50.0 1.0 55.0 0.0 100.0 3.0 110.0

¥ EL6 STA

04 5.0 150.0

¥

£392 € 5.0 1150 0.0 0.0 12000, 0.0 798.0

L45.0 0.0 4.5 550 0.0 60.0 2.0 95.0 4.0 115.0

L4 6.0 360.0
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Table 3-15(Contisued). Juput Data for Example 8, Beveration of
Hot Start File.

* JUNCTION DATA

D1 30001 810.0 802.0 0.0 0.0

D1 30002 810.0 801.0 0.0 0.0

D1 30003 810.0 800.5 0.0 0.0

DI 30004 810.0 802.5 0.0 0.0

Dt 30005 810.0 801.5 0.0 0.0

b1 30007 806.0 803.0 0.0 0.0

D1 30006 804.0 600.0 0.0 0.0

& JWPYT 20 CFS AT BEGIWNING OF WATURAL CHANNELS (£.5., RECEIVING STREAW)
¥ BUT D0 THIS Ik WYDROGRAPH IRAUT LINES,

Df 30081 806.0 799.0 20.0 0.0

D! 30087 80¢.0 798.0 0.0 0.0

1 30087 805.0 7%6.0 0.0 2.0

¥ FREE OUTFALL TO CONSTANT HEAD AT DORNSTREMM EWD

11 30083 1

g2

J2 798.0

* THPUT TRIANGULAR NYDROSRAPHS AT THREE UPSTREA® ENDS OF SEMERS
K4

K2 30007 30004 30007 30081

% FEED IN ZERD FLONS FOR HOT START FILE CREATION.

®  JUST USE CONSTANT INFLOW OF 20 CFS AT JUNCTION 30081,
o0 0.0 0.0 0.0 0.0

£30.5 0.0 0.0 0.0 0.0

K3 1.6 8.0 0.0 0.0 0.0

SENDPROGRAY
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Table 3-16. Partial Output from Example 8. Generation of Hot Start File

R EEHHE R
¥ EXTRAY CONTINUITY BALAHCE AT THE LAST TIME STEP #
et e

R R
* JUNCTIO INFLON, OUTFLON OR STREET FLODDING #
O RO

JUKCTION  INFLON, FT3

30081 7.2200E+04

MINCTION OUTFLOY, FT3

30083 5.54416404

SHHHEHHHHHHE R
® INITIAL SYSTEW vOLUME 4. 5781404 Cf FT ¥
* TOTAL SYSTEN INFLON YOLUNE 7. 22006404 T FT »
¥ INFLON + INITIAL VOLUME LIT98EH0S LU FT ¥
SO R
¥ TOTAL SYSTEN OUTFLON = J.HGIEHM CU FT ¥
% YOLUNE LEFT IN SYSTEX = GMBEH4 LY FT %
* QUTFLOK + FINAL YOLUNE = LJ4SIEHS CU FT &
TR OO
& ERROR IN CONTINUITY, PERCENT = L5 ¥
SR R MR

L e e e
¥ JURCTION SUNNARY STATISTICS &
O RO

UiPPERROST  NEMN NAYINON  TINE FEET OF  FEET MAX. LENGTH  LEWETE  NAXINUM

GROUND PIPE CRONN JUNCTION JUNCTION JUKCTION  OF  SURCHARGE  DEPTH IS .3 o JUNCTION

JUNCTION ELEVATION ELEVATION  DEPTH  DEPTH  DEPTH  OCCURENCE AT MAX  BELON GROUKD SURCHARGE FLOODING AREA
MHBER  (FT) {F1) (FT) COEF, VAR (FT) ®R. BIK. DEFTH  ELEVATION (BN} (41N (SQ.FT)

30001 810.00 805,00 0.00 .00 000 0 0 0.00 8.00 0.0 0.0 7.8196#03
0002 810,00  B04.00 0.0 .00 000 0 0 0.0 9.00 0.0 0.0 1.578E+04
30003 810,00 504,50 0.00 .00 000 0 0 0.00 9.5 0.0 0.0 1.5%0E+04
0004 510.00  804.50 e 000 00 0 0 0.00 7.50 0.9 0.0 7.979E403
30005 810.60  805.50 0.00 000 000 0 0 0.00 8.3 0.0 0.0 1.609E+K
30007 B04.00  B04.00 0.00 o0 000 ¢ 0 0.00 .00 0.0 0.0 8.422£#03
30006 80600  805.00 .02 0.93 006 0 S8 0.00 9,96 0.0 0.0 2.660E404
J0081  806.00 8400 0.9 .12 1Lo¢ 1 ¢ 0.6 5.9 0.0 0.0 2.6T8E+4
30082 806.00  803.00 L1 .06 LB 1 0 0.09 6.71 0.0 0.0 J.B40EHM
J0083  BOs.00  BOL.O0 2400 0.00 200 0 ¢ .00 8.00 0.0 0.0 339304
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TIEE  COMDUIT 10606 CONDEIT 10007 COMDUIT  100B{
HR:KIH FLow  veLEC, FLON  YELOC. FioR  ¥ELBL.
0: 3 0.00 0,00 0.00 0,00 .15 6.2
0: ¢ 0.00 .00 0.0 0.60 2.2 0.42
0:10 0.00 0.00 0.%0 0.00 12,01 0.51
0:13 0.00 0.0 0.00 00 1.2 0.59
0:16 0.00 0.00 0.00 0.00 15,83 081
0:20 e.00 0.00 0.00 0.00 1701 0.6
0:1 0.00 0.00 0.00 0,00  IT.86 0.64
0:26 0.8 0.0 0.00 0.00  18.60 0.6%
0:30 .33 ~0.08 0.00 0.00  18.99 0.6%
0:33 0.0 -D.01 0.60 0.0 Y 0.6%
0:3 0,06 .02 0.00 000 15.58 0.65
0240 -0.08  -0.02 0.00 0.00 1. 0.4
0:43 0,42  -0.03 0.00 0.0 1.7 0.64
0:46 0.03 0.00 0.00 0.00  19.85 0.63
0150 0.0 0.02 0.00 000 9.8 .43
0:83 0.0 0! .00 0.00  19.% 0.63
0:56 =0.07  -0.02 0.00 6.00  i9.94 0.62
1 0 0.0¢ 0.01 0.0 0.06  19.96 0.62

¥EAR .04 0.0 0.0 0.00 1670 0.5

HAX M 0.09 0.0 0.00 0.0 15.% {.08
KININ 0.3 -0 0.00 0.00 .3 0.18
TATAL =(.S8E+07 0. 00601 6. 01E+04

FHHHHHEHHHEHHHHHEEEHHE R HHHHEHHRHAHRHHHH S

¥ CONDUIT SUMNARY STATISTICS *
T e T i

CONDYIT  RAXINGN  TIME LEE
DESIGN  DESIGN VERTICAL COMPUTED o COMPUTED

CORDUIT
Fioy
1.2
12.33
12.05
1221
12.63
1.1
13.87
14.%
152
15.68
16.53
17,10
17.59
18.00
18,35
18.65
1889
19.09
15.41
1309
12,0
5.958404

TI4E
oF

10082
YELOL,

0.9
0.53
0.92
0,52
0.54
0.5
0.58
0.60
0.62
(.64
0.6¢
0.68
0.6¢
.71
0.72
on
0.73
&.74
0.63
0‘83
0.5

RATI0 OF  MAXIHUE DEPTH ABOWE LENGTH CONDUIT
MAX, TO DNV, AT CONDUIT ENDS OF SPC  SLOPE

CONDUIT  FLOR  VELOCITY DEPTK  FLON  OQCCURENCE  VELOCITY  GCCURENCE DESIGN UPSTREAM  DOWNSTREAN  FLOM
NUNBER  (CFS)  (FPS)  (IH)  (CFS) BR. NMIN.  (FFS) WA, MIN.  FLON {FT) (2)] (HI8} (FTIF1)
10001 2.56E401 3.62 3600 0.006-01 0 0 .00 & 0 H00 -L00 0.00 0.0 0.0019
10002 2.80E401 .66 34,00 00060 O 0 000 ¢ ¢ 0 0.3 0.00 0.0 0.000%
10003 4.08E+04 .07 .00 0.00E0r 0 0 6 0 0 000 -0.& 0.04 0.0 0.000%4
10004 2,931 L5 48.00 0.00E-01 0 0 600 0 0 000 -LD0 0.0¢ 0.0 0.00185
10005 4. 136401 328 L.00 000601 0 0 600 0 6 000 -L# -0.% 0.0 0.00031
10007 2.88£+01 Le0 .00 Q000 0 O 000 0 0 000 0.9 -1.96 0.0 0.00075
10008 2.69E#02 582 &L00-L7EE-01 0 X 009 0 B 000 004 1.04 1.7 0.00179
10081 8.30£42 2.64 6000 2.006/0f 1 0 .08 0 0 0.02 104 LB 0.0 0.00100
10082 7.468¢07 Le .00 LR 1 D 0.8 0 0 0.3 LA .00 0.0 0.00200
90010  UNDEF  UNDEF  UNDEF L.91EM01 1 O
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Table 3-17. luput Data for Example 8. {se of Mot Start File.

SH20000

302

¥ USE HOTSTART FILE FOR INITIAL COWDITIONS OF 20 CFS IN NATURAL CHAWKELS,
@ 1} 'EX8.BOT'

SEXTRAY

Al CEXTRAY EXANPLE SHOMIRS ¥0ST CONDUIT AKD DIVERSICH TYpts

Al "USE HOY START FILE FOR INITIAL 20 CFS IN THO NATURAL CHAWNELS'

¥

¥ NTCYC DELT TZERD WSTART INTER JNTER REDD

Bt 30 2.0 0.0 ! 100 00 1

% WETRIC KEQUAL AMEN JTRAX SURTOL

B 0 ¢ 00 3B 0.05

& NHPRT WQPRT KPLT LPLT WISK

BB 2 2 2 1 13

B4 30001 30002 30003 30004 30005 30006 30007 30081 30082 30083

BS 10001 10002 10003 10004 S0005 10006 10007 10081 10082

B 30001 30003 30005 30006 0081 30082

BT 10081 10082 10006 10007 10081 10082

* [ONDUIT DATA

& NCOND RJ1 W32 G0 WKLASS AFULL DEEP RIDE  LENK 2ZP1 P2 ROUGH STHETA SPH]
C1 10001 30001 30002 0. 1 0.6 3.0 0.0 510. 0.00.00,015 0.0 0.0
C1 10002 30002 30003 0. 2 0,0 3.0 L5 520, 0.00.00,005 0.0 0.0
* GEONETRIC PROPERTIES OF HORSESHOE, EGG AWD BASKET-HANDLE ARE 1N

# SECTION £ OF NAIY SiMM DARUAL,

C1 10003 30003 30006 0. 3 13,26 4.0 4.0 530, 0.0 0.0 0.015 0.0 0.0
C1 10004 30004 30005 0. 4 BT 4.0 247 540, 0.9 0.0 0,015 0.0 0.0
C1 10005 30005 30006 0. § 12.58 4.0 3,78 550, 0.0 1.0 0.015 0.0 0.0
C1 10007 30007 30006 0, 7 0.0 LG 4.0 570, 0.0 2.0 0.018 0.0 0.0
CI 10006 30006 30081 0. & 0.0 5.08.0 540, 0.0 0.0 0.020 0.25 0.25
% loxduit 10081 uses data from section 9!

C1 10081 30081 30082 20. & 0.0 S5.0 0.0 1000. 0.0 0.0 6.6 91 0.001
# Conduit 10082 uses data fros section §2

¥ A asgative STHETA stops the printout of the

¥ norsalized curves for & natural chanpel.

C1 10062 30082 30083 0, 8 0.0 5.0 0.0 1000, 0,0 0.0 0.0 92 0.002
% DATA FOR JRREGULAR (RATURAL CHANNEL) CROSS-SECTION

¥ XAL YKR XNCH

£2 0.08 008 0.03

& SECHD NUNST STCHL STCHR XLOBL XLGBR LEN PXCECR PSYECE

C3of & 0.0 1100 0.0 0.0 1000. 0.6 799.0

# EL] STAI EL2 STA? EL] STAR Eldé STM ELS STAS

C45.0 0.0 4.0 50.0 1.0 S55.0 0.0 100.0 3.0 110.0

¥ b STH

£45.0 130.0

* OTHER NATURAL CHANKEL

€382 6 550 5.0 0.0 0.0 1000, 0.6 794.0

€4 5.0 0.0 4.5 55.0 0.0 60.0 2.0 95.0 4.0 1150

C4 6.0 I50.0
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Table 3-17(Coxtinued). Input Data for Exanple 8, Use of Hot Start File.

¥ JUKCTION DATA

x  JUN GRELEV 7 OINST Y

Df 3000 810.0 802.0 0.4 0.0

D1 30002 810.0 8010 0.0 0.0

D1 30003 80,0 800.5 0.0 0.0

b1 30004 8100 802.5 0.0 0.0

Df 30005 810.0 8015 0.0 0.0

D1 10007 8060 8030 0.0 0.0

D1 30006 806.0 800.0 0.0 0.0

& IHPUT 20 CFS AT BESINNTHG OF WATURAL CHARNELS (E.G., RECEIVING STREAM)
DI 30081 80,0 79%.0 0. 0.0

D1 30082 806.0 798.0 0.0 0.0

¥ IRITIAL CORDITION OF 2 FT DEPTH AT DCUNSTREAN END (CONSTANT HEAD)
DY 30083 806.0 796.0 0.0 2.0

¥ FREE OUTFALL TC CONSTANT BEAD AT DOVNSTREAX EKD

11 300683 1

b) s

J2 798.0

* INPUT TRIMOULAR HYDROGRAPS AT THREE WPSTREMM EHDS OF SEMERS
K3

K2 30000 30004 30007

300 0.6 0.0 0.0

K305 15.0 180 9.0

K311 0.0 0.0 0.0

L0 60 0.0 &0

$ENDFROGRAY
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Table 3-18, Partial Qutput for Example 8. lse of Hot Start File,

EXTRAK EXAMPLE SHONING HDST COMDYIT AMD DIVERSION TYPES
USE HOT START FILE FOR INITIAL 20 CFS IN TNG NATURAL CHAWNELS

CONTROL INFORKATION FOR SIMULATION

INTEGRATION CYCUES.ovvuvvrevennones 360

LEWGTH OF INTEGRATION STEP IS...... 20, SECDWDS
DO NOT CREATE EQUIV. PIPESINEGUAL). 0

USE 0.5, CUSTORARY URITS FOR §/0... 0

PRINTING STARTS IN CYCLE.cvsrereer 4
INTERHEDIATE PRINTOUT INTERYALS OF. 100 CYCLES
SUNNARY PRINTOUT INTERYALS OF...... 100 CYCLES
HOT START FILE MAKIPOLATION(REDD).. I

IRITIAL THE vessenvcanensnnsnonnee 0,00 HOURS

DTERATION VARIMBLES: ITHMY..svssese 3
wﬂolil"l..lolm

DEFAULT SURFACE ARER OF JUNCTIONS.. 12,57 CUB fT.

EXTRAN VERSION 3.3 SOLUTION. (ISOL = 0).
SUN OF JUNCTION FLON IS ZERD DURING SURCHARGE.

NORHAL FLO OPTION NHEN THE MATER

SURFACE SLOPE 1S LESS THAN THE

GROYKD SURFACE SLOPE (XSUPER=0)....

NISH INPUT HYDROGRAPH JUNCTIONS.... 3

PRIKTED OUTPUT FOR THE FOLLONING 2 JUNCTIONS
30001 30002

PRINTED DUTPYT FOR THE FOLLONING 2 CONDUITS

0001 10007

¢ 7109
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PONER FUNCTION CRDSS-SECTION INFORMATION FOR CHAWNEL 10007
LENGTH 570.0 FEET,
EXPONEKT OF CHAMNEL 2,000
NAXTHE DEPTH : 3.00 FEET,
BANRING N : 0.018
NAXIHUN SECTION AREA ¢ 8.00 5. F7.
FACIHGN YORAULIC RADIUS 1 1.06 FEET.
HAXINUN TOP KIDTH : 4,00 FEET.
CROSS-SECTION DIMENSIONLESS CURVES
HORRALIZED BY DEPTH
FOINT  HYDRAULIC POINT  HYDRAULIC POINT  YDRAULIC
M.  RADIUS DEFTH  TOPMIDTH M. RIS DEFTH  TOPHIDTH K.  RADINS DEPTH  TOPKIDTH
! 0.0000 0.0000 0.2000 10 0.8058 0,3600 0.6000 1 09439 0.7200 0,845
2 0.3593 0,040 0.2000 1 0.8282 0.4000 0.81% 20 0.9538 0.7600 0.8718
3 0.4877 0.0800 0.2628 12 0.8480 0.4400 0.6633 be] 0.5627 0.8000 0.8944
4 05638 0.1200 0. 3444 11 0.8659 0. 4800 0.6928 2 0.9711 0.8400 0.9165
H 0.6276 0.160¢ 0.4000 " 0.881% ¢.5300 0.7241 2 0.597%0 08600 0.9381
é 0.6748 0.2000 0.4472 13 0.8966 0.9600 0.7483 i 0.9054 0.9200 0.9392
7 0.7172 0.2400 0.48%9 16 0.909% 0.6000 0.7746 ¥l 0.9%34 (. 9600 0.9798
8 0.7512 0.2800 0.5892 17 0.9222 0.6400 0. 8000 2% 1.0000 1.0000 1.0000
9 0.7804 0.3200 0.96%7 18 0.93%5 0.6800 0.6246
RATURAL CROSS-SECTION INFORNATION FOR CHARNEL 10081
a=s EESEIIISTSEIITIONNRZIIIENS
CROSS-SECTION ID (FRON X1 CARD) :  91.0
LEWGTH ¢ L0000 FT HAXTHUK ELEVATION : 80400 FT.
SLOPE 3 0.0010 FT/ET #RXINGY DEPTH HEE X I
HARNING N : 0.080 T0 STATION 5.0 NAXIHGM SECTION AREA @ 315,00 84. f7.
o 0.030 TN RAIN CHARNEL  BAXIRUS WYORAULIC REDIUS : LI FT.
R 0.080 BEYOND STATION  £10.0 MAX TOPRIDTH 5 150,00 FL.
NAYINUN UNIFORY FLOM @ 708.28 CFS,
CROSS~SECTION POINTS

THE FOLLORING & STATIONS HERE READ MWD ADJUSTED 799.000 FT VERTICALLY AND HORIZONTALLY BY A RATI0 0F 1.000

ELEYATION  STATION

ELEVATIDN  STATION

ELEVATION  STATION

ELEVATION STATION

ELEVATION  STATION

T 12) 3] T 124 7 2 2] 7 fT
804.00 .00 803. 00 30.00 §00.00 95.00 79900 160.00 802.00 i10.00
804.00 150,00 0.00 .00 0.00 .00 0.00 0.00 0.00 0.00
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CROSS-SECTION DINENSIONLESS CURVES

NDRALIZED BY DEPTH

POINT BYDRAULIC POINT  HYDRAULIC POINT HYDRAULIC
B0, RADIS DEPTR  TORRIDTH ¥.  RADIUS DEFTE  TOPKIDTH ¥, RIS
{ 0.0000 0.0000 0.0644 b1 b.4017 0.2045 0.3489 9 0.8966
2 0.0320 0.0031 0.0644 i 0.4504 0. 2361 ¢.33% 2 2.937¢
3 0. 0640 0,6123 0.1289 12 0.5183 0.721 0.362 | 0.9732
4 0.0%60 0.027¢ 0.1833 13 0.575% 0,307 0.3689 2 10007
b 0.1280 0.04%1 0.2518 M 0.6328 0.5 0.37% a 1,013%
6 0.1600 0.07¢7 0.3222 5] 0.6890 0.378% 0.3822 % 1,016}
7 0.2215 0.1017 0.3289 1 0.7447 0.4183 0.3687 % 1.0108
8 0.2822 0.13%4 0.333¢ by 0.8011 0.4538 0.4178 2% 1.0000
9 0.4 0. 1716 0.3422 18 0.8%15 0.4 0. 4447

NATURAL CROSS-SECTION INFORMATION FOR CHANNEL 10082
CROSS-SECTION ID (FRON X1 CARD) :  92.0
LENGTH & 1000.0 FT HAXIHN ELEVATION : B30 FL
SLOPE ¢ 0.0020 FTIFT YAXTNGN DEFTH ¢ 00 .
HANRING K : 0.080 T6 STATION S50 NAXIHUR SECTION AREA @ 218,75 SG. FT.
£t 0,030 1N NAIN CHANNEL NACINUM BYDRAULIC RADIUS :  2.88  FT.
ror 0,080 BEYOHD STATION  115.0 ¥A TOPRIDTH : 13S0 f.
NAXIMUX UNIFORN FLON  :  699.68 CFS,
CROSS-SECTION POINTS

DEFTH

0.5388
{9895
0,634
0.69802
0.7343
0.8273
0.9052
1.0000

TOPKIDTH

0.475¢
05044
0.5333
0.62¢7
0.7200
0,8133
0.9067
1.0000

THE FOLLOVING & STATIONS HERE READ AND ADJVSTED 798,000 FT VERTICALLY AND HORIZONTALLY BY A RATIO OF 1.000

ELEVATION  STATION

ELEVATION STATION

ELEVATION  STATION

ELEVATION STATION

ELEVATION  STATION

7 FT 2] Fr 2] 23 F7 2] T
803.00 0.00 802.50 535.00 798.00 0.00 800.00 95.00 802,00 115,00
8400 160.00 0.00 0.00 0.00 ¢.00 0.00 0.00 0.00 0.00
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WW%W%

*

3 CORDUIT DATA
B Lt

¥

P CONDUIT  LENGTH CONDUIT  AREA  MANNING MAX NIDTH DEPTH JUNCTIONS INYERT BEIGHT  TRAPEZOID
MW NUMBER  (FT) CLass  (So Ty COEF.  (FT) {f1) AT THE EXDS  ABOVE JUWCTIONS  SIDE SLOPES
SN |/ S10. CIRCULAR 7.07  0.01500 L .00 30001 30002
2 520, RECTANGLE  10.50  0.00500 3.5 .00 30002 30003
3 10003 530, HORSESWOE  13.28 001500 4,00 4,00 30003 30006
4 100N 540, EBG-SHAPE 8.17  0.01500 2.67 4,00 30004 30009
5 10005 550, BASKET 12,58 0.01500 L.78 400 20005 30006 000 100
6 10007 570, KATURAL 8.00 0.01800 4.00 .00 0007 30006 0.00 200
7T 10006 560, TRAPEZOID 46,28 0.02000 8.00 5.00 30006 3008 0.2 0.2
8 10081 1000, NATURAL 3500 0.03000  190.00 5.00 30081 3o0B2
§ 10082 1000, KATURAL 218,75 0.03000 1330 S.00 30082 30083
B L L t
¥ JUNCTION DATA ¥
Wﬂwﬂﬁm
I JUNCTION  GROUND CROME  IWVERT  QINST INITIAL CONNECTING CONDUITS
NUY  NOWBER  ECEV.  ELEV.  ELEY. {FS DEPTHIFT)
1 W00 810,00 805.00  B02.00 .00 0.00 10001
2 0002 810.00 €0400  BOLKO 0.00 0.00 10001 10002
1 300 810,00 804,50  800.50 0.00 0.00 10002 1000
& J004 810,00 80650  802.%0 0.00 0.00 10004
§ 30005 610,00 805.50 80130 0.0 0.00 10004 10005
§ 30007 606,00 806,00  803.00 0.0 0.00 10007
7 30006 80600 BOS.00  BOO.UO 0.00 .00 10003 10005 10007 10006
§ 30080 806.00 BK.00  TH.0 20,00 0.00 10006 108!
9 30062 806,00 80300 TIR.OO 0.0 0.00 10081 10082
10 30083 80600 80LO0 TN 0.00 200 10082
¥ FREE GUTFALL DATA (DATA GROUP I1) %
BOUNDARY CONDITION DN DATA GRBUP Jf  #
SR R O
QUTFALL AT JURCTION.... 30083 HAS BOUNDARY CONDITION WUMBER... !
¥ BOUNDARY CONDITON INFORKATIOK ¥
DATA GROUPS J5-04
S O SN HHOHOHEF
BC HiMBER. . 1 CONTROL WATER SURFACE ELEVATION IS..  796.00 FEET.
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R
¥ CONDUIT COURAHT CONDITION SUMMARY ¥
O
* COURANT CONDYIT LEWGTH ¥
*# TIHE STEP ¥
¥ VELOCITY + SORT(GRVT*AREA/RIDTH) ¥
R

 AVERAGE COURMNT CONDITION TINE STEP(SECONDS) #
O T H

" o0

CONDUST # TIMECSEC) CONDUIT # TIME(SEC) CONDUIT 4 TIME(SEC) CONDUIT # TIME(SEC)

10001 2012 0002 162,30 10003 11457 10004 1ig.09
10005 183,94 10007 284.41 10006 101,03 10081 171,90
10082 135.89

SHEHEHEHHHEHEHHHHHHHEHHEEHHHEHEHHEEHHHHHEEHHOHHHE

* EXTRAN CONTINUITY BALANCE AT THE LAST TINE STEP #
FREHHHH R R

R R R R RO

¥ JURCTION INFLON, GUTFLON QR STREET FLODDING #
EEEHE R R

JURCTION  INFLON, FT3

30001 2.9700E+04
30004 3. S640E404
0007 1L7820EH
008! 1.44006403

JUNCTION OUTFLON, FT3

30083 2.3275E¥05
O RO
* INITIAL SYSTEM VOLUNE = & J04%E404 CU FT %
« TOTAL SYSTEM INFLOM VOLUNE =  2.Z7IGEA05 (U FT #

* INFLON + JNITIAL VOLUHE 2.0821E¢05 (U FT +
MR

¥ TOTAL SYSTEN OUTFLOK = LIZTSEROS CUFT #
* VOLUNE LEFT IN SYSTEM z GOSB3EH4 CUFT ¥
¥ QUTFLOW + FINAL VOLUME = 2,BR3IE#(Y CU FT &

BRI AR

* ERROR 1N CONTIRUITY, PERCENT = -0.04 '
ROV
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UPPERKDST  MEMN KAXINUN  TIHE FEET OF  FEET BAX. LENGTH  LENGTH  WAXIHUK
GROUND PIPE CROMK JUNCTION JUNCTION JUNCTION  OF  SURCHARGE  DEFTH IS 13 oF JUNCT 108
JUNCTIDN ELEVATION ELEVATION  DEPTW  DEFTR  DEPTW  OCCURENCE AT MAX  BELOW GROUND SURCHARGE FLOODI¥G AREA
KiMBER  (FT) (1) (F1)  COEF. ¥AR  (FT) HR. RMIK.  DEPTY  ELEVATION (WK} (KIN} ($,FT}
00r  810.06  805.00 0.64 0.9 168 0 X 0.00 6.32 0.0 0.0 7.770E402
0002 B10.00  804.00 0.53 LW LS o x 0.00 7.5 0.0 0.0 1.687E403
30003 81000 804.50 0.63 .79 L6 0 K 0.00 8.0 0.9 0.0 1950843
odé  BID.0C  B0S.SO .00 0.97 262 ¢ 3 0.0 .68 0.0 0.0 71928402
30005 810.00 805,50 0.7¢ .77 L ¢ R 0.00 6.79 0.0 0.0 2.736E+03
30007 806.00  806.00 ALY, 5 L2 ¢ R 0.00 1.78 0.0 0.0 1.368E+0
0006 8OO0 805.00 0.5 0.9 143 ¢ U 0.0 4,57 0.0 0.0 3.44403
08! 0400 B4 1.08 0613 LM 0B 0.00 Seb6 0.0 0.0 2.765E+04
0082 8000 B03.00 1.40 0.12 188 ¢ 4 0.00 $.32 0.0 0.0 4.2026404
0063 BGS.00 801,00 .00 00 200 0 0 0.00 §.00 0.0 0.0 3.5756+04
R R RO
¥ CONDYIT SUBKARY STATISTICS
OO R
CONDYIT  MAINGY  TIME NAXINUY  TINE  RATIO OF  NAXINUX DEPTH ABGYE LEWGTH CONDUIT
DESIGN  DESIGH VERTICAL (COMPUTED o CONPUTED 12 ¥AX. TO INV. AT CONDUIT ENDS OF SPC  SLOPE
CONDUIT  FLOR VELDCITY DEPTH  FLON  OUCURENCE  YELOCITY  GLCURENCE  DESIGH UPSTREAX  DONNSTREAY  FidM
MINBER  (CFS)  (FPS) (4} (CFSJ MR, HIN. (FPS)  HR. WIN.  FLOW (F1) (] - (AW CFTURT)
10001 2.566401 L& .00 18R] 0 X 3% 0 3 0.8 148 LY L7 0.0019
10002 2.80E401 266 M0 LRERT 0 32 a0 2 6N LSO 1.4 57.3 0.000%%
10003 4.08£401 .07 800 L3BEHNT 0 U 2 0 B LM L# 1.4 8.3 0.00094
10004 2.93Ev01 L% 0 LTTEH! 0 U 0 XN 0.4 2.8 L 5.0 0.00185
1000% 4. 136401 LB 8.0 L7 0 B ¢ 3 04 LU 1.05 0.0 0.00091
10007 2.85E+01 Lédb .00 8SHH0 0 U B0 N 0N L2 0.60 0.0 0.00175
10006 2.69E+02 5.82 60,00 LB O 3 ROk % [ N L3 107.0 0.0017%
10085 1056403 LI 60.00 S.eE%01 0 9 L ¢ ¥ 005 LM Led 11,7 0.00100
10082 9.80£+02 448 4000 S.04E401 0 48 .62 0 & 005 1.8 200 120.0 0.00200
90010  UNDEF  UNDEF  UNDEF S.04E%01 0 48
LENGTE  LEWGTH LENGTH LERGTH
o o OF UPSTR. OF DONNSTR, N TOTAL  NAXINUM  BAXINUN
CONDUIT  DRY  SUBCRITICML  CRITICAL  CRITICAL FLOW FLay FLOW  WYDRAULIC CROSS SECT
WUBER  FLONCNIN) FLOMCNIN)  FLONHIN)  FLON(NIN) {CFS) (C¥)  CUBIC FT RADIUS(FT)  AREA(FTD)
oot 0.00 120.00 0.00 0.0 40 1.0 2.9755E+04 0.77:8 37993
10002 L0 HL.e - 0.00 0.00 412 118 2.9680E+4 0.8044 5.2105
10003 4.00 116.00 0.00 6.00 407 1T 294756404 0.8460 4.8249
10004 0.00 120.00 0.0 0.90 4.96 1,19 3.5738E+04 0.7450 4.0203
10005 0.67 0.00 0.00 11933 491 117 L5485Er4 0.9014 4,527
16007 0.0 0.60 0.00 120.00 .4 1.8 1786404 0.808% 2.4270
10006 o0 120.00 0.00 0.00 1150 1.16 B.2TETE+M 1.05%  11.4851
§0081 0.00 120.00 0.00 0.00 31.8¢ 0.39 2.240EH5 0.969¢  48.8s4
10082 0.00 120,00 0.00 0.00 2.3 0.32 232756403 0.5033 11,8818
S00[0  UNDEFIWED  OMDEFINED  UNDEFINED  UNDEFINED 2.3 0.32 2.3075EH05
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Figure 3-9. Use of Variable Storage Areas.
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Table 3-19. Insut Data for Example 9. Use of Variable Storage Areas.

k109

W30 12

SEXIRAN

AL “EXTRAN EXAMPCE 9. FLON ROUTING THROUGH A DETENTION POND.'
Al "USE THE BEDIENT-HUBER EXAMPLE 6.10 ON PAGE 378."

¥

¥ OPTIONAL SOLUTION TECHKIQUES

¥ B0 LINE IS CONPLETELY OFTIONAL

¥ ISGL = 0 == EXPLICTT EXTRAK SOLUTION
¥ 180U = 1 = SERI-INPLICIT SOLUTION
¥ IS0L = 2 ~3 ITERATIVE EXTRAN SOLUTION
¥ JSOL KSUPER

S

¥ WTCYC DELT TZERD NSTART INTER JWTER REDD

Bl 120 300 00 ! f0 10 0

¥ NETRIC NEQUAL AYEW ITWAY SURTOL

B 1 9 0.0 10 0.0f

& NUPRT MOPRT WRLT LPLT NISK

B2 1 111

B4 J0001 30602

B% 90001

B 30001

7 90001

& N0 CONDYIT DATA

*

& JUNCTION 1S VARIABLE-AREA STORABE JUNCTION

& JUN ORELEY 7 QINST Y

b1 30001 10,0 0.0 0.0 05

D1 30002 10.0 -L0 0.0 0.0

¥ STORAGE JUNCTION DATA

¥ JSTORE  GELEY  ASTORE MUNST

& W01 1.0 -0 A

£2.003 0. .0246 0.2 03405 .04 0.8 051 10 .065 1.5 .07 2.0
086 2.5 .09 3.0 006 3.5 114633 4.0 123407 .5 L131921 5.0 140 5.5
JHB 6.0 56 6.5 LIE4T0 T TS LITY 8.0 U186 8.5 LIST 9.0

200 9.5 .200 10.0
* QUTELON BY CHIVERT TREATED AS DRIFILE
F1 30001 30002 1 0.03%76 0.9 0.6
11 36002 1
i
K
K2 20003
& TRIAHBULAR TNPUT HYDROGRAPH
K3 0.0 0.0
2.0 12
L350 0.0
1. 0.0
SENDPROGRAY
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Tabie 3-30. Partial Dutrut for fxasple 9. Use of ¥ariable Storage *e:.

ENVIRDNRENTAL PROTECTION AGENCY #5ee  [YTEMDED TRANSFOGRT FRIGTAY  waax
FASHINGTON, D.C. . P s
Lok ARALYSIS XODULE sexy

EXTRAY EXASPLE 9, FLOW EIUTING THROUSH & ETESATION FOND.
SE THE BLDIENT-HUBER LX&4F(F 5,10 OK PAY 75,

F4 SR OO HH X HHOH R R T R L 5

' JUKCTIGN BATA *
e L T e P ST

I JWHCTION  GROUND  CRORY  IWWERT CINST  JKITIAL  COWWECTING COKDUITS
AUY NUNBER  ELEV. £LEV, iy, XS DEFTH(R)

I W .0 0,00 0.00 0.9 0.5
2 002 10.00 -1.00  -1.00 0.0 0.00

TR O U
* STORAGE JURCTION DATA %
R RO B S P -

RAXINGY GF MO8 CRowy
STORAGZ JUNCTION JUNCTION CONSTANT SURFACE  COWSTANT VO(UME ELEVATION
NUNBER OR KAME [1{¢3 REL (K2 {CURIC #ET.) "
30001 YARIABLE T241.81 12¢41.81 10.000

5 QRIFICE DATA ¥
e T T

FRGX e AREA DISCHARGE  HEIGHT JBOVE
JUNCTION  JUWCTION TYrt (MET2)  COEFFICIENT JUMCTICH (¥
30001 30002 1 0.0¢ 0.900 0.000
szsz) EQUIVALERT PIPE INFORMATION FOR ORIFICE # I
CONDUIT NUMBER...veaueoractsssssasanaas 70001
PIPE DIMMETER. ........ essesccsssinan 0.22
FIP{ u“r”‘d‘llJlQ‘Ol'O’!.lOU"'..J‘ ax.z?
HANNINGS ROUGHNESS........ eressrenans 2.0012

IRVERT ELEVATION AT UPSTREAY EKD..... 0.0000
INVERT ELEVATION AT DONKSTREAY £ND... =0.0030
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¥ JUKCTION INFLOR, OUTFLON OR STREET FLOODING ¥
FHHH R

JUKCTION  IHFLON, LU W

30001 1.0800F+04

JUNCTION OUTFLON, CU 4

30002 1.0648E+04

FHERE R OO
* INITIAL SYSTEN YOLUNE 14367E02 C o ¥
¥ TOTAL SYSTEW INFLOW VOLUME 1.0800E+04 CU ¥ %
¥ INFLON ¢ INITIAL VOLUNE LOS44EH4 CU 1 %
e T T

* TOTAL SYSTEN QUTFLON 1.064GE+04 TU X %
¥ VOLUME LEFT IN SYSTEW 4. 83406402 CU 5 #
¥ QUTFLON + FIRAL VOLUNE LUIIEAOR CU N »
A AR

* ERROR IN CONTINUITY, PERCENT = 1.1 ¥
RO RO

HHHHAEHE R R OO
# JUNCTION SUBKARY STATISTICS

HEH N HEHHHHHHEHEHHHEHHHHHEHHHHEHEHEHERHEEHHOE R

EXTRAN EXMEPLE 9. FLOM ROUTING THROUGH A DETENTION POND.
USE THE BEDIENT-HUBER EXMMPLE §.10 ON PAGE 378.

L] n "

UPPERNDST  MEAN NAXTHY  TIRE

GROUND PIFE CROMN JUNCTION JUNCTION JUNCTION  OF
JINCTION ELEVATION ELEVATION  DEPTE  DEPTH  DEFTH  OCCURENCE
KiggER (W) )] (X} COEF. VAR (¥} R, MI¥,

FEET OF

SURCHARGE

AT
DEPTH

FEET BAX. LENGTE  [EWGTH  NAXIWUY
DePTH IS .3 oF JERCTION
BELOW GROUD SURCHARSE FLOODING AEA
ELEVATION (NIN}  (HIK)  (S.MET)

oot 10.00 10.00 4.03 0.4 651 4 0
30002 10.00 -1.00 1.0 600 06 ¢ 5

s S T T T T
¥ CONDUIT SUNBARY STATISTICS +
HHHHF R R HHEHEH R

CONDUIT  MAXINGU®  TINE NACIREN

DESIGE  DESIGN VERTICAL COMPUTED o COMPUTED

CONDUIT  FLON  WELDCITY DEPTH  FLON  OCCURENCE  WELOCITY
NUNBER (W) %45 (W) (CHS)  ER. WIM, (HPs)

0.00

Lo

TIRE

o

1.4 0.0 0.0 1362403
16.00 600.9 0.0 1.2X6400

RATIG OF  WAXINOK DEPTH ABDYE LENSTH CONDUIT
NAY. 701NV, AT CONDUIT ENDS OF SPC  SLOPE

OCCURENCE  DESIGH UPSTREAX  DORNSTREAK  FLOW
HR. HIN,

FLOR ) n (o

50001 7,5%-07 ¢.22 .50 39701 4 S 9.9%
0002 UNDEF UWDEF UMDEF 3.9TE-0! 4§

119

4

10

L2 65 0.22 0.0 0.00000




B.000 ] ] ! I ] I 1 I I I !
! b

) 1

H i

i ]

) I

H )|

I L 1

] HREHE R I

I ] s 1
5.000 - ek * -
1 ¥ * i

I » =¥ ]
JUKCTI0H ! > s i
) ] H I

UATER SURF I 2 i
! ¥ H 1
ELEF(N I ¥ E ]
I * Lo I

1 ¥ L2 i
4.000 - ¥ e -
I % o i

I ¥ 22 1

I * H ]

H ¥ L ]

I ¥ H 1

] ) ¥ !

1 et ]

I ¥ !

I ¥ L I

2,000 - ¥ o -
] % L3 i

! ¥ wE ]

1 * ¥]

I H "»

1 = 1
1w 3

Jaux i

I !

] ]

0.000 | ] ] ] 1 i ] i i 1 I
0.0 1.0 .0 3.0 4.0 3.0 6.0 1.0 8.0 9.0 i0.0

LOCATIOR W0, : 30001  CLOCK TIME 1N WOURS. PLOT OF JUNCTION ELEVATION

INVERT ELEV - 0.00 NETERS
CRONN ELEV - 10.00 METERS
GROUND £LEV - 10,00 METERS




¢

(e

i

30

leee

E 2 L S TR,

z
~
o

&
Dynamic

Head

/fﬂfflff..

\..\qn-sﬂlxhﬁ.__\q\nh.\ss\n\s

\\-\-s\\

AL
. N MAN ISRy e

Use of Dynamic Head Pumps.

Figure 3-10.

121




Teble 321, Input for Exawple 10, Use of Dynasic Head Pumps.

100
K3 101112
SEXTRAY

AL CEXTRAN USER' 'S KAKUAL EXANPLE PROBLEN 10, ISBL = O SOLUTION.'
Al 'PUsP OVER A HILL EXAMPLE FOR TYPE 3 DYNAKIC HEAD PLPS'

¥

#  NTCYC DECT TZEROD WSTART INTER JHTER REDD

Bl o0 é0.06 0.6 I 100 1
¥ NETRIC NEQUAL AMEW ITHAX SURTOL
LY o 0.0 16 0.0010
# KUPRT NQPRT BPLT LPLT WISH
B2 2 2!
PRINY HERDS
401 301 20!
PRINT FLOWS
100 90002
PLOT HEADS
401 301 201
PLET FLOWS
100 90006

COXOVIT D

JUM  GRELEV ZamsT Y
DI 401 0.0 50.0 0.0 1.0
Bi 31 1500 1000 0.0 L0
i 200 1500 119.9 0.0 1.0
L Storage junctions
£1 401 90.0 2000, 0

E1 301 140.6 2000, 0

¥

0 0

ATA

100 301 201 0.0 § 0.0 4.0 0.0 1000. 20.0 0.0 0.015 0.0 0.0
JUNCTION DATA

® IPTY WUUNC WVUNC PRATES PRATEZ PRATE3 VRATES YRATE2 VRATEI WKELL POK POFF

B3y 41 30 0.0 .0
K13 401 301 0.6 50.0
B3 41 301 0.0 S0
Kt3 401 3 0.0 50.0
3 40 308 100 %0.0

It 2 1
i
Kot

K2 40

£3 0.0 6.0
K2 0.50 0.0
1.0 100.0
&3 9.0 100.0
SENDPROGRAY

100.0  70.0
100.0 70,0
100.0 70,0
100.0 70.0
100.0 70.0

122

0.0 30,0 5.00 6.00 2.00
60.0 50.0 $.00 7.00 3.00
£0.0 9.0 5.00 8.00 4.00
60.0 50.¢ 5.00 9.00 5.00
8.0 $0.0  5.00 10.00 &.00




Table 3-22. Partial Output Yraw fxawpie 10. Use of Dyeamic Head Fuaps.

EXTRAN USER'S NANUAL EXAMPLE PROBLEW 10. ISOL = O SOLUTION,
PURP BVER A HILL EXRAPLE FOR TYPE 3 DYNAMIC HEAD PUMPS

f STORAGE JUNCTION DATA ¥

HALIHON GR PEAK OR CROKK
STORAGE JUNCTION JUNCTION CONSTANT SURFACE  CONSTANT ¥OLUME ELEVATION
HUYBER DR NANE TYPE AREA (FTD) (CUBIC FEET) {£F7)
401 CONSTANY 2000.00 §0000.00  90.000
301 CONSTANY 200000 6000000 140.060

RO
¥ PURP CURVE DATA ¥
RO

JUHCT IONS INITIAL DEPTH PP RATE, CFS
FROM T Ik RELL, FT 1 2 3 i
i 401 k)| 5.0 10.0 0.0 160.0 76.0
2 L] 0 %0 10.0 0.0 100.0 0.0
3 401 R0 5.0 10.0 0.0 1000 70.0
4 L] 61 5.0 10.0 0.0 100.0 70.0
5 40! 30 LR 10.0 0.0 .0 70.0

T e T T
¥ FREE GUTFALL DATA (DATA GROUP 11) &
¥ BOUNDARY CONDITION OK DATK GROUP J1  #
SO OO R

OUTFALL AT JUNCTIOK.... 201 #AS BOUNDARY CONDITION NUMBER... !
¥ INTERRAL CONNECTIVITY INFORRATION ¥
R R R ORI R

CONDYIT  JUWCTION  JUKCTION

20002 40 X1
90003 401 30!
50004 401 30!
S0005 401 3
30004 401 361
50067 20 b

143

STABES, FT

2
60.9
0.0
60,0
60.0
0.0

90.0
0.0
30.0
50.0
$0.0

KET KELL DEPTH, FT

on
&.0
7.0
8.0
9.0
10.0

OFF
2.0
Lo
4.0
5.0
£.0




B e
# TIRE BISTORY GF THE B 6. L. ( Festd ¥
SO O O

TINE
HRMIN
0:10
0:20
0:30
0:40
0:50
I: 0
s 9
1:20
1230
1:39
1£50
220
2:10
218
2130
b7l
2149
o
3:40
319
3:30
J:40
340
0
9
20
4:30
#19
4:50
5:0
MEAN
RALIHUY
HININUN

JUHCTIOH

GRYD

ELeY
53,40
52.05
53.87
58,05
39.26
6076
61.95
62,32
§2.44
62.47
62,45
62.4%
62.49
62.4%
62.4%
£2.49
62,49
62.4%
62.49
62.49
62.4%
$.49
62.4%
62.48
£2.48
62.49
62.49
62,4
62.49
62.43
81.12
£2.49
51.02

40f JUNCTION

100.00
DEFTH
3.48
05
3.87
8.05
9.26
10.76
11.95
2.3
2.4
1.4
12.4¢
12.49
12.4
12.49
12,4
12.4¢
12,49
12.4¢
12.49
12.49
1.4
12.48
12.48
12,48
1.6
12.49
1.4
i2.48
2.4
12,4
112
12,49
162

301 JUNCTION

GaD 150,00

ELEY  DEPTH
101,00 1.00
107.39 7.3%
115.08  15.03
12,93 22.93
126,44 2%.44
8.5¢ 28,54
1853 8.5
16,86 2.8
8.9 5.9
126,98 .98
89 2.9
168,99 .99
2.9 8.9
7.9 2.9
8.9 2.9
10.99 .9
29 0%
149 9.9
8.9 5%
19.99 .99
n9n 2.9
129.99 .99
1899 8.9
10,9 2.9
185 N9
188 B9
%9 5.9
8.9 0.9
1899 5.9
129,99 28.99
126,86 26,8
120.99 1,98
104.00 1.00

124

GRND

ELEY
119.90
119.90
118.90
121,38
125.%
12274
2.9
122.91
122.52
122.93
122,83
122.93
122.93
122.93
122.93
122.93
122,93
1293
122.93
122,93
122,93
122.93
12.93
122.93
122,93
122.9
122.93
122.93
122.93
122.91
122.5
122,93
119.9¢

201
15000
DEPY

0.00
0.00
.00
L4
2.4
2.8¢
297
1.01
3.02
.0
3.0
.03
3.03
.03
3.03
3.03
3.03
3.0
503
303
3.0
303
5.03
3.0
3.03
3.0
3.03
3.03
3.03
L3
2.60
.0
0.00




R R R
s TIEE BISTORY OF FLOW AND WELOCITY &

% QICFSH, VEL(FPS), TOTAL(CUBIC FEET) %
FHEHHRERE I 0 ¥ R I N T O

EXTRAY USER'S MANUAL EXAMPLE PROBLEN 10. IS0( = 0 SOLUTION.
PUNP OVER A BILL EXMMPLE FOR TYPE 3 DYNANIC HEAD PYHPS

TINE  CONDVIT 30002 COMDUIT 90003 CONDYIT 90004 CONDUIT 50005 CONDUIT 90006

HR:HIN FLoW  VELOL. FLOX  VELOC. FLOW  VELOC. FLo¥  VELOC. Fik  VELXC.
0:10 0.00 0.00 0,00 0.00 6.00 0.00 0.00 0.00 0.00 0.00
0:20 0.00 0.060 0.00 0.00 0.00 0.0 0.00 0.00 0.00 000
0:3 56,51 .0 6.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00
0:40 32,33 0.0 AU 0.00 0.00 0.00 .00 0.00 0.0 0.00
0:30 2252 600 .52 0.00  22.48 0.00 16,8 0.00 0.0 0.00
120 18.2¢ .00 18.% 0.00 1.2 0.00 182 0.00 1798 0,00
1: 9 1.9 0.00  19.59 600 19.59 000 19.99 0.0 19,59 0.00
1:20 19.87 0.00  19.87 0.00  19.87 0.00  I18.87 0.00  19.87 &0
1:30 19.9¢ 6.00 19,96 0.00  19.% .00 f9.% 0.00 19,9 0.00
1139 13,99 0.00 1899 0.00  19.97 0.00  159.99 o060 19,99 000
1150 2.0 .00 20.00 0,00 20,00 0.60 20,00 0.00  20.00 0.0
0 20,00 0.00 2000 0.00 0.0 000 20.00 000 2000 0.00
&4 6.0 0.00  20.00 0.00 20,00 0.00 20,00 0.00 20,00 0.00
218 2.00 0.00  20.00 .00 20.00 0.00 2000 .00 20.00 0.00
23 .00 0.00 2.9 000 X.0 0.00 2.0 0.0 0.0 .00
2:40 2,00 000 X000 0.00 20,00 - 0.00 20,00 0.00  20.00 0.00
249 20.00 0.00  2.00 0.00 20,00 6.00 20,00 0.00 20.00 0.00
0 20.00 0.0 .00 0.00 20,00 .00 0. 0.0 X.00 0.00
310 .00 000 20,00 0.00 20,00 0.00 2.0 0.0 20.00 0.00
318 2.60 0.00 20,00 0.00 0.0 0.00  20.00 0.00 20,00 .00
3:30 2.9 0.00  20.00 6.00  20.00 0.00 2.0 600 W 0.60
KH 2,00 000 20.00 0.00 20,00 0.00 20,00 000 20.00 0.00
3149 X.00 0.00 20,00 0.00 2.0 .00 2.0 0.00 20,00 0.00
9 20.00 0.00 20,00 0.00 20,00 0.00 2.0 000 0.0 0.00
&9 2.0 0.00 20,00 0.00  20.00 000 2.0 0.0  20.00 0.00
20 2.0 0.00 20,00 0.0 20,00 0.00 2.0 0.00 20,00 0.00
4:30 20.00 000 20.00 0.00 2000 .00 2.0 L0 .00 0.00
B 20.00 0.00 2000 0.00 20,00 0.00 20,00 000 20,00 0.0
4:50 X.% 0.00  20.00 0.00 .00 0.00 2.0 0.00 20.0 0.00
5t 0 20.00 0,00 20.00 000 20,00 000 W0 0.00 20,00 0.00
HEAX 2.9 0.00 7.6 o000 1732 0.00 1568 0.0 1628 .00

HAXIHYE 87.5¢ 0.00  26.64 000  22.% 0.00 X313 0.0 2.0 0.00

HIKINUH 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 3776405 L10Er05 LI2EHNS J.00E#05 2938405
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EXTRAN USER'S MANUAL EXAMPLE PROBLEN 10, ISOL = 0 SOLUTION,
PUNP DVER A HILL EXARPLE FOR TYPE I DYNANIC HEAD PYNPS

CONDGIT  WAKIMUX  TINE BECINGE  TIME  RATIO OF  AXINUX DEPTH ABOVE LEWGTH CONDUIT
DESIGN  DESIGN VERTICAL COMPITED o CORRTED o MAX. TO TNV, AT CONDUIT ENDS OF SPC  SLOPE

CoNDyIT  FLOW  VELOCITY DEPTK  FLO¥  OCCURENCE  VELOCITY  OCCURENCE  DESIGN UPSTREAN  DONNSTREAY  FLOW
NUWBER  (LFS) (Frs) I8 (CFS)  HR. WIN, (FFS}  WR. BIN.  FLOH (F1) {F1 {HIN} (FTIFT)

100 1, 24501 0.9 48.00 LOGEHO2 2 S8 8.3 2 57 803 4% 303 0.0 0.00010
0002  UNDEF  UNDEF  UNDEF B.75E+01 0 17
90003  UNDEF  UNDEF  UWDEF 2.88E#01 0 4
90004  UNDEF  UNDEF  OWDEF 2.30Ee0! 0 49
56005  UNDEF  UWDEF  UNDEF 2,03%01 0 55
90006  UNDEF  UNDEF  UNDEF 2.00E¢01 2 42
0007  UNDEF  UNDEF  UNDEF LOOEW2 2 S8

A O
# SUBCRITICAL AND CRITICAL FLON ASSUMPTIONS FRON ¥
¥ SUBROUTINE HEAD, SEE FIGURE S~4 IH THE EXTRAW #
¥ WARUAL FOR FURTHER INFORMATION, ¥
SR RO RO

LEWGTE  LEWGTH LENGTH LEWGTH
oF 3 OF UPSTR. Of DOWNSTR. NEAY TOTAL  BAKINUX  WAXINUM
CONDUIT DAY  SUBCRITICAL  CRITICAL  CRITICAL FLoH FLOW FLOR  HYDRAULIC CROSS SECT
NUNBER  FLONININ) FLON(NIN)  FLONCKIN)  FLOM(NIN) (CFS) (V) CUBIC FT RADIUS(FT)  AREA(FT2)

100 34.00 25.00 1.0 0.0 84,40 040 L.3IR1EHE L.116¢  1L8TT2
90002 UNDEFINED UNDEFINED  UNDEFINED  WWDEFINED 0.9 0.51 LTI07E+05
90003  UNDEFINED UNDEFINED UNDEFIMED  UNDEFINED 17,65 0.38 117640405
0004 UNDEFINED UNDEFINED  UNDEFINED  WNDEFINED 173 0.3 3 7305
90005 UNDEFINED  UNDEFINED UNDEFINED  UNDEFIRED 16,68 044 3, 0046E405
50006 UMDEFINED UNDEFINED  UNDEFINED  UNDEFINED 16.28 0,47 2.9570+05
S0007  URDEFINED  UNDEFINED  UNDEFINED  UNDEFINED B4 0.40 1.5195E%08
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SECTION 4

TIPS FOR TROUBLE-SHOOTING

INTRODUCTION

The preceding three chapters have described in detail the individual data
input elements for EXTRAN. Careful study of the data input instructions to-
gether 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 initial 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 wvariables; and (3)
improper system connectivity in the model. These and other problems are dis-
cussed below:

STABILITY

Numerical stability constraints in the EXTRAN Model require that DELT,
the time-step, be no longer than the time it takes for a dynamic wave to tra-
vel the length of the shortest conduit in the transport system (equation 2-1).
A 10-second time-step is recommended for most wet-weather runs, while a 45-
second step may be used satisfactorily for most dry weather conditions. The
numerical stability criteria for the explicit finite-difference scheme used by
the model are discussed in Section 2.

Numerical instability in the EXTRAN Block is slgnaled 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 instability. 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. The correction
is a shorter time-step, a longer pipe length or combination of both. Neither
of these should be applied until a careful check of system commections on all
sides of the unstable pipe has been made as suggested below,
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2. A second indicator of numerical instability is a node which continues
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. The problem is related to items (1) and (3) and may usually be
corrected by a smaller time-step.

3. Excessive velocities (over 20 ft/sec) and discharges which appear to
grow without limit at some point in the simulation 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, out-
flow, and storage at the end of the simulation, is found at the end of the
intermediary 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.

SURCHARGE

Systems in surcharge require a special iteration loop, allowing the ex-
plicit solution scheme to account for the rapid changes in flows and heads
during surcharge conditions. This iteration loop is controlled by two vari-
ables, ITMAX, the maximum number of iterations, and SURTOL, a fraction of the
flow through the surcharged area. It is recommended that ITMAX and SURTOL be
set initially at 30 and 0.05, respectively. The user can check the conver-
gence of the iteration loop by examining the number of iterations actually
required and the size of the net difference in the flows through the sur-
charged area, shown in the intermediate printout. These are significant since
the iterations end when either SURTOL times the average flow through the sur-
charged area is less than the flow differential discussed above, or when the
number of iterations exceeds ITMAX. If ITMAX is exceeded many times, leaving
relatively large flow differentials, 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 run-time of the model and, consequently, the
cost. The user should also keep an eye on the continuity error to insure that
a large loss of water is not caused by the iterations.

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 con-
vergence has occurred even when relatively large flow errors still exist in
surcharge areas with small flows. If the user suspects this situation exists,
he/she 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.
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Whenever the flow differential computed 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 differential for the
area in question decreases to a small value over time. It should be noted,
however, that large flow differentials for a short period of time are not
unusual providing they decrease to near or below the established tolerance for
most of the simulation.

SIMULATION LENGTH

The length of the simulation is defined by the product NTCYC x DELT (data
group Bl), that is, the product of the number of time-steps and length of
time-step. This simulation period should be compatible with any inflow hydro-
graphs on the SWMM interface file or else an end-of-file message may be en-
countered and execution stops. If this happens, the earlier block may be run
again for a longer simulation time, or NTCYC may be reduced.

CONDUIT LENGTH

The length of all conduits in the transport system should be roughly
constant and no less than about 100 ft (30 m). This constraint may be diffi-
cult to meet in the vicinity of weirs and abrupt changes in pipe configura-
tions 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 Section 2. The use of longer pipes should be facilitated 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. Bear in mind that very short, steep pipes have a negligible effect on
routing (since water is transported through them almost "instantaneously"
compared to the overall routing) and may ordinarily be omitted from the simu-
lation or aggregated with other pipes.

PRELIMINARY SYSTEM CHECK

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 conmecting
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 that these conform to the
prototype system. In addition, the total number of conduits and junctions,
including internal links and nodes created for weirs, orifices, pumps and
outfalls, 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.

INVERT ELEVATIONS AT JUNCTIONS

The introduction of a ZP invert elevation difference for all pipes con-
necting a single junction will cause the junction invert elevation to be in-
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correctly specified. This, in turn, will create errors in hydraulic computa-
tion later in the simulation. The junction invert must be at the same eleva-
tion as the invert of the lowest pipe either entering or leaving the junction,
otherwise it is improperly defined. This problem is readily corrected by
checking the input condult data lines {group Cl) to determine where a non-zero
ZP should be set to zero,
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SECTION 5

FORMULATION OF EXTRAN

GENERAL

A conceptual overview of EXTRAN is shown in Figure 5-1. As shown here,
the specific function of EXTRAN is to route inlet hydrographs through the
network 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 Section 2 that the boundary between the Runoff (or Trans-
port) and EXTRAN Blocks 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 (500 mm).
The Runoff Block, 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 non-
linear reservoir assumptions of uniform flow hold.

As shown in Figure 5-1, 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 5-1 and 5-2. Output 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. Hydrographs may be supplied to a subsequent block on the output
interface file.

CONCEPTUAL REPRESENTATION OF THE TRANSPORT SYSTEM

EXTRAN uses a link-node description of the sewer system which facilitates
the discrete representation of the physical prototype and the mathematical
solution of the gradually-varied unsteady flow (St. Venant) equations which
form the mathematical basis of the model.

As shown in Figure 5-2, 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
are summarized in Table 5-2.
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GEOMETRIC DATA

© System Geometry

© Pipe sizes, shapes & slopes
QUTFLOW ® Location of inlets, diversions
HYDROGRAPHS FROM & overflows ’

SURFACE RUNOFF MODULE
OPERATION RULES
o Pumps
° Offline storage
Q ‘ ¢ Regulated fiow
. —T ‘/ diverters

DRAINAGE SYSTEM
FLOW ROUTING
MODEL

Hydrographs at

System Qutfails - Time History of
Heads and Flows
in the System

- HEAD
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/[ PRINTED
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INPUT TO ' ‘

RECEIVING WATER
FLOW ROUTING MODEL

Figure 5-1. Schematic Illustration of EXTRAN.
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Table 5-1. Classes of Elements Included in EXTRAN,

Conduits or Links Rectangular
Circular
Horseshoe
Eggshape
Baskethandle
Trapezoid
Power function
Natural Channel (irregular cross section)

Junctions or Nodes (Manholes) @  ---------
Diversion Structures Orifices

Transverse weirs

Side-flow Weirs
Pump Stations On-line or off-line pump station
Storage Basins On-line, enlarged pipes or tunnels

On-line or off-line,

arbitrary stage-area relationship

Outfall Structures Transverse welr with tide gate

Transverse weir without tide gate
Side-flow weir with tide gate
Side-flow weir without tide gate
Outfall with tide gate

Free outfall without tide gate

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. The soluticn is for the average flow in each link, assumed to be constant
over a time-step. 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 later found to produce highly un-
stable solutions.
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Table 5-2. Properties of Nodes and Links in EXTRAN.

NODES Constraint ZQ ~ change in storage

Properties computed at Volume

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

Velocity of flow

Constant Properties Head loss coefficients

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 (elevation to water surface = invert elevation plus water depth),
which is assumed to be changing in time but constant throughout any one node.
(A plot of head versus distance along the sewer network yields the hydraulic
grade line, HGL.) 1Inflows, 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 Fflow problem come from the
gradually varied, one-dimensional unsteady flow equations for open channels,
otherwise known as the St. Venant or shallow water equations (Lai, 1986). For
use in EXTRAN, the momentum equation is combined with the continuity equation
to yield an equation teo be solved along each link at each time-step,

3Q/9t + gASy - 2Vt - V2IA/3x + gAH/3x = O (5-1)
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where = discharge through the conduit,

= velocity in the conduit,

cross-sectional area of the flow,

hydraulic head (invert elevation plus water depth), and

= friction slope.

Zr g0

S

Hh

The interested reader is referred to Appendix A for the equation derivation.
Terms have their usual units. For example, when U.S. customary units arg
used, flow is in units of cfs. When metric units are used, flow is in m”/sec.
These units are carried through internal calculations as well as for input and
output.

The friction slope is defined by Manning's equation, i.e.
k
4/3

gAR"Y/

where k = g(n/1. 49)2 for U.5. customary units and gn for metric units,

n = Mannings roughness coefficient, _

g = gravitational acceleration (numerically different depending on units
chosen), and
hydraulic radius.

S¢ = QlV| (5-2)

R
Use of the absolute value sign on the velecity term makes S¢ a directional

quantity and ensures that the frictional force always opposes the flow. Sub-
stituting in equation 5-1 and expressing in finite difference form gives

Quete = Q¢ - zﬁg VelQuype + 2V(A8/AE) 0t + V2[(Ay-Ap)/L]AL

- gA[(Hp-Hy)/L] & (5-3)

where At = time-step, and
L = conduit length.

Solving equation 5-3 for Q. s, gives the final finite difference form of the
dynamic flow equation,

Qarr = — k‘?“tIV} Qe + 20(pAAT) At + 92 [(Ay-Aq) /L] &
p4/3
- BA[(Hy-Hy)/L]At ] (5-4)

In equation 5-4, the values V, R, and A are weighted averages of the conduit
end values at time t, and (AA/At), is the time derivative from the previous
time step.

The basic unknowns in equation 5-4 are Qt+Ap Hy and H,. The variables
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VU, R, and A can all be related to Q and H. Therefore, another equation is re-
quired relating Q and H. This can be obtained by writing the continuity equa-
tion at a node,

IH/OE = I Qt/Ast (5-5)

or in finite difference form

Ht+At - Ht + ZQtAt/ASt (5-6)

where AS = surface area of node.
SOLUTION OF FLOW EQUATION BY MODIFIED EULER METHOD

Equations 5-4 and 5-6 can be solved sequentially to determine discharge
in each link and head at each node over a time-step 4t. The numerical inte-
gration of these two equations is accomplished by the improved polygon or
modified Euler method. The results have proven to be relatively accurate and,
when certain constraints are followed, stable. Figure 5-3 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 be-
low:

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

Hy(e+at/2) = Hy(t) + (At/2)((1/2) T[Q(E)+Q(t+at/2)]

conduits,
surface runoff

+Z[Q(t+ﬁt/2)]]/ﬁsj(t) (5-7)
diversions,

pumps,
outfalls

Full-step at node j: Time t + At

Hj(t+At) - Hj(t) + At{(1/2) [Q(E)+Q(t+at)] + EQ(t+At)}/ASj(t) (5-8)
conduits, diversions,
surface runoff pumps,
outfalls
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t
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Figure 5-3. 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 computa-
tion of discharge in all connecting conduits. Similarly, the full-step compu-
tation requires the full-step discharge at time t + At for all connecting
pipes. 1In 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 + At/2 in all links based on pre-
ceding 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 trans-
fer 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 + At 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

Time-Step Restrictions

The modified Euler method yields a completely explicit solution in which
the motion equation is applied to discharge in each link and the continuity
equation to head at each node,with implicit coupling during the time-step. 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
numerically stable when the following inequalities are met:

Conduits:

At < L/(gdyl/2 (5-9)
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where At = time-step, sec,
L = the pipe length, ft [m],
g = gravitational acceleration, 32.2 ft/sec2 [9.8 m/sec2], and
D = maximum pipe depth, ft [m].

This is recognized as a form of the Courant condition, in which the time step

is limited to the time required by a dynamic wave to propagate the length of a
conduit. A check is made at the beginning of the program to see if all condu-
its satisfy this condition (see discussion of equations 2-1 and 2-2).

Nodes:
At < C! AS AHmax/ Q (5-10)

where C' = dimensionless constant, determined by experience to approximately
equal 0.1,
AHmax = maximum water-surface rise during the time-step, At,
A, = corresponding surface area of the node, and

s
LQ = net inflow to the node (junction).

Examination of inequalities 5-9 and 5-10 reveals that the maximum allow-
able time-step, At, 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 enough to produce outflow hydrographs and
stage-time traces which are free from spurious oscillations and also satisfy
mass continuity under non-flooding conditions. If smaller time steps are
necessary the user should eliminate or aggregate the offending small pipes or
channels. 1In 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 element
of the drainage system by an imaginary conduit which is hydraulically identi-
cal to the element it replaces. Usually, an equivalent pipe is used when it
is suspected that a numerical instability will be caused by the element 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 converted 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 losses in the element and its equivalent pipe are the same. The length
of the equivalent pipe is computed using the numerical stability equation 5-9.
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 loss 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. Section 2 of this report outlines the steps needed to
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make these conversions. The program will automatically adjust short pipes and
weirs if parameter NEQUAL = 1 on data group Bl.

SPECIAL PIPE FLOW CONSIDERATIONS

The solution technique discussed in the preceding paragraphs cammot be
applied 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 5-4 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.

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 mnode.

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 automatically.

EXTRAN now prints a summary of the special hydraulic cases illustrated in
Figure 5-4. Subroutine OUTPUT prints the time in minutes that a conduit was:
(1) dry (depth less than 0.0001 ft or m), (2) normal depth, (3) critical up-
stream, and (4) critical downstream. It should be noted that these designa-
tions refer strictly to the assignment of upstream and downstream nodal sur-
face area.

During the calculation of conduit flow in Subroutine XROUTE another nor-
mal flow approximation is used when all of the following three conditions
occur:

1. The flow is positive. Extran automatically designates the highest
invert elevation as the upstream node and the lowest as the
downstream node. This adjustment (if made) is now printed out by
the model. Postive flow is from the upstream to the downstream
node. Any initial flow entered by the user on data group Cl is
multiplied by -1 if the upstream and downstream nodes are changed by
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Figure 5-4. Special Hydraulic Cases in EXTRAN Flow Calculatioms.
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the model.

2, The water surface slope in the conduit is less than the conduit
slope. See Appendix C for more details.

3. The flow calculated from Manning's equation using the upstream
cross-sectional area and hydraulic radius is less than the flow
calculated by equation 5-4,

When all three conditions are met the flow the flow is "normal."” Normal
flow is labeled with an asterisk in the intermediate printout. The conduit
summary lists the number of minutes the normal flow assumption is used for
each conduit.

HEAD COMPUTATION DURING SURCHARGE AND FLOCDING

Theory

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

Flooding is a special case of surcharge which takes place when the hy-
draulic 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 automatically in
EXTRAN. To track water on the surface the user must 1) simulate the surface
pathways as conduits, and 2) simulate the vertical pathways through manholes
or inlets as conduits also. Since a conduit cannot be absolutely vertical,
equivalent pipes must be used.

During surcharge, the head calculation in equations 5-7 and 5-8 is no
longer possible because the surface area of the surcharged node (area of man-
hole) is too small to be used as a divisor. Instead, the continuity equation
for each node is equated to zero,

IQ(t)y =0 (5-11)

where I Q(t) is the sum of all inflows to and outflows from the node from
surface runoff, conduits, diversion structures, pumps and outfalls.

Since the flow and continuity equations are not sclved simultaneously in
the model, the flows computed in the links connected to a node will not ex-
actly satisfy equation 5-11. However, an iterative procedure is used in which
head adjustments at each node are made on the basis of the relative changes in
flow in each connecting link with respect to a change in head: 3Q/9H. Ex-

Py

pressing equation 5-11 in terms of the adjusted head at node j gives

z{Q(e) + (3Q(r)/HH;IAH;(€)] = 0 (5-12)

Solving for AHj gives

147




AH;(€) = - ZQ(E) / 22Q(e)/ B (5-13)

This adjustment is made by half-steps during surcharge so that the half-step
correction is given as

AHj(t+At/2) = Hj(t) + k ﬂHj(t+At/2) (5-14)

where H.(t+At/2) is given by equation 5-13 while the full-step head is com-
puted as

Hj(t+At) - Hj(t+At/2) + k AHj(t) (5-15)

where AH.(t) is computed from equation 5-11. The value of the constant k
theoretiZally should be 1.0. However, it has been found that equation 5-12
tends to over-correct the head; therefore, a value of 0.5 is used for k in the
half-step computation in order to improve the results. Unfortunately, this
value was found to trigger oscillations at upstream terminal junctions. 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 upstream termi-
nal nodes.

The head correction derivatives are computed for conduits and system
inflows as follows:

Conduits
aQ(t)/BHj = [g/(1-K(t))] At (A(t)/L) (5-16)
where K(t) = - At [g n? / m? R%/3] [v(v)| (5-17)

AL = time-step,

A(t) = flow cross sectional area in the conduit,

L = conduit length,

= Manning n,

1.49 for U.S. customary units and 1.0 for metric units,
= gravitational acceleration,
= hydraulic radius for the full conduit, and

(t) = velocity in the conduit.

<@ B Y

System Inflows
2Q(t) /3H; = 0 (5-18)

Orifice Weir. Pump and OQutfall Diversions

Orifices are converted to equivalent pipes (see below); therefore, equa-
tion 5-16 is used to compute 3Q/3H. For weirs, 9Q/9H 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
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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 Section 2.

For pump junctions, 9Q/8H 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. Bor in-line pumps,
where the pump rate is determined by the water depth at the junction, a prob-
lem 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 pipes, the head adjustment at the outfall is treated as
any other junction. Outfall weir junctions are treated the same as internal
weir junctions (3Q/9H for the weir link is taken as zero). Thus, unstable
solutions can occur at these junctions also under surcharge conditions. Con-
verting these weirs to equivalent pipes will eliminate the stability problem.

Because the head adjustments computed in equations 5-14 and 5-15 are
approximations, the computed head has a tendency to "bounce" up and down when
the conduit first surcharges. This bouncing 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 5-7 and 5-8 to equations 5-14
and 5-15. The transition function used is

8H;(t) = 3Q(t)/DENOM (5-19)
where DENOM is given by
DENOM = 3Q(t)/aH; + {Ag (t)ngt/Z) - 9Q(t) /5 Hy] eXP['15(Yj-Dj)/Dj] (5-20)
where D. = pipe diameter,
Yy o= water depth, and
A, = nodal surface area at 0.96 of full depth.
J
The exponential function causes equation 5-20 to converge to within two per-
cent of equation 5-13 by the time the water depth is 1.25 times the full-flow
depth.

Surcharge in Multiple Adjacent Nodes

Use of 3Q(t)/%H; in the manner explained above satisfies continuity at a
single node, but may” introduce a small continuity error when several consecu-
tive nodes are surcharged. These small continuity errors combine to artifi-
cially attenuate the hydrograph in the surcharged area. Physically, inflows
to all) surcharged nodes must equal outflows during a time-step since no change
in storage can occur during surcharge. In order to remove this artificial
attenuation, the full-step computations of flow and head in surcharge areas
are repeated in an iteration loop. The iterations for a particular time-step
continue until one of the following twe conditions is met:
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1. The net difference of inflows to and outflows from all nodes in sur-
charge is less than a tolerance, computed every time-step, as a fraction
of the average flow through the surcharged area. The fraction (SURTOL,
data group B2) is input by the user.

2. The number of iterations exceeds a maximum set by the user (ITMAX,
data group B2).

The iteration loop has been found to produce reasonably accurate results with
little continuity error. The user may need to experiment somewhat with ITMAX
and SURTCL in order to accurately simulate all surcharge points without incur-
ring an unreasonably high computer cost due to extra iterations.

FLOW CONTROL DEVICES

Options

The link-node computations can be extended to include devices which di-
vert sanitary sewage out of a combined sewer system or relieve the storm load
on sanitatry interceptors. In EXTRAN, all diversions are assumed to take place
at a node and are handled as inter-nodal transfers. The special flow regula-
tion devices treated by EXTRAN include: weirs (both side-flow and trans-
verse), orifices, pumps, and outfalls. Each of these is discussed in the
paragraphs below.

Storage Devices

In-line or off-line storage devices 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 5-5. 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) 1is set at the top of storage "tank." When the hydraulic head at
junction J exceeds ZCROWN(J), the junction gees inte surcharge.

An arbitrary stage-area-volume relationship may also be input (data group
E2), e.g., to represent detention ponds. Routing is performed by ordinary
level-surface reservoir methods. This type of storage facility is not allowed
to 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-line
storage tank.

Figure 5-6 shows two typical diversions: 1) a dropout or sump orifice,
and 2) a side outlet orifice. EXTRAN simulates both types of orifice by con-
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verting the orifice to an equivalent pipe. The conversion is made as follows.
The standard orifice equation is:

Q = Coszgh (5-21)

where C, = discharge coefficient (a function of the type of opening and
the length of the orifice tube),
A = cross-sectional area of the orifice,
g = gravitational acceleration, and
h = 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.,

(m/n) aR%/3 §1/2 o ¢ A\[Zgh (5-22)

where m = 1.49 for U.S. customary units and 1.0 for metric units, and
S = slope of equivalent pipe.

The orifice pipe is assumed to have the same diameter, D, as the orifice
and to be nearly flat, the invert on the discharge side being set 0.0l ft (3
mm) lower than the invert on the inlet side. In addition, for a sump orifice,
the pipe invert is set by the program 0.96D 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 S is written as H /L where L is the pipe length, H, will be identi-
cally 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 H
will be the distance of the water surface above critical depth (which will
occur at the discharge end) for the pipe. For practical purposes, it is as-
sumed that H; = h for this case also. Thus, letting § = h/L and substituting
R = D/4 (where D is the orifice diameter) into equation 5-22 and simplifying
gives,

o= ;EL (D/4)2/3 (5-23)

0

The length of the equivalent pipe is computed as the maximum of 200 feet (61
meters) or

L = 2at4/gD (5-24)

to ensure that the celerity (stability)} criterion for the pipe is not vio-
lated. Manning’s n is then computed according to equation 5-23. This algor-
ithm produces a solution to the orifice diversion that is not only as accurate

as the orifice equation but also much more stable when the orifice iunction is
surcharged.
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Weirs

A schematic illustration of flow transfer by weir diversion between two
nodes is shown in Figure 5-7. Weir diversions provide relief to the sanitary
system during periods of storm runcff. Flow over a weir is computed by

Q = Cyly [ (+v2/28)® - (v2/2g)3] (5-25)

where C discharge coefficient,

welir length (transverse to overflow),
driving head on the weir,

= approach velocity, and

= weir exponent, 3/2 for transverse weirs and

5/3 for side-flow weirs.

%

N<§D‘al—‘
L]

Both C, and are input values for transverse weirs. For side-flow weirs, C
should be a function of the approach velocity, but the program does not pro-
vide 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 Q.

w

Normally, the driving head on the weir is computed as the difference h =
¥Y,-Y,, where Y; is the water depth on the upstream side of the weir and Y, is
the height of the weir crest above the node invert. However, if the down-
stream depth Y, also exceeds the welr crest height, the weir is submerged and
the flow is computed by

Qy = Csus CWLW(YI'YC)3/2 (5-26)

where C is a submergence coefficient representing the reduction in driving
head, and all other wvariables are as defined above.

The submergence coefficient, C UB> is taken from Roessert'’'s Handbook of
Hydrauliecs (in German, reference unavailable) by interpolation from Table 5-3,
where CRATIO is defined as:

Cratro = (Y2-Y¥c)/(¥1-Yc) (5-27)

and all other variables are as previously defined. The values of Cppryg and
Coyp 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:

Q; = Csyr Ly (Ypop - Yo) v 28h (5-28)
where Yypqp = distance to top of weir opening shown in Figure 2-7,
h’ =Yy - maximum(Yz,Yc), and
Cgyr = veir surcharge coefficient.
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Figure 5-7. Representation of Weir Diversions.
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Table 5-3. Values of Cgyp as a Function of Degree of Weir Submergence.

CraTIO Csus
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

The weir surcharge coefficient, Cgyp, is computed automatically at the begin-
ning of surcharge. At the point where weir surcharge is detected, the preced-
ing weir discharge just prior to surcharge is equated to Q,, in equation 5-26,
and equation 5-28 is then solved for the surcharge coefficient, Cgyr- Thus,
no input coefficient for surcharged weirs is required.

Finally, EXTRAN detects flow reversals at weir nodes which cause the
downstream water depth, Y,, to exceed the upstream depth, Yy. All equations
in the weir section remain the same except that Y; and Y, are switched so that
Y, remains as the "upstream" head. Also, flow reversal at a side-flow weir
causes it to behave more like a transverse welr and consequently the exponent
a in equation 5-25 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 (undated):

h' = h - (4/g)V? exp(-1.15V/hl/2) (5-29)

where h is the previously computed head before correction for flap 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 1ift sta-
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tion or an off-line node representing a wet-well, from which the contents are
pumped to another node in the system according to a programmed rule curve.
Alternatively, either in-line or off-line pumps may use a three-point pump
curve (head versus pumped outflow).

For an in-line lift station, the pump rate is based on the water depth,
Y, at the pump junction. The step-function rule is as follows:

Pump Rate = Ry for 0 <Y <Y
= R Y. <Y<Y
2 1= 2

= Ry Y, €Y < Y5 (5-30)

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 5-8. The step-function rule
operates as follows:

1. Up to three wet-well volumes are prespecified as input data for each
pump station: Vy < V9 < V5, where V5 is the maximum capacity of the
wet well.

2. Three pumping rates are prespecified as input data for each station.

The pump rate is selected automatically by EXTRAN depending on the
volume, V, in the wet-well, as follows:

Pump Rate = Ry for 0 <V <V,
= R, V V<V,
3. A mass balance of pumped ocutflow 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 Rq, the pumping rate goes back to operating on the
rule curve.

5. If V4 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.

A conceptual head-discharge curve for a pump is shown in Figure 2-10.
When this method is used for either type of pump, an iteration is performed
until the dynamic head difference between the upstream and downstream nodes on
either side of the pump corresponds to the flow given on the pump curve, In
other words, the pump curve replaces equation 5-4.
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Figure 5-8. Schematic Presentation of Pump Diversion.
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Qutfall Structures

EXTRAN simulates both weir outfalls and free outfalls. Either type may
be subject to a backwater condition and 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 conditions. The free outfall may be truly "free" if the ele-
vation of the receiving waters is low enough (i.e., the end of the conduit is
elevated over the receiving waters), or it may consist of a backwater condi-
tion. 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 receiv-
ing water elevation is taken as the water surface elevation at the free out-
fall.

Up to 20 different head versus time relationships can be used as bound-
ary conditions. Any outfall junction can be assigned to any of the 20 bound-
ary conditions.

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
outfall is equated to zero. If the driving head is positive, the water sur-
face elevation at the outfall junction is set in the same manner as that for a
free outfall subjected to a backwater condition. Note that even if the tide
gate is closed, water can still enter and fill an empty outfall pipe as some-
times happens at the beginning of a simulation.

INITIAL CONDITIONS

Initial flows in conduits may be input by the user on data group Cl. For
each conduit, EXTRAN then computes the normal depth corresponding to the ini-
tial flow. Junction heads are then approximated as the average of the heads
of adjacent conduits for purposes of beginning the computation sequence. The
initial volume of water computed in this manner is included in the continuity
check. A more accurate initial condition for any desired set of flows may be
established by letting EXTRAN "warm up" with the initial inflows and restarted
using the "hot start" feature explained in Section 2.

Initial heads at junctions may be input by the user on data group Dl.
The model does not estimate the initial conduit flow if the conduit flow is
entered as zero on data group Cl. 1Initial heads at junctions with a sump
orifice are increased by 0.96 times the equivalent pipe diameter of the ori-
fice at the start of the simulation.

159



SECTION 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 computational steps in the EXTRAN
Block is presented in Figure 6-1. The complete Fortran code, together with
key variable definitions, is contained on the SWMM4 program distribution disks
or tape.

The EXTRAN Block contains 16 subroutines, in addition to the SWMM MAIN
program which controls execution, and four line-printer graphing subroutines
(CURVE, PPLOT, SCALE AND PINE). The organization of each subroutine and its
relation to the main program has been diagrammed in the master flowchart of
Figure 6-2. A description of each subroutine follows in the paragraphs below,

SUBROUTINE EXTRAN

EXTRAN is the executive subroutine of the Block. It sets the unit num-
bers of the device containing the input data and the device where printed
output will be directed. The device numbers of the input and output hydro-
graph files, if used, are also set here. EXTRAN calls the three input data
subroutines INDAT1, INDAT2 and INDAT3 for reading all input data groups defin-
ing the length of the transport simulation run, the physical data for the
transport system, and the instructions for output pProcessing.. The arrays in
the common blocks of the Extran program are initialized in Subroutine EXTRAN.
Various file manipulations are handled, including use of any "hot-start" files
(i.e., restart from previous saved file), and then subroutine TRANSX is called
to supervise the computations of the EXTRAN Block.

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 6-1. Princi-
pal steps in TRANSX are outlined below in the order of their execution:

1. Initialize the system flow properties and set time = TZERO.

2. Advance time =~ t+At and begin main computation loop contained in steps
2 through 5 below.
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Figure 6-1. EXTRAN Block Program Flowchart.
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3. Select current value of inflow hydrographs for all input nodes by call
to INFLOW, which interpolates runoff hydrograph records either on device
number N21 (interface file supplied by upstream block) or on data group
Kl - K3.

4. Call subroutine XROUTE for the calculation of the transient proper-
ties of nodal depth and conduit flow.

5. Store nodal water depth and water surface on NSCRAT(1) to be used
later by OUTPUT. Also, store conduit discharges and velocities for later
printing. Print intermediate output.

6. Return to step 2 and repeat through step 5 until the transport simu-
lation is complete for the entire period.

7. Call subroutine OUTPUT for printing and plotting of conduit flows and
junction water surface elevations.

SUBROUTINE XROUTE

Subroutine XROUTE performs the numerical calculations for the open chan-
nel and surcharged flow equations used in EXTRAN. The solution uses the modi-
fied Euler method and a special iterative procedure for surcharged flow. The
following principal steps are performed:

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

-- Hydraulic head at each conduit end.

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

-- Half-step value of discharge at time t = t+4t/2 by modified Euler
solution.

-- Check for normal flow, if appropriate. Normal flow is indicated by
an asterisk in the intermediate printout.

--  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 cur-
rent value of tidal stage and the half-step value of depth and discharge
at all outfalls.

2. For all physical junctions in the system, compute the half-step depth
at time t=t+At/2. This depth computation is based on the current net

inflows to each node and the nodal surface areas computed previously in
step 1. Check for surcharge and flooding at each node and compute water
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depth accordingly.

3. For all physical conduits, compute the following properties based on
the last half-step values of depth and flow (repeat step 1 for time t+
&s2):

--  Hydraulic head at each pipe end.

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

-- Full-step discharge at time t+At by modified Euler solution,
-- Check for normal flow if appropriate.

-- Set system outflows and intermal transfer at time t+at by calling
BOUND,

4. For all junctions, repeat the nodal head computation of step 6 for
time t+At. Sum the differences between inflow and outflow for each junc-
tion in surcharge.

5. Repeat steps 3 and 4 for the surcharged links and nodes until the sum
of the flow differences from step 4 is less than fraction SURTOL multi-
plied by the average flow through the surcharged area or the number of
iterations exceeds parameter ITMAX.

6. Return to subroutine TRANSX for time and output data updates.
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 follows:

1. Compute current elevation of receiving water backwater. Depending on
the tidal index, the backwater condition will be constant, tidal or below
the system outfalls (effectively non-existent). The tidally-varied back-
water condition is computed by a Fourier series about a mean time equal
to the first coefficient, Al,

2. Compute the depth at orifice junctions for all sump orifices flowing
less than full.

3. Compute discharge over transverse and side-flow weirs. Check for re-
verse flow, surcharge, and weir submergence. If the weir is surcharged,
compute flow by orifice-type equation. If weir is submerged, compute the
submergence 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 weilr discharge.
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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 DEPTHX

Subroutine DEPTHX 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 initialized in
a Block Data subroutine to speed the computations of critical and normal
depth. Subroutine DEPTHX 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
nede.

3. If a critical section occurs at the upstream end, the conduit surface
area 1s 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.

Note that adverse flow in the absence of a c¢ritical 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 continuity as discussed in Section 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 subroutine XROUTE and in turn uses subroutines DEPTHX and HYDRAD in its
surface area computations.
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SUBROUTINE HYDRAD

The function of subroutine HYDRAD is to compute average values of hydrau-
liec radius, cross-sectional area, and surface width for all conduits in the
transport system. Based on the current water depth at the ends and midpoint
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 de-
scribed 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.

SUBROUTINES INDAT1, INDAT2 AND INDAT3

"Subroutine INDATA" really consists of three subroutines, INDATAl, INDAT?2
and INDAT3, but will just be called "INDATA" in this discussion. INDATA is
the principal input data subroutine for the EXTRAN Block; it is used once at
the beginning of subroutine EXTRAN. Its primary function is to read all input
data specifying the links, nodes, and special structures of the transport
network. It also establishes transport system connectivity and sets up an
internal numbering system for all transport elements by which the computations
in XROUTE 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 lines for output headings and run control data
groups specifying the number of time-steps (integration cycles), the
length of the time-step, DELT, 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 irregular (matural) channels 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 estab-
lish 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.

6. Read orifice input data and print summary. Assign intermal link be-
tween orifice node and node to which it discharges.

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

8. 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.
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9. Read free outfall data and print a data summary for outfalls, includ-
ing which set of boundary condition data will be used. Assign an inter-
nal link for each free ocutfall in the internal numbering system.

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

11. Print a summary of intermal connectivity information showing the in-
ternal nodes and connecting links assigned to orifices, weirs, pumps, and
free outfalls.
12, Read up to five sets of boundary condition input data. Depending
on the tidal index, one of the following four boundary condition types
will exist:

1) No contreol water surface at the system outfall.

2) Outfall control water surface at the same constant elevation, Al.

3) Tide coefficients are read on data group J2.

4) Tide coefficients Al through A7 will be generated by TIDCF and
are printed in subroutine TIDCF using data from data group J4.

Print summary of tidal boundary input data, including the tide coeffici-
ents generated (and printed) by TIDCF.

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

14. Initialize conduit conveyance factor in Manning equation.

15. Read in initial system information on file unit N21 generated by the
block immediately preceding the EXTRAN Block, usually the Runoff Block.

16. Read first two hydrograph records either from file unit N21 and/or
from data input lines (group K3).

17. Write out initial transport system information on interface file unit
N22 (which equals Executive Block file JOUT) which will contain the hy-
drograph output from EXTRAN outfalls supplied as input to any subsequent
block.

SUBROUTINE GETCUR

Subroutine GETCUR reads irregular cross-section and variable storage node
For channels, GETCUR computes normalized values of cross-sectional

area, hydraulic radius (with variable Mamning’s n), and top width. Interpola-
tion of these curves during EXTRAN’s simulation is identical to that performed
for regular creoss sections where the normalized curves have been predetermined
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and stored in Block Data.
/’\\ SUBROUTINE INFLOW

Subroutine INFLOW is called from subroutine TRANSX at 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 file unit
N21 if the Runoff Block (or any other block) immediately precedes the EXTRAN
Block, and/or from line input runoff hydrographs (data group K3). 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 once for each boundary condition type (if
needed) by subroutine INDATA to compute seven tide coefficients, Al through
A7, which are used by subroutine BOUND to compute the current tide elevation
according to the Fourier series:

Hripg = A1 + A9 sin ot + Ay sin 24t + 4, sin 3ut
+ Ag cos Wt + Ag cos Swt + Ay cos 6wt (6-1)

where t = current time, hours_(units of seconds are used internally),
w= 2 pi radians/W, hr ™, and
W = tidal period, hours, entered in data group J2.

Typical tidal periods are 12.5 or 25 hours. The coefficients A, through Ay

Y are developed by an iterative technique in TIDCF in which a sinusoidal ser-
ies is fit to the set of tidal stage-time points supplied as input data by
subroutine INDATA (data groups J3 and J4}.

FUNCTION HTIDES

HTIDES is merely a function that evaluates equation 6-1. It is called
from TIDCF as part of the determination of the tidal coefficients and from
BOUND during the simulation to determine the current tidal elevation for mul-
tiple boundary conditiens.

SUBROUTINE OUTPUT

Subroutine OUTPUT is called by subroutine TRANSX at the end of the simu-
lation run to print and plot the hydraulic output arrays generated by the
EXTRAN Block. Printed output includes time histories of: 1) the water depths
and water surface elevations at specified junctions, and 2) the discharge and
flow velocity in specified conduits. In addition, there is a continuity check
and summaries of stage and depth information at each node and flow and velo-
city information for every conduit. Surcharging, if any, is summarized in
these tables.

The plotting of junction water surface elevation and conduit discharge is

carried out by a line-printer plot package (subroutine CURVE of the Graph
Block) which is called by OUTPUT after printed output is complete. Documenta-
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tion of the graph routines may be found in the main SWMM User'’s Manual (Huber
and Dickinson, 1988). The output is either in U.S. customary units or metric
units depending on the value of parameter METRIC on data group B2.

User’s of SWMM and EXTRAN on microcomputers may wish to use the superior
graphics available with various software on those machines. Hydrographs
stored on the SWMM interface file may be accessed for this purpose through a
program written by the user or by conversion to an ASCII/text file by the
Combine Block. EXTRAN will save all outfall hydrographs (i.e., from desig-
nated weirs or from outfalls identified in data groups Il and I2) on SWMM
interface file JOUT if JOUT > 0. The structure of this file is described in
Appendix B and in Section 2 of the main SWMM User’s Manual (Huber and Dickin-
son, 1988), from which a program may be written to access and plot the hydro-

graphs. Similarly, this file structure must be followed if the user wishes to

place onto an interface file arbitrary input hydrographs generated by a pro-
gram external to SWMM.
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APPENDIX A

UNSTEADY FLOW EQUATIONS

The basic differential equations for the sewer flow problem come from the
gradually varied, one-dimensional, unsteady flow equations for open channels,
otherwise known as the St. Venant or shallow water equations. The unsteady
flow continuity equation with no lateral inflow and with cross-sectional area
and flow as dependent variables is (Yen, 1986; Lai, 1986):

A/ & + 3Q/3x =0 (A-1)
where A = cross sectional area,
Q = conduit flow,
X = distance along the conduit/channel, and
t = time.

The momentum equation may be written in several forms depending on the choice
of dependent variables. Using flow, Q, and hydraulic head (invert elewvation
plus water depth), H, the momentum equation is (Lai, 1986):

3Q/at + 3(Q%/A)/ox + gAdH/ox + gASg = O (A-2)

where g = gravitational constant,
H= 2z 4+ h = hydraulic head,
z invert elevation,
h = water depth, and
S5¢ = friction (energy) slope.

(The bottom slope is incorporated into the gradient of H.)

EXTRAN uses the momentum equation in the links and a special lumped con-
tinuity equation for the nodes. Thus, momentum is conserved in the links and
continuity in the mnodes.

Equation A-2 is modified by substituting the fellowing identities:

Q%/a - va (A-3)

3(V28) /3% = 2AVaV/3x + V23A/3x (A-4)

where V = conduit average velocity,

Substituting into equation A-2 leads to an equivalent form:
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/3% + 28VV/ ¥ + V23A/3x + gABH/dx + gASy = O (A-5)

This is the form of the momentum equation used by EXTRAN and it has the depen-
dent variables Q, A, V, and H.

The continuity equation (A-1) may be manipulated to replace the second
term of equation A-5, using Q = AV,

dA/3t + AdV/ox + V3A/dx = 0 (A-6)
or, rearranging terms and multiplying by V,
AVSV/x = -V3A/3t - V23a/ax (A-7)

substituting equation A-7 into equation A-5 to eliminate the 3V/3x term leads
to the equation solved along conduits by EXTRAN:

3Q/3¢t + gASy - 2V0AAL - VZ3A/Bx + gAM/ox = O (A-8)

Equation A-8 is the same as equation 5-1, whose solution is discussed in de-
tail in Section 5.

As discussed briefly in Table 2-1 and extensively in Appendix C, there
are three Extran solutions (data group BO). Equation A-8 1is the basis of the
ISOL = 0 solution. The momentum equation for the ISOL = 1 and ISOL = 2 solu-
tiogs are derived from equations A-1 and A-2 in the following manner. The
(Q-/A)/ a_term in equation A-2 is expanded as the product of Q and Q/A in-
stead of V°/A as in the ISOL = 0 solution.

3Q%8)/ 3 = Q% 3(1/A)/ 3 + 20/AR/ 3 = QP a(1/A)/Bx + 2VQ/ox (a-9)

Again the continuity equation A-1 is used to substitute for the 3Q/9x
term in equation A-9. This term is inadmissible in Extran since the flow is
assumed constant in a link. The link momemtum equation used by the ISOL = 1
and ISOL = 2 solutions is presented in equation A-10.

0/ + gASg - 2VAA/3t + QZA(L/A)/ax + gAR/3x = O (A-10)

The solution techniques used to solve equation A-10 for the ISOL = 1 and
ISOL = 2 solutions are discussed in Appendix C.
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APPENDIX B

INTERFACING BETWEEN SWMM BLOCKS

Data may be transferred or interfaced from one block to another through
the use of the file assignments on Executive Block data group SW. The inter-
face file header consists of:

1) descriptive titles,

2) the simulation starting date and time,

3) the name of the block generating the interface file,

4) the total catchment or service area,

5) the number of hydrograph locations (inlets, outfalls, elements, etc.)},
6) the number of pollutants found on the interface file,

7) the location identifiers for transferred flow and pollutant data,

8) the user-supplied pollutant and unit names,

9) the type of pollutant concentration units, and
10) flow conversion factor (conversion to internal SWMM units of cfs).

Following the file header are the flow and pollutant data for each time
step for each of the specified locations. The detalled organization of the
interface file is shown in Table B-1, and example Fortran statements that
will write such a file are shown in Table B-2. These tables may be used as
guidelines for users who may wish to write or read an interface file with a
program of their own. Further information on required pollutant identifiers,
etc, may be found in the Runoff Block input data descriptions, but these are
not required for Extran.

The title and the wvalues for the starting date and time from the first
computational block are not altered by any subsequent block encountered by the
Executive Block. All other data may (depending on the block) may be altered
by subsequent blocks. The individual computational blocks also have limita-
tions on what data they will accept from an upstream block and pass to a down-
stream block. These limitations are summarized in Table B-3. Detailed dis-
cussions for each block are presented in the user’s manuals.

Block limitations can be adjusted upwards or downwards by the user by

modifying the PARAMETER statement found in the include file TAPES.INC. Follow
the instructions of Table B-4.
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Table B-1.

Detailed Organization of SWMM Interface File

COMPUTATIONAL
BLOCK

FROM
CURRENT
INTERFACING
BLOCK

TITLE(1)
TITLE(2)

IDATEZ

TZERO

TITLE(3)

TITLE(4)

SOURCE

LOCATS

NPOLL
TRIBA

(NLOC(K), R=1,
LOCATS) or

(KLOC(K), K=1,
LOCATS)

(PNAME(J) , J=1,NPOLL)

(PUNIT(J),J=1,NPOLL)

(NDIM(J),J=1,NPOLL)

175

First line of title from first
block, maximum of 80 characters.
Second line of title from first
block, maximum of 80 characters.
Starting date; 5-digit number,
2-digit year plus Julian date
within year, e.g. February 20,
1987 is 87051.

Starting time of day in seconds,
e.g., 5:30 p.m. is 63000.

This date and time should also
be the first time step values
found on the interface file,
First line of title from immedi-
ately prior block, maximum of
80 characters.

Second line of title from im-
mediately prior block, maxjmum
of 80 characters.

Name of immediately prior
block, maximum of 20 characters.
Number of locations (inlets,
manholes,outfalls,ete.) on in-
terface file,

Number of pollutants on inter-
face file.

Tributary or service area,
acres.

Location numbers for which
flow/pollutant data are found
on interface file. These

may be either numbers (JCE-O)b,
or alphanumeric names (JCE=1).
NLOC array if numbers. KLOC

if alphanumeric names area used.
NPOLL pellutant names, maximum
of 8 characters for each.

NPOLL pollutant units, e.g.
mg/1, MPN/1, JTU, umho, etc.,
max. of 8 characters for each.
Parameter to indicate type of
pollutant concentration units.
=0, mg/l

=1, "other quantity" per liter,
e.g. for bacteria, units could
be MPN/1.




Table B-1. Concluded.

=2, other concentration units,
e.g., JIU, umho,OC, pH.

QCONV Conversion factor to obtain
units of flow of cfs, (multi-
Ply values on interface file
by QCONV to get cfs). All
blocks assume inflow is in cfs
and convert to m~/sec if METRIC

= 1.
FLOW AND POLLUTANT JULDAY Starting date; 5-digit number,
DATA FOR EACH 2-digit year plus Julian date
LOCATION. within year, e.g. February 20,
REPEAT 1987 is 87051.
FOR EACH TIMDAY Time of day in seconds at
TIME STEP. the beginning of the time step,

e.g.,12:45 p.m. is 45900.

DELTA Step size in seconds for the

next time stepc.

(Q(K), (POLL(J,K),J=1 ,NPOLL) ,K=1,L0OCATS) Flow and pollutant loads for

LOCATS locations at this time
step. Q(K) must be the instan- N
taneous flow at this time
(i.e.,at end of time step) in
units of volume/time. POLL(J,K)
is the flow rate times the
concentration {(instantaneous
value at end of time step) for
Jth pellutant at Kth
location, e.g, ,units of
cfs'mg/l or m /sec‘JTUd.

3Unformatted file. Use an integer or real value as indicated by the variable

names. Integer variables begin with letters I through N.

Pparameter JCE indicates whether $SANUM has been invoked to use alphanumeric
conduit and junction names and is included in COMMON/TAPES in each block.

€i.e., the next date/time encountered should be the current date/time plus
DELTA.

d1f units other than cfs are used for flow, this will be accounted for by
multiplication by parameter QCONV.
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Table B-2. FORTRAN Statements Required to Generate an Interface File

FILE WRITE(NOUT) TITLE(1),TITLE(2)

HEADER WRITE (NOUT) IDATEZ , TZERO
WRITE (NOUT) TITLE(3),TITLE(4)
WRITE (NOUT) SOURCE, LOCATS , NPOLL, TRIBA
IF(JCE.EQ. 0)WRITE(NOUT) (NLOC(K) ,K=1,LOCATS )
IF(JCE.EQ.1)WRITE(NOUT) (KLOC(K) ,K=1,LOCATS)
IF(NPOLL.GT.O0)WRITE(NOUT) ((PNAME(L,J),L~1,2),J=1,NPOLL)
IF(NPOLL.GT.0)WRITE (NOUT) ((PUNIT(L,J),L=1,2),J=1,NPOLL)
IF(NPOLL.GT.0)WRITE (NOUT) (NDIM(J),J=1,NPOLL)
WRITE(NOUT) QCONV

NOUT is the interface file or logical unit
number for output, e.g., ROUT = JOUT(1l) for first
computational block,

FLOW AND POLLUTANT IF (NPOLL.GT.0) THEN

DATA FOR EACH WRITE(NOUT) JULDAY,TIMDAY,DELTA, (Q(K),
LOCATION: REPEAT (POLL(J,K),J=1,NPOLL) ,K=1,LOCATS)

FOR EACH TIME STEF ELSE

WRITE(NOUT) JULDAY,TIMDAY,DELTA,
(Q(K) ,K=1,LOCATS)
ENDIF

Note 1: The interface file should be unformatted. The time step read/write
statements must include IF statements to test for the appearance of
pellutants.

Note 2: The interface file may be read by the Combine Block to produce an
ASCII/text file which can be read by various microcomputer software.
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Table B-3. Interface Limitations for Each Computational Block?
—
Block Input Outputb
Runoff -- 150 elements (inlets),
10 pollutants
Transport 175 elements (inlets), 175 elements (non-
4 pollutants conduits), 4 pollutants
Extended 175 elements (inlets), 175 junctions
Transport no pollutants (ignored
if on the file)
Storage/ 10 elements (inlets 10 elements®,
Treatment or non-conduits), 3 pollutants
3 pollutants
4These limitations are based on the "vanilla" SWMM sent to the user. As
explained in Table B-4, these limitations can easily be changed by the user by
modifying the PARAMETER statement accompanying the file ‘TAPES.INC'.
bThe number of pollutants found on the output file from any block is the
lesser of the number in the input file or that specified in the data for each
block.
€Although the Storage/Treatment Block will read and write data for as many —
as 10 elements, the data for only one element pass through the storage/treat-
ment plant; the rest are unchanged from the input file.
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Table B-4. SWMM Parameter Statement Modification
This is file TAPES.INC in SWMM Fortran source code.

NW = NUMBER OF SUBCATCHMENTS IN THE RUNOFF BLOCK

NG = NUMBER OF GUTTER/FIPES IN THE RUNOFF BLOCK

NET = NUMBER OF ELEMENTS IN THE TRANSPORT BLOCK

NTH = NUMBER OF INPUT HYDROGRAPHS IN TRANSPORT

NEE =~ NUMBER OF CONDUITS AND NUMBER OF JUNCTIONS IN EXTRAN BLOCK

NGW = NUMBER OF SUBCATCHMENTS WITH GROUNDWATER

COMPARTMENTS IN RUNOFF

NIE = NUMBER OF INTERFACE LOCATIONS FOR ALL BLOCKS

NEP = NUMBER OF EXTRAN PUMPS

NEO = NUMBER OF EXTRAN ORIFICES

NTG = NUMBER OF TIDE GATES OR FREE OUTFALLS IN EXTRAN

NEW = NUMBER OF EXTRAN WEIRS

NPO = NUMBER OF EXTRAN PRINTOUT LOCATIONS

NTE = NUMBER OF DIFFERENT BOUNDARY CONDITIONS IN EXTRAN

NNC = NUMBER OF NATURAL CHANNELS IN EXTRAN AND TRANSPORT

NVSE = NUMBER OF STORAGE JUNCTIONS IN EXTRAN

NVST = NUMBER OF DATA POINTS FOR VARIABLE STORAGE ELEMENTS
IN THE EXTRAN BLOCK

NEH = NUMBER OF INPUT HYDROGRAPHS IN THE EXTRAN BLOCK

INSTRUCTIONS - INCREASE DIMENSIONS OF SUBCATCHMENTS ETC.
BY MODIFYING THE PARAMETER STATEMENT
AND RECOMPILING YOUR PROGRAM

OO0 000CO0000000a00n0a00n

PARAMETER (NW=150,NG=150 ,NET=175, NEE=175, NGW=100 , NTH=~80,
+ NIE=175,NTE=20,NEW=60, NEO=60, NEP=20 ,NTG=25,
+ NPO=30,NVSE=20, NVST=30,NNC=50 , NEH=65)

CHARACTER*2 CC

COMMON /TAPES/ INCNT,IOUTCT,JIN(25),JOUT(25),JCE,

* NSCRAT(7) ,N5,N6,CC,JKP(57) ,CMET(11,2)
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APPENDIX C

ADDITIONAL EXTRAN SOLUTIONS

GENERAL

This release of Extran includes two additional solutions to the gradually
varied, one-dimensional unsteady flow equations for open channels. These
solutions are called using the ISOL parameter on data group BO, This appendix
describes the the formulation of the ISOL = 1 and ISOL = 2 solutions and their
weaknesses and strengths compared to the default solution described in Chapter
5 (ISOL = 0). For explanatory purposes the ISOL = 0 solution will henceforth
be called the explicit method, the ISOL = 1 solution will be called the enhan-
ced explicit method, and the ISOL = 2 solution will be called the iterative
method,

The explicit method is solved by Subroutine XROUTE. Subroutine YROUTE
solves the enhanced explicit method and Subroutine ZROUTE is the iterative
method solution.

BASIC FLOW EQUATIONS

The basic differential equations for the sewer flow problem come from the
gradually varied, one-dimensional unsteady flow equations for open chanmels,
otherwise known as the S5t. Venant or shallow water equatiomns (Lai, 1986). For
use in EXTRAN, the momentum equation is combined with the continuity equation
to yield an equation to be solved along each link at each time-step,

3/t + gASy - 2V3A/3t + Q23Q/A/% + gAd/¥ = O (c-1)

where Q = discharge through the conduit,
V = velocity in the conduit,
A = cross-sectional area of the flow,
H hydraulic head (invert elevation plus water depth), and
S¢ = friction slope.

The fourth term of equation C-1 is different from the term used in equation 5-
1 of chapter 5. The interested reader is referred to Appendix A for the
equation derivation and comparison to equation 5-1. The terms have their
usual units. For example, when U.S5. customary units are used, flow is in units
of cfs. When metric units are used, flow is in m”/sec. These units are
carried through internal calculations as well as for inmput and output.

The friction slope is defined by Manning's equation, i.e.,
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k
gARS/3

where k g(n/l.h9)2 for U.S. customary units and gn2 for metric units,
n = Mannings roughness coefficient,

Sg = Q|V| (C-2)

g = gravitational acceleration (numerically different depending on units
chosen), and
R = hydraulic radius.

Use of the absolute value sign on the velocity term makes S¢ a directional
quantity and ensures that the frictional force always opposes the flow.

SOLUTION OF FLOW EQUATION BY THE ENHANCED EXPLICIT METHOD

Substituting equation C-2 in equation C-1 and expressing in finite
difference form gives

Quiar = Q¢ - -Z—-/ﬁ;-: IVelQuppr + 2V(MA/AEY AT - Quy 2 Qe [(1/A5-1/A7) /L] AL
R
- gA[(Hy-Hy)/L] At (C-3)

where t = time-step, and
L = conduit length.

Solving equation C-3 for Q. s, gives the final finite difference form of the
enhanced explicit dynamic flow equation,

Qeopr = [ Qp + 20(84/8t) Ac - gA[(Hy-Hy)/Lla&t ] /

[ 1+ sz‘;;lw + [Qu(1/Ay-1/A7) /L] 8t ] (C-4)

As in equation 5-4, the values V, R, and A in equation C-4 are weighted
averages of the conduit upstream, middle and dovnstream values at time t, and
(M/ 6t), is the average area time derivative from the previous half time step.

There are two significant differences between the explicit and enhanced
explicit solutions as shown by equations 5-4 and C-4, respectively:

(1) The B(QZ/A)/ax term in the momentum equation has a different
derivation, and

(2) An additional Qe+t is factored out of equation C-1.

The main consequence of these differences occurs during the rising and
falling portions of the hydrograph. During steady flows the momentum equation
reduces to a balance of the hydraulic head slope and friction slope. However,
as the flow is increasing or decreasing the enhanced explicit solution allows
substantially longer time steps than the explicit solution. Testing on 80
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Extran examples indicates that a increase of 2 or 3 in the time step size is
feasible. This does not apply to systems with many surcharged junctioms.
During surchage both solutions use the algorithm described in Chapter 5 and
the same time step limitations apply.

The basic unknowns in equation C-4 are Qe4ar, Hp and Hy. The variables
U, R, and A can all be related to Q and H. The equation relating relating Q
and H is the continuity equation at a node,

aH/att = ZQt/Ast (C-5)

for the explicit and enhanced explicit solution.

where Ay = surface area of node at time t.
t

Equations G-4 and C-5 can be solved sequentially to determine the dis-
charge in each link and the head at each node over a time-step At. The nu-
merical integration of these two equations is accomplished by the modified
Euler method, as described in chapter 5. The explicit and enhanced explicit
solutions use the same numerical solution technique, but use different repre-
sentations of the momentum equation: equation 5-4 for the explicit method
versus equation C-4 for the enhanced explicit.

SOLUTION OF FLOW EQUATION BY THE ITERATIVE METHOD

Equation C-3 is the basis for the iterative method solution. Solving
equation C-3 for Q. A, and using the appropriate weighting coefficients gives
the following finite difference form for the iterative solution dynamic flow
equation,

Qeyne = { Q + (1-w) [-gA[(Hy-Hy) /L] At + -fif%w + [(Q/Ay-Q/Ap)/L]At], +

w( - gA[(Hp-Hp)/L]At o a) + V(2A/BE) } /

A
“t 11:4;?" + [(Q/ag-Q/Ap) /L1at eipe (G-6)

The values ¥, R, and A& in equation C-6 are weighted averages of the
conduit upstream, middle and downstream values at time t and/or t +At. The
values at time t+At are the values for the current iteration. At the first
iteration they are equal to the previous time step’s values. Ay, Ay, Hy, and
H, are conduit cross sectional area and conduit depths at the upstream(I) and
downstream(2) nodes. V(AA/At) is the conduit average area time derivative
and conduit average velocity based on the average or difference of the pre-
vious time step and the current iteration. The time weighting factor (w) is
0.55.

The basic unknowns in equation C-6 are Qe4par, Hgp and Hy. The variables
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v, R, A, Aq, and Ay can all be related to Q and H. The equation relating
relating Q and H is the continuity equation at a node,

3H/att = Z{Qt+Qt+At]/[AS + AS ] (0‘7)
t t+At

for the iterative solution (note that the 0.5 in the numerator and denominator
of equation C-7 cancel).

where Ag = surface area of node at time t, and
t

Ag = surface area of node at time t+At.
t+At

Equations C-6 and C-7 can be solved iteratively to determine the dis-
charge in each link and the head at each node at the end of a time-step t.
The numerical integration of these two equations is accomplished by using an
underrelaxation iterative matrix solution. It should be noted that equation
C-1 has been linearized by using the product of Qryar and (Q/A), and using
equation C-2 for the S; term.

The iterative method uses an underrelaxation factor of 0.75 for the first
iteration and 0.50 for subsequent iterations. (These factors were found by
trial and error.) Thus, the new estimate of Q¢4 2t each iteration is:

Quiar = (1-Ug) Q5 + Ug Qyn (c-8
where Ug = underrelaxation factor (0.75 or 0.50),

Qj = conduit flow at iteration j, and

Qj+1 = conduit flow at iteration j+1.
Similarly, the estimated junction depth at each iteration is:

Heype = (1-Up) By + Ug Hyyy (C-9)
where Ug = underrelaxation factor (0.75 or 0.50),

Hj = junction depth at iteration j, and

Hj+1 = junction depth at iteratiomn j+1.

The new time step sclution is found when all the estimated conduit flows
and junction depths satisfy the convergence criterion (parameter SURTOL on

data group B2). The convergence criteria for conduit flows and junction
depths are:
1Q541 - Qj1/Qfy11 < SURTOL (C-10)
|Hj+1 - Hjl/Hcrown < SURTOL (C-11)
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where Qg,17; = the conduit design flow, and
Hg 11 = distance between the junction invert and junction crown.

The design flow for conduit with a zero slope is based on an assumed differ-
ence of 0.01 (ft or m) between upstream and downstream nodes. Reasonable
values for SURTQOL are 0.0025 and 0.0010 for most simulations. If_ a conduit
with an extremely large cross sectional area is used ( > 10000 ft° or 1000 m“)
is connected to a small conduit smaller values of SURTOL will be required.

ITMAX iterations are allowed before convergence fails. When convergence
fails the time step is halfed and Subroutine ZROUTE is called again with the
old time step flows and heads. The recommended value for ITMAX is 10.
Smaller values may cause the time step to change frequently and larger values
may cause the program to waste time deciding that the time step failed to
converge.

The iterative method uses a variable time step. The time step the user
enters on data group Bl (DELT) is the maximum allowable time step the program
should use during the simulation. NICYC is the number of long time steps to
use during the simulation. The program will select the current time step
based on the smallest conduit Courant number at the begimming of each long
time step (DELT). The model determines the number of equal length small time
steps required to equal DELT.

The conduit Courant number is:
c# = L / [V+(gD)1/?) (c-12)
for enclosed conduits, and
c# = L/ [V+(ga/m1/2 (C-13)
for open channels,

where C# = Courant number for the conduit, seconds,

pipe length, ft [m],

= gravitational acceleration, 32.2 ft/sec2 f9.8 m/secz],
= current pipe depth, ft [m],

average conduit velocity, ft/sec2[m/§ec],

= conduit cross-sectional area, ft“ [m“], and

= width of the conduit, ft [m].

=
I

Hp» < Om
I

If the smallest C# equals or exceeds DELT the program will use only one
small time step. If the smallest C# is less than DELT the program will then
compute the number of szmall time steps required to equal DELT. The procedure
used is:

1. At the start of the simulation a time step of DELT/4.0 is used, or 4
small time steps.
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2. Subsequently, the small time step is based on the current smallest
conduit G# and the last time factor T,. The starting Tg is 3.0.
This means that a small time step of 3 times the minimum C# is

selected.
3. When convergence fails Ty is reduced by 1.0. The minimum Tg is 0.5.
4, When the model converges within 2 iterations T¢ is increased by 1.0.

The maximum Tf ig 3.0.

5. In summary, the model works between 0.5%min[C#] and 3.0%min[C#].
The number of small time steps is always a whole number.

The sequence of flow computations in the links and head calculations at
the nodes can be summarized as:

1. Determine the next time step size. Find the new step based on the
preceeding time step’s conduit velocity and depth using equations
C-12 or €-13. Find the number of time steps within this time step
based on the calculated Te#Fmin([C#] and the DELT input on data group
Bl.

2. Compute the first iteration discharge at t + At in all links based
on preceding time step values of head at comnecting junctions.

3. Compute first iteration flow transfers by weirs, orifices, and pumps
at time t + At based on preceding time step values of head at trans-
fer junctions.

4. Compute first iteration head at all nodes at time t + At based on
the average of intial time step flow and first iteration flow in all
connecting conduits, plus flow transfers at the current time step.

5. Repeat steps 2 thru 4 with new estimates for conduit flows and junc-
tion heads until gll conduits and junctions converge. If iterations
exceed ITMAX decrease the time step by 1/2. 1If convergence happens
within 2 iterations increase the Courant number by 1.0.

TIME STEP CONSIDERATIONS

When using the iterative method a reasonable maximum time step is 60
seconds for most systems during a storm event. A longer maximum time step of
300 seconds can be used for systems with periods of extended steady flow (see
EXTRAN examples 1 through 8).

An additional aid in the selection of an appropriate time step is the
diagnostic conduit summary now printed at the end of an EXTRAN simulation.
This summary can be used by all three solutions. This table lists the average
C# time step for each conduit and the length of time in minutes DELT exceeded
the C# for each conduit. Sensitive conduits will have the smallest time step
and may be modified by using an equivalent pipe to enhance stability and in-
crease the time step. Alternatively, the time step may be lowered to achieve
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the same ends.
SPECIAL PIPE FLOW CONSIDERATIONS

The solution techniques discussed in the preceding paragraphs cannot be
applied without modification to every conduilt for the following reasons:

1. The invert elevations of pipes which join at a node may be different
since sewers are frequently built with invert discontinuities.

2. Critical depth may occur in the conduit and thereby restrict the
discharge.
3. Normal depth may control.

4, The pipe may be dry.

In all of these cases, or combination of cases, the flow must be computed
by special techniques. Figure 5-4 shows each of the possibilities and de-
scribes 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 mnode.

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 computa-
tions 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 automati-
cally in Subroutine HEAD.

EXTRAN now prints a summary of the special hydraulic cases illustrated in
Figure 5-4. Subroutine OUTPUT prints the time in minutes that a cenduit was:
(1) dry (depth less than 0.0001 (ft or m), (2) normal, (3) critical upstream,
and (4) critical downstream. It should be noted that these designations refer
strictly to the assignment of upstream and downstream nodal surface area and
conduit depths,

Conduit normal or supercritical flow is controlled by parameter KSUPER on
data group BO. If KSUPER equals 1 the Froude number of the conduit determines
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the switch to normal flow. When the Froude number exceeds 1.0 the conduit
flow is calculated from the Manning's equation using the upstream cross-
sectional area and hydraulic radius.

If KSUPER equals O (the EXTRAN default) the normal flow approximation is
used when all of the following three conditions occur:

1. The flow is positive. Extran automatically designates the highest
invert elevation as the upstream node and the lowest as the
downstream node. This adjustment (if made) is now printed out by
the model. Postive flow is from the upstream to the downstream
node. Any initial flow entered by the user on data group Cl is
multiplied by -1 if the upstream and downstream nodes are changed by

the model.

2. The water surface slope in the conduit is less than the conduit
slope.

3. The flow calculated from Manning's equation using the upstream

cross-sectional area and hydraulic radius is less than the flow
calculated by equation 5-4.

When all three conditions are met the flow the flow is "normal”. Normal
flow is labeled with an asterisk in the intermediate printout. The conduit
summary lists the number of minutes the normal flow assumption is used for
each conduit. The equation used for normal flow is:

Quorm = (8So/K)1/2 a RZ/3 (G-14)

where k = g(n/1.49)2 for U.S. customary units and gn2 for metric units,
n = Mannings roughness coefficient,
g = gravitational acceleration (numerically different depending on units
chosen),
A = upstream cross-sectional area, and
R = upstream hydraulic radius.

HEAD COMPUTATION DURING SURCHARGE AND FLOODING

Theo for Conduits

During surcharge, the head calculation in equations C-5 and C-7 are modi-
fied because the surface area of the surcharged node (manhole area, AMEN) is
negligible. The enhanced explicit method uses the same surcharge algorithm as
the explicit method described in Chapter 5, except for the substitution of
equation C-16 for equation 5-16 in the calculation of the head correction
derivatives.

3Q(t)/3HJ- = [g/(1+AKON)] Ac [A(t)/L] (C-16)
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where fi'd

time-step,

AKON = the denominator of equation GC-6,

A(t) = flow cross sectional area in the conduit,
L = conduit length, and

g = gravitational acceleration.

The iterative method avoids application of a different set of governing

equations during surcharge by retaining a small pseudo-surface area for each
conduit. A transition of conduit surface area is provided between the "almost
full® conduit and a small "Priessmanm slot" to maintain free-surface flow.
The transition zone is from the 96 % conduit depth to a point 1.25 times con-
duit diameter above the top. The conduit width decreases quadratically from
the conduit width at 0.96 * conduit depth to a width equal to 0.01 * conduit
diameter at a depth of 1.25 diameters. The conduit cross sectional area in-
creases but the hydraulic radius remains equal to Renl1-

When the junction head is greater than 1.25 times the junction crown
elevation the width stays constant at 1 $ of the conduit diameter (or vertical
dimension) allowing the same free-surface flow equations (C-6 and C-7) to be
used. This "Priessmann slot" technique generates additional volume in the
system and leads to somewhat lower (e.g., 10 %) surcharge heads than does the
Q = 0 method used for ISOL = 0 and 1.

Orifice, Weir and Pump Diversions

Since crificies are treated as equivalent pipes, equation C-16 is used
to compute 3Q/dH. Weirs under surcharge are also converted to equivalent
pipes and the surcharged weir is assumed to behave as an orifice:

Qujer = C A (2gh)1/2 (C-17)

where C = calculated equivalent-roughness pipe coefficient,
A = cross-sectional area of equivalent pipe, and
h = driving head on the weir.
Equation C-17 is then differentiated with respect to head to give
3Q/3H = C A g / (2gh)1/2 (C-18)

3Q/3H is zero for pump junctions. The use of the under-relaxation factor
Ugs may alleviate any instabilities caused by this assumption. Outfall junc-
tions are treated the same as any other junction.
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